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Abstract

The Metal Plate Cracking Detector used the principle of the changing magnetic flux
density by reluctance of material change. The magnetic flux density has produce from the
constant current source drive magnetic coil to produce the magnetic flux density into plane Metal
Plate. Cracking in metal plate will change the magnetic flux density, and we can sense the
changing by Hall-effect sensor (IC) detector. The magnetic field are change by the rule of
reluctance changing at the metal plate crack and compare the magnetic flux density between
output from two Hall effect sensor and gain by Instrumentation Amplifiers. Then use comparator
circuit transform output to logic 1 for cracking or 0 for no cracking. The MCS-51 use to process

and control the out put LCD display.
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$#include <reg5l.h>
finclude <string.h> 'y
#include <absacc.h> I

Access Magros

ok ok ok R ok ok ok R bRk ko ok e koA R

T

Joek ok NS N-1s < [ R B B i I T b I B S e I S O o I e b R
code unsigned char *msg(2] = {77 a0,
Wy
N ;

Y@ Ak kokd ek sk ek S bk ok b gk ke ® ko ok 2 bk Rk ok ke k w kR ok kS

JRck R Ty

OOS DY

volid delay{int n};
void LCD PUSLE CLOCK(void);

void LCD Sent Byte(bit cm, int n};

void LCD_ShiftLeft (void);

void LCD ShiftRight (void);

void LCD String(unsigned char *buf, int dly,unsigned char LR);
void LCD Init(void);

vold delay{int n) {
int 1,73;

i<n; 1i++)
J<160; J++)




dot

}
IE RS 9 oy FRKAE A A SRR KR AR SRR RN R R AP R E AR R E DA S AR R R R b Rk R b S

void main (void) {

PO = (x4, ;7
Pl {
P2 (959
P3 = 0OxiF; 7/

i

devices

and o

il

2,

LCD_Sent Byte (&, OxO
LCD Init();
while (TRUE) {

LCD Init();

1f(In==0){

t line

LCD_Sent Byte((,!
LCD String{msg[i],10,0);
lelse if (In==1) {

¢

LCD_Sent Byte (0, 0n80);
LCD String(msg[0],10,0);
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1301 and Continuous-Time Ratiometric
1302 Linear Hall Effect Sensors

ection Guide
Part Number Pb-free’ Packing? Package Ambient, Ty Sensitivity (Typical)
A1301ELHLT-T Yes 7-in. tape and reel, 3000 pieces/ree! Surface Mount
- —40°C to 85°C
A301EUA-T Yes Bulk, 500 pieces/bag SIP 25 mVIG
\1301KLHLT-T Yes 7-in. tape and reel, 3000 pieces/reet Surface Mount =m
- —40°C to 125°C
A1301KUA-T Yes Bulk, 500 pieces/bag SIP
A1302ELHLT-T Yes 7-in. tape and reel, 3000 pieces/reel Surface Mount
- —40°C to 85°C
A\1302EUA-T Yes Bulk, 500 pieces/bag SIP 13mVIG
3m
A130ZKLHLT-T Yes 7-in. tape and reel, 3000 pieces/reel Surface Mount —40°C to 125°C
A1302KUA-T Yes Bulk, 500 pieces/bag SiP

based variants are being phased out of the product line. Certain variants cited in this footnote are no longer in production The variants should
se purchased for new design applications. Samples are no longer available. Status change: May 1, 2006. These variants include: A1301ELHLT,
YEUA, A1301KLHLT, A1301KUA, A1302ELHLT, A1302EUA, A1302KLHLT, and A1302KUA,

stact Allegro for additional packing options.

solute Maximum Ratings

Characteristic Symboi Notes Rating Units

oply Voltage Vee 8 v
tput Voltage Vour 8 \
verse Supply Voltage Vree -01 A
verse Supply Voltage Veee 0.1 \'
tput Sink Current lout 10 mA

Range E -40to 85 °C
erating Ambient Temperature Ta

Range K -40to 125 °C
ximum Junction Temperature T (max) 165 °C
srage Temperature Taig —6510 170 °C

o ; Allegro MicroSystems, Inc. 2
to“’. 115 Northeast Cutoft, Box 15036
i 5 i Worcester, Massachusetts 01615-0036 (508) 853-5000
' |

 MicroSystems, Inc, www.allegromicro.com



1301 and Continuous-Time Ratiometric
1302 Linear Hall Effect Sensors

VICE CHARACTERISTICS over operating temperature range, T,, and V¢ = 5 V, unless otherwise noted

