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ABS T

The magnetic field induced heating to iron is a advantageous and necessary
method in industry. The principle of this method is the changing of the magnetic field
compared to time will induce the voltage inside the iron and then the current flows
building heat inside the iron wish takes only a little time and able to control its position.
The objective of the Inductive Heater by Self-Oscillated Inverter if to increase the iron
temperature to make formation using Gate Turﬂ Off (GTO) as switching device at
average frequency since it had the suitable power rating an short turn off time. To stop
the current or natural commutation by decreasing the current from the behavior of
frequency load in switching time making signal oscillation at load side. The frequency
changed when load temperature changed by detecting the current at load side to control
the switching frequency. This project present the design of the inductor parts and also its
checking before using to make sure the capability as designed.
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Lo
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o A a 4
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1
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wp = 2y = (3.5)




14

iae

dufiuaudnudnuuy ( Z,)

L
2y = |- 3.6
0 c (3.6)

r

a A ; a ' o o
1“ﬂ17“%13m1§ﬂﬂﬁu Do Hag IL ﬂg‘WﬂTsm'ﬂUﬂ‘lﬂ‘IUQ‘iu

Vbse = Vd ( 37 )
153 )4
v
I L 18 3.8
base X ( )

3.12.0 AnudgudnEugYee903s leuuuieynsy
o o 4 & g a
Iumimmmnﬂmaymz%mwmTmmummuauﬂmmmmﬂa'lﬂmgﬂw
34(n)

(n)



15

0° —» 0

_90c L |

(a)
a P2 o 4
z‘ﬂ‘ﬂ 34 !.Lﬂﬂ»iﬂ')”llmﬂiuﬁﬂ‘ﬂﬂwilEN'N‘B‘SﬁI%Lmu'ﬂlmﬂﬂl{ﬂﬁn
a ' a A o o o o
mmmﬂmmuﬂ (W, ) HAZDUNLAUHUANBMUS ( Zo) %&’Qﬂﬂ?ﬂuﬂﬁ"wﬁuﬂﬁﬂ 35

S T b4 (& o (A
LAz NS 3.6 LY %xumsuﬁmmmmmummaﬂuaﬂlussvmﬂmmuﬂmnzuﬂsmm

[ 2 . a H 3 2 o
Snotanilsana aoaaunawmed ( Quality factor : Q) Fezgndmuniiv

_ wDLr _ 1 ZD (3.9)

Q= R o,C.R R

1 A { o P v
31 3.4() ‘nzzLﬁmmmmmaauﬂuﬂm?ﬂmma%sﬁsﬂuﬂewvaammnu,azm
Adv I’ a ) 9/ é 11 a A o
fAI00A R GIELY Iﬂawmwmmmmumuﬁ FIVTNUIIADUNUAULYDINDT 'usﬁ‘]u
ﬁ ﬁ o Y A I ¢ = Ad ﬂ
ANUATUMUR) & 2ATUNYDITSULMINUANUNL FUUUN LAE WUNARD VT UBING ALY

] 1 Ad d ' - oSt A: '3
amammmmmnmﬂnsuu.ﬂm'lﬂmnmmmﬂL‘i'[cmuuwwmﬂaamuﬂﬂmmqaq



16

317t 3.4(9) Mzﬁﬂmm.ﬂmmﬂsmﬂ () Tﬂuﬂﬂmauwmnswuﬁanﬁuuwm
psasu TaoniS oufioufuaamid ez wmms“umi‘immvmﬁmﬂmmmwﬂummwmmn
s Tosuuunt m&wziwﬁnﬁuﬂu«ﬁﬂmﬁ'zaﬁuﬂizqﬁthammummummmmumm Az
4 s a ' da PR '3 o A o At v
auavesszunfinnudganinan s laun ABufuauFvesduriienies uMFINNA

L4
yoedafulszy & hunssuaadmdaseiudaoyu(0) unsddm- 90°

3122 sunedmesuuys Tauuuioynsu
Bunesd maiu‘um‘sImmu‘nauﬂwmuﬁm'l%”lugﬂm 5(n) 11993 sewuiuniien

‘u']klﬁ“‘ﬁ’)Lﬂ‘UﬂS“"i]1)2’/QﬂﬁﬂﬂQﬂﬁﬂ’]'lﬂﬁ'ﬁ&‘ﬂ'\ﬂlﬂﬁﬂiﬂ’)ﬂ‘l)i AIUIITUS mﬁ’mm ‘i)"ﬁ%,"lﬂ
mwugﬂﬂauﬁmmu(Square wave) 88 nmuazmmummuﬁ“mmnﬂsxqmmamm“qn

Lﬁﬂﬂﬁ”lﬂlﬁ au‘l‘u‘nmmm Lﬂ«mmummﬂumma ‘\lﬂ\iﬂﬁ’d‘ﬂ’ﬂ”m‘ﬁ

'
x
<i +

1

(v)



