LMV321 LMV331 LMVS821
LMV358 LMV393 LMV822
LMV324 LMV339 LMV824

SPECS

® SC70-5 Package: ® Rail-to-Rail Output
50% Smaller than
SOT-23 ® World’s Smallest

Op-Amp
® 2.7 to 5.5V Single
Supply Operation

National Semiconductor
= W) D
WHAT c AN WE gu-I-t

cor YOUT™


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

National
Semiconductor

™

LMV PRODUCTS
QUALIFICATION PACKAGE

March 1998



Table of

Contents
1.0 Introduction . . ... ... .. . . 1-1
2.0 Device Information
2.1 Datasheets
211 LMV321/358/324 . .. ..o 2-1
212 LMV331/393/339 . . ... 2-27
2.1.3 LMVB21/822/824 . ... ... . . 2-47
2.2 Die Photos
221 LMV324/339. . .. o 2-71
222 LMV358/393. . ... 2-72
223 LMV321/331. .. 2-73
224 LMVB24/821 ... . .. 2-74
225 LMVB2L ... 2-75
3.0 Process Information
31 ProcessOutline........ ... . 3-1
32 ProcessDetail ................ 3-1
4.0 Packaging Information
4.1 Package Material & Dimensions ......................... 4-1
42 Bonding Diagrams. .. ... 4-8
43 Tapeand Reel Diagrams. ................ .. ..., 4-26
5.0 Reliability Data
5.1 Reliability Reports for LMV3XX. . ...t 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



1.0 INTRODUCTION



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.

LMV Products Qualification Package 1-1
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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

1-2 National Semiconductor
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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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2.0 DEVICE INFORMATION

2.1 DATASHEETS
2.1.1 LMV321/358/324 Datasheet

March 1998
National Semiconductor

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

Features
(For V* =5V and V™ = 0V, Typical Unless Otherwise Noted)

Guaranteed 2.7V and 5V Performance
No Crossover Distortion
SC70-5 2.0x2.1x1.0mm

-40°C to +85°C

[ ]
]

m Space Saving Package
m Industrial Temp.Range
n
[]

LMV321/358/324 have rail-to-rail output swing capability and Gain-Bandwidth Product 1MHz
the input common-mode voltage range includes ground. Low Supply Current

They all exhibit excellent speed-power ratio, achieving LMV321 130pA
1 MHz of bandwidth and 1 V/us of slew rate with low supply LMV358 210pA
curent. ) o LMV324 410pA
The LMV321 is available in space saving SC70-5, which is X X X

approximately half the size of SOT23-5. The small package ™ Rail-to-Rail Output Swing .

saves space on pc boards, and enables the design of small @10kQ Load Vi-10mv
portable electronic devices. It also allows the designer to V7+65mV
place the device closer to the signal source to reduce noise Ve ~0.2V to V* -0.8V
pickup and increase signal integrity.

The chips are built with National's advanced submicron Applications

silicon-gate BICMOS process. The LMV321/358/324 have
bipolar input and output stages for improved noise perfor-
mance and higher output current drive.

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

Connection Diagrams

5-Pin SC70-5/SOT23-5
N

5
it v

-2
v

-IN e kX QuUTPUT

DS100060-1

Top View

8-Pin SO/MSOP
S 5 .

OUTA‘—
IN A’i

.3 .

IN &Y= A

-4 R

DS100060-2

v

Top View

14-Pin SO/TSSOP
aur & J b
N —Y‘A lw 0
3 1
D
IN B ¢
s v V s -
L A7 F—in ¢
7 8 .

DS100060-3

Top View

© 1998 National Semiconductor Corporation DS100060
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.0 DEVICE INFORMATION

Ordering Information
Temperature Range
Package Industrial Packaging Marking Transport Media NSC Drawing
-40°C to +85°C

5-Pin SC70-5 LMV321M7 Al12 250 Units Tape and Reel MAA05
LMV321M7X Al2 3k Units Tape and Reel

5-Pin SOT23-5 LMV321M5 A13 250 Units Tape and Reel MAO05B
LMV321M5X A13 3k Units Tape and Reel

8-Pin Small Outline LMV358M LMV358M Rails
LMV358MX LMV358M 2.5k Units Tape and Reel MOBA

8-Pin MSOP LMV358MM V358 250 Units Tape and Reel MUAOSA
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
LMV324MTX LMV324MT 2.5k Units Tape and Reel MTC14

www.national.com 2
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2.0 DEVICE INFORMATION

Absolute Maximum Ratings  (Note 1) Storage Temp. Range -65°C to 150°C
If Military/Aerospace specified devices are required, Junction Temp. (T;, max) (Note 5) 150°C
please contact the National Semiconductor Sales Office/

Distributors for availability and specifications. Operating Ratings (Note 1)

ESD Tolerance (Note 2) Supply Voltage 2.7V to 5.5V

Machine Model 100V Temperature Range

Human Body Model LMV321, LMV358, LMV324 -40°C<T ,<85°C

LMV358/324 2000v Thermal Resistance (8 ;,)(Note 10)

LMvszL ooov 5-pin SC70-5 478°CW
Differential Input \iolta?e + Supply Voltage 5-pin SOT23-5 265°C/W
Supply Voltagel(v ,_V ) . 5.5V 8-Pin SOIC 190°CIW
Output Short C?rcu?t toV (Note 3) 8-Pin MSOP 235°C/W
Output. Short Circuit to V ~ (Note 4) 14-Pin SOIC 145°CIW
Mounting Temp. 14-Pin TSSOP 155°C/W

Lead Temp. (Soldering,10 sec) 260°C

Infrared (15 sec) 215°C

2.7V DC Electrical Characteristics
Unless otherwise specified, all limits guaranteed for T ; = 25°C, V* = 2.7V, V™ = 0V, Ve = 1.0V, Vg = V*/2 and R_ > 1 MQ.
Symbol Parameter Conditions Typ Limit Units
(Note 6) (Note 7)
Vos Input Offset Voltage 1.7 7 mV
max
TCVos Input Offset Voltage Average 5 uvrc
Drift
lg Input Bias Current 11 250 nA
max
los Input Offset Current 5 50 nA
max
CMRR Common Mode Rejection Ratio | OV < V¢ < 1.7V 63 50 dB
min
PSRR Power Supply Rejection Ratio 27V <V*<bV 60 50 dB
Vo =1V min
Vem Input Common-Mode Voltage For CMRR250dB -0.2 0 \%
Range min
1.9 1.7 \Y
max
Vo Output Swing R, = 10kQ to 1.35V V*-10 V* -100 mv
min
60 180 mV
max
Is Supply Current LMV321 80 170 HA
max
LMV358 140 340 HA
Both amplifiers max
LMV324 260 680 HA
All four amplifiers max
3 www.national.com
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.0 DEVICE INFORMATION

2.7V AC Electrical Characteristics
Unless otherwise specified, all limits guaranteed for T ; = 25°C, V* = 2.7V, V™ = 0V, V¢ = 1.0V, Vo = V*/2 and R, > 1 MQ.

Symbol Parameter Conditions (NB/(E 6) (,\Il‘(':gtn Units
GBWP Gain-Bandwidth Product C, =200 pF 1 MHz
>, Phase Margin 60 Deg
G Gain Margin 10 dB
e, Input-Referred Voltage Noise f=1kHz 46 nv
iz

in Input-Referred Current Noise f=1kHz 0.17 PA
Hz

5V DC Electrical Characteristics

Unless otherwise specified, all limits guaranteed for T ; = 25°C, V* =5V, V" =0V, V¢ = 2.0V, Vo = V2 and R | > 1 MQ.
Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Typ Limit Units
(Note 6) (Note 7)
Vos Input Offset Voltage 1.7 7 mV
9 max
TCVos Input Offset Voltage Average 5 uvrrce
Drift
ls Input Bias Current 15 250 nA
500 max
los Input Offset Current 5 50 nA
150 max
CMRR Common Mode Rejection Ratio | OV < Vg < 4V 65 50 dB
min
PSRR Power Supply Rejection Ratio 2.7V <V*" <5V 60 50 dB
Vo = 1V Ve = 1V min
Vem Input Common-Mode Voltage For CMRR250dB -0.2 0 \%
Range min
4.2 4 \Y
max
Ay Large Signal Voltage Gain R. = 2kQ 100 15 Vimv
(Note 8) 10 min
Vo Output Swing R_ = 2kQ to 2.5V V* -40 V* -300 mV
V* -400 min
120 300 mV
400 max
R, = 10kQ to 2.5V V*-10 V* -100 mV
V* -200 min
65 180 mv
280 max
lo Output Short Circuit Current Sourcing, Vo = 0V 60 5 mA
min
Sinking, Vo = 5V 160 10 mA
min
Is Supply Current LMV321 130 250 HA
350 max
LMV358 210 440 HA
Both amplifiers 615 max
LMV324 410 830 HA
All four amplifiers 1160 max

www.national.com
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2.0 DEVICE INFORMATIO

5V AC Electrical Characteristics

Unless otherwise specified, all limits guaranteed for T ; = 25°C, V* =5V, V™" =0V, Vg = 2.0V, Vo = V2 and R | > 1 MQ.
Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions (NBIE 6) ('\Il‘(')r:gtn Units
SR Slew Rate (Note 9) 1 Vius
GBWP Gain-Bandwidth Product C, =200 pF 1 MHz
(I Phase Margin 60 Deg
G Gain Margin 10 dB
e, Input-Referred Voltage Noise f=1kHz, 39 nV
YAz
in Input-Referred Current Noise f=1kHz 0.21 PA
Hz

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 kQ in series with 100 pF. Machine model, 0Q 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 Tymax), 6ja, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp =
(T3(max)~Ta)/B;a. All numbers apply for packages soldered directly into a PC board.

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

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

Note 8: R is connected to V. The output voltage is 0.5V < Vg < 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.

Typlcal Performance Characteristics Unless otherwise specified, Vs = +5V, single supply, T, = 25°C.

Supply Current vs Supply Input Current vs Sourcing Current vs
Voltage (LMV321) Temperature Output Voltage
200 =10 T T T 1000
175 Vg = 5V
“12 Yy = Vs/2 100
T 150 —
z
=2 o V] z 10
T 125 o T - <
s <% 3 s - £
S 100 // i £ = Lot
< (s A© S 16 g
z " ) r 4 [ E g o
g 2 £ o
3 50 ol £
, -18
25 0.01
0 -20 0.001
0 1 2 3 4 5 -40 -20 O 20 40 80 80 0.001 0.01 0.1 1 10
Supply Voltage (V} Temperature (°C) "
6100060.73 CS100060.A9 Qutput Voltage Referencedl)(;lzms(iig
Sourcing Current vs Sinking Current vs Sinking Current vs
Output Voltage Output Voltage Output Voltage
100 1000 1000 e
100 100
— 10 10
= — ~
£ 2 =
£ £ i
3 — 1 — 1
£ o £ oy <
0.0 2.01 0.01
0.001 0.001 1 0.001
0.001 0.01 0.1 1 10 0.001  0.01 0.1 1 10 0.001 0.01 0.1 1 10
Quiput Voltage Referenced to ¥ (V) Output Voltage Referenced to GND (V) Output Voltage Referenced to GND (V)
DS100060-68 DS100060-70 DS100060-71
5 www.national.com
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2.0 DEVICE INFORMATION

Typical Performance Characteristics Unless otherwise specified, Vs = +5V, single supply,
Ta = 25°C. (Continued)
Output Voltage Swing Input Voltage Noise vs Frequency Input Current Noise vs Frequency
vs Supply Voltage 70 T 0.6
— . Voy = Vs/2 —
z 100 N 85 N _
‘i » I - Torn ] E - % 05 i Vg = 2.7V
z w0 1 J\ z 55 \ 2 os \\
o Negative Swing —{ 3 §
T 6 2 50 ] 2 o3
i 50 i os \\ T : oo i
2 4 A [T 1l 3 N
é ig Positive Swing izl 35 E‘ 01
z 0 [ | 30 0.0
2 . | [ 0 100 10 100 1k 10k
3 25 3 35 4 45 5 Frequency (Hz) Frequency (Hz)
Supply Voltage (V) DS100060-56 DS100060-60
: DS100060-67
Input Current Noise vs Frequency Crosstalk Rejection vs Frequency PSRR vs Frequency
° I e 7 T e
= T Vs = 5V 65 W I'HHﬁ
T 0.5 Vg = 5V . 140 R =5kn
< : = : e NN
E os 5 130 = N R =5k
8 H El
2 03 \\ ;j. 120 T
E LA 3 B oo
E 0.2 — Tﬁ 1o N 35 |¥s = 2.7V, +PSRR
H S 30 [ Vg = 5V, -PSRR
ER ° 25 —vs = 2.7y, -PSRR T
00 0 Py R TR \
10 100 T 10k 100 13 10k 100k 100 1k 10k 100k ™
Frequency (Hz) Frequency (Hz) Frequency (Hz)
DS100060-58 DS100060-61 DS100060-51
CMRR vs Frequency CMRR vs Input CMRR vs Input
Common Mode Voltage Common Mode Voltage
80 80
75 Vg = 2.7V i 75 Vg = 5V
f = 10kHz f = 10kHz
= ;: L R =5kn | Z: [ [R =5k
E T 6 — T 60 AN
IR i
= 50 =z 50
A1 S . s \
LT I T ‘“ .
35 35
10 100 Tk 10k 30k 0 30
Froquency (Hz) -05 00 05 1.0 15 20 25 3.0 -0.50.0051.01.52025303.54.0455.0
DS100060-62 Input Common Mode Voltage (V) Input Common Mode Voltage (V)
DS100060-64 DS100060-63
www.national.com 6
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2.0 DEVICE INFORMATION

Typical Performance Characteristics

Ta = 25°C. (Continued)

AVos vs CMR

T T T
0.8 Vg = £1.35V
06
0.4
0.2
0.0

avgs (v}

-5 0 05 1 15

Vo ()
DS100060-53

Input Voltage vs
Output Voltage

-300

=250

-200

——150

2-100

-50

V)

100
150
200
250
300

Input Voltage
«
g

Qutput Voltage (V)
DS100060-52

Open Loop Frequency
Response vs Temperature

Gain (dB)

[y
Lazze [[[IIIN
ISRl
|- L reeee TN

1 NI
IR N L

Phase Margin {Deg)

1k 10k 100k M T0M
Frequercy {Hz)

DS100060-43

AV 55 vs CMR

oa LLT1

Vg = +2.59
0.6

0.4

0.2
0.0

avgs (v}

-0.2

0.4

-0.6

-0.8

-1.0

Open Loop
Frequency Response

i

Gain (dB)

1k 10k 100k ™

Frequency (Hz)

Gain and Phase vs
Capacitive Load
70

2 3

DS100060-50

Phase Margin {Deg)

DS100060-42

Phase Margin {Deg)

[]€C= 58057
60 10, ‘:mwou‘n F
50 PHASE’*I
40 Tt o
= w0l TN ’
< o IN
< N
& 10 mﬂ
0 1
10 < = 1000 pf
[[ilJec = se0
-20 —H
30 1] IR
10k 100k

Frequency (Hz)

DS100060-45

Unless otherwise specified, Vg = +5V, single supply,

Input Voltage vs
Output Voltage
oo e
-250
-200 —HH RL =2kN
— -150 N
2 -100
-50 N\

ER

100 [ R =
150
200
250
300

-5 -1

10 k0

Input Voltage
«
g

-05 0 2.5 1 1.5

Output Voltage (V)
DS100060-54

Open Loop
Frequency Response

Gain (dB)
Phase Margin {Deg)

[ T TN
T TS
I

1k 10k 100k ™ 10M

Frequency (Hz)
DS100060-41

Gain and Phase vs
Capacitive Load

7 s 140
L =300p Vg=5V
80 [7T¢ = 1000 pf |Y] = 100kalll'2°
50 k| H
N L =
40 (] 5 &
@ 3 =z
= 1N >
~ 20 1Al g
é " ﬁ 3
a
o . £
- = -
10 1 P i & 20
~20 | ¢ =so0pr AL 4o
C =100 pF 4
30 R 60
10k 100k i oM
Frequency (Hz)
DS100060-44
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2.0 DEVICE INFORMATIO

Ta = 25°C. (Continued)

Slew Rate vs
Supply Voltage
13 Ay = 41
-
14 R’L =10k
13 Vi = TVep
3 -
> Falling Edge
:: |t forrr]
PO
: 0.9 T Rising Edge T
= 08
0.7
0.6
0.5

25 30 35 40 45 50

Supply Voltage (V)
DS100060-57

Non-Inverting Large
Signal Pulse Response

o T, -40°C RL=Zkﬂ
2
2
=
g
3
2
L3
=z
3
2 A /]
2 N
3

TIME (1 us/div)
DS100060-A0

Non-Inverting Small
Signal Pulse Response

B T, = -40°C R = 2k0
<
i
&
B
-3
B
€
E
e
5
H

TIME (1 us/div)
DS100060-A3

Typical Performance Characteristics

Non-Inverting Large
Signal Pulse Response

o TA=75°C RL=ZL<0

2

E

2

3
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s
2
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E

o

5

H
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DS100060-88

Non-Inverting Small
Signal Pulse Response
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DS100060-89

Inverting Large Signal
Pulse Response
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2
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DS100060-90

Unless otherwise specified, Vg = +5V, single supply,

Non-Inverting Large
Signal Pulse Response

T, = 85°C R =2k

INPUT SIGNAL

OUTPUT SIGNAL

TIME (1 us/div)
DS100060-A1

Non-Inverting Small
Signal Pulse Response
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Inverting Large Signal
Pulse Response

o TA=85°C RL=ZL<0

2

E

2

3

5

s
2

L3

ERS

E

o

5

H

TIME (1 us/div)
DS100060-A4
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2.0 DEVICE INFORMATIO

Typlcal Performance Characteristics Unless otherwise specified, Vs = +5V, single supply,
Ta = 25°C. (Continued)
Inverting Large Signal Inverting Small Signal Inverting Small Signal
Pulse Response Pulse Response Pulse Response
o TA:—AO"C RL:Zkﬂ o TA:25°C RL=ZL<0 o TA:BSOC RL=ZL<0
2 2 2
ES ES ES
2 o 2
& & &
2 3 s
Iz =3 =3
Lz L E LE
=z 2 T @
& 52 ’ 52 l
I / \ / @ I
s 7 f 5 I 5
3 3 3
TIME (1 us/div) TIME (1 us/div) TIME (1 us/div)
DS100060-A5 DS100060-91 DS100060-A6
Inverting Small Signal Stability vs Capacitive Load Stability vs Capacitive Load
Pulse Response 10000 10000
+2.5V
2 TA = -40°C RL =2kn : T ;
=z — — R €
3 5 5 -2.'\/3 “TH
3 £ e = qo00 AR
5 . 3 5
=z S A
= % : AN 25% Overshoot 4 s (I~
2o 3 100 % g 100
% o 3 Vg = £2.5V &
& I © Ay = +1 e 25% Overshoo
5 \ R = 2ka S N S
E Vour = 100 m¥pp ‘ ‘ ‘ | [ ‘
=} 10 10
-2 -1.5 -1 -05 0 05 1 1.5 -2 -1.5 -1 -0.5 0 05 1 1.5
Output Volt: v Qutput Volt: v
TME (1 ps/di) utput Voltage ( )Dsmmem utput Voltage (V)
DS100060-A7 - DS100060-47
Stability vs Capacitive Load Stability vs Capacitive Load THD vs Frequency
10000 10000
134k0 1.21MQ 1340 1.21M0
+2.5V +2.5¢
G ¥ z v
~ 1000 — 1000
3 Vg = 2.5y 25V 3 Vg = #2.5y  TBAVG
< Ay = 10 —— g Ay = +10
2 Ro=2ka T 1 © Ro= 1MO
= Y, = 100 mY; = Y, = 100 MY,
g 100 o i [ [ g 100 o i
s v AY Svszshm —_ s 25% Overshoot |
7 AV T
" | " [ 11
-2 -15-1-05 0 05 1 1.5 2 -2 -15-1-05 0 05 1 1.5 2 1k 10k
Output Voltage (V) Output Voltage (V) Frequency (Hz)
DS100060-49 DS100060-48 DS100060-59
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2.0 DEVICE INFORMATION

Typical Performance Characteristics Unless otherwise specified, Vs = +5V, single supply,
Ta = 25°C. (Continued)

Open Loop Output Short Circuit Current Short Circuit Current
Impedance vs Frequency vs Temperature (Sinking) vs Temperature (Sourcing)

1000 200 o 100
900 180 Vg = 5V 20 ‘l ‘l ‘l
—~ 800 EaTY) et I
c = EX Vs < 5
=~ 70 = 140 1 = 70 == o s t—
2 g 5 =
2 00 ERE £ 60 L | =]
3 5 5
2 500 < 100 < 50 [ [
g = =
- 401 80 40 = i
2 30 5 s Ve 7v 30
3 5 L
40 20
- 3
100 Y = T 10
o 11 [T 0
-40 -20 0O 20 40 80 80 -40 -20 0 20 40 80 80
-30 -10 10 30 50 70 S0 -30 -10 10 30 50 70 S0
Frequency (Hz)
DS100060-55 Temperature {°C) Temperature {°C)
DS100060-65 DS100060-66

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 Ill 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.

Output Voltage (500mV/div)

Simplified Board Layout. These products help you to avoid Time (SOus/div) bs10006007
using long pc traces in your pc board layout. This means that .
no additional components, such as capacitors and resistors, FIGURE 1. Output Swing of LMV324

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/

Output Voltage (500mV/div)

358/324 offer specifications similar to the familiar LM324. In Time (50us/div)
addition, the new LMV321/358/324 effectively eliminate the ] DS100060-98
output crossover distortion. The scope photos in Figure 1 FIGURE 2. Output Swing of LM324

and Figure 2 compare the output swing of the LMV324 and
the LM324 in a voltage follower configuration, with V g= *
2.5V and R (= 2kQ) connected to GND. It is apparent that ) ) . i )
the crossover distortion has been eliminated in the new The LMV321/358/324 can directly drive 200 pF in unity-gain
LMV324. 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

2.0 Capacitive Load Tolerance

www.national.com 10
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2.0

Application Notes

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.

(Continued)

Riso

—WVT Your
A/
N o

DS100060-4

FIGURE 3. Indirectly Driving A Capacitive Load Using
Resistive Isolation

In Figure 3, the isolation resistor R 5o and the load capacitor
C, form a pole to increase stability by adding more phase
margin to the overall system. The desired performance de-
pends on the value of R,so. The bigger the R,so resistor
value, the more stable Vout will be. Figure 4 is an output
waveform of Figure 3 using 620Q for R,go and 510 pF for
C..

Input Signal

(1v/div)

Output Signal

Time (2us/div)

DS100060-99

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

The circuit in Figure 5is 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 R,so and the load resistor. Instead, in Fig-
ure 5, Rg provides the DC accuracy by using feed-forward
techniques to connect V, to R, . Caution is needed in choos-
ing the value of R due to the input bias current of the
LMV321/358/324. C and R,go 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 ¢ . This in turn will slow down the pulse response.