Characteristic Symbol | Test Conditions | Min. | Typ. | Max. | Units
ctrical Characteristics
ply Voltage Vee Running, T, <165°C 4.5 - 6 \Y
sply Current lec Output open - - 11 mA
A" : b = —1 mA, Sens = nominal 465 4.7 -
tput Voltage OUT(High) | 'SOURCE k Vv
Voutiow) |lsink = 1 MA, Sens = nominal - 0.2 0.25 Vv
tput Bandwidth BW - 20 - kHz
o . Veciminy 10 0.95 Vg1 B = 1400 G;
wer-On Time tro Slew rale = 4.5 V/us to 4.5 V/100 ns B 3 5 Hs
put Resistance Rout lsink = 1 MA, lsgurce 2 -1 MA - 2 5 Q
. External output low pass filter = 10 kHz;
le Band Output Noise, rms VouTtn Sens = nominal - 150 - uv
fiometry
jescent Output Voltage Error — pe
1 respect to AVc! AVouraw) |Ta= 25°C - - 3.0 %
gnetic Sensitivity Error with — oEe _ _ o
pect to AV 2 ASensy, |Tp= 25°C +30 | %
tput
earity Lin Ta= 25°C - - +2.5 %
Tmetry Sym Ta= 25°C - - 3.0 %
gnetic Characteristics
iescent Output Voltage Vouta B=0G,; Ty,= 25°C 2.4 2.5 26 Vv
iescent Output Voltage over _ _
erating Temperature Range Voutauty (B=0G 22 28 v
netic Sensitivit Sens A1301, T, = 25°C 20 25 3.0 mv/G
g y A1302; T, = 25°C 1.0 13 1.6 mv/G
gnetic Sensitivity over Sens A1301 1.8 - 32 mV/G
erating Temperature Range (8Ta)  {A1302 0.85 - 175 | mvVIG
sfer to equation (4) in Ratiometric section on page 4.
sfer to equation (5) in Ratiometric section on page 4.
Allegro MicroSystems, Inc. 3

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000
www.allegromicro.com




1301 and
1302

Continuous-Time Ratiometric
Linear Hall Effect Sensors

Characteristic Definitions

escent Output Voltage. In the quiescent state (no sig-
:ant magnetic field: B = 0), the output, Vg1, equals one
of the supply voltage, V¢, throughout the entire operating
:es of V¢ and ambient temperature, T,. Due to internal
ponent tolerances and thermal considerations, there is a
-ance on the quiescent output voltage, AV, Which is
nction of both AV and AT}, . For purposes of specifica-

, the quiescent output voltage as a function of temperature,
UTQAT, ) 18 defined as:

Vouror,) — Youtoesec 1

AVgurexat,) =
Senszsec)
re Sens is in mV/G, and the result is the device equivalent
1racy, in gauss (G), applicable over the entire operating tem-
iture range.

1sitivity. The presence of a south-polarity (+B) magnetic

1, perpendicular to the branded face of the device package,
eases the output voltage, Vo1, in proportion to the magnetic
1 applied, from Vg1, toward the V¢ rail. Conversely, the
lication of a north polarity (—B) magnetic field, in the same
ntation, proportionally decreases the output voltage from its

Ratiometric. The A1301 and A1302 feature a ratiometric
output. This means that the quiescent voltage output, Vg,
and the magnetic sensitivity, Sens, are proportional to the supply
voltage, Vic.

The ratiometric change (%) in the quiescent voltage output is
defined as:

Voutawvees / Youtasv)
AYouTtgavy = x 100% 4
Vee / 5V
and the ratiometric change (%) in sensitivity is defined as:
Sensy Sens sy
ASens ay, = vee) // Sensisy) x 100% (5)
Vee/ 5V

Linearity and Symmetry. The on-chip output stage is
designed to provide linear output at a supply voltage of 5 V.
Although the application of very high magnetic fields does not
damage these devices, it does force their output into a nontinear
region. Linearity in percent is measured and defined as:

Youte+e) — VouTtg

sscent value. This proportionality is specified as the magnetic Lin+ = x 100% (6)
sitivity of the device and is defined as: 2 (Youtepw — Yvourg)
Vouts) ~ Yout+B)
Sens = (2) ' Youtes) — Youtg
B Lin— = x 100% @)
. . . I . 2(Vout-y) — YoutQ)
stability of the device magnetic sensitivity as a function of B~ TouTe
vient temperature, ASens 4,y (%) is defined as: and output symmetry as:
Senscr,, — Senspsoc Youres — Youtg
ASensiar = —— 2 E0 o 100% 3) Sym = x 100% (8)
Sensz50c) Youtg— Yourem
Allegro MicroSystems, Inc. 4

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) 853-5000

NicroSysiems. Inc. www.allegromicro.com



1301 and Continuous-Time Ratiometric
1302 Linear Hall Effect Sensors

Typical Characteristics
(30 pieces, 3 fabrication lots)