‘‘‘‘‘ e O

L. a4 e - "
Sa s ot - P = — S |
J14OUBTNANATY WITIOUMANNIBRTTD

e, B

17

Normmalized frequency response
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pc =1.72%107° Q-m.
pyp =0.16%¥10° Q-m
pro =1.025%107° Q-m
praop =1.22%¥107° Q-m
Grrep = 5000000 JK'm”
Griao0 = 5100000 JK'm”
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7, =1200°C

f =1kHz

Ve =3 Vs
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2pm
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2%1.12%10°°
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52
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VRsw lrRms (Maximum values $or continuous operation) F?St Recovery Rectifier
VRRM 1Z0A Diodes
£Av (Sin. 183 T.3,.=33 °C :
PR, T T g ) | SKNEGOF  SKR60F
tr = 700 ns ~
-x- v ! ‘ 3
v 2 N : .
1200 SKN 60 F 12 SKR 60 F 12 ﬁfﬁ
1400 SKN 60 F 14 SKR 60 F 14 i
1500 SKN 60 F 15 SKR60F 15
Symbol | Conditions i SKNG60F . Units !
| SKREOF | g
AV sin. 180; Tcasz =100 °C; f = 100G Hz ¢ 60 : A Features
sin.180/rec.120; | Tamp = 45 ‘C: K:E 15/ 14,5 i A « Small r=zovered charge
- ‘<:’ 25/21 I A * Soft recavery
K1.i 38/36,5 A « Upto 1330 V reversz voltage
. ; — e Hermetc metal caszs with
iesu [Te= 25°C; 10 ms 1400 A glass inzuiators
Ty=150°C; 10 ms 1200 A ¢ Threadz3 studs ISO M6 and M8
2 . .y a 2 ¢ SKN: anode to stud
1 Tj= 25°C;8,3...10ms 9800 AZS SKR™e=siiods thstud
Ty=150°C; 8,3 ... 10 ms 7200 A‘s
Typical Applications
G \ v'd= = CC;AIF — b 7S5 uc ¢ Inverse diodes for power
B [ -2E_ 1002 V=30 v 70 A transistors, GTO thyristors,
dt us asymmeric thyristors
15 Ti= 25°C; VR = VRaun 0.4 mA e SMPS, iverters, choppers
- . e A.C. matar control.
Ty =150 °C; Va = Varw 60 mA uninterreptible power supplies
8= 25°08 D118y max. 0,7 s (UPS)
Ta= 15067 N 1A typ. 1.4 - us
Ve Tv= 25°C;lr=150 A max. 1,75 Y
Vitg) T4y=150°C 1,0 Vv
T Ty=150°C 4 mQ
R 0.5 CW
Rocn 025 CW
ol -40...+150 °C
I . N -
b 158 2 g -
Ds ] 55...+150 C .
M Sl units 2.5 Nm
i US units 22 b.in.
o 5-9,81 m/s?
in
~__| - 20 g
Cese | ' E10
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Fig.3a Rated rectangular peak forward current
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Fig. 1 b Rated sinusoidal peak forward current
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NES555 Timer/Oscillator

Data sheet

Similar to: LM535-SES35C-MCl 455P1-NTE9S5M-

ECG955M

by Tony van Room, CET

| oupwt The NES555 silicon monolithic timing circuit is a

13
highly stable controller capable of producing

accurate time delays, or oscillation. In the time delay
mode of operation, the time is precisely controlled by
one external resistor and capacitor. For a stable operation as an oscillator, the free
running frequency and the duty cycle are both accurately controlled with two external
resistors and one capacitor. The circuit may be triggered and reset on falling

waveforms, and the output structure can source or sink up to 200 mA.

Features:

@ Tum off time less than 2 micro seconds.

® Maximum operating frequency greater than 500K Hz.

® Timing from microseconds to hours.

@ Operates in both astable and monostable modes. ..
® High output current.

® Adjustable duty-cycle.

® TTL compatible.

@ Temperature stability of 0.005% per °C.

@ Rise and Fall times of output is 100nS typical.

@ The MC1455 (cmos) has a normally "on" or normally "off".
® The MC1455 (cmos) output can also drive MTTL circuits.

@ The MC1455 (cmos) is direct pin-compatible with the NE555 timers.




Some Applications:

Ground ¥ec ® Precision Timing.
Trigoer Discharge @ Pulse generation.
@ Sequential timing.
Output Threshold q S
Reset Control @ Timedelay generation.
¥oltage

@® Pulse width modulation.

® Pulse position modulation.

® Missing Pulse Detector (used in Crashed Aircraft

Locator article).

Absolute Maximum Ratings:
@ Supply voltage for SE555 +18 volt. For NE555 & SE555C +16 volt.
@ Discharge current (pin 7) is 200mA.

® Power dissipation 600 milliWatts. For the MC1455 is that 680mW.

® Operating temperature range for NE555 0 to-70°C, for SE555 & SE555C -55to
125°€)
@ Storage temperature range from -65 to 150°C.

® 1 ead temperature (soldering, up to 60 sec) 300°C.

Suffix's:

® The 'G' suffix (e.i. xx555G) stands for Metal package (can), case 601-04.

@ The 'P1' suffix stands for Plastic package (the most common), case 626-05.

@ The 'U' suffix stands for Ceramic package (mostly used in the Industry), case 693-
02.

@ The 'L’ suffix stands for Ceramic package (mostly used in the Industry), case 632-
08.

@ The 'D' suffix stands for Surface Mount, Plastic package, case 751-02 or SO-8.

® The 'D, N, or FE' suffix can be found for the 8-pin dip packages.



® The 'F suffix is the 14 pin version of the 8-pin dip. Pins 2,5,7,9,11, and 13 are not

connected.

Notes:

@ Supply current when output high typically 1mA or less.

@ Tested at Vec=5V and Vee=15V.

® This will determine the maximum value of Ra+Rb, for 15V operation, the max
total

R = 10 megohm, and for 5V operation, the max total of R = 3.4 megohm.