Riso

AAA.
VVv

DS100060-5

FIGURE 5. Indirectly Driving A Capacitive Load with
DC Accuracy

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 kQ 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.

R
Vin W

_ _/R2
VOUT"(E)V\N

R3 = R1 Il R2

DS100060-6

FIGURE 6. Cancelling 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.

11
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DEVICE INFORMATION

Application Notes  (continued)
R2Z
R1
Vi _
— V,
83 out
v2 +
R4
v
2
DS100060-7
Vo= RH»RZ)}LA _R2 (R1+RZ)E'V:
OUT “\R3+R4/R1°2 R1'1 R3+R4/RT 2
for R1 = R3 and R2 = R4
_R2gy _ vt
Vour = R1 (Vz V1) 7

DS100060-19

FIGURE 7. Difference Amplifier

4.2 Instrumentation Circuits

The input impedance of the previous difference amplifier is
set by the resistors Ry, Ry, Rs, 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.

R2
- R1 M
AAA
\A4
_o_/
—>
+0—\ R3 R4
AAA AAA
VWv Wy
/ vt
2

DS100060-85

FIGURE 8. Three-op-amp Instrumentation Amplifier

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 MQ. The gain of this instrumen-
tation amplifier is set by the ratio of R,/R ;. R3 should equal
R;, and R, equal R,. Matching of R; to R; and R, to R, af-
fects the CMRR. For good CMRR over temperature, low drift
resistors should be used. Making R, slightly smaller than R
2 and adding a trim pot equal to twice the difference between
R , and R, 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.

A2
00k

R R4
100k 100k

A3

AAA
\ A4

4V O Vo

+Vp O +

DS100060-11
Vo= (1+ B (¥p- W), where &1 = R4 and R2 = RS
0= 73 )(Y27 V1), where R1 =R4 an =

As shown: Vg = Z(VZ_ VW)
DS100060-35

FIGURE 9. Two-Op-amp Instrumentation Amplifier

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 R; and R, is
implemented to bias the amplifier so the input signal is within
the input common-mode voltage range of the amplifier. The
capacitor C, is placed between the inverting input and resis-
tor R; to block the DC signal going into the AC signal source,
Vn- The values of R; and C ,; affect the cutoff frequency, fc
=1/2mR,C;.

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.

R2
AAA
VVv

1 Ri
in = v -

R3 — Vour

DS100060-13

_R2
Vour = “R1 IN
DS100060-20

FIGURE 10. Single-Supply Inverting Amplifier

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 (w — 0) is defined by -R3/R;. This allows low-
frequency gains other than unity to be obtained. The filter
has a -20dB/decade roll-off after its corner frequency fc. R,
should be chosen equal to the parallel combination of R, and
R5 to minimize errors due to bias current. The frequency re-
sponse of the filter is shown in Figure 12.

www.national.com
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Application Notes

(Continued)

DS100060-14

R3
o
o
fo= 2R3y
Ry = Ry lIRs

DS100060-37

FIGURE 11. Simple Low-Pass Active Filter

§ = 1
¢ 2aR4Cy

20log (E)

Gain (dB)

/— -20dB/decade

1, f(log)
DS100060-15
FIGURE 12. Frequency Response of Simple Low-Pass
Active Filter in Figure 11

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 (0 Vopp) X 107 V/usec

where wy is the highest frequency of interest, and V,,, 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

a2
LP R4 @
Its transfer function is
I Y
Vour C,CoR Ry “LP
V) )= 2 1 1 1 Ap 1
IN ey, U
s +S(CwR1 CECT Csz)+chzR|Rz @

1
0.01 uF
11
11
R1 R2
16k 16k
Yin — VWA
[ — Vour
0.01 uf
# SR
— <E 62k
Ap =2 < R4
=1 S 62k

?c 1 kHz j

DS100060-16

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

The following paragraphs explain how to select values for
R;, R, R3, R4, C4, and C , for given filter requirements, such
asAp, Q andf ..

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

2
Alp o,

NEE 2
S +(Q)S+mC

Vour
Yin
3)

where
Q: Pole Quality Factor
we: Corner Frequency

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

w 2 = 1
¢ GGRRy (@)

Oo_ 1, 1, 1 A

Q@ T CRCRy  CyRy  CyRy ®)
To reduce the required calculations in filter design, it is con-
venient to introduce normalization into the components and
design parameters. To normalize, let we = w, = 1rad/s, and
C, = C, = C, = 1F, and substitute these values into Equation
(4) and Equation (5). From Equation (4), we obtain

b - |

1

(6)

From Equation (5), we obtain

12 71-40% (2-Ap)
2Q )
For minimum dc offset, V+ = V-, the resistor values at both

inverting and non-inverting inputs should be equal, which
means

Ry =

RsRy

Ry +R, =
1 2
Ry *+Ry ®)
From Equation (1) and Equation (8), we obtain

Ry = (Ry+Ry)Ap ©

13
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App”cation Notes (continued) 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.

LP
= —— +
4 (ALP-W) (R +Ry) (10) 4.4.3 2nd-order High Pass Filter
A 2nd-order high pass filter can be built by simply inter-

The values of C, and C, are normally close to or equal to . .
changing those frequency selective components (R, R ,,

_ 10 C,, C,) in the Sallen-Key 2nd-order active low pass filter. As
¢= K uF shown in Figure 14, resistors become capacitors, and ca-
X X pacitors become resistors. The resulted high pass filter has
As a design example: the same corner frequency and the same maximum gain as
Require: Alp = 2, Q = 1, fc = 1KHz the previous 2nd-order low pass filter if the same compo-
Start by selecting C1 and C2. Choose a standard value that nents are chosen.
is close to
R1
_ 10 AN
€= fe KE ¢ ¢, 16k
1 in—{ ——
Cy=Cy= 5 #F = 0.01 uF 0-01 4F 0.01 uF p—Vour
1x10 Ry L
3
From Equations (6), (7), (9), (10), 16k < 62k
R;= 1Q Aup =2 —
R,= 1Q ;;:11 kHz :: E‘;k
R,= 4Q = j
R,= 4Q 2 =
. . . Vout STAyp
The above resistor values are normalized values with (s) =
w,=1rad/s and C, = C, = C,, = 1F. To scale the normalized Vin <245 (; L, (- AHP)) N 1
cut-off frequency and resistances to the real values, two CiRy  CoRy C Ry G CR Ry

scaling factors are introduced, frequency scaling factor (k;)

— R3
and impedance scaling factor (k). Where Ay =1+ 2=

Rs
DS100060-83

We _2mx1x 103 FIGURE 14. Sallen-Key 2nd-Order Active High-Pass

_ %% _ 3
kf T ooy 1 =21 x 10 Filter
_Cn
kmkf T cr 4.4.4 State Variable Filter
4 A state variable filter requires three op amps. One conve-
kp = 1.59x 10 nient way to build state variable filters is with a quad op amp,
Scaled values: su.ch a.s the LMV$24 (Figure 15). .
R, =R, = 15.9 kQ This circuit can simultaneously represent a low-pass filter,
2 1 ! high-pass filter, and bandpass filter at three different outputs.
Rs =R, =636 kQ The equations for these functions are listed below. It is also
C, =C,=0.01 pF called "Bi-Quad” active filter as it can produce a transfer
function which is quadratic in both numerator and
denominator.
R1
i Your
R1 30k 11 c1 Vi
M—> y 20007 1} (@B)
R2 Hﬂ“ I 1200 pF
15k A - 130k
Vin * [o] AN -
Vip +
R3 + Py . f {log)
1.5M Vip f,
o) For Bandpass Filter:
+ RS Vop fy = TkHz
v O——AWY o
100k l b a4 Q=250 ( )
c2 :; Took Ay = 100 (4048,
T
- - DS100060-39
FIGURE 15. State Variable Active Filter
www.national.com 14
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Application Notes

(Continued)

2R
_ 3
VLP'(R +R) 1 VN
2 3 32+ L
R2+R3)R R2c2
2R,
- 2Rg s2 v
HP"(R +R 1 1IN
27 R34 g2, L
R, +R 202
( 2 B)R ReC
2R,
s
v _( 2R3 ) (RC) v
BP " \Ry ¥R/ 2 1 1 N
Ry Rs)R R2¢?
ZR2
where for all three filters,
Ry *Ry - IN914
2R, (1)
wgy = RC (resonant frequency) 12

A design example for a bandpass filter is shown below:

Assume the system design requires a bandpass filter with f o
=1kHz and Q = 50. What needs to be calculated are capaci-
tor and resistor values.

First choose convenient values for C;, R; and R,:
C, = 1200 pF
2R2 = R; =30 kQ
Then from Equation (11),

Ry =R,(20-1)
Ry = 15k x(2x50-1)
=1.5M0
From Equation (12),
_
k= wgCy

R ———
(2nx103)(1.2x1079)

= 132.7kQ
From the above calculated values, the midband gainis H o =
Ra/R, = 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.

DS100060-81

FIGURE 16. Pulse Generator

When the output voltage Vg is first at its high, Vo, the ca-
pacitor C is charged toward Ve, through R,. The voltage
across C rises exponentially with a time constant T = R,C,
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 (V1.) of the generator. The
capacitor voltage continually increases until it reaches V.,
at which point the output of the generator will switch to its
low, Vo, (=0V in this case). The voltage at the non-inverting
input is switched to the negative threshold voltage (V1) of
the generator. The capacitor then starts to discharge toward
Vo, exponentially through R,, with a time constant T = R,C.
When the capacitor voltage reaches V., the output of the
pulse generator switches to V . The capacitor starts to
charge, and the cycle repeats itself.

15
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Application Notes  (continued)

Vs

Viy-

DS100060-76

1

Vo = 3V Vo) ;]—l_l—L FIGURE 19. Squarewave Generator
1o+

Vige = 3V

° > 4.6 Current Source and Sink
. The LMV321/358/324 can be used in feedback loops which
3V -V, 3V = Vo -V : g )
T = RCn — and T, = R C In - regulate the current in external PNP transistors to provide
2Vgy —V 2V~ Y current sources or in external NPN transistors to provide cur-
When Vo = OV rent sinks.
Iy -V v, .
Ty = RyC In — and T, = R, CIn (1 + OH) 4.6.1 Fixed Current Source
2Vgy -V \a

A multiple fixed current source is show in Figure 20. A volt-
age (Vger = 2V) is established across resistor R by the volt-
age divider (R; and R ;). Negative feedback is used to cause

DS100060-86

FIGURE 17. Waveforms of the Circuit in Figure 16

As shown in the waveforms in Figure 17, the pulse width (T,) the voltage drop across R ; to be equal to Vgee. This controls
is set by R,, C and V,,,, and the time between pulses (T,) is the emitter current of transistor Q, and if we neglect the base
set by R ;, C and V.. This pulse generator can be made to current of Q, and Q,, essentially this same current is avail-
have different frequencies and pulse width by selecting dif- able out of the collector of Q,.

ferent capacitor value and resistor values. Large input resistors can be used to reduce current loss and
Figure 18 shows another pulse generator, with separate a Darlington connection can be used to reduce errors due to
charge and discharge paths. The capacitor is charged the B of Q,.

through R1 and is discharged through R,. The resistor, R,, can be used to scale the collector current of

Q. either above or below the 1 mA reference value.

a1 INg14

v (+5Vpe)

DS100060-77

FIGURE 18. Pulse Generator

Figure 19 is a squarewave generator with the same path for
charging and discharging the capacitor. DS100060-80

FIGURE 20. Fixed Current Source

www.national.com 16
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2.0 DEVICE INFORMATION

Application Notes  (continued) Vi = Veep/(14R 1/Ro)}+Vo /(14R,/R,)
Vi = (Von-Vo)/(1+R 5/R,)
4.6.2 High Compliance Current Sink where " on-ror e
A (_:urrent sink mrcu_n is shown in Flgur_e 21. The circuit re- Vyups: Positive Threshold Voltage
quires only one resistor (Rg) and supplies an output current .
which is directly proportional to this resistor value. V-t Negative Threshold Voltage
Von: Output Voltage at High
Vo.: Output Voltage at Low
V,: Hysteresis Voltage
Since LMV321/358/324 have rail-to-rail output, the
(Von-Vou) equals to Vg, which is the supply voltage.
Vi = Ve/(1+R,/R 4)
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.
HWin O——— -
DS100060-82
FIGURE 21. High Compliance Current Sink r_o Vo
- R
4.7 Power Amplifier +Vrer O—AAAF +
A power amplifier is illustrated in Figure 22. This circuit can
provide a higher output current because a transistor follower .‘,R\Z/‘
is added to the output of the op am Y
Is a p ] p. DS100060-78
R4 FIGURE 24. Comparator with Hysteresis
AVAVAV
100k +5V
Vour
—o
DS100060-79
FIGURE 22. Power Amplifier
4.8 LED Driver
The LMV321/358/324 can be used to drive an LED as shown
in Figure 23.
+5VDC
DS100060-84
FIGURE 23. LED Driver
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.
Vrne = Veer/ (1R 1/R2)+Vo/(1+R2/R;)
17 www.national.com
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2.0 DEVICE INFORMATION

SC70-5 Tape and Reel Specification

21.5%3" 1vp

A S B

| | A\ } i

TN OS] T (R =
/Q‘} L NP 7

AT GAGE PLANE

AZ1.0 MIN TYP B<—-J |<_ T _.l R0.5 TYP GAGE/:

CAVITY

GAGE PLANE  STMM

Yr

R30 MIN

0.3 A2.25£0.10 TYP ALLOWED
AT GAGE PLANE |

SECTION A-A _

BEND RADIUS

NOT TO SCALE
DS100060-83

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

www.national.com 18
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2.0 DEVICE INFORMATION

SOT-23-5 Tape and Reel Specification  (continued)
TAPE DIMENSIONS

#£0.061£0.002 TYP.

|1.55£0.05)
0.157 TYP,
0.079£0.002 TYP. —fw—rfa—r]| . Ko ==
[2£0.05] | . . 0.008_, 01,
. ] I [0.2]
CAVITY
50 ax. - 7f SYWM
B AT TYP. Bo
TANGENT — 1| @ GAGE LINE
W POINTS 7
A
i
R0.012 TP !
B <P TYP——i ALL ws.[é’fgm :
— ]
#0.041£0.002 TYP, I~ i |« 0.012
[1.0420.05] DIRECTION OF FEED ————» [0.3]
GAGE LINE SECTION B-B
ATYP
@ TANGENT POINTS | caviTy R0.012 TYP GAGE LINE

= symu [0.3]
R .
SOMAXTYR 4 ALL INSIDE RADII

SR Wt ‘.

-\ Ao TYP [0.3]
AT GAGE LINE RO1.181 MIN. |
SECTION A=A [30] ‘
BEND RADIUS
NOT TO SCALE
DS100060-B1
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 DIMA | DIMAo | DIMB | DIM Bo DIM F DIM Ko DIM P1 DIM W
19 www.national.com
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2.0 DEVICE INFORMATION

SOT-23-5 Tape and Reel Specification  (continued)
REEL DIMENSIONS

— |
TAPE SLOT
A N
= DETAIL X =
SCALE: 3X + 4w
- [— W
DS100060-B2
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
www.national.com 20

2-20 National Semiconductor




2.0 DEVICE INFORMATION

PhySiCﬁ| Dimensions inches (millimeters) unless otherwise noted
2£0.1 -
NOTE 2
SYMM Q
«-*I
3 SYMM Q
(8]
! (0.65)
|
1 ‘ —_—
| |
1.25%0.1
2.120.1 i ‘ NOTE 2
l (1. 55)
I
| I
- - T -
T [
| | @75 <EE» ~—>
4] 5
! —»l X l-—o.ws-o.z TYP ‘ (0.4 TYP)
- | .
LAND PATTERN RECOMMENDATION
R0.025 MIN
GAGE PLANE
R0.025 MIN
o a r
@mn — _t ;E _
& 0.1-0.20 t
SEATING FLANE 0-0.1 —0.36£0.05
0°-5° TYP el (0.425)
DIMENSIONS ARE IN MILLIMETERS UADSH (REV 4)
5-Pin SC70-5 Tape and Reel
Order Number LMV321M7 and LMV321M7X
NS Package Number MAAO5SA
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.0 DEVICE INFORMATION

Physical Dimensions

ol

go-100 Tvp 3 T;I (0.025)
0.002-0.006
[0.05-0.15]

inches (millimeters) unless otherwise noted (Continued)

r

'

SYMM
0.112-0.118 (\L
[2.84-3.00] |<0.0375 \4_0.0375
[0.95] " [0.95]
5 4 ‘
I 1 - I I %
| I
— L
0.106-0.118 | ' I | |
[2.69-3.00] ' | . I | [02'.15092]
L -H ‘
| ‘ I 0.060-0.066 .
: ‘ ; [1.52-1.68] [
! \ ! | i i -
‘ 0.039 TYP _ N <)% I
- [0.99] o
g . ] o2ide
1 2 3 X |
| —T‘_ LL’L 0.0145-0.0195 ‘ J | |a0-027 TvP
[0.37-0.50] [0.69]
[0.95] |
X , LAND PATTERN RECOMMENDATION
[
0.0050-0.0075
[0.13-0.19] TP GAGE
T r PLANE
0.036-0.044
0.038-0.048
[0.67-1.22] [0.91-1.12]

[0.64]

0.140-0.0215 _|
[0.36-0.55]

[&x]0.004 [o.1][c} TYP SEATING Typ \

PLANE MAOSB (REV B}

5-Pin SOT23-5 Tape and Reel
Order Number LMV321M5 and LMV321M5X
NS Package Number MAO5B
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2.0 DEVICE INFORMATION

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

0.189—0.187
2B,
[~ {4800=5.004]

f’%é%%

0.228-0.284
{5.791-6.199)

AT

LEAD NO. 1
IDENT
0.150-0.057
> sa10-3.988)
0.010-0.020 , y5o— | |ug "gfg*‘ﬂ?:;
{0.254 -0.508) ‘ (1346 71.753) 0.004-0010
8 MAX TYP 0.004-0010
ALL LEADS 0.102-0.254)
il;,mff_é ‘ ' L j*’r“?“:t H ¢ SEATING
r oo f i [ T rwe
w102 o
: 2227: g;g ALLLEAD TIPS 0.016-0.050 03 0% 0.014-0.020 ryp
‘rv'p ALL Li:_nns’ 10.4061.270) (121 ™ 10.356-0.508)
TYP ALL LEADS e SRTYP > a—

0.203) wosA (Y )

8-Pin Small Outline
Order Number LMV358M and LMV358MX
NS Package Number MOSA
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DEVICE INFORMATION

Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

Order Number LMV358MM and LMV358MMX

NS Package Number MUAOSA

0.118£0.004
(8} [3t0.1]
8 5
v :
0.189
0.193£0.004 0'1['38*20%?04 [4.8]
[4.940.1] .
o (0.040)
3 TYP
\ [1.02] o
;/
PINT__~ - | | [ T T 2
IDENT N
NOTE 2 |
(0.016) | ‘
_ | fooany el b= 4_(0[3).52?) e
1
< {(0.0258)|TYP LAND PATTERN RECOMMENDATION
[0.65] .
0.00
R Tve
[0.13] GAGE
0.043 0.005 PLANE
MAX
[1.09] R [0.13) TP
f \ [ A (0.010)
[0.25]
5 . 4
_ \ .
Sf0.002[0.05] 4] 001zjg 853 TYP == | 0.021£0.005 j
0.002-0.006 [0.33-32)] [0.53£0.12] 0°-6° TYP
e (0-034) —| 0:0575 SEATING PLANE
[0.06-0.15] (6.86) | (o3 -
[ To.002 [0.05]®[8®[cB)]
0.007£0.002 1o
[0.1840.05] MUAOBA (REV B)
8-Pin MSOP
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2.0 DEVICE INFORMATION

Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

0.150-0.157
{3.810-3.988)
0010-0.020 .
f0.254 ~0.508) < 4%
8° MAX TYP
ALL LEADS
' J
0.0080.010 ¢
(0.203-0.254) 0.016-0.050
TYP ALL LEADS 0.004 (0.406 —1.270)
0102 TYP ALL LEADS

ALL LEAD TIPS

Order Number LMV324M and LMV324MX

0.335-0.344
-~ 0.335-0.304
‘ {8.5008.738)

0.228—0.24
5791-6198) [
)
tenono. 1.1
IDENT ,i Eﬂ 5
12
0.010 yax
(0.254)
0.053 -0.069
(1-346—1.753)
0.004-0.010
{0.102—-0.254)

e ——
SEATING IS Y N -

PLANE T * ?

0.014

R 0.050 0.014-0.020
0.356) — > — - —| e TYP
{ ) {1.210) (0.356 —0.508)
YP 0.008
eyt

M1aA eV )
14-Pin Small Outline

NS Package Number M14A
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DEVICE INFORMATION

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
| T 7.72 TYP
R P A

N

0000
t o

LAND PATTERN RECOMMENDATION

i

0.42 TYP

Operational Amplifiers

—

SEE DETAIL A
.=
- a

| N

7 [=]0.2]CTB]4]

PIN#1 )
IDENT. ALL LEAD TIPS
(0.9) GAGE PLANE
0.25
ALL LEAD TIPS 1 00-80 / {
1.1 MAX TYP Z i

L 0.10 £ 0.05 TYP

\ SEATING PLANE

L—»— 0.6 £ 0.1

ET T fobemm
0.19 - 0.30 TYP
|Q}|o.13®|A|B®|c®|

DETAIL A
TYPICAL, SCALE: 40X

DIMENSIONS ARE IN MILLIMETERS MTC14 (REV €)

14-Pin TSSOP

Order Number LMV324MT and LMV324MTX
NS Package Number MTC14

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

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.

with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

o)

National Semiconductor National Semiconductor National Semiconductor National Semiconductor

LMV321 Single/ LMV358 Dual/ LMV324 Quad General Purpose, Low Voltage, Rail-to-Rail Output

Corporation Europe Asia Pacific Customer Japan Ltd.
Americas Fax: +49 (0) 1 80-530 85 86 Response Group Tel: 81-3-5620-6175
Tel: 1-800-272-9959 Email: europe.support@nsc.com Tel: 65-2544466 Fax: 81-3-5620-6179
Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 1 80-530 85 85 Fax: 65-2504466
Email: support@nsc.com English Tel: +49 (0) 1 80-532 78 32 Email: sea.support@nsc.com
Frangais Tel: +49 (0) 1 80-532 93 58
www.national.com Italiano  Tel: +49 (0) 1 80-534 16 80

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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2.1.2 LMV331/393/339 Datasheet

February 1998

National Semiconductor

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 LMV33L1 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)

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

®m Space Saving Package Space SOT23-5 (3.00 x 3.01 x

1.43 mm)

Guaranteed 2.7V and 5V Performance

Industrial Temperature Range -40°C to +85°C

Low Supply Current 60pA/Channel

Input Common Mode Voltage Range Includes Ground

200 mVv

Low Output Saturation Voltage

Applications

® Mobile Communications
Notebooks and PDA'’s

Battery Powered Electronics
General Purpose Portable Device

u
n
u
m General Purpose Low Voltage Applications

Connection Diagrams

5-Pin SC70-5/SOT23-5
L/ 5

|

4
— OuTPUT

DS100080-1

Top View

8-Pin SO/MSOP
. o/
out A —

IN /\7i A
/2

&

—

7
—ouT B
6 _
F— v g

5
— gt

DS100080-2

Top View

14-Pin SO/TSSOP

ouT B

—/
2 13
ouT 4 — —— ouT D
-2 a ﬁ LEIS
4 11
IN A —] — N 0"
1
At =2 ﬂ Do
e = e
. 7 8 -
IN B N ¢

DS100080-3

Top View

© 1998 National Semiconductor Corporation DS100080
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.0 DEVICE INFORMATION

Ordering Information
Temperature Range Packaging Transport NSC
Package Industrial Marking Media Drawing
-40°C to +85°C
5-pin SC70-5 LMV331M7 C13 250 Units Tape and Reel MAAQ5
LMV331M7X C13 3k Units Tape and Reel
5-pin SOT23-5 LMV331M5 C12 250 Units Tape and Reel MAO5B
LMV331M5X C12 3k Units Tape and Reel
8-pin Small Outline LMV393M LMV393M Rails MOBA
LMV393MX LMV393M 2.5k Units Tape and Reel
8-pin MSOP LMV393MM V393 250 UnitsTape and Reel MUAOBA
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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2.0 DEVICE INFORMATION

Absolute Maximum Ratings  (Note 1) Junction Temperature (Note 3) 150°C
If Military/Aerospace specified devices are required, . .
please contact the National Semiconductor Sales Office/ Operating Ratings (Note 1)
Distributors for availability and specifications.