1301 Device Sensitivity vs. Ambient Temperature 1302 Device Sensitivity vs. Temperature
1.38 —n
2.60 . UA Package/'/
— UA Package ) 1.36 /
a =
3 255 / = 1341
E E /-
£ =
= LH Package B 130 e
v
c 245 - 3 LH Package
3 / @ 128
240 126 .//
e | Nk |
2.35 : ‘ 1.24 ;
-50 -25 0 25 50 75 100 125 150 -50 -25 O 25 50 75 100 125 150
Temperature (*C) Temperature (°C)
1301 Device Vgyrg vS. Ambient Temperature 1302 Device Vgyrg vs. Ambient Temperature
2.60 - 2.60
S 255 S 255
Q 2]
o (=]
8 B
2 250} =— — S 250 m——
5 ]
j= ) [=8
= =
O 245 O 245
2.40 2.40 ‘
-50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
1301 Device Sensitivity vs. Supply Voltage 1302 Device Sensitivity vs. Supply Voltage
35 . - 1.7 - :
? 16 //'
5 30 et o 15 —_
5 > / |
E / E 14
> 25 2 // :
: L — 2 13-
= @
2 : 2 /
B 2.0 N f 3 12
1.1
1.5 J 1.0 ;
4.5 5.0 55 6.0 45 5.0 55 6.0
Supply Voltage (V) Supply Voltage (V)

itinued on the next page...

2 Allegro MicroSystems, Inc. 5
e to’a 115 Northeast Cutoff, Box 15036
7 Worcester, Massachusetts 01615-0036 (508) 853-5000
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1301 and Continuous-Time Ratiometric
1302 Linear Hall Effect Sensors

Typical Characteristics, continued
(30 pieces, 3 fabrication lots)

1301 Device Vgy1q vs. Supply Voltage 1302 Device Vqyrg vs. Supply Voltage
> 30 S 30
Q o]
S 55 S 25l
a F=
5 3
3 L0 © 20
15 15
4.5 5.0 5.5 6.0 45 50 5.5 6.0
Supply Voltage (V) Supply Voltage (V)
1301 Device LIN+ and LIN- vs. Supply Voltage 1302 Device LIN+ and LIN- vs. Supply Voltage
1004 100.0 o
100.3 A
LV \ 99.9 |
100.2 »
= 100.1 z 998
& @
e 100.0 j: /
- Lm»fﬁ\1 = gg71
99.9 '
98 50 ce 6.0 45 5.0 5.5 6.0
Supply Voltage (V) Supply Voltage (V)
1301 Device Symmetry vs. Supply Voltage 1302 Device Symmetry vs. Supply Voitage
100.0 - S - 3 100.5
99.9 100.4
99.8 100.3
997 b —~ 1002  —
= o X \———'
= 99,6 £ 100.1 :
£ 995 £ 1000 " ‘
4 £
E 994 £ 999
& 993 & 998 ,
99.2 : 997l
99.5 :
99-04_5 50 55 6.0 4.5 5.0 5.5 6.0
Supply Voltage (V) Supply Voltage {V)

. Allegro MicroSystems, inc, 6
e m‘i‘ 115 Northeast Gutoff, Box 15036
E7 Worcester, Massachusetls 01615-0036 (508) 853-5000
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1301 and Continuous-Time Ratiometric
1302 Linear Hall Effect Sensors

Package LH, 3-Pin; (SOT-23W)

00| .18
270 108

ffo1s oosi @ cJ AT 8]
~—— A
L-—A;‘é:‘ [.059]-m & %

;
Q '~ 0.20[.008
0.08 | .003

_______%_____ zof o)
A

Profiminary dimensions, for reference only 0.96[ 038} 0.60 [.024
Dimensions in milimeters i Anom 0.25 [.mo]
Us. G dimensions (in.) in brackets, for ref only

{reference JEDEC TO-236 AB, except case width and terminal tip-to-tip)

Dimensions exclusive of mold Rash, gats burrs, and dambar protrusions E E

Exact case and lead configuration at supplier discretion within imits shown 1 7

t

&Hall element (not to scale)

— ke foz5 [ot0
A\ e Aroa Dot 028 1011 ‘ [o2s Lo ]]
x :i‘z: J SEATING MSEATING PLANE
[T oog] c] — 1.t P " GAUGE PLANE

050 [ 020 |
X030 |:.uu ] I<— — ;;; [3;3]
[@]o.20 (ooa@] cTalr]
0.15[ 008
0.00 [.ooo]
—

Pin-out Drawings

Package LH Package UA

LI

]
JL
)
|

1 2 1 pa 3
Terminatl List
Number .
Symbol Package LH Package UA Description
VCC 1 1 Connects power supply to chip
VOUT 2 3 Output from circuit
GND 3 2 Ground