® Specified with trigger input high.

@ Time measured from a positive going input pulse from 0t0 0.8 x Ve into the
threshold

to the drop from high to low of the output. Trigger is tied to treshold.

555 Schematic “nes (c) Tony van Roon

QOutput
—& 3

0¥ Gn Qi
Trigger | [T
28— 310 o1 )

Reset

7
Discharge

1
Gnd.
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BD439/BD440
BD441/BD442

COMPLEMENTARY SILICON POWER TRANSISTORS

= STMicroelectronics PREFERRED
SALESTYPES
« COMPLEMENTARY PNP - NPN DEVICES

DESCRIPTION

The BD439 and BD441 are silicon epitaxial-base
NPN power transistors in Jedec SOT-32 plastic
package, intented for use in power linear and
switching applications.

The complementary PNP types are BD440, and
BD442 respectively.

SOT-32

INTERNAL SCHEMATIC DIAGRAM

Co (2) Co(2)
(1) (1)
B B
EO(3) EO(3)
SC06960 SC08810
ABSOLUTE MAXIMUM RATINGS =
Symbol Parameter Value Unit
NPN BD439 BD441
PNP BD440 BD442
Veso | Collector-Base Voltage (lg = 0) 60 80 v
Veces | Collector-Emitter Voltage (Vse = 0) 60 80 \Y
Veeo | Collector-Emitter Voltage (s = 0) 60 80 \'%
Veso |Emitter-Base Voltage (Ic = 0) 5 \Y
lc Collector Current 4 A
lcm Collector Peak Current (t < 10 ms) 7 A
Ig Base Current 1 A
Pt |Total Dissipation at T¢ €25 °C 36 w
Tstg |Storage Temperature -65 to 150 °C
Tj Max. Operating Junction Temperature 150 °C J

For PNP types voltage and current values are negative.

December 2000

1/4




BD439/BD440/BD441/BD442

THERMAL DATA
Rthj-case | Thermal Resistance Junction-case Max 3.5 °CIW
Renj-amb | Thermal Resistance Junction-ambient Max 100 °cIw

ELECTRICAL CHARACTERISTICS (Tcase =25 °C unless otherwise specified)

Symbol Parameter Test Conditions

lceo Collector Cut-off for BD439/440 Vce =60V
Current (le = 0) for BD441/442 Veg =80V

Ices Collector Cut-off for BD439/440 Vcg = 60V
Current (Vee = 0) for BD441/442 Veg = 80V

ol lIEVWEBE = S e |
leso Emitter Cut-off Current
(Ic =0)
Vceosus)* | Collector-Emitter
Sustaining Voltage
(le =0)

VcE(sat)* Collector-Emitter 1|c =0=A.

Saturation Voltage ‘
VBe* Base-Emitter Voltage

Ic = 100 mA for DB439/440
for BD441/442

lc =10 mA Vce=5V
for BD439/440
for BD441/442

llc = 500 mA Vee =1V

l for BD439/440
for BD441/442

lc=2A Vce=1V

for BD439/440 25

for BD441/442 15
heet/heez* |Matched Pair lc=500mA Vce=1V
Transition frequency Ic = 250 mA Vece=1V 3 (

* Pulsed: Pulse duration = 300 ms, duty cycle 1.5 %

DC Current Gain

hre*

2/4 <72



BD439/BD440/BD441/BD442

E SOT-32 (TO-126) MECHANICAL DATA
DIM mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 7.4 7.8 0.291 T oswr J
B 105 108 0.413 0.445
b 0.7 0.9 o,om 0.035
b1 0.49 0.75 0.01T 0.030
c 2.4 L 2.7 0.040 0.106
c 1.0 1.3 0.039 N _l 0050 |
D 15.4 16.0 0.606 0.629 J
e 22 0.087
e3 4.15 4.65 0.163 0.183
F 3.8 0.150
G 3 3.2 0.118 0.126
\' H 2.54 0.100
o~ A
/1
[?57 o /[/(N ‘e
Y s s
| P
T | I
==
c1 a
UL |1
oL
b bl
. &
| 0016114 J

3/4




BD439/BD440/BD441/BD442

Information fumished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the consequences
of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this publication are
subject tochange without notice. This publication supersedes and replaces all information previously supplied. STMicroelectronics products

are not authorized for use as critical components in life support devices or systems without express written approval of STMicroelectronics.
The ST logo is a trademark of STMicroelectronics

© 2000 STMicroelectronics — Printed in ltaly — All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - China - Finland - France - Germany - Hong Kong - India - Italy - Japan - Malaysia - Malta - Morocco -
Singapore - Spain - Sweden - Switzerland - United Kingdom -U.S.A.

http:/iwww.st.com
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&National Semiconductor

LM741 Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-  output, no latch-up when the common mode range is ex-
ers which feature improved performance over industry stan-  ceeded, as well as freedom from oscillations.

dards like the LM709. They are direct, plug-in replacements  The LM741C/LM741E are identical to the LM741/LM741A
for the 709C, LM201, MC1439 and 748 in most applications.  except that the LM741C/LM741E have their performance
The amplifiers offer many features which make their appli-  guaranteed over a 0°C to +70°C temperature range, in-
cation nearly foolproof: overload protection on the input and stead of —55°C to +125°C.