Supply Voltage 2.7V to 5.5V
ESD Tolerance (Note 2) Temperature Range

Human Body Model LMV393, LMV339, LMV331  -40°C < T, < +85°C

LMV331/ 393/ 339 800V Thermal Resistance (8;,)

Machine Model LMV331/339/393 120v M Package, 8-pin Surface Mount 190°C/W
Differential Input Voltage + Supply Voltage M Package, 14-pin Surface Mount 145°C/W
Supply Voltage (V* - V7) 5.5V MTC Package, 14-pin TSSOP 155°C/W
Mounting Temperature MAAO5 Package, 5-pin SC70-5 478°CIW

Lead Temp. (soldering, 10 sec) 260°C MO5A Package 5 -pin SOT23-5 265°C/IW

Infrared (15 sec) 215°C MM Package, 8-pin Mini Surface Mount 235°C/W
Storage Temp. Range -65°C to +150°C
2.7V DC Electrical Characteristics

Unless otherwise specified, all limits guaranteed for T, = 25°C, V+ = 2.7V, V- = 0V. Boldface limits apply at the temperature
extremes.
LMV331/
Symbol Parameter Conditions (N-gg 2) 39L?rlr13;t39 Units
(Note 5)
Vos Input Offset Voltage mVv
17 7 max
TCVos Input Offset Voltage o
Average Drift 5 wvre
lg Input Bias Current 250
10 400 nA max
los Input Offset Current 5 50 nA max
150
Vem Input Voltage Range -0.1 \
2.0 \
Vsar Saturation Voltage lsink < IMA 200 mv
lo Output Sink Current Vo £ 1.5V 23 5 mA min
Is Supply Current LMV331 40 100 HA max
LMV393 70 140 HA max
Both Comparators
LMV339 140 200 HA max
All four Comparators
Output Leakage Current .003 1 HA max
2.7V AC Electrical Characteristics
T,=25°C, V+ = 2.7V, R, = 5.1 kQ, V- = OV.
Symbol Parameter Conditions (Ng{epél) Units
tonL Propagation Delay (High to Low) Input Overdrive =10 mV 1000
ns
Input Overdrive =100 mV 350
toLn Propagation Delay (Low to High) Input Overdrive =10 mV 500 ns
Input Overdrive =100 mV 400
3 www.national.com
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.0 DEVICE INFORMATION

5V DC Electrical Characteristics
Unless otherwise specified, all limits guaranteed for T, = 25°C, V+ = 5V, V- = 0V. Boldface limits apply at the temperature
extremes.
LMV331/
Symbol Parameter Conditions (N-gep 2) 3??[;3;59 Units
(Note 5)
Vos Input Offset Voltage 1.7 7 mv
9 max
e | T :
ls Input Bias Current 25 igg nA max
los Input Offset Current 2 50 nA max
150
Vem Input Voltage Range -0.1 \%
4.2 \%
Ay Voltage Gain 50 20 V/mV min
Vsat Saturation Voltage lsink < 4 MA 200 400 mv
700 max
lo Output Sink Current Vo £ 1.5V 84 10 mA
Is Supply Current LMV331 60 120 HA max
150
LMV393 100 200 HA max
Both Comparators 250
LMV339 170 300 HA max
All four Comparators 350
Output Leakage Current .003 1 HA max
5V AC Electrical Characteristics
T,=25C, V+ =5V, R_=5.1kQ, V- =0V.
Symbol Parameter Conditions Typ Units
(Note 4)
tonL Propagation Delay (High to Low) Input Overdrive =10 mV 600
Input Overdrive =100 mV 200 ns
toLn Propagation Delay (Low to High) Input Overdrive =10 mV 450
Input Overdrive =100 mV 300 ns
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, 1.5kQ in series with 100 pF. Machine model, 200Q in series with 100 pF.
Note 3: The maximum power dissipation is a function of Tjymax), 834, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (T jmax)
- Ta)/63a. 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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2.0 DEVICE INFORMATION

Typical Performance CharacteristicsS  unless otherwise specified, Vs = +5V, single supply, T, = 25°C
Supply Current vs ) Supply Current vs
Supply Voltage Output High Supply Voltage Output Low Output Voltage vs
(LMV331) (LMV331) Output Current at 5V Supply
50 90 ‘ 1000 [ ] l ‘
+259C
80 1 900 -
o N o +55°c/1|// 00 “50‘0 185°¢
< = —
2 +859C // 3 4 PED z 700 ]
z 30 P o
5 T s o 600
H //—Aoﬂc £ Z40°C 2 s00 i
0
] < Z w00
g & 0 £ 300
AT 3 20 i 3 200
10 100
0 0 0
0 ! 2 3 4 5 0 1 2 3 4 5 0 100 20 30 40 S0
Supply Voltage (V) Supply Valtage (V) Output Current (mA}
DS100080-34 DS100080-33 DS100080-37
83:93: gﬂ':?s; vs Input Bias Current vs Response Time vs
at 2p7 Supn Supply Voltage Input Overdrives
. Pply 30 Negative Transition
600 Vey = OV
z ® -40°¢ 5 ° oo‘ v ! ,‘ B
500 z —fﬁ £ 4| %8m I Ve =
= z 2 g L 7] Ty = 259
€ 5 Z 3 =
= 400 aeoc g % 2500 52, womv 4] | R = 5.1k
oo i |y e
= o i =
E e %Wzsnc £ o !.;L:; Overdrive = _|
2 200 g H
3 é// -4?°c s 5 B 00
100 2E 1
14 o Z7
0 25 35 45 55 a> Foverdrive
° 5 1o 1 = Supply Voltage (V) - o s s 2
Output Current (ma} DS100080-36 Tire (us)
DS100080-38 DS100080-42
Response Time for " .
Inout Overdri Response Time vs Response Time for
nput Overdrive Input Overdrives i
- = - S Input Overdrive
Positive Transition Negative Transition o -
Positive Transition
5 ™ ::C;zzzc o ’ [ T Iv ,[2 ~ : Voo = 2.7V
4 - 4 20mv cc = 2 o T 1
: LI R = 5.1k A [’” 1/ Ty = 250¢ 8, \ \ 7. = 25°
MELITE i\ % [ N 2= 1A ARro= sk
LA T put overdrive = 27 +—t 32 VSN bon
1 s 1omy fIf 2 ! P
o100 mv Y [ L) smv 3 £ o0t Overarive - H 100mv {[{20mv Overdrive
! 0 5my [ 1A = 5mv
| Overdrive 0 i
;:Z,A 0 ; 2 100 N ) ; Overdrive
3% 2% 4
ZE 100 SE A 53 1
2 YRR = T overarve S5 -0
- h - o 05 1 15 2 £
Time (Vs) : (o) 0 0.5 1 1.5 2
DS100080-43 ime (s, DS100080-41 Time (ps) bs100060.40
5 www.national.com
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DEVICE INFORMATION

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 10kQ.

The comparator compares the input voltage (V;,) at the
non-inverting pin to the reference voltage (V,¢) at the invert-
ing pin. If V;, is less than V., the output voltage (V,) is at the
saturation voltage. On the other hand, if V;, is greater than
V,er. the output voltage (V,) is at V...

ov \_ ________

DS100080-26

Vi 30k

Vo

+Vaer

DS100080-4

FIGURE 1. Basic Comparator

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

v - Vee e
B (RlIRg) + Ry
When V,, is greater than Va (V;, V,), the output voltage is
low very close to ground. In this case the three network re-

sistors can be presented as R,//R; in series with R;. The up-
per trip voltage V,, is defined as

_ VCC (Rz // R3)
a2 7 R+ (R, //Rg)
The total hysteresis provided by the network is defined as
AV, = Va1 - Vaz
To assure that the comparator will always switch fully to V.

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

Rpuu-up << Rigad
and R; > R

pull-up*

www.national.com
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2.0

DEVICE INFORMATION

Application Circuits  (continued)
*VCC = +5V
R1 ReyLL-up
1M 3Kn
<
Vin O—f
Vo
Va ﬁ
r— NV N—— =
R3
R2 TMQ
1 M0
Vo HIGH
+Vee
R1 R3
Var
R2

Rioap
100 K¢

5 < >
Vo
A A\
Vaz Var
< »e
0 < L g
1.67 333
Vin
Vo LOW
+Vee
R1
Vaz
R2 R3

FIGURE 2. Inverting Comparator with Hysteresis

Non-Inverting Comparator with Hysteresis

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

v o et (Ry +Ry)
int = Ry
When V,, is high, the output is also high, to make the com-
parator switch back to it's low state, V;, must equal V¢ be-
fore V, will again equal V. Vi, can be calculated by:
v = Veer (Ry+Ry) = Voo Ry

in2 — RZ
The hysteresis of this circuit is the difference between V;,;
and V,.

DS100080-25

AVi, = VRi/R,

= vV
Veer = + 2.5V
<
Va
Vin O—AM—4
i =
330 KO
L AAAN——]
R2
1M

ReyrLup
3K

Vo

RLDAD

DS100080-22
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DEVICE INFORMATION

Application Circuits  (continued)

Vg HIGH Vg LOW
+Vee Yin1
5 >4
/2 a1
Va = Veee Va=Var Vo Y 7 3
Vin2 Vint
/1 R2
[
1.675 3326
= Vin
Vinz

DS100080-23

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 C, and the resistor in the negative feedback R,.
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.

R4 =100k

)
v
oJ LT
T 100 kHz
p—O Vo
Ry=100k {v,  R3=100k
v
Ry =100k
DS100080-8
+Vgo
-
- -~ - v
Ver Vi 2%
v, 2m
a2 ~ < ~ 3
P~ P~
t=0 .
i
— T o
—

DS100080-24

FIGURE 5. Squarewave Oscillator

To analyze the circuit, assume that the output is initially high.
For this to be true, the voltage at the inverting input V. has to
be less than the voltage at the non-inverting input V,. For V.
to be low, the capacitor C, has to be discharged and will
charge up through the negative feedback resistor R,. When
it has charged up to value equal to the voltage at the positive
input V,,, the comparator output will switch.

V., will be given by:

Vee Ry
R+ (R, //R)

<

a

R; =R, = R;3
Then:

Va1 = 2V /3
When the output switches to ground, the value of V_ is re-
duced by the hysteresis network to a value given by:

Vaz = Veol3
Capacitor C; must now discharge through R, towards
ground. The output will return to its high state when the volt-
age across the capacitor has discharged to a value equal to
Vao.
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

-t

= RC

VC - qux e

Where V., is the max applied potential across the capaci-
tor = (2V¢/3)
and V¢ = Vmax/2 = Vc/3
One period will be given by:

1/freq = 2t
or calculating the exponential gives:

1/freq = 2(0.694) R, C;

Resistors R; and R, must be at least two times larger than
Rs to insure that V,, will go all the way up to V. 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 R; and R, are equal so that the comparator will
switch symmetrically about +V /2. The RC constant of Ry
and C; 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.

www.national.com
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2.0 DEVICE INFORMATION

Application Circuits  (continued)

When specifying the crystal, be sure to order series resonant

with the desired temperature coefficient

<
Ry = 200k & >
1 :, :» 2.0k

Cp= 00

CRYSTAL

L -
Rz = 200k ¢ =100 kHz

VWA

FIGURE 6. Crystal controlled Oscillator

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 C, gener-
ates a variable duty cycle. One path, through R, and D, will
charge the capacitor and set the pulse width (t;). The other
path, R; and D, will discharge the capacitor and set the time

between pulses (t,).

By varying resistor R,, the time between pulses of the gen-
erator can be changed without changing the pulse width.
Similarly, by varying R,, 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:

R 01 :: 15k
™ HCITIR:

A 02

100K 1N9T4

o
"
o
2
=
L

I“]_
—
|
o
%
d
ie
5
1

Rs=1M
v+ O—AAA- +

R3=1M

Ry=im  FOR LARGE RATIOS OF R1/R2.
D1 CAN BE OMITTED.

I=VWv

!
]

FIGURE 7. Pulse Generator

DS100080-9

Vi = Voax (1 - e_(‘/R‘c‘) rise time

V=V e“z/Rscw

max fall time
Where 2V
Vimax = 3
and
v Vmclx Vee
17 73 ES
Which gives
1 -
s e 4/R,C

t, is then given by:

1 -
7=¢ ty/RsCy

Solving these equations for t, and t,

t, =R,C,In2

t, =RsC,In2
These terms will have a slight error due to the fact that V5,
is not exactly equal to 2/3 V¢ but is actually reduced by the
diode drop to:

2
Vinax = 3 (Vg = Vae )

o e“w/Racw
2(1 -VBE)

1 = o l2/RsC
2(1 - Vee )

www.national.com
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DEVICE INFORMATION

Application Circuits

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.

(Continued)

+Vee

DS100080-17

FIGURE 8. Positive 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 MQ resistor and any load imped-
ance used. Decay time is changed by varying the 1 MQ
resistor

DS100080-18

FIGURE 9. Negative Peak Detector

Driving CMOS and TTL

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

+5.0 Voc

1/4 MM54EXX

DS100080-5

FIGURE 10. Driving CMOS

+5 Vpc

|

<
4: 10k 1/8 DM54XX

1/ DMSAXX

DS100080-6

FIGURE 11. Driving TTL

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.

100k

100k

100k
tk f=A-B-C

DS100080-11

FIGURE 12. AND Gate

www.national.com
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2.0 DEVICE INFORMATION

Application Circuits  (continued)

v
OR Gates
A three input OR gate is achieved from the basic AND gate
simply by increasing the resistor value connected from the o1+
inverting input to V.., thereby reducing the reference volt- 10
age. Vo
Alogic "1" at any of the inputs will produce a logic "1" at the
output.

‘ +

V'=5vV

I

+0.025V

3K
(o

f- A+B+C

DS100080-10

FIGURE 13. OR Gate [

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 V.. If one or more of the comparators out-
puts goes low, the output V, will go low.

DS100080-12

FIGURE 14. ORing the Outputs

v
<
& 100k bED
> >
P4 <
10k >
b3
e
& 100k
j’L —O Vour

Vour=A-B-€-D

i

[iX]

f

04

¥

)
ALL OIODES
ALEIES
DS100080-13

FIGURE 15. Large Fan-In AND Gate

11 www.national.com
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2.0 DEVICE INFORMATION

SC70-5 Tape and Reel Specification

21.5%3 " 1vp

B =] 240.05 TYP T—T— o :.3t0.65»|

NN

T & ﬂ | ( D 1( D 1 Ji Sl ',‘ a2.4
;,‘& L NP N il

AT GAGE PLANE

W

AZ1.0 MIN TYP B<—-J |<_ o Tv _.l RO.5 TYP GAGE/»;

CAVITY

GAGE PLANE  STMM

R30 MIN

0.3 42.25£0.10 TYP ALLOWED
AT GAGE PLANE |

SECTION A-A _

BEND RADIUS

NOT TO SCALE
DS100080-44

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

www.national.com 12
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2.0 DEVICE INFORMATION

SOT-23-5 Tape and Reel Specification  (continued)
TAPE DIMENSIONS

#£0.061£0.002 TYP.

|1.55£0.05)
0.157 TYP,
0.079£0.002 TYP. —fw—rfa—r]| . Ko ==
[2£0.05] | . . 0.008_, 01,
. ] I [0.2]
CAVITY
50 ax. - 7f SYWM
B AT TYP. Bo
TANGENT — 1| @ GAGE LINE
W POINTS 7
A
i
R0.012 TP !
B <P TYP——i ALL ws.[é’fgm :
— ]
#0.041£0.002 TYP, I~ i |« 0.012
[1.0420.05] DIRECTION OF FEED ————» [0.3]
GAGE LINE SECTION B-B
ATYP
@ TANGENT POINTS | caviTy R0.012 TYP GAGE LINE

= symu [0.3]
R .
SOMAXTYR 4 ALL INSIDE RADII

SR Wt ‘.

-\ Ao TYP [0.3]
AT GAGE LINE RO1.181 MIN. |
SECTION A=A [30] ‘
BEND RADIUS
NOT TO SCALE
DS100080-45
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 DIMA | DIMAo | DIMB | DIM Bo DIM F DIM Ko DIM P1 DIM W
13 www.national.com
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2.0 DEVICE INFORMATION

SOT-23-5 Tape and Reel Specification  (continued)
REEL DIMENSIONS

— |
TAPE SLOT
A N
= DETAIL X =
SCALE: 3X + 4w
- [— W
DS100080-46
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
www.national.com 14
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2.0 DEVICE INFORMATION

PhySiCﬁ| Dimensions inches (millimeters) unless otherwise noted
2£0.1 -
NOTE 2
SYMM Q
«-*I
3 SYMM Q
(8]
! (0.65)
|
1 ‘ —_—
| |
1.25%0.1
2.120.1 i ‘ NOTE 2
l (1. 55)
I
| I
- - T -
T [
| | @75 <EE» ~—>
4] 5
! —»l X l-—o.ws-o.z TYP ‘ (0.4 TYP)
- | .
LAND PATTERN RECOMMENDATION
R0.025 MIN
GAGE PLANE
R0.025 MIN
o a r
@mn — _t ;E _
& 0.1-0.20 t
SEATING FLANE 0-0.1 —0.36£0.05
0°-5° TYP el (0.425)
DIMENSIONS ARE IN MILLIMETERS UADSH (REV 4)
5-Pin SC70-5 Tape and Reel
Order Number LMV331M7 and LMV331M7X
NS Package Number MAAO5SA
15 www.national.com
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.0 DEVICE INFORMATION

Physical Dimensions

ol

go-100 Tvp 3 T;I (0.025)
0.002-0.006
[0.05-0.15]

inches (millimeters) unless otherwise noted (Continued)

r

'

SYMM
0.112-0.118 (\L
[2.84-3.00] |<0.0375 \4_0.0375
[0.95] " [0.95]
5 4 ‘
I 1 - I I %
| I
— L
0.106-0.118 | ' I | |
[2.69-3.00] ' | . I | [02'.15092]
L -H ‘
| ‘ I 0.060-0.066 .
: ‘ ; [1.52-1.68] [
! \ ! | i i -
‘ 0.039 TYP _ N <)% I
- [0.99] o
g . ] o2ide
1 2 3 X |
| —T‘_ LL’L 0.0145-0.0195 ‘ J | |a0-027 TvP
[0.37-0.50] [0.69]
[0.95] |
X , LAND PATTERN RECOMMENDATION
[
0.0050-0.0075
[0.13-0.19] TP GAGE
T r PLANE
0.036-0.044
0.038-0.048
[0.67-1.22] [0.91-1.12]

[0.64]

0.140-0.0215 _|
[0.36-0.55]

[&x]0.004 [o.1][c} TYP SEATING Typ \

PLANE MAOSB (REV B}

5-Pin SOT23-5 Tape and Reel
Order Number LMV331M5 and LMV331M5X
NS Package Number MAO5B

www.national.com 16
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2.0 DEVICE INFORMATION

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

0.189—0.187
2B,
[~ {4800=5.004]

f’%é%%

0.228-0.284
{5.791-6.199)

AT

LEAD NO. 1
IDENT
0.150-0.057
> sa10-3.988)
0.010-0.020 , y5o— | |ug "gfg*‘ﬂ?:;
{0.254 -0.508) ‘ (1346 71.753) 0.004-0010
8 MAX TYP 0.004-0010
ALL LEADS 0.102-0.254)
il;,mff_é ‘ ' L j*’r“?“:t H ¢ SEATING
r oo f i [ T rwe
w102 o
: 2227: g;g ALLLEAD TIPS 0.016-0.050 03 0% 0.014-0.020 ryp
‘rv'p ALL Li:_nns’ 10.4061.270) (121 ™ 10.356-0.508)
TYP ALL LEADS e SRTYP > a—

0.203) wosA (Y )

8-Pin Small Outline
Order Number LMV393M and LMV393MX
NS Package Number MOSA

17 www.national.com
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DEVICE INFORMATION

Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

Order Number LMV393MM and LMV393MMX

NS Package Number MUAOSA

0.118£0.004
(8} [3t0.1]
8 5
v :
0.189
0.193£0.004 0'1['38*20%?04 [4.8]
[4.940.1] .
o (0.040)
3 TYP
\ [1.02] o
;/
PINT__~ - | | [ T T 2
IDENT N
NOTE 2 |
(0.016) | ‘
_ | fooany el b= 4_(0[3).52?) e
1
< {(0.0258)|TYP LAND PATTERN RECOMMENDATION
[0.65] .
0.00
R Tve
[0.13] GAGE
0.043 0.005 PLANE
MAX
[1.09] R [0.13) TP
f \ [ A (0.010)
[0.25]
5 . 4
_ \ .
Sf0.002[0.05] 4] 001zjg 853 TYP == | 0.021£0.005 j
0.002-0.006 [0.33-32)] [0.53£0.12] 0°-6° TYP
e (0-034) —| 0:0575 SEATING PLANE
[0.06-0.15] (6.86) | (o3 -
[ To.002 [0.05]®[8®[cB)]
0.007£0.002 1o
[0.1840.05] MUAOBA (REV B)
8-Pin MSOP

www.national.com
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2.0 DEVICE INFORMATION