SET 4.9 Ailegro MicroSystems, Inc. 7
to 115 Northeast Cutoff, Box 15036
nEs B Worcester, Massachusetts 01615-0036 (508) 853-5000

Mvc'oSy slems, Inc. www_aflegromicio.com



1301 and
1302

Continuous-Time Ratiometric
Linear Hall Effect Sensors

Package UA, 3-Pin SIP

64 [ 447
159 [ 404 | 7™

A 0805 [2,04][*-—>‘ 062 [1,57]

.058 | 1.47

M7 297

12 [3.10]_ Now [1-44]:‘_-__ ] _;_Elg_"f‘ s

6540116.26
5001524

018
014

0.48
0.36

] | REF

; 031[0.79) _}:l. |

017 04
014 [0.35} -

1 2 3 ‘
— T

}4 I:I |<- a5 [127]

Dimensions in inches
Metric dimensions {mm} in brackets, for reference only

ADambar removal protrusion (6X)
Ejecior mark on opposite side

& Active Area Depth 0195 [0.50] NOM
Hall element (not to scale)

The products described herein are manufactured under one or more of the following U.S. patents: 5,045,920, 5,264,783, 5,442,283;
'9.889; 5,581,179, 5,517,112, 5,619,137, 5,621,319, 5,650,719, 5,686,894, 5,694,038; 5,729,130, 5,917,320, and other patents pending.

Allegro MicroSystems, Inc. reserves the right o make, from time to time, such departures from the detail specifications as may be required
ermil improvements in the performance, reliability, or manufacturability of its products. Before placing an order, the user is cautioned to verify

the information being relied upon is current.

Allegro products are not authorized for use as critical components in life-support devices or systems without express written approval.
The information included herein is believed to be accurate and reliable. However, Allegro MicroSystems, Inc. assumes rno responsibility for

1se; nor for any infringement of patents or other rights of third parties which may result from its use.

Topyright © 2005, 2006 Allegro MicroSystems, Inc.

Qllegro

" MicroSygteme. Inc.

Allegro MicroSystems, Inc. 8
115 Northeast Cutoff, Box 15036

Worcester, Massachusetts 01615-0036 {508) 853-5000
www allegromicro.com



National
Semiconducitor

LF411

August 2000

Low Offset, Low Drift JFET Input Operational Amplifier

General Description

These devices are low cost, high speed, JFET input opera-
tional amplifiers with very low input offset voitage and guar-
anteed input offset voltage dnft. They require low supply
current yet maintain a large gain bandwidth product and fast
slew rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
LF411 is pin compatibie with the standard LM741 aliowing
designers to immediately upgrade the overall performance of
existing designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold
circuits and many other circuits requiring low input offset
voltage and drift, low input bias current, high input imped-
ance, high slew rate and wide bandwidth.

Features

u [nternally trimmed offset voltage: 0.5 mV{max)
m |nput offset voltage drift: 10 pV/° C(max)
m Low input bias current: 50 pA
m Low input noise current: 0.01 pA~NHz
B Wide gain bandwidth: 3 MHz{min)
® High slew rate: 10V/ps{min}
® Low supply current: 1.8 mA
® High input impedance: 10'20Q
m { ow total harmonic distortion: <0.02%
& Low 1/f noise corner: 50 Hz
u Fast settling time to 0.01%: 2 ys

Typical Connection

Ry

DO565501

Ordering Information
LF411XYZ
X indicates electrical grade
Y indicates temperature range
“M” for military
“C" for commercial
Z indicates package type
“H” or “N”

BI-FET ™ is a trademark of National Sermiconductor Corporation.

Connection Diagrams

Metal Can Package

NON-INVERTING
INPUT

v-

00565509

Note: Pin 4 connected to case.

Top View
Order Number LF411ACH
or LF411MH/883 (Note 11)
See NS Package Number HOBA

Dual-In-Line Package
L s

1
BALANCE —
2
INPUT — b v"
1 §
INPYT —§ — QUTPUT

vt

5
— BALANCE

00555507
Top View
Order Number LF411ACN, LF411CN
See NS Package Number NOSBE

© 2004 National Semiconductor Corporation DS005655

www.national.com
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LF411

Absolute Maximum Ratings (note 1)

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

LFat1A LFatt
Supply Voitage +22V =18V
Differential Input Voltage +38V +30V
Input Voitage Range
(Note 2) +19Vv +15V
Output Short Circuit
Duration Continuous Continuous
H Package N Package
Power Dissipation
{Notes 3, 10) 670 mW 670 mWw

DC Electrical Characteristics (Note 5)

T;max
0.A

§C

Operating Temp.
Range

Storage Temp.
Range

Lead Temp.
(Soldering,
10 sec.)