Schematic Diagram

8 Q9 Q12
{
3 2 INVERTING L
NON~=INVERTING
Ql Q2 < RS
INPUT INPUT :: 39K WA
R7
N 45K
e [ 30pF| 8
}\\ Q4 75K
Qs Q10
Qs att Q22
OFFSET NULL— 5_OFFSET
NULL L
RIS RS SR2 R4 SRi2 S
1K 50K S1K 5K i: Ko ii '3
| A | &/

TUL/H/9341-1

Offset Nulling Circuit
W OUTPUT
v_

TL/H/9341-7



Absolute Maximum Ratings o
If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
- Distributors for availability and specifications. . :

(Note 5) ;

LM741A LM741E LM741- LM741C
Supply Voltage +22V +22V +22V +18V
Power Dissipation (Note 1) 500 mW 500 mW 500 mW 500 mW
Differential Input Voltage +30V +30V +30V +30V
Input Voltage (Note 2) +15V +15V +15V +15V
Output Short Circuit Duration Continuous Continuous Continuous Continuous

Operating Temperature Range —55°Cto +125°C

0°Cto +70°C

—55°C to +125°C

0°Cto +70°C

Storage Temperature Range —65°Cto +150°C —65°Cto +150°C —65°C to +150°C —65°Cto +150°C
Junction Temperature 150°C 100°C 150°C 100°C
Soldering Information
N-Package (10 seconds) 260°C 260°C 260°C 260°C
J- or H-Package (10 seconds) 300°C 300°C 300°C 300°C
M-Package
Vapor Phase (60 seconds) 215°C 215°C 215°C 215°C
Infrared (15 seconds) 245°C, 215°€C 215°C 215°C
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering
surface mount devices.
ESD Tolerance (Note 6) 400V 400V 400V 400V
Electrical Characteristics (ote3)
pPararieter Scndifions LM741A/LM741E LM741 LM741C Units
Min | Typ | Max | Min | Typ Max | Min | Typ | Max
Input Offset Voltage Ta = 25°C
Rs < 10kQ 1.0 6.0 2.0 6.0 mV
Rs < 500 0.8 3.0 mV
TaMiN < TA < TAMAX
Rg < 500 4.0 Y
Rs < 10kQ 6.0 7.5 mV
Average Input Offset o
Voltage Drift = w°G
lngut Offset Voltage Tp = 25°C, Vg = 20V 410 +15 +15 mv
Adjustmeant Range
Input Offset Current Ta = 25°C 3.0 30 20 | 200 20 | 200 nA
TamiN < Ta < TamAX 70 85 | 500 300 nA
Average Input Offset o
Current Drift 9.5 nAS*C
Input Bias Current Ta = 25°C 30 80 80 | 500 . |- 80 |500 nA
TamiN < Ta < Tamax 0.210 1.5 0.8 pA
Input Resistance Tp = 25°C, Vg = 20V 1.0 | 6.0 03 | 20 03 | 20 MQ
TaMmIN < TA < TAMAX
Vg = +20V 05 -
Input Voltage Range Ta = 25°C +12 | +£13 \
Tamin < Ta < Tamax +12 | =13 \
Large Signal Voltage Gain Ta = 25°C,RL 2 2kQ i
Vg = +£20V,Vo = +15V | 50 V/imV
Vg = :16V,Vo = % 10V 50 200 20 200 V/mV
TaMmIN < Ta < Tamax:
RL = 2kQ,
Vg = £20V,Vo = 15V 32 V/mV
Vg = £15V,Vo = £10V 25 15 V/mV
Vg = +5V,Vg = 2V 10 V/mV




Electrical Characteristics (Note 3) (Continued)

LM741 LM74
Parameter Conditions LM741A/LMTHE M L Units
Min | Typ | Max | Min | Typ Max | Min | Typ | Max
Output Voltage Swing Vg = 20V
RL 2 10k +16 \Y,
RL 2 2kQ +15 \
Vg = 15V
RL 2 10kQ +12 | 14 +12 +14 Y,
RL 2 2kQ +10 | £13 +10 | +£13 Y,
Output Short Circuit Ta = 25°C 10 25 35 25 25 mA
Current TaMIN < TA < TAMAX 10 40 mA
Common-Mode Tamin < Ta < Tamax
Rejection Ratio Rg < 10kQ,Vom = 1 2v 70 90 70 90 dB
Rs < 50Q,Vem = +12v 80 95 dB
Supply Voltage Rejection | TamIN < Ta < TAMAX:
Ratio Vg = £20VtoVg = + 5V
Rg < 50Q 86 96 dB
Rg < 10kQ 77 96 77 96 dB
Transient Response T = 25°C, Unity Gain
Rise Time 0.25| 0.8 0.3 0.3 s
Overshoot 6.0 20 5 5 %
Bandwidth (Note 4) Ta = 25°C 0.437 | 1.5 MHz
Slew Rate Ta = 25°C, Unity Gain 0.3 0.7 0.5 0.5 V/ps
Supply Current Ta = 25°C 1.7 | 28 1.7 | 28 mA
Power Consumption Ta = 25°C
Vg = £20V 80 150 mW
Vg = £15V 50 85 50 85 mW
LM741A Vg = 20V
Ta = TAMIN 165 mwW
Ta = TAMAX 135 mwW
LM741E Vg = £20V
Ta = TAMIN 150 mW
Ta = TamMAX 150 W
LM741 Vg = £15V
Ta = TAMIN 60 | 100 mW
Ta = TAMAX 45 75 mW
Note 1: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and Tj max. (listed under “Absolute Maximum
Ratings”). T) = Ta + (6ja PD). 3
Thermal Resistance Cerdip (J) DIP (N) HO8 (H) S0-8 (M) B
6ja (Junction to Ambient) 100°C/W 100°C/W 170°C/W 195°C/W
8ic (Junction to Case) N/A N/A 25°C/W N/A
Note 2: For supply voltages less than +15V, the absolute maximum input voltage is equal to the supply voltage.