PhySICEﬂ DImensions  inches (millimeters) unless otherwise noted (Continued)
0.335-0.344
‘ “ {8.509_5.738) -
14 13 12 1 10 9 8 ‘
} aq
0.228-0.244
(5.791-6.198) || -
P
eaono. s ]
IDENT i U U
[
0.010 yax
{0.254)
0.150 -0.157
{3.810-3.988) | ¢
00100020 . _0.053-0.069
10.254-0.508) **° (1.306—1.753)
8° MAX TYP 0.004-0.010
ALL LEADS {0102—0.254)
i gk VO B i=i=i=i=
f — PLANE ? ¥ ?
0.008-0.010 T D0 g s ‘ ‘ 0.014 -0.020
(0.203—0.254) 0.016 -0.050 (0.355) g « {0.356—0.508) e
TYP ALL LEADS 0.004 {0.406—1.270) WP 0.008
w.102) TYP ALL LEADS 10.203) TYp
ALL LEAD TIPS MI4A REY b
14-Pin Small Outline
Order Number LMV339M and LMV339MX
NS Package Number M14A
19 www.national.com

LMV Products Qualification Package 2-45



DEVICE INFORMATION

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

o

S

< —

3 100000

g

O ___l___ T7.72 TYP
4.16 TYP

N

0000
t o

LAND PATTERN RECOMMENDATION

i

0.42 TYP

—

SEE DETAIL A
.=
- a

| N

7 [=]0.2]CTB]4]

PIN#1 )
IDENT. ALL LEAD TIPS
(0.9) GAGE PLANE
0.25
ALL LEAD TIPS 1 00-80 / {
1.1 MAX TYP Z i

L 0.10 ¢ 0.05 TYP x

0.18 - 0.30 TYP

\ SEATING PLANE

L—»— 0.6 £ 0.1

ST bemm |

|Q}|o.13®|A|B®|c®|

DETAIL A
TYPICAL, SCALE: 40X

DIMENSIONS ARE IN MILLIMETERS MTC14 (REV €)

14-Pin TSSOP

Order Number LMV339MT and LMV339MTX
NS Package Number MTC14

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

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.

with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

o)

LMV331 Single / LMV393 Dual / LMV339 Quad General Purpose, Low Voltage, TinyPack

National Semiconductor National Semiconductor National Semiconductor National Semiconductor

Corporation Europe Asia Pacific Customer Japan Ltd.
Americas Fax: +49 (0) 1 80-530 85 86 Response Group Tel: 81-3-5620-6175
Tel: 1-800-272-9959 Email: europe.support@nsc.com Tel: 65-2544466 Fax: 81-3-5620-6179
Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 1 80-530 85 85 Fax: 65-2504466
Email: support@nsc.com English Tel: +49 (0) 1 80-532 78 32 Email: sea.support@nsc.com
Frangais Tel: +49 (0) 1 80-532 93 58
www.national.com Italiano  Tel: +49 (0) 1 80-534 16 80

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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2.0 DEVICE INFORMATION

2.1.3 LMV821/822/824 Datasheet

March 1998
National Semiconductor

LMV821 Single/ LMV822 Dual/ LMV824 Quad
Low Voltage, Low Power, R-to-R Output, 5 MHz Op Amps

General Description ® Guaranteed 2.5V, 2.7 V and 5 V Performance

. ® Maximum VOS 3 mV (Guaranteed)
The LMV821/LMV822/LMV824 bring performance and . o

- ® VOS Temp. Drift luvrc

economy to low voltage / low power systems. With a 5 MHz
unity-gain frequency and a guaranteed 1.5 V/us slew rate, = GBW product @2.7 V 5 MHz
the quiescent current is only 215 uA/amplifier (2.7 V). They ™ lsuppy @2.7 V 215 pA/Amplifier
provide rail-to-rail (R-to-R) output swing into heavy loads ® Minimum SR 1.5 V/us (Guaranteed)
(600 Q Guarantees). The input common-mode voltage range  ® CMRR 90 dB
includes ground, and the maximum input offset voltage is m PSRR 85 dB
3mV (25°C, Guaranteed). They are also capable of comfort- @ Rail-to-Rail (R-to-R) Output Swing
ably driving large capacitive loads (refer to the application — @600 Q Load 160 mV from rail
notes section). — @10 kQ Load 55 mV from rail
The LMV821 (single) is available in the ultra tiny SC70-5 m V¢, @5V -0.3Vto43V
package, which is about half the size of the previous title  w Stable with High Capacitive Loads (Refer to Application

holder, the SOT23-5. Section)
Overall, the LMV821/LMV822/LMV824 (Single/Dual/Quad)

are low voltage, low power, performance op amps, that can App”cations
be designed into a wide range of applications, at an eco-

i i ]
nomical price. Cordless Phones

m Cellular Phones
m Laptops
Features u POAS
(For Typical, 5 V Supply Values; Unless Otherwise Noted) = PCMCIA
m Ultra Tiny, SC70-5 Package 2.0x20x1.0mm
Connection Diagrams
5-Pin SC70-5/SOT23-5 14-Pin SO/TSSOP

s

it v our & — ~/ ik
_ 2 13

S 2 IN A — A A — N o
V' 3 12

3 4

3 s 4 o

IN oUTPUT v r
5

DS100128-84 N g

Top View e = V L
7 8

T ¢

8-Pin SO/MSOP DS100128-85
Top View

8 .+

OUTA‘— — v

o/
-NAL% |- oure
3 5
+in A = |- - e
-2 é

v iMNB

DS100128-63

Top View

sdwy dO ZHIN G ‘0dY ‘Jamod moT ‘abe)op moT pend Z8AINT /['end Zz8AINT /3IBulS TZ8AINT

© 1998 National Semiconductor Corporation ~ DS100128 www.national.com
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.0 DEVICE INFORMATION

Ordering Information
Temperature Range
Package Industrial Packaging Marking Transport Media NSC Drawing
-40°C to +85°C
5-Pin SC-70-5 LMV821M7 Al15 250 Units Tape and MAAO5
Reel
LMV821M7X A15 3k Units Tape and Reel
5-Pin SOT23-5 LMV821M5 Al4 250 UnitsTape and MAO5B
Reel
LMV821M5X Al4 3k Units Tape and Reel
8-Pin SO LMV822M LMV822M Rails MO8A
LMV822MX LMV822M 2.5k Units Tape and
Reel
8-Pin MSOP LMV822MM LMV822 250 Units Tape and MUAOSA
Reel
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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2.0 DEVICE INFORMATION

Absolute Maximum Ratings  (Note 1)

please contact i National Semiconducor Seles Ofcl Operating Ratings  ote 1
Distributors for availability and specifications. Supply Voltage 2.5V to 5.5V
ESD Tolerance (Note 2) Temperature Range
Machine Model 100V LMV821, LMV822, LMV824 -40°C <T , <85°C
Human Body Model Thermal Resistance (6 ;,)
LMV822/824 2000V Ultra Tiny SC70-5 Package 440 °CIW
LMV821 1500V 5-Pin Surface Mount
Differential Input Voltage + Supply Voltage Tiny SOT23-5 Package 5-Pin 265 "C/W

Surface Mount

Supply Voltage (V*-V 7) 5.5V
SO Package, 8-Pin Surface

Output Short Circuit to V* (Note 3)

L Mount 190 °C/W
Output Short Circuit to V™ (Note 3) MSOP Package, 8-Pin Mini
Mounting Temp. Surface Mount 235 °CIW
Lead Temp. (Soldering, 10 sec) 260°C SO Package, 14-Pin Surface
Infrared (10 sec) 215°C Mount 145 °C/W
Storage Temperature Range -65°C to 150°C TSSOP Package, 14-Pin 155 °C/W

Junction Temperature (Note 4) 150°C

2.7V DC Electrical Characteristics

Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 2.7V, V.~ = 0V, Vg = 1.0V, Vo = 1.35V and R | > 1 MQ.
Boldface limits apply at the temperature extremes.

. Typ LMV821/822/824 .
Symbol Parameter Condition (Note 5) Limit (Note 6) Units
Vos Input Offset Voltage 1 3 mvV
4 max
TCVos Input Offset Voltage Average 1 uvre
Drift
Ig Input Bias Current 30 90 nA
140 max
los Input Offset Current 0.5 30 nA
50 max
CMRR Common Mode Rejection Ratio | OV < Vgy < 1.7V 85 70 dB
68 min
+PSRR Positive Power Supply 17V<sV'<4V,V =1V, Vo = 85 75 dB
Rejection Ratio 0V, Vey = OV 70 min
-PSRR | Negative Power Supply -1.0V <V <-3.3V, V" =17V, 85 75 dB
Rejection Ratio Vo= 0V, Vgu = 0V 70 min
Vem Input Common-Mode Voltage For CMRR = 50dB -0.3 -0.2 \%
Range max
2.0 19 \
min
Ay Large Signal Voltage Gain Sourcing, R, =600Q to 1.35V, 100 90 dB
Vo=1.35V to 2.2V 85 min
Sinking, R, =600Q to 1.35V, 90 85 dB
Vo=1.35V to 0.5V 80 min
Sourcing, R =2kQ to 1.35V, 100 95 dB
Vo=1.35V to 2.2V 920 min
Sinking, R, =2kQ to 1.35, 95 90 dB
Vo=1.35t0 0.5V 85 min
3 www.national.com
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.0 DEVICE INFORMATION

2.7V DC Electrical Characteristics  (continued)

Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 2.7V, V = = 0V, Vo = 1.0V, Vo = 1.35Vand R . > 1 MQ.
Boldface limits apply at the temperature extremes.

Symbol Parameter Condition (N-(I;{g 5) Lmtﬁ%ﬁggg“ Units
Vo Output Swing V*=2.7V, R, = 600Q to 1.35V 2.58 2.50 %
2.40 min
0.13 0.20 \Y
0.30 max
V*=2.7V, R = 2kQ to 1.35V 2.66 2.60 \
2.50 min
0.08 0.120 \
0.200 max
lo 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 T, = 25°C. V* = 2.5V, V= = 0V, Vg = 1.0V, Vo = 1.25V and R | > 1 MQ.
Boldface limits apply at the temperature extremes.

Symbol Parameter Condition (ND[IE 5) Lm;ﬁ%ﬁfz%“ Units
Vos Input Offset Voltage 1 3 mvV
4 max

Vo Output Swing V*=2.5V, R = 600Q to 1.25V 2.37 2.30 \
2.20 min

0.13 0.20 \
0.30 max

V*=2.5V, R = 2kQ to 1.25V 2.46 2.40 \

2.30 min

0.08 0.12 \%
0.20 max

2.7V AC Electrical Characteristics

Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 2.7V, V = =0V, Vo = 1.0V, Vo =1.35Vand R . > 1 MQ.
Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions (N-[I;{g 5) LMVBZl(ﬁ;Ze/%%“ Limit Units
SR Slew Rate (Note 7) 15 Vius
GBW Gain-Bandwdth Product 5 MHz
D, Phase Margin 61 Deg.
G, Gain Margin 10 dB
Amp-to-Amp Isolation (Note 8) 135 dB

e, Input-Related Voltage Noise f=1kHz, Vg = 1V 28 nV
iz

www.national.com 4
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2.0 DEVICE INFORMATION

2.7V AC Electrical Characteristics  (continued)
Unless otherwise specified, all limits guaranteed for T, = 25°C. V* = 2.7V, V" =0V, V¢, = 1.0V, Vo =1.35Vand R | > 1 MQ.
Boldface limits apply at the temperature extremes.
. Typ LMV821/822/824 Limit .
Symbol Parameter Conditions (Note 5) (Note 6) Units
in Input-Referred Current Noise f=1kHz 0.1 PA
YHz
THD Total Harmonic Distortion f=1kHz, A, = -2, 001 %
R, =10 kQ, Vo = 4.1 Vpp
5V DC Electrical Characteristics
Unless otherwise specified, all limits guaranteed for T, = 25°C. V* =5V, V = = 0V, V¢ = 2.0V, Vo =25V and R | > 1 MQ.
Boldface limits apply at the temperature extremes.
. Typ LMV821/822/824 .
Symbol Parameter Condition (Note 5) Limit (Note 6) Units
Vos Input Offset Voltage 1 3 mv
4.0 max
TCVos Input Offset Voltage Average 1 uvre
Drift
lg Input Bias Current 40 100 nA
150 max
los Input Offset Current 0.5 30 nA
50 max
CMRR Common Mode Rejection Ratio | OV < Vg < 4.0V 90 72 dB
70 min
+PSRR Positive Power Supply 17VsV <4V, V =1V, Vg = 85 75 dB
Rejection Ratio 0V, Vey = OV 70 min
-PSRR Negative Power Supply -1.0V € V- <-3.3V, V' =1.7V, 85 75 dB
Rejection Ratio Vo =0V, Vg = 0V 70 min
Vem Input Common-Mode Voltage For CMRR = 50dB -0.3 -0.2 \%
Range max
4.3 4.2 \%
min
Ay Large Signal Voltage Gain Sourcing, R =600Q to 2.5V, 105 95 dB
Vo=2.5to 4.5V 90 min
Sinking, R, =600Q to 2.5V, 105 95 dB
Vo=2.510 0.5V 90 min
Sourcing, R, =2kQ to 2.5V, 105 95 dB
Vo=2.5to 4.5V 90 min
Sinking, R, =2kQ to 2.5, 105 95 dB
Vo=2.5t0 0.5V 90 min
Vo Output Swing V*=5V,R = 600Q to 2.5V 4.84 4.75 \
4.70 min
0.17 0.250 \%
.30 max
V*=5V, R =2kQ to 2.5V 4.90 4.85 \Y
4.80 min
0.10 0.15 \%
0.20 max
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5V DC Electrical Characteristics  (continued)

Unless otherwise specified, all limits guaranteed for T, = 25°C. V* =5V, V ~ = 0V, V¢, = 2.0V, Vo =25V and R | > 1 MQ.
Boldface limits apply at the temperature extremes.

Symbol Parameter Condition (N-(I;{g 5) Lmtﬁ%ﬁggﬁ“ Units
lo 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 T, = 25°C. V* =5V, V = =0V, Vg = 2V, Vo = 25V and R | > 1 MQ.
Boldface limits apply at the temperature extremes.
Symbol Parameter Conditions (ND[/E 5) LMVSZl(ﬁSé/%Z)A Limit Units
SR Slew Rate (Note 7) 2.0 15 Vlus
min
GBW Gain-Bandwdth Product 5.6 MHz
D, Phase Margin 67 Deg.
G, Gain Margin 15 dB
Amp-to-Amp Isolation (Note 8) 135 dB
e, Input-Related Voltage Noise f=1kHz, Vg = 1V 24 nV
Az
in Input-Referred Current Noise f=1kHz 0.25 pA
iz
THD Total Harmonic Distortion f=1kHz, A, = -2, 0.01 %
R =10kQ, Vo = 4.1 Vpp

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 kQ in series wth 100 pF. Machine model, 200Q 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 Tymax) . 6;a, and Ta. The maximum allowable power dissipation at any ambient temperature is Pp = (T
(max)—T a)/8;a. 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 R = 100 kQ connected to 2.5V. Each amp excited in turn with 1 kHz to produce V o = 3 Vpp.
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5V AC Electrical Characteristics

(Continued)

Typical Performance Characteristics

Supply Current vs Supply Voltage
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Ta = 25°C. (Continued)
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Typical Performance Characteristics

Input Voltage Noise vs Frequency
100

Input Voltage Noise (n¥/v'Hz)
-
23
I

Frequency (Hz)
DS100128-18

+PSRR vs Frequency
100

+PSRR (dB)
«
g

100 1k 10k 100k ™

Frequency (Hz)
DS100128-9

Input Voltage vs Output Voltage

-300
-250
-200
—-150
S
2-100
-50

100

200
250
300

Qutput Voltage (V)
DS100128-88

Input Voltage
«
g

@
i

Unless otherwise specified, Vg = +5V, single supply,

Input Current Noise vs Frequency
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4 | - P H
0.2
0.0

Input Current Noise (pA/vHz)

10 100 1k 10k

Frequency (Hz)
DS100128-17

-PSRR vs Frequency

+PSRR (dB)

100 1k 10k 100k ™

Frequency (Hz)
DS100128-10

Gain and Phase Margin vs
Frequency (R  =100kQ, 2kQ, 600Q)
2.7V

Gain (dB)
Phase Margin (°})

Frequency (Hz)

DS100128-11

www.national.com

2-54 National Semiconductor




2.0 DEVICE INFORMATION

Typical Performance Characteristics

Ta = 25°C. (Continued)
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Typical Performance Characteristics Unless otherwise specified, Vg = +5V, single supply,
Ta = 25°C. (Continued)
Non-Inverting Small Signal Pulse Inverting Large Signal Pulse Inverting Small Signal Pulse
Response Response Response
7RL=2kﬂ, T =25°C R =2k T=25°C R =2kQ T =25°C
"= 8500 B T = 850 i = 850
INPUT T = —4goc ov INPUT T = —400¢ oy INPUT TT:’,B,,%?C ov
50 mV/Div 1V/Div 50 mV/Div
ouTPUT v OUTRUT ov QUTPUT ov
0.5 ps/Div 1 us/Div 0.5 ps/Div
DS100128-24 DS100128-27 DS100128-30
THD vs Frequency
L2 1 1 11 O g
5= 2.7V, Ay = +1
2100 1k 10k 100k
Frequency (Hz)}
DS100128-82
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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 (@,,) 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 ¢, for a no load condition. But @,
changes with load. The Gain and Phase vs Frequency plots
in the curve section can be used to graphically determine the
@, 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 ¢, and the bandwidth of the LMV821/822/824 family.
These graphs show capacitive loads reducing both ¢, and
bandwidth, while resistive loads reduce the bandwidth but in-
crease the @,,. Notice how a 600Q resistor can be added in
parallel with 220 picofarads capacitance, to increase the @,,
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.

90 ‘ T
80 ——1 =600
Loap T 9

70 N —
No Load
1

T
Vg=5.0v

60
50
40— 7 up = 6000//220 pF——
Nl i

Phase Margin {Deg)

g
20— G gap = 220 pF

10 11—

0
0 05 1 15 2 25 3 35 4 45

Common Mode Voltage (V)
DS100128-60

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

¢ 1 I

{1 [No Load Vg =5.0v
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—
T

Zioap =6 On(/ZIZOpF

i

L]

3
0 05 1 15 2 25 3 35 4 45

Unity-Gain Frequency {MHz)
»~
PO
M~

Common Mode Voltage (V)
DS100128-61

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

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 Q 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.

+V

DS100128-41

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

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 Q isolation
resistor.

VO
G
| 10,000 pF

DS100128-43

FIGURE 4. Using an Isolation Resistor to Drive Heavy
Capacitive Loads

1
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DS100128-54

FIGURE 5. Pulse Response per Figure 4

1.3 Input Bias Current Consideration

Input bias current (lg) can develop a somewhat significant
offset voltage. This offset is primarily due to lg flowing
through the negative feedback resistor, Rg. For example, if I
is 90nA (max room) and R is 100 kQ, then an offset of 9 mV
will be developed (Vos=lgX Rg).Using a compensation resis-
tor (R¢), 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.

Re

LMVB21/2/4 (b)
"

Re

i

LMVB21/2/4

O—AM +
vI
R, = R

—OV, (c)

DS100128-59
FIGURE 6. Canceling the Voltage Offset Effect of Input
Bias Current
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
Rmatcn 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:

R R V. R \Z
Vo= vr (e i) =7 (7)) =W () - 3@ =0

MODEM Tk
Transmit O
Input

MODEM
Raceive
Qutput

1:1 riniature

I
I Phone Line
, |
I
PCMCIA transformer

UR
S . 3 (nominal}
20k 0.1 uf
= Ry 210«
DS100128-33

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

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 (/Fy-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.
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fnod AN
ov
3 kHz 10k
AA
W
v; 0 5.9k U | Lmve2d —OV,
WA + Amplitude
Modulated
R/2 Output
_ fearrier IN7002
3v
T 200kHz

DS100128-39

FIGURE 8. Amplitude Modulator Circuit

fearrier

DS100128-40

FIGURE 9. Output signal per the Circuit of  Figure 8

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.

-2.5V

DS100128-36

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

‘)

<

3

10 nF —O0

o—|
I

C, e

<

1

DS100128-37

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

Table 1 provides sensitivity measurements for a 10 MQ 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 R, and R of each circuit also caused variations in

13

www.national.com

LMV Products Qualification Package 2-59




.0 DEVICE INFORMATION

the pass band gain. Increasing R, by ten percent, increased
the gain by 0.4 dB, while increasing Rg by ten percent, de-
creased the gain by 0.4 dB.

TABLE 1
Component (LPF) Sensitivity (LPF) Component (HPF) Sensitivity (HPF)
R, -1.2 Ca -0.7
Cy -0.1 Ry -1.0
R, 11 R, +0.1
Rs +0.7 C, 0.1
Cs -15 R +0.1
R, -0.6 R, 0.1
R5 +0.6 Rs +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.

DS100128-92

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

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).

. R
W e ” e
Q= Z‘TFCVC_WAVC_Z:

Ry

HPE) P = Gy iy 4y 5, 1,

Q = 20T, G,

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:

(LPF)  R,=R, =

1
2nF T 4Gy
Ry = 5rae

37 2nFT AT

1

(HPF) Ry =Ry = AT

R, = 5o
b7 2mF AT, AT,

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

1. Choose C; =C3=C=1nF

2. Choose R, = Rg = 1 kQ

3. Calculate R, and R, for the desired Fc as follows:
_ 1

2n(Fe)C

1
~ 2x(3 kHz) 1nF

Ry=R, =

a

53.1k0
53.6 kL (Practical Value)

(]

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

_Q

2n(F.)C

_ 0.707

" 2a(3 kHz) 1nF

Ry =

37.5k0
37.4Kk0 (Practical Value)

[l

Notice that R; could also be calculated as 0.707 of R, or R,
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.
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2.5 Tri-level Voltage Detector stops and the op amp responds open loop. The design equa-
The tri-level voltage detector of Figure 13 provides a type of tion directly preceding Figure 13, shows how to determine
window comparator function. It detects three different input the clamping range. The equation solves for the input volt-
voltage ranges: Min-range, Mid-range, and Max-range. The age band on each side GND. The mid-range is twice this
output voltage (Vo) is at Ve for the Min-range. Vg is voltage band.
clamped at GND for the Mid-range. For the Max-range, Vg is
at V.. Figure 14 shows a Vg vs. V, oscilloscope photo per
ircui . R
the CII’CLII[.Of : o AV = 7(VCC_VD' § )
Its operation is as follows: V, deviating from GND, causes Ry lode
the diode bridge to absorb I, to maintain a clamped condi- DS100128-89
tion (Vo= 0V). Eventually, 1, reaches the bias limit of the di-
ode bridge. When this limit is reached, the clamping effect
VCC
+2.5
|—= AV =} = AV =]
D1 (1N914 x 4) D2
I Vee
+2.5
O
3
vo
ov
F
“Yin o T "
25 DS100128-35
Vee FIGURE 14. X, Y Oscilloscope Trace showing V. oyt VS
DS100128-34 V\n per the Circuit of Figure 13
FIGURE 13. Tri-level Voltage Detector
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SC70-5 Tape and Reel Specification
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240.05 TYP —ja—»] 4.0 TYP
B 4'—| A‘ 0.3£0.05 »‘ |+
L '
- 3

| s
€S-0 4
o ) (il e L

AT GAGE PLANE

\

" S b
CI:
fan
N
—/

A©1.0 MIN TYP B<—-J |<_ n40 TP _.I RO.5 TYP GAGE/—e

PLANE

cavITY
GAGE PLANE SY(E"M

R0O.3 MAX TYP

R30 MIN

0.3 42.25£0.10 TYP ALLOWED
AT GAGE PLANE |

SECTION A-A _

BEND RADIUS

NOT TO SCALE
DS100128-96

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

www.national.com 16
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2.0 DEVICE INFORMATION

Tape Dimensions

[1.55£0.05]

[240.05]

0.079£0.002 TYP.—'«——!