ESD Tolerance

H Package
150°C
162°C/W {Still Air)
65°C/W (400
LF/min
Air Flow)

20°C/W

(Note 4)

N Package
115°C
120°C/wW

(Note 4)

-65'C<T,<150°C ~65'C<T,5150°C

260°C

260°C

Rating to be determined.

Symbol Parameter Conditions LF311A LF411 Units
Min | Typ | Max| Min | Typ Max
Vos Input Offset Voltage Rg=10 k), T,=25"C 03 0.5 0.8 2.0 mv
AVoe/AT [Average TC of input Rg=10 kil (Note 6) 7 10 7 20 uVv/i'c
Offset Voltage {Note 6)
los Input Offset Current Vg=%x15V T=25C 25 100 25 100 pA
{Notes 5, 7} T=70"C 2 2 nA
T=125°C 25 25 nA
Is Input Bias Current Vg=%15V T=25°C 50 200 50 200 pA
{Notes 5, 7} T=70"C 4 4 nA
T=125'C 50 50 nA
Ry Input Resistance T=25C 10" 10'¢ Q
AvoL Large Signal Voltage Vg=%15V, V=110V, 50 200 25 200 VimV
Gain R =2k, T,=25C
Over Temperature 25 200 15 200 VimV
Vo Output Voltage Swing Vg=%15V, R =10k +13.5 +12 | #13.5 A
Vem Input Common-Mode +16 ] +19.5 +11 | +14.5 Vv
Voltage Range -16.5 -11.5 v
CMRAR Common-Mode Rg<10k 80 100 70 100 dB
Rejection Ratio
PSRR Supply Voltage (Note 8) 80 100 70 100 dB
Rejection Ratio
Is Supply Current 1.8 2.8 1.8 34 mA
AC Electrical Characteristic (ot 5)
Symbol Parameter Conditions LFat11A LFa11 Units
Min | Typ | Max ;| Min | Typ | Max
SR Slew Rale Vg=115V, To=25'C 10 15 8 15 Vips
GBW Gain-Bandwidth Product Vg=x15V, T,=25°C 3 4 2.7 4 MHz
e, Equivalent Input Noise Voltage ;l':" iazc Rg=100€2, 5 o5 v/
in Equivalent Input Noise Current To=25"C, {=1 kHz 0.01 0.0t —_—
pA/JHz

www.national.com




AC Electrical Characteristic (note 5) (Continued)

Symbol Parameter Conditions LF411A LF411 Units
Min | Typ { Max | Min | Typ | Max
THD Totat Harmonic Distortion A,=+10, R_=10k, <0.02 <0.02 %
V=20 Vp-p,
BW=20 Hz--20 kHz

Note 1: “Absolute Maximum Ratings™ indicate limits beyond which damage to the device may occur. Operating Ralings indicate conditions for which the device is
functional, but do not guarantee specific performance hmits.

Note 2: Unless otherwise specified the absolute maximum negative input voktage is equal to the negative power supply voltage.

Note 3: For operating at elevated temperature, these devices must be derated based on a thermal resistance of §;A.

Note 4: These devices are available in both the commercial temperature range 0°C<TA<70°C and the military temperature range -55C<Ta<125°C. The
temperature range is designated by the position just before the package type in the device number. A “C” indicates the commercial temperalure range and an "M”
indicates the military temperalture range. The military lemperature range is available in “H" package only.

Note 5: Unless otherwise specified, the specifications apply over the full temperature range and for Yg=+20V for the LF411A and tor Vg=+15V for the LF411. Vg,
lg. and lgg are measured at Vgy=0.

Note 6: The LF411A is 100% tested to this specification. The LF411 is sample tested to insure at least 30% of the units meet this specitication.

Note 7: The input bias currents are junction leakage currents which approximately double for every 10°C incsease in the junction temperature, T;. Due to limited
production test time, the input bias currents measured are correlated to junction temperature. In normal operation the junction temperalure rises above the ambient
temperature as a result of internal power dissipation, Pp. T=Ta+8;4 Pp where 8, is the thermai resistance from junction lo ambient. Use of a heal sink is
recommended if input bias current is to be kept to a minimum.

Note 8: Supply voltage rejection ratio is measured for both supply magnitudes increasing or decreasing simultaneously in accordance with commen practice, from
+15V to +5V for the LF411 and from 20V to x5V for the LF411A.

Note 9: RETS 411X tor LF411MH and LF411MJ military specifications.

Note 18: Max. Power Dissipation is defined by the package characteristics. Operating the part near the Max. Power Dissipation may cause the part 1o operate
oulside guaranteed limits.