Note 3: Unless otherwise specified, these spacifications apply for Vg = %18V,

specifications are fimited to 0°C < Ta < +70°C.
Note 4: Calculated value from: BW (MHz) = 0.35/Rise Time(ps).

Note §: For military specifications

Note 6: Human body model, 1.5 kQ in series with 100 pF.

see RETS741X for LM741 and RETS741AX for LM741A.

—65°C < Tp < +125°C (LM741 /LMT741A). For the LM

741C/LMT741E, these



connection Diagrams

Metal Can Package

NC

oFFseT NULL(T

INVERTING INPUT

@) } (6) OUTPUT
NON=INVERTING INPUT orrsn NULL
O,
-

TL/H/9341-2

Order Number LM741H, LM741H/883°,
LM741AH/883 or LM741CH
See NS Package Number HO8C

Dual-In-Line or S.0. Package

/
OFFSET NULL—{ 1 84—NC
INVERTING INPUT—{ 2 7V
NON-INVERTING—{ 3 6 }—outpuT
INPUT
v—4 5 |—OFFSET NULL

TL/H/9341-3
Order Number LM741J, LM741J/883,
LM741CM, LM741CN or LM741EN
See NS Package Number JOSA, MOSA or NOSE

*LM741H is available per JM38510/10101

Ceramic Dual-In-Line Package

u .
ne—{1 14—
ne— 2 13}-Nc
+OFFSET NULL—{ 3 12}—Nc
-IN—{ 4 11f=v+
+N—{5 10}—out
v-—6 9 }— - oFFSET NULL
N—7 8f—nc
TL/H/9341-5

Order Number LM741J-14/883°, LM741AJ-14/883"*
See NS Package Number J14A

also available per JM38510/10101
**also available per JM38510/10102

Ceramic Flatpak

1
NC L]

2

+OFFSET NULL -
~INPUT l::r

+INPUT [:_':5

(o=

b NC
—1NC

—

— 1 OUTPUT
-OFFSET NULL

| |

LM741W

o] |~

TL/H/9341-6

Order Number LM741W/883
See NS Package Number W10A



NNational Semiconductor
LM111/LM211/LM311 Voltage Comparator

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 operaté over a wider range of supply voltages: from stan-
dard 15V op amp supplies down to the single 5V supply
used for IC logic. Their output is compatible 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 inputs 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 pasitive supply or the
negative supply. Offset balancing and strobe capability are
provided and outputs can be wire OR’ed. Although slower
than the LM106 and LM710 (200 ns response time vs

40 ns) the devices are also much less prone to spurious
oscillations. The LM111 has the same pin configuration as
the LM106 and LM710.

The LM211 is identical to the LM111, except that its per-
formance is specified over a —25°C to +85°C temperature
range instead of —55°Cto +1 25°C. The LM311 has a tem-
perature range of 0°C to +70°C.

Features

u Operates from single 5V supply

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

m Power consumption: 135 mW at +15V

Typical Applications™*

Offset Balam':zing

Detector for Magnetic Transducer

o —@— V' 52V

MAGNETIC
PCKUP

Relay Driver with Strobe
v

*Absorhs inductive
kickback of relay and
protects IC from
severe voltage
transients on
Vv++ line.

TTL
STROBE

Note: Do Not Ground Strobe Pin.

Strobing

1% Ground

+*Note: Pin connections shown on schematic di-
agram and typical applications are for
HO8 metal can package.

Increasing Input Stage Current*
v

T
SIROBE

Note: Do Not
Strobe
Pin. Output is

turned off when *Increases typical common

curent is pulled

mode slew from 7.0V/ps

from Strobe Pin. to 18V/ps.
" Digital Transmission Isolator
-84V
MCD1 VsV
N RS
' WS "
2 19
+ J
)
100 i
FROM A3 Ll outeut
b 1.0 N d
GATE AN NWN—@ =i
4
< :11 qL M
S eeE —[— ;: 1
1 1

||l>-1

Strobln'g off Both Input® and Output Stages

FROM D/A NETWORK

*Typical input current is 1%
50 pA with inputs strobed off.

Note: Do Not Ground Strobe Pin.
TL/H/5704-1



Absolute Maximum Ratings forthe LM111/LM21

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallabllity and specifications.
(Note 7) )

Total Supply Voltage (Va4) 36V
Output to Negative Supply Voltage (V74) 50V
Ground to Negative Supply Voltage V14) 30V
Differential Input Voltage +30V
Input Voltage (Note 1) +15V

1

Lead Temperature (Soldering, 10 sec) 260°C
Voltage at Strobe Pin v+ -5V
Soldering Information
Dual-In-Line Package
Soldering (10 S6CONAS) «. v vvnnnnrnioeeeneees '.260°C
Small Outline Package
Vapor Phase (60 SECONAS) + o vvrrverernonecenes 215°C
Infrared (15 S8CONAS) .uereecrrarmranees 220°C