#£0.061£0.002 TYP.

0.157 TYP,

[4]
! |

Bl
#0.041£0.002 TYP.
[1.04+0.05]
ATYP
@ TANGENT POINTS | caviTy

XA SYMM
30 MAX TYP

<P TYP——i

DIRECTION OF FEED ————

RQ.012 TYP GAGE LINE

[0.3]
4 ALL INSIDE RADII
Il | Il

S

Ko —
0.008
[0.2]

|-

CAVITY
30 wax. |4 svum
B AT TYP.

TANGENT —

POINTS

Bo
@ GAGE LINE

X 7

RO.012 TYP
[0.3]
ALL INSIDE RADII

i
N BN i)

|« 0.012
[0.3]

“

GAGE LINE

SECTION B-B

-\ Ao TYP [0.3]
AT GAGE LINE R8T MIN. |
SECTION A=A [30] ‘
BEND RADIUS
NOT T0 SCALE
DS100128-97
8 mm 0.130 0.124 0.130 0.126 0.138 +0.002 0.055 *+0.004 0.157 0.315 £0.012
(33) | 315 | (33) 3.2) (3.5 £0.05) (1.4 £0.11) @) (8 £0.3)
Tape Size DIM A DIM Ao DIM B DIM Bo DIM F DIM Ko DIM P1 DIM W

17
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2.0 DEVICE INFORMATION

Reel Dimensions

DETAIL X
SCALE: 3X

o

- e,

DS100128-98

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 [ D N W1 W2 W3

www.national.com
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2.0 DEVICE INFORMATION

Physical Dimensions

1

inches (millimeters) unless otherwise noted

210.1
NOTE 2
SYMM ¢
. a5~

2 )1
‘ ]
' (0.65)
1
1
I ’ o E ﬂ‘
| 1
2.140.1 I ‘ ‘ﬁ;g%'
| | (1. ss)
I
| |
. N 1 -
J [
’ ! (0.75 wp)
A 4 5
—-||l~—015 0.3 TYP ) GATYP)
I
N
] | [ Dlo1@x[ElE)
LAND PATTERN RECOMMENDATION
R0.025 MIN
GAGE PLANE
R0.025 MIN
° 8 e
EEI’II — — ;E —
0.1-0.20
SEATING PLANE 0-0.1 \\7 4050 Typ —0.36£0.05
e—=1—(0.425)

DIMENSIONS ARE IN MILLIMETERS

SC70-5

Order Number LMV821M7 or LMV821M7X

NS Package Number MAAO5

SYMM Q

MARDSA (REV A)

19
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.0 DEVICE INFORMATION

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

SYMM
0.112-0.118 q
[2.84-3.00] |-0.0375 | 0.0375
. .
[0.95] 7™ [0.95]
s . | '
1 1 - I I %
‘ I
‘ |
t
I [ [ |
0.106-0.118 | ! | ‘ X
0,102
[2.69-3.00] X | X I | [2.59]
Mo _1b ‘
| ‘ | 0.060-0.066 |
[1.52-1.68] !
1 | 1
| ] l l
‘ 0.039 TYP _ _ Y
[0.99]

t

- i 2 3 ‘
1 _\T_ ‘ 1 0.0145-0.0195 ‘ <;0.027 TYP
[0.37-0.50] [0.69]
[0.95] |
- LAND PATTERN RECOMMENDATION

0.0050-0.0075
TYP

[0.13-0.19] GAGE
f \7? PLANE
0.036-0.044
oo GHERE
el - — ) '
90-100 TYp 2 T;I (0.025)
0.002-0.006 [0.64] 0.140-0.0215
[0.05-0.15] [0.36-0.55] 1
SEATING
E e PLANE TYp MADSB (REV B}
SOT 23-5
Order Number LMV821M5 or LMV821M5X
NS Package Number MAO5B
www.national.com 20

2-66 National Semiconductor



2.0 DEVICE INFORMATION

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

0.189-0.197
(4.800-5.002)

FAARA

0.228-0.244

{5.791—6.198)
| Q 0.010 wax
\;mzsol
AR IR =
Leono. 1/ 1234 T
IDENT %
TYP
0.150 -0.157
(3.810—3.988)
0.053-0.069
ggmﬂm‘* (1.346-1.753)
(0.2500.508) 5 NAXTYP 0.004-0.010
ALLLEADS Y {0.102—0.254)

L/;ng%: ‘:; SEATING

- e
T/ oon A ‘ f [
(0.102) 0.014
0.008-0.010 e .00 0.014-0.020

ALL LEAD TIPS —| ,356) ——mn TYP

‘ 0.016-0.050 036 2%

TP

3

{0.203-0.254) 0.356 -0,
{0.406—1.270) 0.008 1yp | <—( 0508)

TYP ALL LEADS
TYP ALL LEADS 0.0 Moot Ry )

8-Pin Small Outline
Order Number LMV822M or LMV822MX
NS Package Number MO8A

21 www.national.com
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DEVICE INFORMATION

Physical Dimensions

inches (millimeters) unless otherwise noted (Continued)

www.national.com

Order Number LMV822MM or LMV822MMX
NS Package Number MUAOSA

0.118+0.004
(6} [3£0.1]
8 5
T iy
n + + —
I
0.189
0.1184£0.004
0.1930.004 [340.1] [4.8]
[4.940.1] .
R (0.040)
\ TYP
i [1.02] o
;/
PNt | | M ! !
IDENT N
NOTE 2 ‘
(0.016) | ‘
v [ [0.41] TYP—»| | N 4_(0[.005216) e
] )
' T(0.0258)| TP LAND PATTERN RECOMMENDATION
[0.65]
TvP
[0 ‘3] GAGE
0.043 PLANE
[1.09] M4 [0 13 TP
f \ (0.010)
[0.25]
¥
sl s 0.0122§:08 TYP_,‘ L_ | 0.02140.005 j
0.002-0.006 [0.315:49] [0.53£0.12] 09 - 69 TYP
(0.034) _lo 0375
[0.06-0.15] """ [6.58] = o ns = SEATING PLANE
[ T0:002 [0.05]®[8O[cB)]
0.007£0.002
[0.18x0.05] TP WUAGBA (REV B)
8-Pin MSOP
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2.0 DEVICE INFORMATION

PhyS|caI DImensions inches (millimeters) unless otherwise noted (Continued)
0.335-0.344
I {8.509—8.738) - *‘
‘14 13 12 1 10
I
0.228 —0.244
{5.791-6.198) | -~
1 .
LEAD NO. 1 " -
IDENT ¥ Eﬂ Ei Eﬂ Eﬂ Eﬂ Ej Ej
12 3 4 5
0.010
(0.259)
0.150-0.157
{3.810—3.988)
0.010-0.020 0.053-0.069
{0250 —0.508) **° {1.346—1.753)
8° MAX TYP j 0.004-0.010
ALL LEADS \ D0z
j—mf%&: L SEATING [ A 1 s o W M s W e | v
— PLANE ? * ?
0.008-0.010 T 20U s 0.014-0.020
{0.20-0.250) o 00160050 03 Gy = >~ oy
TYP AL LEADS 0.004 {0.406—1.270) TYP 0.008
0.102) TYP ALL LEADS > 0.203) TP
ALL LEAD TIPS MICAREG
14-Pin Small Outline
Order Number LMV824M or LMV824MX
NS Package Number M14A
23 www.national.com
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DEVICE INFORMATION

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

0

| 7.72 TYP
Tt T e Ty

1

-
.

LAND PATTERN RECOMMENDATION

4

0.42 TYP

—

SEE DETAIL A
- =
- a

| N

7 [=T0.2]cTB]4]

PIN#1
IDENT. ALL LEAD TIPS
(0.9) GAGE PLANE
0.25
ALL LEAD TIPS {
1.1 MAX TYP i

- |<-— L 0.10 £ 0.05 TYP x
0.19 - 0.30 TYP

|Q}|o.13®|A|B®|c©|

\ SEATING PLANE

L—»— 0.6 0.1

DETAIL A
TYPICAL, SCALE: 40X

DIMENSIONS ARE IN MILLIMETERS MTC14 (REV €)

14-Pin TSSOP

Order Number LMV824MTC or LMV824MTCX
NS Package Number MTC14

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:

LMV821 Single/ LMV822 Dual/ LMV824 Quad Low Voltage, Low Power, RRO, 5 MHz Op Amps

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 National Semiconductor

o)

Corporation Europe
Americas Fax: +49 (0) 1 80-530 85 86
Tel: 1-800-272-9959 Email: europe.support@nsc.com
Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 1 80-530 85 85
Email: support@nsc.com English Tel: +49 (0) 1 80-532 78 32
Francais Tel: +49 (0) 1 80-532 93 58
www.national.com Italiano  Tel: +49 (0) 1 80-534 16 80

National Semiconductor
Japan Ltd.

Tel: 81-3-5620-6175
Fax: 81-3-5620-6179

National Semiconductor
Asia Pacific Customer
Response Group

Tel: 65-2544466

Fax: 65-2504466

Email: sea.support@nsc.com

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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2.0 DEVICE INFORMATION

2.2 Die Photos
2.2.1 LMV324/339

28 mils

= R b

"1 R

23 mils
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2.0 DEVICE INFORMATION

2.2.2 LMV358/393

i il U i

A
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2.0 DEVICE INFORMATION

2.2.3 LMV321/331

17 mils

-

;.
j i

R

A

17 mils

\ ]
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2.0 DEVICE INFORMATION

2.2.4 LMV824/822

- 24 mils >
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2.0 DEVICE INFORMATION

2.2.5 LMV821

19 mils
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3.0 PROCESS INFORMATION




3.0 PROCESS INFORMATION

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,
15t layer = 7,500A thick
2d Jayer = 12,000A thick

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

3.2 Process Detail & Masks

. Initial Oxide

: Trench Define & Etch

: Mask 0.6, N- Iso

. N- Iso Implant

: N- Iso Drive

: N- Iso Oxide Strip & Screen Oxide

: Mask 0.8, N+ Buried Layer

. N+ Buried Layer Implant

: Mask 0.9, P+ Buried Layer

. P+ Buried Layer Implant

: Buried Layer Anneal

: Epi Growth

: Pad Oxide & Nitride

: Mask 1.0, N-Well

: N- Well Implant

: Selective Oxide

- N-Well Nitride Strip

: P-Well Implant

: Selective Oxide Etch

: N- Well & P- Well Drive-In Oxide

: Drive-In Oxide Strip

: Mask 2.0, Composite

: Composite Pad Oxide & Composite Nitride
: Composite Mask Etch

: Mask 3.0, P- Field

. P- Field Implant

: Iso Field Oxide

: Active (Composite Area) Nitride Strip
: Pad Oxide Removal & Sacrificial Oxide Growth & Vt Adjust Implant
. Sacrificial Oxide Strip & Gate Oxide & Poly Deposition
: Poly Dope & Poly Anneal

© 0 N O U b W N P

WWNNRNNNNMNNNNNRERERPRRRERPRP P PR
R O © O ~NO0OUONWNERPEROOO®NOWNWNLEPEO
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3.0 PROCESS INFORMATION

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 Layerl & 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: Metall Deposition

55: Mask 8.0, Metal1

56: Metall Etch

57: Metall 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

3-2 National Semiconductor
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4.0 PACKAGING INFORMATION

4.1 PACKAGE MATERIAL & DIMENSIONS

Generic Package Type
NS Package Number

Package/Compound
Manufacturer

Package/Compound
Mfg’s Designation

Lead Frame Material
Manufacturer

External Lead
Frame Coating

Pins

Die Attached Method
Bond Wire

Bond Type

Package Thermal

14 Lead SOIC
M14A

Epoxy Cresol Novolac
Sumitomo

Sumitomo EME-1100R
NSC B14

Copper
NSC-DCI

Solder Plate
Sn/Pb

Gull Wing, 9mils Thick
Poly 6

Gold, 0.9mils

Hot Thermosonic Ball
145°C/W

for LMV324

LMV824, and
LMV339

14 Lead TSSOP
MTC14

Epoxy Cresol Novolac
Sumitomo

Sumitomo EME-7351LS
Copper

Solder Plate

Sn/Pb

Gull Wing, 6mils Thick
Poly 6

Gold, 0.9mils

Hot Thermosonic Ball
155°C/W

for LMV324,

LMV824, and
LMV339
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4.0 PACKAGING INFORMATION

4.1 PACKAGE MATERIAL & DIMENSIONS (cont)

Generic Package Type
NS Package Number

Package/Compound
Manufacturer

Package/Compound
Mfg’s Designation

Lead Frame Material
Manufacturer

External Lead
Frame Coating

Pins

Die Attached Method
Bond Wire

Bond Type

Package Thermal

4-2 National Semiconductor

8 Lead SOIC
MOS8A

Epoxy Cresol Novolac
Sumitomo

Sumitomo EME-1100R
NSC B14

Copper
NSC-DCI

Solder Plate
Sn/Pb

Gull Wing, 9mils Thick
Poly 6

Gold, 0.9mils

Hot Thermosonic Ball
190°C/W

for LMV358,

LMV 322, and
LMV393

8 Lead MSOP
MUAOSA

Epoxy Cresol Novolac
Nitto Denko

Nitto MP-7400

Copper

Solder Plate

Sn/Pb

Gull Wing, 7mils Thick
Epoxy

Gold, 0.9mils

Hot Thermosonic Ball
235°C/W

for LMV358

LMV 322, and
LMV393



4.0 PACKAGING INFORMATION

4.1 PACKAGE MATERIAL & DIMENSIONS (cont)

Generic Package Type
NS Package Number

Package/Compound
Manufacturer

Package/Compound
Mfg’s Designation

Lead Frame Material
Manufacturer

External Lead
Frame Coating

Pins

Die Attached Method
Bond Wire

Bond Type

Package Thermal

5 Lead SOT-23
MAO5B

Epoxy Cresol Novolac
Sumitomo

Sumitomo EME-6710
NSC B18

Copper
NSC-DCI

Solder Plate
Sn/Pb

Gull Wing, 6mils Thick
Eutectic, Crr/Ag/Sn
Gold, 1.0mils

Hot Thermosonic Ball
265°C/W

for LMV321,

LMV821, and
LMV331

5 Lead SC70
MAAO5A

Epoxy Cresol Novolac
Nitto Denko

Nitto MP-8000C
Copper
Enomoto

Solder Plate
Sn/Pb

Gull Wing, 6mils Thick
Eutectic, Crr/Ag/Sn
Gold, 1.0mils

Hot Thermosonic Ball
478°C/IW

for LMV321

LMV821, and
LMV331
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4.0 PACKAGING INFORMATION

0.335-0.344
(8.509 —8.738)

0.228-0.244
(5.791-6.198)

LEAD ND. 1 .~
IDENT

0.010 yax
0.254)
0.150-0.157
{3.810-3.988)
0.053—0.069
0.00-0020 .
(0.254—0.508) 45" (1.386—1.753)
8° MAX TYP * 0.004-0.010
ALL LEADS ©102-0.259)
o= e

o —| [

. !

§ — PLANE T
0.008-0.010 ? X Y 014-0.020 1y
(0.203—0.254) 00160050 3 o~ (0.356 —0.508)
TYP ALL LEADS 0.004 {0.406—1.270)

T L8 0.014-0.020 1yp
0004 TP 0.008
0102 TYP ALL LEADS i
ALL LEAD TIPS I

14 Pin Small Outline
Order Number LMV324M, LMV324MX, LMV339M, LMV339MX, LMV824M and LMV824MX
NS Package Number M14A

oo

‘ T7.7z TP
Tt T T s v

J_‘_L

TN Mﬂ W

T
‘

LAND PATTERN RECOMMENDATION

. N
P | - - SEE DETAIL A
-+ = Py
| .

| W= NI
| LTI T

oo 7 Tel02[cElA]

IDENT. ! ALL LEAD TIPS

(0 9)
[2T0.1]c]
ALL LEAD TIPS go-go
1 1 MAX TYP Z

- |<-> 0.65 TYP OWOiOOSTYP x

0.18 - 0.30 TYP

GAGE PLANE

/I 0.25
\ SEATING PLANE

L—»— 0.6 £ 0.1

|$|°"3®|A|B®|C©| DETAIL A

TYPICAL, SCALE: 40X

DIMENSIONS ARE IN MILLIMETERS WTC14 (REV C)
14 Pin TSSOP

Order Number LMV324MT, LMV324MTX, LMV339TM, LMV339MTX, LMV824MT and LMV824MTX
NS Package Number MTC14
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0.189-0.197
14500-5.00 |
8 7 6 5
i
| jalllat
0.228—0.244
{5.791—6.198) Q
0.090 yax
A /\/ {0.254)
wwono. i/ T2 34 T
IDENT 3°
e
0.150-0.157
™ 310-3.98)
0.053-0.069
o T o159
: | 8> MAX TYP v 0.004-0.010
ALL LEADS Y {0.102—0.254)
L,l.fuyA \e L i SEATING
% 000 A T ? } % PLANE
{0.102) ! 0.014
.008—0.01 0014 '
‘g ‘;:LS 252) ALLLEAD TIPS 0.016-0.050 0.356) _“’ ‘;:"; :g;é 0.020 1yp
TYP ALL LEADS (0.406 —1.270) (1.210) {0.356—0.508)

TYP ALL LEADS

w 0008 1yp gl
[

0.203)

MODAREY H)

8 Pin Small Outline
Order Number LMV358M, LMV358MX, LMV393M, LMV393MX, LMV822M, and LMV822MX
NS Package Number MO8A

0.11810.004

[B} [3z0.1]

1001

Vo
(0.189)
. .004
0.19340.004 0 1[138*100130 s
[4.940.1] .
(0.040)
Q \I [Loz] " | | | ‘
;
PINT__~ - | L [M T T .
IDENT ]
NOTE 2 U U ‘
(0.016) | |
: TYP—>| | (0.0256)
N 1 fo-41] = g5 TP
«—={(0.0256)|TYP LAND PATTERN RECOMMENDATION
[0.65] .
0.00
R YR
fo- '3] GAGE
%ol PLANE
MAX
[1.09] [0 13] YP
f \ (0.010)
[0.25]
3

©]0.002[0.05]

¥
\ SEATING PLANE

004
oowz_o 904 ‘ l__ | 0.02140.005
I 010y TYP = [0.53£0.12] 0°-6° TYP—f
° 002-0. 006 Tvp 1508 (0. 034 |o0s7s |
[0.06-0.15] [0.86] 0.953]
[€5-Jo.002 [0.05]@[B®[cB®]
0.0070.002
[0.1840.05] e MUAOBA (REV B)
8 Pin MSOP

Order Number LMV358MM, LMV358MMX, LMV393MM, LMV393MMX, LMV822MM and LMV822MMX
NS Package Number MUAOSA

LMV Products Qualification Package
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4.0 PACKAGING INFORMATION

SYMM
0.112-0.118 q
[2.84-3.00] )1_0.0375__\__0.0375
[0.95] 7 [0.95]
5 4 ‘ p
1 1 I I — 'y
| i
‘ |
I
+
1 ‘ 1 N
0.106-0.118 | ! | | 0
0.102
[2.69-3.00] | ,,;,ili,i',, \ | [2.59]
| ‘ | 0.060-0.066 ‘ .
[1.52-1.68] !
1 | 1
| \ | | i N
‘ 0.039 TYP - L3
- [0.39]
- i 2 3 t
| | I, 0.0145-0.0195 0.027 TYP
0[6032]5 | [0.37-0.50] [0.69]
M 3 . LAND PATTERN RECOMMENDATION
0.0050-0.0075
[0.13-0.19] GAGE
r PLANE
0.038-0.048 0[00;?:??%
[0.97-1.22] At
SN )
0°-10° TYP
Tfomal.
f[’éog;‘g'?sof : 0.140-0.0215 _|
-05-0. [0.36-0.55]
P SEATING
[&]0.004 [o.1T]¢] e e o5 (00 8

5 Pin SOT23-5 Tape and Reel
Order Number LMV321M5, LMV321M5X, LMV331M5, LMV331M5X, LMV821M5, and LMV821M5X
NS Package Number MAO5B
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4.0 PACKAGING INFORMATION

-———

2£0.1 -
NOTE 2
SYMM ¢

R ER

3 1! SYMM q_

L] F;L ; R
y

Bﬂ H} ﬁ

T
|
|
|

2.1£0.1 |
I
i
1

NOTE 2
(1. 65)

|

| (0. 75 TYP)
I AR} 5

! —>|II<—015 oswp ! (04TYP

o (D @EELE) —. s)—»!