Typical Performance Characteristics

Input Bias Current Input Bias Current
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LFa11

Typical Performance Characteristics (continued)

Supply Current
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Typical Performance Characteristics (coniinueq)

Output Voltage Swing
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LF411

OPEN LOOP VOLTAGE
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Typical Performance Characteristics (continueq)
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Simplified Schematic

Note 11: Available per JM38510/11904

Detailed Schematic

Vps
ADJUST

VEL O

“VEE

Voo O—

INTERNALLY
TRIMMED

INTERNALLY
TRIMMED

Vg O—

00565506

Vs
ADJUST

00565534

www.national.com

L4



LF411

Physical Dimensions inches {millimeters) unless otherwise noted
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National
Semiconductor

LM111/LM211/LM311

Voltage Comparator

1.0 General Description

The LM111, LM211 and LM311 are voltage comparators that
have input currents nearly a thousand times lower than
devices like the LM106 or LM710. They are also designed to
operate over a wider range of supply voltages: from standard
+15V op amp supplies down to the singie 5V supply used for
IC logic. Their output is compatibie with RTL, DTL and TTL
as well as MOS circuits. Further, they can drive lamps or
relays, switching voltages up to 50V at currents as high as
50 mA.

Both the inpuis and the outputs of the LM111, LM211 or the
LM311 can be isolated from system ground, and the output
can drive loads referred to ground, the positive supply or the
negative supply. Offset balancing and strobe capability are
provided and outputs can be wire OR’ed. Although siower
than the LM106 and LM710 {200 ns response time vs 40 ns)

January 2001

the devices are also much less prone to spurious oscilla-
tions, The LM111 has the same pin configuration as the
LM106 and LM710.

The LM211 is identical to the LM111, except that its perfor-
mance is specified over a -25°C to +85°C temperature range
instead of —-55°C to +125°C. The LM311 has a temperature
range of 0°C to +70°C.

2.0 Features

m Operates from single 5V suppiy

B input current: 150 nA max. over temperature
m Offset current: 20 nA max. over temperature
m Differential input voltage range: =30V

B Power consumption: 135 mW at £15V

3.0 Typical Applications (note 3)

Oftset Balancing

Az
L]

00576435

Increasing Input Stage Current (Note 1)

00570438
Note 1: Increases typical common mode slew from 7.0V/us to 18V/ius.

Strobing

00570437
Note: Do Not Ground Strobe Pin. Qutput is tumed oft when current is
pulled from Strobe Pin.

Detector for Magnetic Transducer

v'esov

MAENETIC
FICRUP

00570439

© 2004 National Semiconductor Corparation DS005704
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4.0 Absolute Maximum Ratings for LM111 -55'C to 125'C
the LM111/LM211 (Note 10) LM211 -25'C 10 85°C
If Military/Aerospace specitied devices are required, Lead Temperature (Soldering, 10 sec} 260°C
please contact the National Semiconductor Sales Otfice/ Voltage at Strobe Pin Vr.5V
Distributors tor availability and specifications. Soldering Information

Total Supply Voltage (V) a6V Dual-In-Line Package

Output to Negative Supply Voltage Soldering (10 seconds) 260°C
(V7a) 50v Small Outtine Package

Ground 1o Negalive Supply Voltage Vapor Phase (60 seconds) 215°C
(Via) 3ov Infrared (15 seconds) 220°C
Differential input Voltage *30V See AN-450 “Surface Mounting Methods and Their Effect
Input Voltage (Note 4) £15V on Product Reliability” for other methods of soldering

Output Short Circuit Duration 10 sec

Operating Temperaiure Range

Electrical Characteristics note ) for the LM111 and LM211

surface mount devices.
ESD Rating {Note 11} 300V

Parameter Conditions Min Typ Max Units

Input Offset Voltage (Note 7) Ta=25'C, Rg<50k 0.7 3.0 mV

Input Offset Current Ta=25"C 4.0 10 nA

Input Bias Current Ta=25C 60 100 nA

Volitage Gain TA=25C 40 200 Vimv

Response Time (Note 8) TA=25'C 200 ns

Saturation Voltage VinE=5 mV, lgyr=50 mA 0.75 15 Vv
To=25C

Strobe ON Current (Note 9) T,o=26"C 2.0 50 mA

Output Leakage Current Vin25 mV, V=35V 0.2 10 nA
Ta=25"C, lgrnose=3 MA

Input Offset Voltage (Note 7) Rg<50 k 4.0 mv

Input Offset Current (Note 7) 20 nA

Input Bias Current 150 nA

input Voltage Range V*=15V, V'=-15V, Pin 7 -14.5 13.8,-14.7 13.0 v
Pull-Up May Go To 5V

Saturation Voltage V+24.5V, V=0 0.23 0.4 '
Ving-6 mV, lour<8 mA

Output Leakage Current Vin25 mV, Vg,,1=35V 0.1 0.5 uA

Positive Supply Current TA=25C 5.1 6.0 mA

Negative Supply Current Ta=25C 4.1 5.0 mA

Note 4: This rating applies for +15 supplies. The positive input voltage limit is 30V above the negalive supply. The negative input voltage limit is equal to the
negative supply voltage or 30V below the positive supply, whichever is less.