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

Output Short Circuit Duration 10sec face mount devices.
Operating Temperature Range LM11 1 —55°Ct0125°C ESD Rating (Note 8) 300V
LM211 —25°Cto 85°C
tectrical Characteristics for the LM111and LM211 (Note 3)
Parameter Conditions Min Typ Max Units
Input Offset Voltage (Note 4) Tp=25°C, Rs<50K 0.7 3.0 mV
Input Offset Current Ta=25°C 4.0 10 nA
Input Bias Current Ta=25°C 60 100 nA
Voltage Gain Tp=25°C 40 200 v/mV
Response Time (Note 5) Ta=25°C 200 ns
Saturation Voltage ¥:¢ :2—; :’)CmV, louT=50 mA 075 15 v
Strobe ON Current (Note 6) Ta=25°C 2.0 5.0 mA
Output Leakage Current ViN=5mV, VouTr= 35V 02 10 -
Ta=25°C, ISTROBE= 3 mA
Input Offset Voltage (Note 4) Rg<50k 4.0 mV
Input Offset Current (Note 4) 20 nA
Input Bias Current 150 nA
g\ TN [
Input Voltage Range \;u“-u‘; 5'\\;,3;/(30 To155\>/, Pin7 e 138147 13.0 v
; + -=

Saturation Voltage ://IN-z/‘tEéV';q\\//' i Ui o 0.23 0.4 v
Output Leakage Current ViN=5 mVY, VouT= 35V 0.1 0.5 pA
Positive Supply Current Ta=25°C 5.1 6.0 mA
Negative Supply Current Ta=25°C 41 5.0 mA

Note 1: This rating applies for £15 supplies. The positive input vottage limit is 30V above the negative supply. The negative input voh:géAllmi't is equal to the
negative suppty vottage or 30V below the positive supply, whichever is less. = =

Note 2: The maxii Junction temperatt ofmeLM111|s150‘C.MilethatofmeLM211is110‘C.Foroperaﬁnqa( d temp s, devices in the H08
package must be derated Lased on a thermal resistance of 165°C/W, junction to ambient, or 20°C/W, junction to case. The thermal resistance of the dual-n-line
package is 110°C/W, junction to ambient.

Note 3: These specifications apply for Vs= 415V and Ground pin at ground, and —66°C<Ta< + 125°C, unless otherwise stated. With the LM211, however, all
temperature specifications are fimited to —25°C<Tpo< +85°C. The offset voltage, offset current and bias current specifications apply for any supply voltage from &
single 5V supply up to +15V supplies.

Note 4: The Hffset voitages and offset currents given are the maximum values required to drive the output within & volt of either supply with a 1 mA load. Thus,
these parameters define an error band and take into account the worst-case effects of voltage gain and Rs.

Note 5: The response time specified (see definitions) is for 8 100 mV input step with 5 mV overdrive.

Note 6: 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 G to 5 mA.

Note 7: Refer to RETS111X for the LM111H, LM111J and LM111J-8 military specifications.
Note 8: Human body model, 1.5 kQ in series with 100 pF.




\bsolute Maximum Ratings forthe LM311

Output Short Gircuit Duration 10 sec

{t Military/Aerospace specified devices are required,

please contact the National Semiconductor Sales Operating Temperature Range 0° to 70°C
Office/Distributors for avallablity and specifications. Storage Temperature Range —65°Ct0 150°C
Total Supply Voltage (Vea) o ey Lead Temperature (soldering, 10 sec) 260°C
Output to Negative Supply Voltage V74) 40V Voltage at Strobe Pin . v+ —sv
Ground to Negative Supply Voltage Vi4) 30V Soldering Information

Differential Input Vgltage C +30V Dual-In-Line Package
Input Voltage (Note 1) ) +15V Soldering (1056C0NS) «. v v vnveeennernnreeenes 260°C
Power Dissipation (Note 2) 500 mW Sn\‘la" Ou;':‘f::s:?ggzgzo i) R
ESE RGO : 300V u,n?rp;'edusseoonds)....'..'.'.ZIZZ.I.'..ZIIZ'.Z'.azo-c

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

Electrical Characteristics for the LM311 (Note 3)

Pararaeter Conditions Min Typ Max Units

Input Offset Voltage (Note 4) Tp=25"C, Rg< 50K 20 75 mv
Input Offset Current (Note 4) TA=25°C 6.0 50 nA
Input Bias Current i Tp=25°C 100 250 nA
Voltage Gain - Ta=25°C 40 200 V/mV
Response Time (Note 5) Ta=25°C 200 ns
Saturation Voltage Vin< —10 mV, loyT=50 mA 075 15 v

Ta=25:C
Strobe ON Cuirent (Note 6) Ta=25°C 20 5.0 mA
Output Leakage Current Vinz 10 mV, Vout= a5V

KAS 25°C, IsTROBE=3 MA 0.2 50 nA

- =Pin1= -5V
Input Offset Voltaga (Note 4) . Rg<50K 10 mV
Input Offset Current (Note 4) 70 nA
Input Bias Current 300 nA
Input Voltage Range —145 13.8,—14.7 13.0 v
urati + -=

Saturation Voltage \ v \\;mzti\(;':\v' IO(LT P 0.23 0.4 v
Positive Supply Current Ta=25°C ’ 5.1 7.5 mA
Negative Supply Current Ta=25°C 4.1 5.0 mA

Note 1: This rating applies for :t15Vsupplies.11\epodﬁvek\ptnvolmgelinﬁtis

mgaﬁvesmplyvd!_ageoraoVbelowmeposiﬁvewppIy.whidWBless.