LAND PATTERN RECOMMENDATION
R0.025 MIN
GAGE PLANE
R0.025 MIN
O 8 r
EEI’II ; + ;E =

SEATING PLANE 0-0.1 :1 \ 0.1-0.20 —0.36£0.05

0°-5° TYP

e—i—(0.425)

DIMENSIONS ARE IN MILLIMETERS MAAOSA (REY A)

5 Pin SC70-5 Tape and Reel
Order Number LMV321M7, LMV321M7X, LMV331M7, LMV331M7X, LMV821M7, and LMV821M7X
NS Package Number MAAO5A
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4.0 PACKAGING INFORMATION

4.2 BONDING DIAGRAMS

FRAME DWG: 35-084201  |AD. MAMOSAE  MBFREV: A PRG: WAA| Metaizaton: | BOND-COOE
B REIIE PAD 080050 [DE D: LWVEHAZ STEFREV: A| 0.5 CLL DLM
[OIE ATTACH | DIE SIZE CALCULATED) M
B NA TYPE; ML TR 8
OMAE [MIC}: 437X 427° 5
S (%628 TYPE: AU | DE PLAGEMENT [
Oli= 001 §WHES: 5 [%= 7 Y= 8§ AMCIE= 00 ’
CMCLD COMPOUND |MOHESIVE  BH: M s
B WA TYFE:  |EATSINK  SK: WA 3

CHIP CAFS  BH:  MA aTy: N |

DAE: A, |
i | 1 PHIYSICAL DIE ID: LUV331
2 DIE ATTACH TYPE; EUTECTIC

? 4 LISE MP-000L MOLD COMPOUND

 |ASSEMBLE AT CARSEM
M PADPTCH: 599 MILS [assy:  LWNIIINT

4-8 National Semiconductor



4.0 PACKAGING INFORMATION

1 2 3
-
| In| |
L i_l |
| T T — |
r :.=.+--__[ | |____-+| J
1= e — — -l'"-.
: T M G 184
[ DiE 1D
| 1"—'_—"
11 1
| g ; ‘ £ J
| ]
R
5 4
|FranE DWGE 36083101  |AD- MADDSACI  MBREV: A PXG! WA | Metmlzstion: | BOND-COOE
SK: 061543 PAD: 052X M3 DIE ID; LMWVENAZ STERAEY: A 055 Gl LM
DiE ATTACH DNE SEE[ CALCLILATED) i
SK- ML TVPE: N ML AT RAT 8
WIRE WG e X g
8K DZEA  TYFE: AU DIE PLACEMENT
DA = 0N #WIRES: 5 %= 1§ Y= 13 AMGLE= 0.0 N
CMOLD COMPOUND AOHESNE 3K Wit ID
| SK: (58072 TYOE: B1B HEATSINE 5K N -
[CHPCAPS 8K N ary: N |
_______ DWG: MR
N [T PHYSICAL DIE 10 LMV3S r:e-_asv__.m.ssc
o |4 DIE ATTAGH TYPE: EUTECTIC D82eT CLLHEM
:
.EI
ML PAD PITCH: 622 MILS [ASEY :  LMVITING DASH- 01 REV: & PDON  PEXD |
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4.0 PACKAGING INFORMATION

FRAME OWGE: 3e-0831-1 AD- MADDSACI WEREV: A PFEG: MA | MelsEmaton: |_BE¢-ID-{:C(:E:
| SK; 081543 PAD: 0523 043 DIEID; LMVI2IAZ  STEPREV. A| 0.5% CU,DLM
(IME ATTACH DIE SEE[* CALCULATED) "
=1 Y TYFPE: WA MiLy: 1T AAT a
tWIRE (MIC): 32 X 432° g
5 OExER TYPE: AU DIE PLACEMENT
Dlh= 001 ¢ WHES: § He 18 Y= 13 ANGLE- 00 |,
MOLD COMPOUND DDHESNE 5% NA a
| 5K (8R072 TYPE: Bi& CHEAT SMK S WA 5
CHIP CAPE 5K WA OTY- B £
OWG: WA
W FHYSICAL DIE I LMV3Z1A, [ G TJHDOEC
' o [P ATTACH TYRE: EUTECTIC VISET GLLHEM
T -
E |
[IMIN. PADPITCH: 522 MILS ASSY - LMVIZIMS - A PDCH:

4-10 National Semiconductor



4.0 PACKAGING INFORMATION

[

AD- MAADOSAR  WEIREV: A PHG: MAK

DE I0; LWV AZ STERAEY, A/ 0.5% CU, DLW
IE ATTACH DIE SZE[" CALCULATED) Z
k TYPE: NI 1TRAT -
MIC): 427 X 427" g
SK: 022628 TYPE: AU DIE PLAGEMENT
- 001 __#WRES: § =7 Ya ) _ ANGLE= D |
MOLD COMPOUND INDHESNE B WA -
G N TYPE. CHEAT SINK * 5K N I
CHPCAPS S NA  OTv- M [T
DWG: N |
N 1,:ﬁﬂLEHE|D:LuI'ﬂU| | B TET TIHOS0
£ DIE ATTACH TYPE: EUTECTIC OEVIASET X BN
© (3 UsE MP-8000C MOLD GOMPOUND
T |AssEueLE AT caRsem
LMIN. PAD PITCH: 522 MLE ASSTY: LMVE2INT DASH- 01

LMV Products Qualification Package 4-11




4.0 PACKAGING INFORMATION

10 11 12

[FRAME WG 350644 | &0 MADI4ACA  WEREV: A PHG: MA | Wetshinalion: | BOND-CODE:
SK: QesdTE  PAD: 080X 100 DIE ID; LWV324K STEF/REW: A 05% CLl DLW
OCHE ATTACH MHE SFE(" CALCULATELD) Ihl 1. 5014150 WIDE MATRIX FRAME
B M3T  TYPE: POLYR  |/MIL: 28X23 B
{WIRE MIC); il X oEase g
SK: %6 TYPE: AL OIE PLACEMENT
DiA = D0 @ WIRES: 14 i= 38 Y= 3 ANGLE= 0 M
JOLD CORPOUND MDHESWE 5K NA& a
SK: 0042 TYPE: Bid HEATSINK  5K:  MNA T

CHP CARS  BK: MW OTY: WA r

Oz B

N 1) USE 08 1.0 MIL SAW BLADE AT SAW DEN 2T CFWESE

o ) BOND OM FINE PITCH WIRE BONDER MAC LT [GLCTEM

¥ |

E i
MISLPADPITCH: 521 WILE  JASEY: LWL DasH 01 REV: A POUW BEESSS |
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4.0 PACKAGING INFORMATION

\¢
]

(X
-
Lt

=
(X

H‘_LUJ : E.

_,

=
L=

F

in

[FRAME OWG: 5283100 AD- WTCOI4BE  MBREY: A PHG MTC| Meishzalon: | BOWD-COLDE:
| EM- 02953 PAD: 1A 199 DIE ID: LMVIZ4AMT ETERREY, AL 0.5% G, DLW
tDE ATTACH DIE SIZE{" GALGULATED) | 1 SUBCONTRACTOR AbiAM
I_EILE‘M?_T'H’E' POLYE  |(MIL: XD g
ONIRE MIC):  SBAX T 3
SK- 001888 TYPE: AL DIE PLACEMENT
DiA = D008 #WIRES: 14 A= 88 Y= 47 ANGLE= 00 M
MOLD COMPOLUND D\OHESINE 5% NA a
SK- DE084E TYPE: B3E CHEAT SHK 5 WA T
mCHP CAPS  5X; WA OTY: W& E
OWG: A
1 | PHYSICAL DIE ID: LMVI24A ST CPWEED
| o |BOND PAD SIZE : 27 % 2.7 1001387 CLALEM
T AW STREET -2uLS :
E
MM FADFITCH. 521 MILS ASSY:  LNOVSZEMT DASH 0] AEY; A FOCM:  BFEFE |

LMV Products Qualification Package 4-13



4.0 PACKAGING INFORMATION

1 a I__ B
| 1._\_\_\_\-\-\. . : -----.- 2 - |
1“‘* ':F-F'I_'_ -F-:;_E._ ....... =1
H':I'-mzﬂ .L-TI::' "I =
~He—Baed—E
—1. F___J_..ai*' "i‘\x | —
|~ & - ? ..RH 1
. : T~
c) ' B
! i p=———
& ‘ E
. s
—|_ IEII'[ L I __I—
l |
DWG: 36-0796 [AD- MUADOSAB  ME AEV: H PKG MU Matalzation: | BOND-COODE:
m PAD: D65 E 0 DIE ID- LMVAERAM ETERREV: A [L5% CLJ, DLW
IDIE ATTACH DIE SIZE{* CALCULATED) [ CARSEM ASSENBLY
| 5K 06DSA1  TYPE: EPONY MLr ZBX23 3
TWIRE | MICE 711 X504° 5
SH: 02566 TYPE: AL | DIE FLAGEMENT
 Dig = 0008 W WIRES: 8 A= 19 ¥= 67 ANGLE=CW IO |
CWCL D GOMPOLIMD MOHESIVE S WA p
| 8t gIp498  TYPE: B4 CHEATSINK S5 WA -
CHIP CAPS. S5 WA omY: Mk |
1, [1- PHYSICAL DIE ID: LWVSEA 101057 CRNESC
|2 ASSEMBLY AT SUBCONTRACTOR CARSEM 1397 | CLOEM
T |3 DIE ATTACH: ABLEBOND B4-1 LMISR4
E 4 WIOLO COMPOLIND: NITTO 7400
WIN. PAD PITCH: ML ASSY . LNNSEMM DASH (2 FEV. A POCN. BrETed
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4.0 PACKAGING INFORMATION

™
|
CFRAME OWG: 306830+  |AD- MAMOBACI MBREYV: G PRG MA | Membmton | BOND-GODE,
S [SRIT1  PAD: 0B X 093 DIE IO LMV3SES STERIREY: Al 053 CLJ DLW
CTHE ATTACH DIE SIZE{* CALCULATED) i |1- SC-8, 150 WIDE, MATREX
8K 010137 TYPE: POLY G MIL: 23X 5 |2 STAMPED FRAME.
WIRE MICY: SBa XTI 5
S (21586 TYPE: AU DIE PLAGEMENT
DA~ 0009 FWHES: 8 K= Y= 29 ANGLE=CW200 |
EMOLD COMPOUND IADHESIVE  5K:  NiA a
SK:; 010428 TYPE: 814 CHEAT SINK. 5K WA
ICHIP CAPS  SK:  NUA OTY: NA ;
. DWG: WA
|y |1/ BOND FINE PITGH WIREBOND MG 00T | CPWSSC
o [TIUSEQE 1.0 ML SAW BLADE AT SaW AT CLETEM
T
E
MIN. PAD PITCH: WIS [ASSY: |wwiseu Dagi 01 AEV: B POCK BFEN |
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4.0 PACKAGING INFORMATION

]
E 5

CFRAME DWG: 60798 AD- MUADIGAS  MB REV: H_PKG; MUA| Metakzaton: | BOND-CODE:
| S (00430 PAD: DA X 004 DIE I0%_LMVIZ3AM STERREV: A| 0.5% CLL DLM
tDIE ATTACH DiE SIZET CALCULATED) u CARGEM ASSEMBLY
B 51 TYPE EPOIY ML) 28X2) .
WIRE MGk 711 X584" 5
SH: 021566 TYPE: AU DUE PLACEMENT
| D= 0008 §WIRES: B Ae 10 Ye 57 AWGLEs CW100 |
|owoLD comPounD ADHESIVE  GH: WA i
SH: IMBE  TYPE: Btd [(HEATSINK SK: WA .

ICHIPCAPS  5H: A ary: M |

DG A

g |1- PHYSICAL DEE ID: LMV3%3 101457 ADJSSC

a 2, ASSEMBLY AT SUBCONTRACTOR CARSEW A0HEET CLY¥LEM

+ |3 DIE ATTACH: ABLEBOND 84-1 LMISRY B

£ |4 MOLD COMPCUND: NITTO 7400
[MIN_PAD PITCH, MLS ASSY . LMVIGMN DASH 02 FEV. A POON BFF3%6 |
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4.0 PACKAGING INFORMATION

L L

LMV Products Qualification Package 4-17

f
L
CFRAME DWG: 36088304  |AD- MADBACI  MBREV: ¢ PKG: MA | Meskzason E
| SK: 066371 PAD: D88 X 080 DIE I LMVISIA STEPREV: Al 0.5% CLL DLM
|oDoE ATTACH DIE SIZE(" CALGULATED) q [1- SC-8. 150 WIDE, MATRIX
S 0101 TYPE- POLYE {WiL); X 2. STAMFED FRAME.
WIRE MIC; 5B XTI B
SK 121588 TYPE AU DIE PLACEMENT 8
DlA= 0003 #WIRES: & e 35 Y= 29 ANGLE= CW200 |
cMOLD COMPOUND ADHESIVE 5K N a
| 530 010428 TYPE: B14 CHEAT SINK  SK- NA -
[CHP CAPS 5K NMA aTy: WA |
DWG: WA | sl S
i |11 BOND FINE FITCH WIREBOND WC Tower ALUSSC
o 21 USE 08 1.0 MIL SAW BLADE AT SAW VISSET CLCTEM
T [SPHYSICAL DE I0: LMV
E | #* FOR ENGINEERING LISE CHLY * |
H 01 BFEZM




4.0 PACKAGING INFORMATION

[}

=]

FRAM DG 35283100 A-_MTCOI4BE_ MBREV: A PRG: NTG| Mealzason: | BOND-CODE:
S 2053 PAD- 118128 DER: LNVEAMT ___ STERREV: Al bt CUL DLW
TOIE ATTACH DIE SIZE[" CALCULATED) 1y | 1- SUBCONTRACTOR ANAM
| &5 010137 TYPE; BOLYS ML) 23%28 -
OWIRE MIC}: SBSXT11° .
S (21565 TYPE: AU DIE PLACEMENT
DIA= 0008 ¥ WIRES: 14 Y 2 . \
CMOLD COMPOUND RDNESVE 5K NIA o
B 050566 TYPE, B2 CHEAT SINK 8K MA 7
CHIPCAPS 5K KR ary: WA |
WG WA |
N PHYSICAL DNE ID; L Z388 oanE? ADJESD
o [BOND PAD SZE 2727 1257 | GLELEM
- |SAWSTREET :2MLS
£
MIN.PADPITCH: 511 WIS BESY . [MvimMT DAGH. 01 REV- A PDCN: BrEGZ |
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4.0 PACKAGING INFORMATION

5 4 ]
3 2
7
a 14
4 13
10 11 132
[FRAME DG 350684 AD- MADM4ACK KB REV: & PEG: WA | MatalzaSon: |m
SH: (4TS PAD: 080X .100 DEEID: LNAVEI0A STEPFEV. A| 0.5%CU DM
[DVE ATTACH IME SIEE CALGLULATED) Wl ||_$1:|. 14,150 'WIDE MATRIX FRAME,
SK- MI01S7  TYPE: POLYE ML 28X 2 al
|ONIBE (WiC): 711X GRS 5|
S 2168 TYPE AU HE PLACERENT
DiA = 0000 @ WIRES: 14 Yo 36 Yo 2  AMGLEs 09 | |
10LD CORMPOUND MOHESIVE S5K: M E'.
Bk MME TYPE Bid HEAT Sik  SK- M Ti
ICHIPCAPS S NiA aTy: N E|
DWG: NI
 |ITUSEDE 1.0 MIL SAW ELADE AT 081757 ADISEC
= ow1987 | CLCTEM
2 l2) BOND ON FINE PITGH WRE BONDER
WC =
- E |3) FOR ENGNEERING USED OMLY EET
| M. FADPITGH: 511 MILE IASEY:  LMVIEM pagH. 01 REV: A PLCH:  BEWSSD |
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4.0 PACKAGING INFORMATION

2
14
13
10 11 12
CFRAME OWG: 36-0544 TAD- WAMAACA WBFEV: A PWG: MA | Metsitstion: | BOND-CODE:
SK: (MO37H_ PAD. 080X 100 DIE I LMCH2AC STEPHREY: G| 05% GU, DLM
tDIE ATTAGH DIE SIZEi* CALCULATED) |1 5014, 150 WIDE MATRIX FRAME.
SK: 0M13T  TYPE: POLYE (ML 3400 X 2400 p
WIRE MICE 864 X 610 &
SH: (21586 TYPE: AU DIE PLAGEMENT [
DA = 0005 _§WRES: 14 =3 Y= 2 MMGLE- 00 |
oL COMPOLIND |TDHESIVE 5SK: WA o
SH: (1425 TYPE: Bid HEATSINK  SK: NA >
ICHIF GAPS  SK: NA ary: N | o
PG Ma
o [VSE LB 1.0 ML SAW BLATE @ SAW /2158 | CLCTEM
o |BONE OH FINE PITCH WIRE BONDER WC 01/2258 TAPABL
WARNING: A BOTTLENECK, CAFILLARY E PHYSICAL DIE ID: LMGE24C
WUIST BE USED FOR LEAD BOMDING. |~ |
WIN.PADPITCH: 4,41 MILS BESY . LMVRZ4M DASH- 01 AEY. A PDCN: BGE4T] |
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4.0 PACKAGING INFORMATION

WARNING: & BOTTLENECK II'.-:'.F'I.LI‘.Fl'l".E
MUST BE LISED FOR LEAD BONDBG

r‘:'55||'|'||ETFEEI' S MLE

T

CFRAME DWAG: 35283100 AD- MTCOI483  WBAEV: A PHG: MTC| Maldzation: | BOND-CODE:
SH: (22530 PAD, 115X1Z : T STER/REV. C_0.5% L, DLM
DIE ATTACH DE SIZE[* CALCLULATELD) W 1. SUBCONTRACTOR ANAM
EK: oi0ia7  TYFE: POLY & _JRELE 200 K A0 8
WIRE WG] B0 X B84 5
5K 001565 THPE: AU BIE PLACEMENT
Did= 0000 XWIRES 14 |X= dF Y= 44 AMGLE= Q0|
MOLD COMPOLUING ADHESNE 5% N -
Sk 050546 TYPE: 36 HEATSIK S A X

[CHP CARE  5K: WA OTY- B E

OWNG: WA
N PHYSICAL DIE 107 LMCEC 11SAT CLNLEM
BEMD PAD SIZEA1 K 30 1001567 | GLELEM

1T ST CHMPSC

MM.PAOFITCH: 441 MILS

ASSY L LMCEAMTC

DagH 02 ARV, A POCN QEFRoS
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4.0 PACKAGING INFORMATION

Y
{ 3
I. ]
i '
e ____.-"'
. N & AN A :
. — —
[L w2l edse
e T | __ | W |
¥- oo S ) N S i Al
E___.l ] __l'l." _I,."' | \
| i o |
N, I.Il\-\-\""'--._ l"- .-l_.-' : _..-"'---l .-"'-. OuT A
x'x‘_ hi"‘ﬂ- I".l o - T | ..-""
[ T~ M@= |
N N, TTE "—ﬂ
[ I
! -
._.-_i_ I| ™
1 I_E.E - gt '.'I'IE.'} / HH_ o
rampe e bt O
- q , Tl Ny E
._.-"-- o T llE "H"w._hl% | H.'\"'I.l R v
o 1 ." i 1"\-.‘__ | .-*"*]
+MB ! . e.' . ol
I i FH Y '._l
| ¥ i 1 ¥ 1 |
b (! L ""-\.H_h b 2 L
L7 e e T
' N8 ouT 8
.-"'-.--- --\-.H\. .,-'--- = =
I'I "I | \II|
L II I |I
"M ) Y. ".\_- F,
C(FRAME OWGE: 36-0883-04  |AD- MADOBACI  MBREV. C PKG; M& | Mesatzaion | BOND-CODE:
| i 083271 PAD: OBRX 000 [DIEID LMCEZXC STERWEV: G| 0.8% CL, DLW
rDIE ATTACH DIE SIZE* CALCULATED| i |1 5C-8, .150 WIDE, MATRIX
S 10137 TYPE: POLY B [MILy 2400 X 3400 g |2 STAMPED FRAME
WIRE [MICE 610 X 864 5
S Eises  TYPE: AU DIE PLACEMENT
Dla= 000%  #WRES; 8 = 2 ¥= 3 MNGIE=CW200 |
TMOILD COMPOUND POHESIVE  SH: MM &
B 010426 TYPE Bi4 CHEAT GINK  BK: Nk x
CHIP CAPS  SH: MR ary: N |
I . N | W— l S ——
y [USEDE 1.0 ML 5AW BLADE AT SAW Keilril: ] CLCTEM
o1 [BOND FINE PITCH WIREBOKD MG LEE TAPASE
; PHYSIGAL DIE 10: LMGAZC |
WIN PADPITCH. 601 MILS ASSY . LMVEZA DASH- 01 FEV. A_POCH. BGBAET
4-22 National Semiconductor



4.0 PACKAGING INFORMATION

L7 '-_[‘
o 0 [T,
O e Y| R '
DUT A (W] A
e | e II.II n
. i
= H"'H-\. d e
. | R el
i | \“‘\u' Oy F 1] |_' -
1N A i | to DIE ID . } T | OuUT B
= S L [l =
U e sEme s o 5 | L
i ___.-"'?.__ -IJ\"-\-\.\_
™ ) __.4-"' .-_;_-""-. ""--_‘__.-;- r
___.d-" T _I E
+IH & o -____.-"" -\\\ gy
- I_I / | I—..
A~ |
i n_,x"’ _ | 5
v :.5| : g "'i["\l E
S A,/
[ 'J |
FRAME WG 36070 AD- MUACOBAE MEREY. H PRG. MUA| Metakzation: | BOND-GODE;
SK: 00933 PAD: (A X 094 DIEID;_LMCEZ2CM STEAREV: (] (5% CU, DLW
O ATTACH DIE SIZE/* CALCULATED) | g [CARSEM AsSEWELY
| 5K 010137 TYPE: POLY B ML 340 X240 8
WIRE MIC): 54 XE10° g
SK: 021568 TYPE: All DHE FLACEMENT
DiA= 0008 AWIRES: & Be ) Y= H1 ANGLE= CW 00|
MOLD COMPOLIND DADHESWE  GH: HA a
SK. 010425 TYPE: Bis CHEAT SINK  5X: WA =
|ICHIP CAPS 5K WA aTY: MA |
. OWG:_ WA,
FHYSICAL DE I0: LMCE2E0 EhEas (LA EM
1 | BLBCONTRACTOR ASSEMALY 0a2Bb | TAPASC
T | IV ATTACH: ABLEBOND 84-1 LMISRA
- |uu:1.|:u COMPOUND: MITTO 7400
MIN. PAD PITCH [ ASEY . LWvEzoMM DASH- 01 AEV; A POCN: BGISIT |
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4.0 PACKAGING INFORMATION

I —

-
o]

=

| E‘J 3
I'l‘l L

Lo M il
- OUT
5 4
FREME DWE: 35083101 AD- MADISACI  MEREV. A PRG: M | Medalzaton: | BOND-GODE:
Sk 041641 PAD: (623 043 DIE IDi,_LMCEIHAT STERREY, A Gl LW
TE ATTACH DIE SIZE{* CALCUILATEDY %
5K W TYPE: Wk ML 19X 13 g
CANAE [MIC: 483X 483" 5
S5 (22628 TYPE: AU | DIE PLAGEMENT
D= O #WRES: 5 I A N | ANCLE= 0.0 -
CWZLD COMPOUND TOHESIVE  BH: WA o
BK: (BBOT2 TYPE 18 THEAT SHE S WA T
THIP CAPS  SH: MA aTy: N |
DI BEA ! .
| y |PHYSICAL DE ID: LMCE21A s CLLEM
| o | E ATTAGH TYPE: EUTECTIC e TAPASE
[T
|E
[, PAD PITCH: WILS [ASSY . LWNEZIMS _DASH- 0 REY; A FDCH  BGISIE |
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4.0 PACKAGING INFORMATION

TFRAME DWG: 36088201 | AD- MAAOSAR MBFEV: & PG MAA | Metaizshon: | BOND-COOE:
K- (B4215  PAD; G0N 4Gl DIE I0; LMCES A7 STERREY: AL 08w S1n CLM
TDNE ATTACH DIE SE[* CALCULATED) u
Sk MA_ TYPE A ML) 15X19 B
CWRE (MIC); &33 % 443" ls
gk (2158 TYPE AU DHE PLACEMENT
| Dlh= 001 #WIRES: & Ye B Yo 7 ANGLE= 00 |
CMOLD COMPOUND MOHESNE 5K NA o
% N TYPE WA THEATSHK S5 WA T
|CHF CAPS  S5K: WA OTY: M |2
| OWG:_ WA R
Hllmfs-:m. DE 0 LMCE2IA (020598 | GLYLEM
o | HE ATTACH TYPE: EUTECTIC loenzms | TaPasc

It | LESE WP-BI0DCMOLD COMPOUND
| p |ASSEMELE AT CARSEM

MINPADPITCH 578 MILS [AsSY .  LWVERINT DASH- 01 AEY: A POCN:  BGIIE
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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

Wz g e

R R e o TralE

L RNLE T FESOET
CS TR TSRS -3 Attt atrn i g 15 o

i ol e LACEE R L F H.-I!._w__.l..l_“!.n 1

= WS SN e aie
fivima omimElE EEEETE EEThe

a Ed R
Tty gttt A L ER T Lt L

LLLESEL LI LR e 5 T T

EHALDAITIEN R Y SROENERED
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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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Ll TR ™ ]
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&
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For 5 lead SOT-23 look at dimensions in table for OPT03 (STOCK #052803)
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For SC70 Package
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5.1 Reliability Reports for LMV3xx
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5.0 RELIABILITY DATA

National Semiconductor

File Humbsar

R ility Test R
eliability Test Report FSC189TO3TT
Raj Subramoniam
Date-October 8, 1997

Purposa Approvals F

zZ . E 1 16-9%

THE LMVI24LMV35E NEW DEVICE QUALIFICATIONS = =

ﬁ _//'% B-rd -
[

Rofarence File Nu nbers Distribution List

REC188701567 Sid. Analeq: Frank Smact, Sharon Ignaut, Tuc Dean
REC199T01 566 el Enginaaring: Mick Stanco, Al Sezan
REC199T01 665 File

C1E860593

Abnstract

The LMVE24 ts & new devics thet »d) be fabricatad with CSA0CE process in the & inch fab line in NSFM. This davice

is & high parformancs, low voltage quad operafional amplifier thal wil be avalable in both S0IC 14 leads and TSSOP
14 lapds packages. The LMVESE & & disl operatonal anmpifier, and i metal mask oplien af the LM 324, The
LINASE will be availebia in beth MSOP-8 and S0IC-8 packages.