Note 5: The maximum junction temperature of the LM111 is 150°C, while that of the LM211 is 110°C. For operating at elevated temperatures, devices in the H08
package must be derated based on a thermal resistance of 165°C/W, junction 1o ambient, or 20°G/W. junction to case. The thermal resistance of the dual-in-line
package is 110°C/W, junction to ambient.

Note 6: These specifications apply for Vg=+15V and Ground pin al ground. and -55'CsTx5+125°C, unless otherwise stated. With the LM211, however, all
temperature specifications are limited to —25°CsT 43+85°C. The offset voltage, offset current and bias current spegifications apply for any supply voltage from a single
5V supply up to £15V supplies.

Note 7: The offset voltages and offset currents given are the maximum values required to drive the output within a volt of either supply with a 1 mA load. Thus, these
parameters define an error band and take into account the worst-case ellects of voltage gain and Rg.

Note 8: The response lime specified {see definitions) is for 2 100 mV input step with 5 mV overdrive.

Note 9: This specification gives the range of current which must be drawn from the strobe pin to ensure the output is properly disabled. Do not short the strobe pin
to ground; it should be current driven at 3 to 5 mA.

Note 10: Refer to RETS111X for the LM111H, LM111J and LM111J-B military specifications.

Note 11: Human body model, 1.5 k&) in senes with 100 pF.

3 www.hational.com
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LM111/LM211/LM311

the LM311(note 12)

Total Supply Voitage (Vg,)
(V74)

(Via)

Difterential Input Voltage

Input Voitage (Note 13}

ESD Rating (Note 19}

Output to Negative Supply Voitage

Ground to Negative Supply Voltage

Power Dissipation {Note 14)

5.0 Absolute Maximum Ratings for

i Military/Aerospace specified devices are reqguired,
please contact the National Semiconductor Sales Office/
Distributors tor availability and specifications.

36V

40V

30V
+30V
+15V
500 mW
300V

Output Short Circuit Duration 10 sec
Operating Temperature Range 0"to 70°C
Storage Temperature Range -65'C to 150°C
Lead Temperature (soldering, 10 sec) 260°C
Voltage at Strobe Pin V-5V
Soldering Information
Dual-In-Line Package
Soldering (10 seconds) 260°C
Small Outline Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering
surface mount devices.

Electrical Characteristics (note 15 for the LM311

Parameter Conditions Min Typ Max Units
Input Offset Voltage (Note 16} TA=25"C, Rgs50k 2.0 7.5 mV
Input Offset Current{Note 16) T,=25"C 6.0 50 nA
input Bias Current Ta=25"C 100 250 nA
Voltage Gain TA=25'C 40 200 VimV
Response Time (Note 17) Ta=25C 200 ns
Saturation Voltage VinE-10 mV, i =50 mA 0.75 1.5 Vv
TA=25'C
Strobe ON Current {(Note 18) Ta=25"C 2.0 5.0 mA
Output Leakage Current V210 mV, Vg =35V
Ta=25"C, lgrrose=3 MA 02 50 nA
V- =Pin1=-5V
Input Offset Voltage (Note 16) Rg<50K 10 mV
Input Oftset Current (Note 16) 70 nA
Input Bias Current 300 nA
Input Voltage Range -14.5 13.8,-14.7 13.0 v
Saturation Voitage V=45V, V=0 0.23 0.4 Vv
VinS—10 mV, lg,71<8 mA
Positive Supply Current TA=25"C 51 7.5 mA
Negative Supply Current Ta=25°C 4.1 5.0 mA

Note 12: “Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance fimits.”

Note 13: This raling applies for £15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voitage limit is equal to the
negative supply voltage or 30V below the positive supply, whichever is less.

Note 14: The maximum junction temperature of the LM311 is 110°C. For operating at elevated temperature, devices in the HO8 package must be derated based
on a thermal resistance of 165'C/W, junction to ambient, or 20°C/W, junction to case. The thermal resistance of the dual-indine package is 100'CAW, junction to
ambient.

Note 15: These specifications apply for Vg=+15V and Pin 1 at ground, and 0°C < T, < +70°C, unless otherwise specified. The offset voltage, offset current and
bias current specifications apply for any supply voltage from a single 5V supply up to 15V supplies.

Note 16: The ofiset voltages and offset currents given are the maximum values required to drive the output within a volt of either suppty with 1 mAload. Thus, these
parameters delfine an error band and take into accoun! the worst-case effects of voitage gain and Rg.