Note 2: The

ture of the LM311 is 110°C. For operating at

1adl &

thormai resistance of 165°C/W, jurction to ambient, or 20°C/W, junction o case.

ambient.

Note 8: These specifications apply for Vs= +15V and Pin 1 at
bias current specifications apply for any
Note 4: The offset vottages and offset

-pemnetemdefmmmbandnmtgke
Noh&ﬂrerespormﬁmspedﬁed(see

Hote 6: This specification gives th rangs of current which must be drawn

uppkyvohagefromadngleSVaypply
the miaximum values required to drive the
into account the worst-case

currents given are

togromd:it‘shoddbe'qmemdrivennatoSM' )
Note 7: Human body model, 1.5 ke in series with 100 pF. :

from the strobe pin to ensure

output within a voit of either
ffects of voitage gain and Rs.
deﬁt\iﬁons)ls(ofnwOmVu\putstapvdm.')mVoverdrive.

ground, and 0°C < Ta < +70‘C.unle'stom«wisespodﬁedﬂiaoﬁset
up to 15V supplies.

SOVuboveﬂwnegaﬁveuppw.mmgaﬁvemnﬁh;geMBoqmlwm

P InﬁmHO&padm’demstbedemmdbasedma
mmemdmsismnceofmedlmmﬁad(agelswo‘cm.hmw

voitage, offset current and

app!ywiﬂl‘lmAload.ﬂns.mese

the output i propery disabled. Do not short the strobe pin



LM111/LM211 Typical Performance Characteristics
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LM111/LM211 Typic

SUPPLY CURRENT (mA)
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LM311 Typical Performance Characteristics
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LM311 Typical Performance Characteristics (Continued)
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Application Hints

CIRCUIT TECHNIQUES FOR AVOIDING
OSCILLATIONS IN COMPARATOR APPLICATIONS

When a high-speed comparator such as the LM111 is used
with fast input signals and low source impedances, the out-
put response will normally be fast and stable, assuming that
the power supplies have been bypassed (with 0.1 pF disc
capagcitors), and that the output signal is routed well away
from the inputs (pins 2 and 3) and also away from pins 5 and
6.

However, when the input signal is a voltage ramp or a slow

sine wave, or if the signal source impedance is high (1 kQ to

100 kQ), the comparator may burst into oscillation near the

crossing-point. This is due to the high gain and wide band-

width of comparators like the LM111. To avoid oscillation or
instability in such a usage, several precautions are recom-
mended, as shown in Figure 1 below.

1. The trim pins (pins § and 6) act as unwanted auxiliary
inputs. If these pins are not connected to a trim-pot, they
should be shorted together. If they are connected to @
trim-pot, 2 0.01 pF capacitor C1 between pins 5 and 6 will
minimize the susceptibility to AC coupling. A smaller ca-
pacitor is used if pin 5 is used for positive feedback as in
Figure 1.

2. Certain sources will produce a cleaner comparator output
waveform if a 100 pF to 1000 pF capacitor C2 is connect-
ed directly across the input pins.

3. When the signal source is applied through a resistive net-
work, Rs, it is usually advantageous to choose an Rg' of
substantially the same value, both for DC and for dynamic
(AC) considerations. Carbon, tin-oxide, and metal-film re-
sistors have all been used successfully in comparator in-
put circuitry. Inductive wirewound resistors are not suit-
able.

4.

(2]

When comparator circuits. use input resistors (eg. sum-
ming resistors), their value and placement are particularly
important. In all cases the body of the resistor should be
close to the device or socket. In other words there should
be very little lead length or printed-circuit foil run between
comparator and resistor to radiate or pick up signals. The
same applies to capacitors, pots, etc. For example, if
Rg=10 kQ, as little as 5 inches of lead between the re-
sistors and the input pins can result in oscillations that are
very hard to damp. Twisting these input leads tightly is
the only (second best) alternative to placing resistors
close to the comparator.

. Since feedback to almost any pin of & comparator can

result in oscillation, the printed-circuit layout should be
engineered thoughtfully. Preferably there should be a
groundplane under the LM111 circuitry, for example, one
side of a double-layer circuit card. Ground foil (or, positive
supply or negative supply foil) should extend between the
output and the inputs, to act as a guard. The foil connec-
tions for the inputs should be as small and compact as
possible, and should be essentially surrounded by ground
foil on all sides, to guard against capacitive coupling from
any high-level signals (such as the output). If pins 5 and 6
are not used, they should be shorted together. If they are
connected to a trim-pot, the trim-pot should be located, at
most, a few inches away from the LM111, and the 0.01
pF capacitor should be installed. If this capacitor cannot
be used, a shielding printed-circuit foil may be advisable
between pins 6 and 7. The power supply bypass capaci-
tors should be located within a couple inches of the
LM111. (Some other comparators require {he power-sup-
ply bypass to be located immediately adjacent to the
comparator.)