The reabiity testing was completed awscassiuly as par the qualiication plan, Besed on the axcellent resulls
abtained, (s LMYI24 | In TSSOP-14 and S0IC-14) and LMVISE {in MEOP-8 and S0IC-8) s now hully qualified and
refaEsec 1o production

Human Body end Machine model ESD characterizaSons were performed on LMV3Z4, and was found to be reted at
2. 256 and 100V, respectvely. The LEVASE alzo passed Laich-up test { 4/- 300mA over-current and 10V over-
woltage condilion] &= par JEDEC Standard 17,

Dwscription

pasy
BINCH SO W EM gns Bl
=]
AN

F
RECTFFTOTINE LMVISALM A FWl &|HCH  MBOP 8 MT400
RECTITISET LMYVIMMTC [ Fl SWCH TESOF L T4 KRNI
" ANHOR, Prilppines
HEC Camganry Tonbdenial Page 4 Prinied: 1200655 1:3302 P&
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5.0 RELIABILITY DATA

Tasis Performed
Tark Acttisive Tail wits Laval 1 Precondilinerg (ACLV)
Tesi Rsguessi Darvice Shar Rl Mumicity  Pressurs High Tasmp L T
RECIEETa1585 (W 25 A 100 15 1 ]
RECIDTOGEE  LAWNESOMM A 2 15 il o
RECIEET0ISET LA ILTE & (1] 15 1] o
Timepoinis: Tast Requast ™ Daration
RECTRATI RN S8R 56T 1 158
REC1$HTH S5 S8R BET z 318

Twst Chparang Lis Tesl (Siatic) (SOPL, bias condition i LTSV

Tast Foarpuass Dhieidad Shgm Ar Homadty  Prassure High Temp  LowTemp Bloaird Muimite
RSC18ET 555 LA 24 L 2 1 =) ] SIDRE
ASCISETOISE  LMVISIMG A L= o 150 g TR
ASCIWTIISET  LMVARMTC A 4] 0 15 1} BS31RE
Timmorwnie: Tast Mgy i Dnsrntioan
AECDETD6EEN S5 55T 1 168
HSC T ERT 0 SN S0s 26T 2 200
ASCrUGTOSEa SA52AT 3 030
Test: Tamparaturs Syl wilh sl 1 Priconsiboning [TRCL]
Tien! Amsuiisi D Sbpp R Humidity  Pressus Mgh Temg  LowTemp
REC 108001555 LA A L] 2 gb e L]
RECIBSTONS6E  LAWA35RkM A ] -] 150 -85
RECHETISET  LWIZAMTC & o 5] 182 5
Timapoints: Tost Bequast ™ Dreralion
REC1807T01585H 5581567 1 51
REC19E7 5651 GEA 1667 F jle sl

Tagt: Tamparahrs Humilisy Bias Tl with lessl 1 Pescondiionlng {(THET, bias oondition --Z.7%¢
Teaxt Reguesi Dievioa Stgp Fel Homidiy  Pressas High Temg  LowTemp o) Nemter
RECTEET0 I B L3240 a L] -] S01RE
[ g e L] LA SRR 1] BE @ E3STRE
REC 10T ST L I24MTE G SEIZAE

Tmaparis Tiicil Flmep sl
RSC 1987015665
BSC1BET0106S
RECI1SUT01585
RAC18aT015ET
RECIBET DG
RESCapar o567
RESC1MRTO15ET
RECEEETDIREG
RSCAEaTOI S
RECIMTOI558
ASCIRETOI NN

ruu-ﬁf—uu-ﬁum*q R

Mate
Lavel 1 Precondioning: B5*C/E5SWEH moasture soak for 168 kre. folloesd by 3 passes af 235°C R reflow.

Resulis/Discussion

Test: Autoclave Test (RCLV]

Test Reguest Device Sbgrp TP Duration Sample 3ize Rejects
E3C1959701565 LMV3I24M A | 168 T i)
BSC1958701565 LMVIZ4M A 2 A34 7 4
BSC199701566 LMVISEMM A 1 168 7 Q
RSC199701566 LMVISEMM R 2 338 77 1]
RSC195701567 LHVIZ4MT R 1 1aH Ik, 1]
BSC1959701567 LMVIZ4MT A 2 3386 7 d
HEL Company Confitantal Pags 2 Pristas: 120800 1:30:02 PU
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Test: Uperating Life Test (Static) ([S3OFL)

Test Reguest Device Sbgrp TF Duration Sample Size Rejects
REC135701565 LMVIZ4NW A 1 168 77 0
RESC195701565 LMV3IZ4M R 2 S0 71 ]
REC195701505 LMVIZ4M R 3 1000 17 ]
RSC195701566 LMVISEHM A 1 1&a8 7 i)
RSCLS5701566 LMVISEMM A P 500 17 L]
RSC1897T01566 LMVISEMM i 3 10006 77 0
RSC199701567 LMVIZ4MT A i 1aE 77 ]
RSC1%97T015867 LMV3IZAMT A 2 500 77 1]
BESC189T01567 LMWIZ24MT A 3 1000 T ]
Test: Temperature Humidity Bims Test (THRT)

Test Reguest Device Sbgrp TP Duration Sample Size Rejocts
REC1959701565 LMVIZ4M A 1 1&8 77 i)
R5C19097015658 LMV3IZ4M B 2 500 17 i}
E3C198701565 LMVIZ4M A 3 1000 77 4]
BRSC199701566 LMVISEMY A 1 158 77 a
R5C1997015366 LMVISAMM A 2 500 17 a
R3C1%9701566 LMVISaMM A 3 544 7 1]
BSC139701566 LMWISaMM A 4 1000 7 i
RSC1399701567 LMVI24HT A 1 168 17 o
REC199701567 LMVI2Z4MT R 2 500 TE™ 1]
REC199701567 LMVI24MT A 3 524 T8 0
REC1958T01567 LMV3IZ4MT R 4 1024 ElL: 1]
Test: Temperature Cycle [TMCL)

Test Bequest Device S5bgrp TP Duraticn Sample Size Rejects
RSCL139701565 LMVIZ4M B 1 500 17 o
RSC195701565 LMVIZ4HM A 2 1000 il 1]
RSCL98701568 LMVISEMM A 1 500 i o
RSCL99T01366e LMVISEMH A 2 1000 TE*® o
RSC159T01567 LMVIZ4MT A 1 500 16 a
RIC1297T01567 LMV3IZ4MT A 2 1000 76 a
ESD Human body Maodel

Cevice Yoltage Sample Size Rejects

LMVIZ24MT 1250W 5 o

LMV3IZAMT 1500v 5 Li

LMV3I24MT 1750% 5 Lt

LEVIZ4MT 2000% 5 1]

LEVIZ4HT 2250W 5 1]

ESD Machine Medesl

Device Valtage Sampla Size Rejects

LEVIZIHT 100w L] a

IHWIZ24MT 150W 5 3

Latch-up test

Device Sample Size Rejects

LEVIZ4MT ] i}

Hote: * One unit lost in the aven.

MEC Company Confidestal Page 3 Frisind: 129056 1:33:02 PM
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5.0 RELIABILITY DATA

Canchusion

The estimated fallure rate of the LMVIZ4 family of devices is 18.211
FITS, and an MTBF of 5,4909,836 hours. The calculation was based on a
ED% confidence facter and an ectivation energy of 0.7eV derated to 550
CpErating temperature.

The LMV3Z4 {(in TS550P-14 and SOIC-14] and LMV3ISH (in MSOP-8 and 50IC-8)
ace new fully qualified and released to production.

KEC Company Confidandal Page £ Printss 120596 1102 PM
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National femiconducior

File: Mumbar;

Reliability Test Report FEMTIISA
Kumar Suresh

Date:Decambar 29, 1967

Purpass Approvals 2

T T _23rs
LMV321 SCT0-5 PACKAGE QUALIFICATION - -
Gt s _2su

Referance File Numbars Distribuilion List

REM1B9TO2Z58T KE SIOW, ANTHONY LAW, CETEOH, RAJ
QINGToa SLBRAMANLAM, NICK STANCD
Abstract

The LMYE21 s & single OF-AMP wersion based on the design of LMVI24, This is a completely new layoul
incorporating only a single OP-AMP in & dis size of 17317 mils. The die will be fabricaled with CSSE0GE| process and
will e BEsembled in 5 laad SC70 package. in ordor to qualify the devios in SC-70 package, 1 lof of OPL and 3 lats
of BAKE, ACLY, TMCL, and THET. Cualificaiion of the die s achiesed by combining Shis gualification plan and
Q18ET245,

Description

Fals Ay
Tral Waler Dis Sus Live  Fab Lira Fleads Loo  Dale Cd Mokd
REMBSTIZNET LMYIZ1 SC00 A BT Fd BINCH MTCE 5 BE  9T42  WP-BOOOC
EEWTESTORSST LA B0 B 00833 Fd BECH WIS 5 Ba a2 WP B0
RELHISTIISNGT LA BCIE) L O Pl BENCH  WATCAS = nn FTa2 MP-E000C

Tests Performed

Test Aurlociors Test (HELV]

Tiaal PMamqueant Dlaeicn Sbprp A Humidily Pressers High Temg LowTemg
REM1SITO2SOT  LADER1 BOS) i 100 ] 12 1]
REMISTTI2ST LM 300 B 100 18 121 o
REMISETOSSET  LANIZY BSOS L+ 160 15 121 ]
Tl High Tempsraiae Siomge el (BAHE}
Tesl Regosst Devine Shgm  Fel HumiSly  Prassun Hagh Terrp LiwTasg
BEMIBETOZSNET  LAMVIR SOTE) A, i} o 1= 1]
REMAGUTOISOT  LMVAZY SC05) B 0 0 155 a
REM1STOIS0T  LMVAZT BCE) L 0 a 158 ]
HEC Compasy Confidanial Pags 1 Prinbed: TS 153042
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anl:_'ﬂﬂrltu Lifa Toet (Sabic} [S0PL]

il Feeguest Cnirwic Sigm  Ae Humidiey  Peessae Migh Temm LowTiemp
REMAOESRT LM SC(E) & @ o 15y a
TEEMBETOISIT LI SOYE) B o a "y a
REMSSTENET  LWAEH S0 c & 0 15 o

Tt Tanpeabrs Cyols (TMEL)

Test Request Davicn Bbgp el Husidiy  Pressus T LT
REMASUTOZSGT  LMVERS BOME) A e o ey
REMAGETOESET LWV SCm)p =] a -] 150 -3
FEMIBETOINET  LWVEH S0 5 a & 153 54

Test Tomperaiis Humidky Sias Tast (THIT)
Tt Bequest Dheion
REMEOT0R5T  LWMVI 5005
REMISOTO250T LWV SCTH
REM1GGTOZEET  LWNWETT BO(S)

PRECOMDNTIOMING: All THCL, ACLY, and THET unils wers precondiliones using § Levsl 1 molstare soak and 17 o 2350,

Gbop  Fsl Mumidly  Fressurs High Terrg  LowTeime
i, 85 ] [

a a5 il L 4]
[ =} BS 1] B5 ]

ResultsDiscussian

Teat: RButoclave Test (ACLY)

Test Reguest Device Ebgrp TP Duration Sample Size Rejects
REM1S9702597 LMV3IZ1 3C(5) A 1 168 77 ]
REM19%702597 LMVIZ1 5C(5) B | 168 77 0

REM1 29702527 LMV3IZ1 8C(5] c 1 1&8 17 L1

Teat: High Temperature Storage test (BAEE)

Test Request Davice Sbgrp TP Duration Sample 5ize Rejects
REM130702597 LMV3Z1 SC({5) b} 1 1638 17 0
REM1DOT02537 ILMVI21 SC(5) A 7 S0 17 1]
BREM129702597 LMW321 SC|5) A 3 1200 i i
REM1 98702597 LMV321 S5C(5) B 1 168 77 0
REM123702587 LMV3IZ1 SC(5) o 2 500 7 4]
REM1237025%7 LMV3I21 S5C(5) B 3 1000 7 Q
REM139T0255% LMV321 SC(5) [ 1 168 77 a
REM1S99T0259T7 LMV3I21 SC{5) [ 2 500 P 1]
REM199T02597 LMVI21 SC(5) C 3 1000 77 1]

Test: Operasting Life Test (Static] (S0PL]
Test Reguest Deavice Sbgrp TP Duration Sample Size Rejects

REM1257025%7 LMWV3IZ1 5C(5] A 1 16E 77 (i
REM195%7025%7 LMV3I21 SCI(5) A z 500 77 i
REM1997025%% LMViZ21 SC(5) A 3 1000 77 ]
REM199T0DZ2597 LMV3IZ1 SC(5) B 1 164 17 0
REM139702597 LMW321 SC{5) B 2 500 77 0
REM199TD2597 1LMV3IZ1 BC|5) B | 10400 7 L]
REM199702597 LMWIZL SC(5) o 1 168 T 4]
REM1997025837 LMV3IZL S5C{5) C . 500 77 1]
REM1S98T02557 1LMV3IZL SC{5) C 3 1000 77 (4]
NS Comgany Confdental Page 2 Peimied. 120050 11507 P
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Test: Temperature Humidity Biss Test (THET)
Test Request Device Sbgrp TP Duration Sample S5ize ERejects
EEM199T02597 LMV3IZ1 SC(5) B 1 168 " 0]
REM133702597 LMV3Z1 SC(5) B 2 500 77 a
REM1D39702557 LMVIZ]L SC(5) A 3 1004 L&) i
REM1D0702587 LMV3IZ] 5C(5) B 1 1e8 ) o
REM1357025%7 LMV3IZ1l 5CI(5) B 2 500 77 0
REM15570255%7 LMv3I21 5C{5) B A 1440 77 L]
REM195702597 LMV3IZ21 SC(5) iC 1 168 T1 L1}
BREM19970253T7 LHWV3IZ1 SC(53} C & 00 77 4]
REM199702597 LMVIZL 5C(5) s 3 1000 77 1]
Test: Temperature Cycle [TMCL)
Test Reguest Device Zbgrp TP [uration Sample Size Hejects
REM199702587 LMVIZ]L 5C(5) i 1 SO0 77 a
REM139702587 LMVIE1 5CI{5) A 2 1oa0 L) Q
REMISG7025%7 LMV3I21 SC({5) A 3 2000 T7 i}
REM199702597 LMWV3IZ1 S5C{53) B 1 500 T o
REM139702537 LMV3IZI1 5C(3) B 2 1000 77 1]
REM199702597 LMV3IZL SC(5) B 3 2000 77 ]
EEM15970253T7 IMV3IZ1l sScC(5) c 1 500 77 ]
REM19970259T7 LMV3IZ1 3C(5) c 2 1060 T i
REM133702537 [LMVI2]l 5C(5) = 3 2000 77 0
AZSEMBLY TESTS: Sbgrp Sample Size Rejects
Physical Dimension A 10 L

B 1d L]

C 14 i}
Lead Integrity R 45 Leads a

B 45 Leads d

= 45 Leads ]
Bond Pull 2! 30 Bonds o

B 30 Bonds ]

C 30 Bonds 0
Bond Shear R 30 Bonds [ ]

B 10 Bonds LV

c 10 Bonds Q
Solderability A 15 ]

B 18 a

c 15 a
Resistance ta solder A 25 a

B 25 u]

= an ]
NSE Compary Confideniial Paga 3l Priting: LHUSDE 13503 P
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ESD
Human Body Modael 500w 5 ]
1.0Kw ] 1
1.5Ky & H
2. 0Ky 5 £
2. 5Ev 5 1
Machine Model Sov 5 il
100w 5 ]
150w ] a
Conclusion
The LMV3Z21 in the new SCT0 package has succesafully passed all redquired
reliability tests through their relesse timepoints. The LMV3Z] is now
qualified to be built in the 2CT70 package.

H5C Comzamy CGomidenial Pagea 4 Frinsedt 12067905 1:3X0Z PFM
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National Semiconducior

: - Fibs Murmbes
Reliability Test Report FSC198T0440
Ovigirarion

Ra| Subramoniam

Dateckiovember 18, 1987

Purpose Approvals
TO QUALEFY THE NEW DEVICE, LMVEZ1 IN 50T23-5 : L
o < Joyren— e/ T
1T
sy
Ratsrgnce Flla Hembors Distribution List
[RECTaGTOZ511 | Ral Engineering: Al Sezen, Mick Stanco
REC198702489 Amplifiers: Jim Dreyfus, Brian Baker, Sharon ignaut
RSC196702407
Q19970245

Absiract
ﬁuu.wa::u.mp OF-AMP varsion based on (ha desipn of LWVIZ4, This i a completely new layous
insarpereting only 8 single OP-AMP in 8 die se of 1TX1T mis. Tha cia wil b fabricated with CS80CEI procass and
will be assembied n 6 lead 20T-23 packape. Cualficaton of e LMYIZ1 in 30T235 packege was achiewad by

rurining 1 lol each of BAKE, ACLY, TMCL and THET, and 3 iots of OFL. Basad on 1he excellent resulis chtained ao

far, the device is conditionally released o compéaie 500 hrs. on the last 2 lols of OPFL.

Thr LMW1 ts raded 530 Human Body Mode® ESD and 150 Machine Model ESD.

Dessription
Falh FESTY
Tasl | Devos Fabline MpCose #lesds loc  Dais 08 Mo O
RECTHETIIENT 1 [ BIIAICET We? F GBINCH TTG23 5 EM [:57.]
REECIETIEE LIS A BOCAICGED e Elt BINDE TG E ] EM [:4H]
' OAI0ED ek Fi' EINDOH TG -1 EM mea

iﬂﬁ"."lﬂ?l]ﬂﬂ‘ LAIZ1ME

Tests Parformad

Tt Auieciies [ACLY) with Levssl 1 proconditionng™

Tear Regues] [avicm Sngp Rel Homigity  Pressies High Teme LowTemp
HES1QTOHTT  LMVITAE & 120 15l 121 o
Thmasoodnis Tiem! Flmguieni P Durason
REC1DETOE0T ] "]
REC1EETIREIT ] 188
Tl High Temperaturs Slocege sl [AKE)
TosiFsouees _Duvics Sbom FeiMumidty Preswre  HighTemp LowTemg
M5C Co—pany Conbdanisl Page 1 Pk 120808 13307 PM
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5.0 RELIABILITY DATA

RHL 8T 12407 1 188
REC 19T I2e07 2 520
RECIERIA0? ! 1008
Task Dpesruing Life Teal [Salic] (3021
Tasi Rscgaml Dnies Shger  RelHumidly Fressue HighTemp LowTemp
REC1SETORSDT  LMITnhes A i b 150 -]
REC1ST a0 LW G A o 4] 15 a
REC1SETHIS1 LIS ] o Q 180
T ' Tanl laguees ™ Do b
i REC1SGTIAOT 24002511 1 58
REC1FTO2407 TR 5N i 20
MEC1SaTO24 02480251 1 E| 100D
Tust: Tempeniore Cycle [TRACL) with Liresl 1 precondiioning®
Test Reguast DCawicn Eagrp Rl Humidiyy Pressus High Teme  LowTemp
REC1MTOMO7T LANEZ M ] a o 130 -85
Timepoinia: Test Requesi i Durator
RASCTIGTII40T 1 ot
[Lhosil-perl by 2 1002
Tt Tasfpeesilicn Humksity Bisa Tas (THET) Wi Level | precosdibonmng”
Tewl Anguesi D Bbhppr  Asd Humidity Pressws  HgeTemp  LowTemp
RECIRETIaOT LW 1M A BS ] as o
Tirmmepoisis: Tl Ristpomal ™ Dsraticn
FESCRaTizA0T i e
RRECIEETI0T Fi 550
REC15EaTO2407 ¥ 1900
2]

. .Lﬂimmm BASC-BY%RH maisture soak for 168 hre. followed by 1 passes of 235°C [R reflow.