Note 17: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive.

Note 18: This specification gives the range of current which must be drawn from the strobe pin to ensure the output is properly disabled. Do not short the strobe
pin to ground: it should be current driven at 3 to 5 mA.

Note 19: Human body model, 1.5 k&2 in series with 100 pF.
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LM111/LM211/LM311

7.0 LM311 Typical Performance Characteristics (continueq)
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7.0 LM311 Typical Performance Characteristics (continueq)
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11.0 Connection Diagrams

Metai Can Package

00570406
Note: Pin 4 connected to case

Top View
Order Number LM111H, LM111H/883(Note 21) , LM211H or LM311H
See NS Package Number HOBC

Dual-In-Line Package Dual-in-Line Package

NC 1 — U e 14
GROUND 1 ——i p—1av*
GND 7 —f e 13
INPUT 2 —— p— 7 OUTPUT INPUT 2 > e 12
INPUT 3 meeed p— 6 BALANCE/ NPT A - b 11
STROSE
NC 5 — b— to
V4 — f— 5 BALANCE
v i — . §
BALANCE 7 ==t b— 1
06570334
Top View

Order Number LM111J-8, LM111J-8/883(Note 21),
LM311M, LM311MX or LM311N
See NS Package Number JOSA, MOBA or NOSE

Top View

GND l—‘_""'l_ [ ] m:I Ve
INPUT+ :2 _9___I QUTPUT
INPUT- :i LM111W ::l NC
Ne —— ) BALANCE STROBE
V- l_;._s E:I BALANCE

00570433
Order Number LM111W/883(Note 21), LM111WG/883
See NS Package Number W10A, WG10A

Note 21: Also available per JM38510/10304

Order Number LM111J/883{Note 21)
See NS Package Number J14A or N14A

L4
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v

L

ouTMIT

BALANCE/
STROBE
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19

www.national.com

HEEWTVHIZWT/LEENA



12.0 Physical Dimensions

inches (millimeters} unless ctherwise noted {Continued) -
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14,300 -5.004)
| 1 3 T 1 5
02780240
l.’v ™™ —§.150)
2010 gy
l f 0.7%)
LEAD NO. 1 7_i
IDENT ;:P T
0.150 - 0.157
(3.810 —3.988)}
D.010-0.020 5o ~— ;:ﬁ:‘:;g,
(-259-0.508) | 8 NAX TYP 0.004-0.010
ALL LEADS {o—m Zom)
oo A * f *
10.102) o014
0000010 Y s 0015 —0.080 e oee | n 014 - 0.020 ryp
N e T l0.e06—1.27) 11.270) um lll:lsﬁ 1.508)
TYP ALL LEADS L1 = m -
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LM111/LM211/LM311

OPTION 2

NGBE (REY F}

12.0 Phy5ica' Dimensions inches (milimeters) unless otherwise noted (Continued)
0.973—0.600
(8.474-10.16)
0.090
- 2.286)
nosz Bl [6] 05 3 0.032+4.005
{e.331) ™~ | R, { 0.81310.127)
N WO, 1 DENT \©- N 0.250 +0.605 PAD
' (6.3510.127) PIN NO. 1 IDENT
oPTiON1 [® e
L) 2] [8) 4
] ﬁ%%um 0.030 LI RN
: ——=—-max (1.616) 0,638 0,145 0,200
g 33000320 -T82) 0.145-0.200
{7.62-8.128) (3.683-5.080)
F{ * }  o1m:tpoes L
] (3.3 t0127) J, !
5 A D.125-0.180 T
- (3.175 ~ 3.556) o028
0.009-0.015 -~ 10.508)
{0.220-0.381) win
0.540 oM L018+9.003
0325 * {0.457£0.075)
1,008 ] , 0:100:0.018
(pzsst 500) 2.540 £ 0.254)
0.045 +0.015
30, \
(az0.3m) o 0080
0.050 (1528
™
Dual-In-Line Package (N}
Order Number LM311N
NS Package Number NOBE
0.080 oy 1w +0.270 MAX-
0.055 0.050 £ 0.005 —-1 [* —»{ [« 0.005 MIN TYP
0.035 o el TYp b
0.026 10 s
TP t
0.370
0.250
0.270 MAX 0.260 -
GLASS 0.238
1 0.012
T T 0.008
__/)' DETAIL A
DETAIL A 0.370 —_—
0.250
PIN #1 l v
IDENT a Wi0A (REV E
0.006 ]I« ! Vi3
0.004 J
Typ 0.019 0 o |, 0.045 MAX
0.015 Trp

Order Number LM111W/883, LM111WG/883
NS Package Number W10A, WG10A
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