15V

&

O OUTPUT -= =

TL/H/5704-29

Pin connections shown are for LM111H in the H08 hermetic package

FIGURE 1. Improved Positive Feedback



Typical Applications (Continued) (Pin numbers refer to H08 package)

Zero Crossing Detector Driving MOS Switch

v 100 kHz Free Running Multivibrator
v*=sv
R1 RS
20K 1K
Qt R3
10K
ct A
e i 1200 pF QJ
TL/H/5704-13 p 3 . SQUARE

= 2| LN D> WAVE

- outeuT*
>R2 b3
i‘OK T 39K
*TTL or DTL fanout of two TL/H/S704-14
10 Hz to 10 kHz Voltage Controlled Oscillator
C1
‘°‘ﬁ i
2 W jy
R 150
10K 2
SmV —= 5Y eV TRIANGULAR
INPUT g
SmV 10 5v Q1
2N3972
330K

SQUARE

WAVE

OUTPUT
*Adjust for symmetrical square

wave time when Viy = 5 mV R10
tMinimum capacitance 20 pF 1K RI
Maximum frequency 50 kHz 3
j 1K
=15y
TL/H/5704-15
Driving Ground-Referred Load " Using Clamp Diodes to Impreve Response
FROM 2
LADDER
7 _TL
s | NETWORK OUTPUT
INPUTS® 3
et
3 Ri
ANALOG INPUT

*Input polarity is reversed TU/H/5704-17

when using pin 1 as output. - TL/H/5704-16



Typical App!ications (Continued) (Pin numbers refer to HO8 package)
TTL Interface with High Level Logic

*Values shown are for
a 0 to 30V logic swing
and a 15V threshold.

TMay be added to control
speed and reduce
susceptibility to noise spikes.

TL/H/5704-18

Crystal Oscillator Comparator and Solenoid Driver

vt =sv
R4

TL/H/5704-20

TL/H/5704-19

Precision Squarer Low Voltage Adjustable Reference Supply

R1 vtesov R1 VtesOv R4
39K 500

p— QUTPUT

m
INPUT

2N2222

22k

*Solid tantalum TL/H/5704-22
*Solid tantalum =

tAdjust to set clamp level TL/H/5704-21



Typical Applications (Continued) (Pin numbers refer to HO8 package)

Positive Peak Detector Zero Crossing Detector Driving MOS Logic

+15V

R2
3.0k

+ o
INPUT vi=sov

Vo =-10V
< TL/H/S5704-24
*Solid tantalum TL/H/5704-23

Negative Peak Detector Precision Photodiode Comparator

+15V *5V

2N2222

*Solid tantalum TL/H/5704-25

TL/H/5704-26
*R2 sets the comparison level.
At comparison, the photodiode
has less than 5 mV across it,
decreasing leakages Ly an order
of magnitude.



Switching Power Amplifier

Typical Applications (Continued) (Pin numbers refer to H08 package)

R2
100k
-©@— 0UTPUT
R3
100k
R1
10k
INPUT =AAA—@- Q2
2N3735
>
-t < R4 RE
—y— 0.1uF T 4 620
V-
- 1
Switching Power Amplifier
vt
i ©
R1 R12
620 §20
a1 (i}]
2N3763 2N3763
R2 outeut RIt
620 620
N § 3
s, 3 =
wim [C1R}}
3 Qs 04
7 2N373S
+ 1 2N3735 1 - 2
/3 R10
620 620
A"V‘v A"V‘V
R4 R13
RS 300k R6 300k R4
510 38k s0S
R7 RS
15k 15k
REFERENCE INPUT

TL/H/S704-27

TL/H/5704-28



Schematic Diagram**

BALANCE/STROBE  BALANCE
6 Is
R3 R4 L
300 0 S
< <
. o ° o [
% ; .
Rt R2 a6 Sw
13 1.3 < o™ §
L b
RS < aie P
ns
<
RS S R
>
as }‘—4 12¢ S 12

L N

gk

R10
4k

INPUTS 01 02
S5V sV
r/ﬂl
3
A
az3
R18
250

—ﬁﬂlz

vt

TU/H/5704-5
**Pin connections shown on schematic diagrem are for HO8 package.

Connection Diagrams*
Metal Can Package

v

BALANCE/
STROBE

BALANCE

=
; TL/H/5704-6
Top View
Note: Pin 4 connected to case
Order Number LM111H,

LM111H/883*, LM211H or LM311H
See NS Package Number HO8C

*Also available per JM38510/10304

Dual-In-Line Package

Dual-In-Line Package

U NC 1 g U pe 14 NC
GROUND 1= < —tv*
GND 2 o= - pe 13 KC
INPUT 2 ot e 10UTRUT nPuT 1—:&_ b—12 NC
INPUT 3 =] L ssALANCE/ INPUT 4 =i =11 V*
STROBE
NC  § ==t =10 NC
V™ 4 p—= § BALANCE Ve [ —
BALANCE 7 =i =1 hiance/
TL/H/S5704-34
Top View TL/H/5704-35
Top View
Order Number LM111J-8, LM111J- Order Number LM111J/883* or
8/883%, LM211J-8, LM211M, LM311N-14
LM311M or LM311N See NS Package Number
See NS Package Number JOBA, J14A or N14A

MO8A or NOSE



Connection Diagrams (continued)

GRD V+
+INPUT OuTPUT
=INPUT BALANCE/
STROBE
V- BALANCE
TL/H/5704-32

Order Number LM111E/883
See NS Package Number E20A

cno:‘z ° ': v+
INPUT+ |:3 a: ouTPUT
INPUT-I; LM11IW 7:| NC
r«cl:5 6:1 BALANCE STROBE
| Sem— 1 BALANCE

TUH/5704-33
Order Number LM111W/883*

See NS Package Nutnber W10A

*Also available per JM38510/10304
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