Fiesu i DS cuss i

Test Reguest
RECI95702407
RECLO5702407

Teat Regquest
RECLSS702407
RSC189702407
RSC183702%0Q7

Tesr: Aucocclave Test

LACLY]
Device
L1221 MS

LM 21MS

Test: High Temperature Storage test (BREE|

Davice

LMV3AZ1M5
LMV3IZ1M5
LMVIZ1ME

Test: Operacing Life Test (Ebatic)

Shgrp TF¢F Ouration Sample Size Rejects
R 1 TS 77 a
B i 168 77 [}

Sbhgrp TP DCurarion Sample Size Rejects

n 1 158 77 1]
A z 500 ik o
A 3 1030 T In progress

(S0PL; +/- 2.5V; 4765RE; S5627RE)

Tast Reguest Device Skgrp TF Duration Sample Size Rejects
RSE1539702407 LMVIZ2ZLIME A 1 - 77 0
REC199702407 LMVIZIMS A F 500 T 0
RECLI99702407 LMVIZLIME A 3 1000 TT 0
REC19970246% LMVIZ1MS A 1 168 T7 [+]
RSC127702485% LMVI21M5 A 2 EoQ TE In prograss
REC108T02488 LMVIZIME A 3 lagao TE In progreas
RECLID8TO2E1]1 LMVIZIMS B 1 168 TT 4]
REC198T02511 LMVIZLMS A i 5400 T in progress
RECLFTO2511 LMVIZIMS R 3 1000 L] In progress
WAL Company Comidenisal! Page 2 Pt 12058 1: 5000 Pad
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5.0 RELIABILITY DATA

Teat: Temperature HumidiCy Bias Test (THET +/- 2.5V; 4T7T6ERE; S5620RE}

Teat Reguast Device Sbgrp TR Duraktion Sample Size Rejects
RECLESTO2407 LMVIZIMS A 1 168 9 o
RESC199702407 LMVIZLIME A 2 500 77 |
REC1L99702407 LMVI2ZIMS A 3 1000 77 In progress
Test: Temperature Cycle [TMCL)

Test Reguest Device Sbarp TP Duratisesn Sample Size Rejeots
ASC199732407 LMVIZIMS A 1 500 77 0
REC1L®T32407 LMVIZ1IMS A a Log0 77 [i]

+ 5/H 21 missing

Comclusian
The estimated failure rate of LMV3Z1l is 54.T43IFITS and the Mean Tice
Betwasn Fallures [(MTBF) is 18267147.540%8 hras. The calculation perfocmed
a&F ED% confidence factor was based on an activation energy of 0.7eV and

an acbiept operating temperature of S55C.

The LMVi21 is now relesased Code R based on the excellent results
chtained.

WM& Cormpary Confdental P 3 Prinied 120506 1:33%07 PM
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5.0 RELIABILITY DATA

National Semiconductor

Reliability Test Report FSC19980083

LMV330 / LM393 f LM331
MNew Device Qualifications

Raofarence Flle Numbers

REC1EeaTO2EE
RECHETO243T
RSC1EEBO0128
RECTSGA0020T
Q1 §ET0E35

Abstract
The LMV332 (frue quad), LMD (dual dertved from LAMYASE), and LMV3Z1 (rue sngle dertved from LM321) 1
compambor devices wane subjeciad o reliabify leafng per qual plan G1897063S for gualfication as new devices.
SOPL iealing wes complatad on all hres devices with only beo falunes on the LMV, Ona of thess falures was
duns o EQSESD and is invalid, Tha othar falled unit developed & Eaully inpul prolection diode on one comparator.
wa assuma fie unil 1o be & valid falure and consider the implications iowards fis devices fallure rate & can ba seen
Ehat the fallure rate for this device Gamily (the low voltege family of CSS0CE| processed amps and comparalors) ts sl
@t an acceplabile level of 8.852 FITS () &5C, 0.7V, B0% CL) at this time and that releass of this devics is wamanted,
Al thres denvicas passed Labch-up tesSing and all devices wane charscianize for bollh Human Body Modsl and
Maching Moded ESD parfprmance levals with raled vallages shown below in bold Bype. Basad on these results tha
LAWAES (14L TES0OP and 14L S0IC paciages), the LAMVIE3 (BL MSOP and BL BOIC packages) and the LMW1 5L
E0T-23 and SCT0 packages) are now fully qualifisd and relesssd o produstion.

Description
(] By

TosiFaqunst  Devien Mamen Bgp  loc Fuab Lirw FigCote #imsds Lo Dwis Cd Mok Cmpd
REGTRTIMIT LA RGE A Fhd B MNCH TG E M LEL]
RECHETIROT LWviio. a Fll BINCH MUESOM 014 EM 5742 B
RECTESMDOED] (LA G B Fld =" T MibEROM 014 EM grdn g
ESCEESEN0IN LMV = Fll CHiE MESDOH  Oid EM G748 i
RSCHRAN02IT LMV A re 6 INCH FRESCH A EM G748 B14

Tesis Parformod

S Company Confidential FPags 1 Prrdast S3TEVR0 1:X0:02 PR
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5.0 RELIABILITY DATA

Tt Diparakng Lile Teer! {Stvic) (SOPLE Ta=150C, stabc bas

Results/Déscussion
Rejecis par Lat Sample
Tests Tima/Cyclas Lal 1 Lot 2 Lat 3
LIB335 334 2177 “Hole 1 [Tk oTT
BOPL 500 75 077 077
1000 075 j— —
LMv3EaM 356 [Tl
SOPL 500 w7
1000 f—
LMVIZTMER 168 o7
SOPL 500 o7
1000 77

Moba 1- Thawa LMWEI0M denices from Lot 1 feled after 338 howrs of SOPL, details foliow,

B 1 - This desice failed ATE testing for high input offsst veltage on compansiors #1 and #2 and high input biss
current on companmtor #1. Gurve iracing found @ pin 6 fo pin 12 short. A visual inspection fourd Bal the input dode
had & makal ftash fram mabal 1 o metsl 1. Daprocessing and BEM analysis revealsd an ocide rupture bridging matal
1 & maotal 1. within the inpul prolection diode, This is an invalid falure dus o EQSESD of unknown origin,

B Z3 - This device falled ATE testing for high input offset voitage and high inpud biss curmant on one comparator,
This dewvico did not moover after a 1280 bake, Curve tracing found an earty braskodown between pin 11 and pin 12
Bench bast found comparalor B3 1o have mas than 2ma inpul laakegs. Mo ancensiss wane found during intsmal
visual inspecion. PHEMOS was performad and found the inpat disde to pin 11 1o hevee an emission, This | typlcal of
EQSESD damage. The diode was isotaied from the circull and mechanically probed bo verily the failure moda. The
unit wis then deprocessad (in layars, 8l e way down fo slicon), howeyer, no dafect was idantified.

HEM ESD MM ESD LATGH-UP
L339 BOaV o5 100V [H V5 [Per JEDEL 17)
B0aV 0’5 150V o8
1000V 15 7w Fi
1500 115 2007 [T
1750V s =
i WTEER) BOGV [T 100V [ 05 [Per JEDEC 17)
= (55 T F [
1006V 1S T80V 278
1500 5 200V 45
1750V 15 T
LAvaat OOV o 00V o5 W5 (Per JEDEG 17}
=== TO0V o 128V [TH
[T o5 150V 25
GO0V (I 178V V5
1000 75
ESD NOTE - BOLD ESD RESULTS REPRESENT THE RATED WALUES FOR EAGH DEVIGE

Conclusion

The LMW33E (14L TSSOP and 14L 50IC packages), LMWAES (BL MSOP and BL SO04C packapges) and LMVIS1 GL
S0OT-73 and SCT0 packages) are now fully gualified &nd released o production.

NEC Conpany Corfideniial Paga Prisies. 129090 1002 PM
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5.0 RELIABILITY DATA

National Semiconductor

Fim Mumbees

Reliability Test Report FSC19980031

Mick Stanco
Date:January 20, 1998

Purposs Approvals

il ﬁ 1-14-7F
LMVB21 New Device Qualification Iil H"_ﬁ é s
. td=FP
[

B B8 ey -
Refarence Fila Mumbers Distribution List
REC1DGTO2013 Allal Ahvmad | Mick Blanco
CHEaToaTT
Abstract

Cine lot of LMAVE21, specially bonded-out in an 8L MDIF packege for quafificasion purposes, was subjected 1o SOPL
IBaling par qual plan Q12870077 for qualcalion 5% 8 new Savice far e Amphiliers prockict Bns. 500 hours of S0OPL
at Ta=150C was complated withaut falune on the LAEZ1 qual iot. HEM and MM ESD charscierization ware also
complaled. Beead on his SOPL leating, and succeasfully compledad LMVIZ1 5L S0OT-23 and 5L SC-T0 packags
qualifications, the LMVAZ1 is now fully qualified and released in both the SOT-23 and 5C-70 packagas,

Daseription
Fab Aagy
Iresi Reggest  Owice hame Sbop Lo Fab Ling Pig Conts  # leads Loo  Dale Cd okl Cmpd
RECISITIEE LWAED A FM CEECal NWDFE & EM BE
Taosts Parformed
Tast Cparating Lits Tasi {Stac) [S00L)
Ties! Anguas) Do Bborp  AslHumidly Pressws  HighTemp  Ral Cd
RECIBTOING  LAE2q A [ o 150 ATBSREA i LB
Timspainks: Tast Faguesi ™ Dhoralion
RECITIN 1 16
REC1BETIZETD 2 B0
N5C Company Gonfcental Page 1 Prinies 120550 1:33:02 P
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5.0 RELIABILITY DATA

Results/Discussion

Test: Operating Life Test (Static) (S0BL)

Tast Regquest Davice fbgrp TP "Duration Sample Size Rajects
ESC199702913 LMvEZ] a 1 168 77 il
RSC198702913 LMVEBZ1 A 2 500 17 o

Test: Human Body Modal ESD
Result: The LMVEZl 1s rated at £300V.

Test: Machine Model ESD
Fesult The LMVEZ]l is rated at 150V

Conclusian

Based upon successful completionm eof all reliability requirements as
specified in qual plan Q13370877;, the LMVE21 op-amp is nmow fully
gqualified and relessed to production in both the 5L S50T=23 and SL S5C-70
packages.

KRG Company Confdential Page 2 Pristes 1 305%48 1:1302 PM
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5.0 RELIABILITY DATA

National Semiconductor

Reliability Test Report FSC19960030
Hﬂuﬂ‘hm
Crwinclanuary 30, 1958

Purpass Approvals

M Y-ré-1F
LMV822 & LMVE24 New Device Qualifications e T e

275 ﬁ 3- 4=
l L —-=
Refarance Fils Numbsrs Distribution List
|

REC196T02663 Akaf Ahmad [ Mick Stanca
CrsSToaTe
Abstract

Cina lot of LMYEZ4M in fe 14L SOIC package was subjesied io SOPL iesfing per qual plan 0186T0ETS o qualify the
LMVEZ4 and LWAVEZ? (metal cplion to craste dual varsion from the LWVEZ4 guad ep-amg) a8 new devices for tha
Ampliniers produc ling. 1000 hours of S0PL of Tas150C was completed without faliune on the LMVEZEM qusi lal
EES0 and Latch-up tests yiebded acceplabia resulis. Based on these resulls balh devicss sre now Billy qualfied and
rabaEsed 16 praduction.

The LAWER22 is qualiied in bath tha BL MSOP end 81 S0IC packages and e LMVE24 & qualified in both the 140
TS50F end 14L B0OIC peckages.

Description
Fab Aany
TewiBlacuest DevicnMame S Lo Febline __ Fhyfods #leads Loc  Dise Sd Wk Crod
FRSC1BSTIRGSS LMVEZEM A FM CES0CH HEOIE O B ETAS BN
Tasts Parformaed
Tast Operating Lite Test [Statia} {S0PL}
Tait Racemsl Dervicn Ebop RelHumdly Pressem High Temo = Waoiiage
AECISOTOIBE LWVESM " =N — 15 S04 EYS-T
Timeooints: Tist Reguest ™ Dharafion
RECHESTIMA i 188
REC TS i 5040
REC1#GTIZEEE 3 101
MSC Compeny Conddenial Pagia 1 Printed. 1290558 1: 300 P
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5.0 RELIABILITY DATA

RosultaDiscussion

Test: Operating Life Test {Static) (S0PL)

Test Regquest Device Sbgrp TP Duratiom Sample Size Rejects
RSCL22702693 LIMVEZIM B 1 168 T7 0
RIC199702693 LMVE24M R & 50D 17 0
RSC195702693 LMVEZIM A i 1000 Lk 0

Test: Human Body Model ESD
Besult: Bath the LMVEZZ? and LMVEZ{ achieved a rating of £2000V.

Test: Machine Madel ESD
Result: Both the LMVA22 and LMVE24 achieved a rating of £100V.

Test: Latch-up
Result: Bath deviees are rated to +300ma at 2Z5°C and ES°C.

Conclusion

Based upon suceessful completion of all reliability requirements as
specified in gual plen QL8570%78, the LMVEZZ and LMVBZ4 op-amps are now
Fully qualified and released to production.

HEC Company Confisantial Page 2 Prirded: 1208%8 1:33:02 P
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6.0 CHARACTERIZATION DATA

6.1 Parametric Data for LMV3xx
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 A5V 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 35
+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
I0S A 2.7V nA -0.3 1.5
10S B 2.7V nA -0.6 2.1
10S C 2.7V nA 0.3 1.6
10S D 2.7V nA 0.9 3.5
-IBIAS A 5V nA -18.1 24
-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
10S A5V nA 1.7 2.9
10S B 5V nA 1.9 3
10S C 5V nA 2 3.1
10S D 5V nA 2.1 3.1
+SWINGA 5V 2K \Y 4.951 0.034
+SWINGB 5V 2K \Y 4.95 0.048
+SWINGC 5V 2K \Y 4.951 0.006
+SWINGD 5V 2K \Y 4.951 0.033
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6.0 CHARACTERIZATION DATA

LMV324 Room Temperature Data (cont)

Test Name Units Avg Sigma
+SWINGA 5V 10K \Y 4.951 0.001
+SWINGB 5V 10K \% 4.991 0.002
+SWINGC 5V 10K \% 4.99 0.001
+SWINGD 5V 10K \% 4.991 0.002
+SWINGA 2.7V 10 \Y 2.693 0.002
+SWINGB 2.7V 10 \% 2.692 0.001
+SWINGC 2.7V 10 \% 2.692 0.001
+SWINGD 2.7V 10 \% 2.692 0.001
-SWINGA 5V 2K \% 0.123 0.007
-SWINGB 5V 2K \Y 0.122 0.006
-SWINGC 5V 2K \% 0.122 0.007
-SWINGD 5V 2K \% 0.124 0.006
-SWINGA 5V 10K \% 0.073 0.006
-SWINGB 5V 10K \% 0.072 0.006
-SWINGC 5V 10K \Y 0.073 0.006
-SWINGD 5V 10K \% 0.073 0.006
-SWINGA 2.7V 10 \% 0.062 0.004
-SWINGB 2.7V 10 \% 0.062 0.003
-SWINGC 2.7V 10 \Y 0.062 0.004
-SWINGD 2.7V 10 \Y 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 -04 2.3
VOS A 5V mVv -1.9 2
-IBIAS A 2.7V nA -17.2 3.6
+IBIAS A 2.7V nA 16.1 3.9
I0OS A 2.7V nA -1.2 1.9
-IBIAS A 5V nA -18.2 41
+IBIAS A 5V nA 19.9 4.1
I0S A5V nA -0.2 1.3
+SWINGA 5V 2K \Y, 4.95 0.015
+SWINGA 5V 10K \Y, 4,991 0.004
+SWINGA 2.7V10K \Y, 2.692 0.002
-SWINGA 5V 2K \Y 0.127 0.013
-SWINGA 5V 10K \% 0.076 0.004
-SWINGA 2.7V10K \Y, 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 mvV -1 2
-IBIAS A 2.7V nA -14 6.9
-IBIAS B 2.7V nA -12.9 6.3
+IBIAS A 2.7V nA 141 6.6
+IBIAS B 2.7V nA 131 7
IOS A 2.7V nA 0.4 21
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 54
+IBIAS B 5V nA 21.4 5.7
IOS A5V nA 0.1 1.8
IOS B 5v nA 0.1 2.1
+SWINGA 5V 2K \% 4.938 0.029
+SWINGB 5V 2K \Y 4.943 0.02
+SWINGA 5V 10K \% 4.988 0.006
+SWINGB 5V 10K \% 4.989 0.005
+SWINGA 2.7V 10K \% 2.692 0.002
+SWINGB 2.7V 10K \% 2.693 0.002
-SWINGA 5V 2K \Y 0.126 0.019
-SWINGB 5V 2K \Y 0.127 0.018
-SWINGA 5V 10K \% 0.073 0.009
-SWINGB 5V 10K \% 0.073 0.009
-SWINGA 2.7V 10K \Y 0.066 0.005
-SWINGB 2.7V 10K \Y 0.067 0.005

LMV Products Qualification Package 6-3



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
VOS5V A MV -2.1 1.9
VOS5V B MV -2.5 1.9
VOS5V C MV -2.3 2
VOS5V D MV -2.2 1.9
+lIB 5V A NA 21.9 2.4
+lIB 5V B NA 21.4 2.1
+lIB 5V C NA 20.7 2
+lIB 5V D NA 21.7 2.5
-IB5V A NA -25 2.2
-IB5V B NA -25.7 2
-IB5v C NA -25.6 2.2
-IB5V D NA -25.3 21
IOS 5V A NA -2.7 2.2
IOS5V B NA -3.9 2.1
IOS5V C NA -3.9 21
IOS 5V D NA -3.1 2.1
VOS 2.7V A MV -0.3 21
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 21
+B 2.7V A NA 17.9 1.9
+IB 2.7V B NA 17.4 1.9
+lIB 2.7V C NA 16.5 1.8
+lIB 2.7V D NA 17.6 1.8
-lIB 2.7V A NA -18.7 1.8
-lIB 2.7V B NA -19.3 1.7
-iIB2.7v C NA -19.2 1.9
-IB 2.7V D NA -19.2 1.7
I0S 2.7V A NA -0.8 1.9
I0S 2.7V B NA -1.7 2
I0S 2.7V C NA -1.9 1.8
I0S 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
VOS5V A MV -0.4 1.5
VOS5V B MV -0.3 1.6
+lIB 5V A NA 28.2 3.7
+lIB 5V B NA 27 3.3
-IIB5V A NA -29.3 3.5
-iIB5V B NA -29.2 4
IOS 5V A NA -1 21
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
+lIB 2.7V A NA 20.3 3.1
+lIB 2.7V B NA 20.9 2.7
-lIB 2.7V A NA -20.3 3.2
-lIB 2.7V B NA -20.4 3.3
I0S 2.7V A NA 1.1 1.8
I0S 2.7V B NA 0.4 1.9
LMV331 Room Temperature Data

Test Name Units Avg Sigma
PSI 5V UA 66.7 54
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
+lIB 5V NA 26.6 4.1
-1IB 5V NA -27 4.3
I0S 5V NA -0.3 2.4
+lIB 2.7V NA 17.5 2.6
-lIB 2.7V NA -17.4 2.1
I0S 2.7V NA 1.3 21
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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 mVv 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 0.055 111
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 lbias A 2.7V nA 38.3 35
Neg lbias 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 375 3.6
Pos Ibias B 2.7V nA 36.8 3.7
Pos Ibias C 2.7V nA 37.9 34
Pos Ibias D 2.7V nA 374 3.3
los A 2.7V nA -0.76 3.9
los B 2.7V nA -1.04 4.3
los C 2.7V nA -0.76 3.4
los D 2.7V nA -0.78 35
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 35
Neg lbias D 5V nA 42.9 35
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 34
los A 5V nA -1.2 3.8
los B 5V nA -1.7 45
los C 5V nA -1 3.3
los D 5V nA -0.8 3.7
Pos Swing A 5V 600 \% 4.828 0.004
Pos Swing B 5V 600 Y, 4.826 0.004
Pos Swing C 5V 600 \Y, 4.826 0.006
Pos Swing D 5V 600 \Y, 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 \% 4,941 0.003
Pos Swing B 5V 2K \ 4.94 0.003
Pos Swing C 5V 2K \ 4.94 0.003
Pos Swing D 5V 2K \% 4.94 0.004
Pos Swing A 2.5V 600 \% 2.372 0.004
Pos Swing B 2.5V 600 \% 2.372 0.004
Pos Swing C 2.5V 600 \ 2.372 0.004
Pos Swing D 2.5V 600 \ 2371 0.005
Pos Swing A 2.7V 2K \ 2.458 0.001
Pos Swing B 2.7V 2K \% 2.458 0.001
Pos Swing C 2.7V 2K \% 2.458 0.001
Pos Swing D 2.7V 2K \ 2.457 0.001
Neg Swing A 5V 600 \ 0.185 0.003
Neg Swing B 5V 600 \% 0.184 0.003
Neg Swing C 5V 600 \% 0.184 0.004
Neg Swing D 5V 600 \% 0.187 0.004
Neg Swing A 5V 2K \ 0.112 0.003
Neg Swing B 5V 2K \ 0.111 0.002
Neg Swing C 5V 2K \% 0.111 0.002
Neg Swing D 5V 2K \% 0.112 0.002
Neg Swing A 2.5V 600 \% 0.136 0.003
Neg Swing B 2.5V 600 \ 0.135 0.003
Neg Swing C 2.5V 600 \ 0.135 0.003
Neg Swing D 2.5V 600 \% 0.137 0.003
Neg Swing A 2.7V 2K \% 0.089 0.002
Neg Swing B 2.7V 2K \% 0.09 0.002
Neg Swing C 2.7V 2K \ 0.09 0.002
Neg Swing D 2.7V 2K \ 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 mvV 0.055 111
Vos B 5V mV 0.03 1.13
Neg lbias A 2.7V nA 38.3 35
Neg lbias B 2.7V nA 36.8 3.7
Pos Ibias A 2.7V nA 375 3.6
Pos Ibias B 2.7V nA 36.8 3.7
los A 2.7V nA -0.76 3.9
los B 2.7V nA -1.04 4.3
Neg lbias 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
los A 5V nA -1.2 3.8
los B 5V nA -1.7 45
Pos Swing A 5V 600 \% 4.828 0.004
Pos Swing B 5V 600 \% 4.826 0.004
Pos Swing A 5V 2K \% 4,941 0.003
Pos Swing B 5V 2K \Y, 4.94 0.003
Pos Swing A 2.5V 600 \Y, 2.372 0.004
Pos Swing B 2.5V 600 \% 2.372 0.004
Pos Swing A 2.7V 2K \% 2.458 0.001
Pos Swing B 2.7V 2K \% 2.458 0.001
Neg Swing A 5V 600 \Y, 0.185 0.003
Neg Swing B 5V 600 \Y, 0.184 0.003
Neg Swing A 5V 2K \Y 0.112 0.003
Neg Swing B 5V 2K \% 0.111 0.002
Neg Swing A 2.5V 600 \% 0.136 0.003
Neg Swing B 2.5V 600 \Y, 0.135 0.003
Neg Swing A 2.7V 2K \Y, 0.089 0.002
Neg Swing B 2.7V 2K \Y 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 35
Pos Ibias A 2.7V nA 375 3.6
los A 2.7V nA -0.76 3.9
Neg lbias A 5V nA 44.8 3.1
Pos Ibias A 5V nA 43.7 3.6
los A 5V nA -1.2 3.8
Pos Swing A 5V 600 \% 4.828 0.004
Pos Swing A 5V 2K \Y, 4.941 0.003
Pos Swing A 2.5V 600 \Y, 2.372 0.004
Pos Swing A 2.7V 2K \% 2.458 0.001
Neg Swing A 5V 600 \% 0.185 0.003
Neg Swing A 5V 2K \% 0.112 0.003
Neg Swing A 2.5V 600 \Y, 0.136 0.003
Neg Swing A 2.7V 2K \Y, 0.089 0.002
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