A
F
EPCOS

60

Surge Arrester AT7T1-HO8X

2-Electrode-Arrester

Ordering code: B88069X21408102

DC spark-over voltage "# 800
+15 Yo
Impulse spark-over voltage
at 100 V/ps - for 99 % of measured values < 1100 V'
- typical values of distribution < 1000 A
at 1 kV/ius - for 99 % of measured values < 1200 A
- typical values of distribution < 1100 A
Nominal impulse discharge current (wave 8/20 ps) 10 KA
Single impulse discharge current  (wave 8/20 ps) 10 KA
Nominal alternating discharge current (50 Hz, 1 s) 10 A
Alternating discharge current (50 Hz, 9 cycles) 65 A
Insulation resistance at 100 V. >10 GO
Capacitance at 1 MHz <1 pF
Arc voltage at 1 A ~ 20 A
Glow to arc transition current ~0.5 A
Glow voltage ~ 160 A
Weight ~1 g
Operation and storage temperature -40 .. +90 °C
Climatic category (IEC 60068-1) 40/ 90/ 21
Marking, green EPCOS3800YY O
800 - Nominal voltage
YY - Year of production
o] - Non radioactive

" At delivery AQL 0.65 level II, DIN 1SO 2859
2 In ionized mode
Terms in accordance with ITU-T Rec. K.12 and DIN 57845/VDED845

AB E/AB PM Issue 04, 04.04.2002

Page 10f 2
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Surge Arrester A71-H08X
2-Electrode-Arrester Ordering code: B88069X2140S102

17 #1
g -8 1 ¥
3 A
Q Q
1 ‘1] Il %;
F-H—-—3—t i = ﬂm-f—-_._h_
]

7.9 103

80 +4

Not to scale
Dimensions in mm

Non controlled document

® EPCOS AG 2002. Reproduction, publication and dissemination of this data sheet, enclosures hereto and the information
contained therein without EPCOS' prior express consent is prohibited.
Purchase orders are subject to the General Conditions for the Supply of Products and Services of the Electrical and

Electronics Industry recommended by the ZVEI (German Electrical and Electronic Manufacturers' Association), unless
otherwise agreed.

AB E/AB PM Issue 04, 04.04.2002

Page 2 of 2
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Calculation examples

1 Calculation examples

1.1 Switching off inductive loads

The discharge of an inductor produces high voltages that endanger both the contact breaker
(switching transistor and the like) and the inductor itself. According to equation 17 the energy
stored in the coil is W =12 L i2. So, when the inductor is switched off, this energy charges a ca-
pacitor in parallel with the inductor (this capacitor can also be the intrinsic capacitance of the coil).
Not allowing for the losses, and for 72 C v2 = 12 L i3, the values of figure 1 produce:

L [ 0.1
vz it =14 —%— =20000 v
NCT ™ "N2s0 . 10772

To suppress this transient, a varistor is to be connected in parallel with the inductor as a flywheel
circuit.

e,
Voe SIov
o—a0

VAR0136-4
V[)c = 24 V
L = 0.1H
Recu = 24Q
I = 1A
C = 280 pF
Required switching rate = 106
Period = 10s

Required protection level < 65V

Figure 1 Limiting switching transients with a varistor as a flywheel circuit

Operating voltage

The DC operating voltage is given as 24 V (cf. figure 1). If the possible increase in operating volt-
age is no more than 2 V, types with a maximum permissible DC operating voltage of 26 V should
be chosen from the product tables to achieve at as low a protection level as possible. Type S ...
K20 and S ... K20E2 are available for this application.

Surge current

When it is cut off, the current through an inductor cannot change abruptly, so it flows across the
varistor initially with the value of the operating current (here 1 A), then decaying towards zero fol-
lowing an exponential function.

The simplest ways of determining the current duration are simulation or measurement (t = t*,).

Please read Important notes Page 2 of 7
and Cautions and warnings.
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The time constant can also be calculated to an approximation with equation 13.

Here the varistor resistance of voltage class K20 is calculated for 1 A. As the protection levels of
the various type series do not differ much, the S10K20 has been chosen arbitrarily to determine
the resistance (the voltage is taken from the appropriate V/I characteristics).

_55V _

So t according to equation 13 is

— e = 0.1H
=UEga v e SMS
For S10K20 with t*, = 1.3 ms and 108 |oad repetitions, you obtain
mx=3A>"=1A
from the derating curves.

Taking this result, you should check whether other types with lower current ratings satisfy the se-
lection criterion:

S05K20: imax =05 A<i"=1A

S07K20: max = T 4A>I"=1A

For example, using a varistor of AdvanceD series S...K20E2 would not achieve any advantages
at 10° load repetitions because in this region the derating fields of this series are not different from
those of the StandarD series.

So the selection criterion of equation 9 is met by SIOV-S07K20 and all types with higher current
ratings.

Energy absorption

The maximum energy absorption capacity of SIOV-S07K20 for t*r =1.3 ms, i, = 1.4 A and 108

repetitions according to equation 18 is

Winax = Vinax * Imax * b max =60 - 1.4 - 0.0013=0.11J  (with t, ., = t*, according to chapter
“Selection procedure”, section 1.5.3)

According to equation 17 the varistor must in the worst case absorb energy of

Wi=1Li®=1%-01H-1A?2=0.05J < W, =0.11J

per switching cycle. Thus SIOV-S07K20 also satisfy the selection requirement of equation 10.

Average power dissipation

According to equation 19, applied energy of 0.05 J every 10 s produces average power dissipa-
tion of

=W _005_
Pr=Tr= 10 = 0.0056 W

The product table shows maximum dissipation capability of 0.02 W for SIOV-S07K20. So on this
peint too, the choice is correct (equation 11).
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For the sake of completeness, the minimum permissible time between two applications of energy
is calculated (equation 20):

T =W _ 005
mn =B " 0.02W

=25s

Maximum protection level

The V/I curve for SO7K20 shows a protection level of 60 V at 1 A for the worst-case position in the
tolerance field (PSpice supplied by EPCOS: TOL = +10).
This means that type S07K20 meets the requirement for a protection level < 65 V.

1.2 Ensuring EMC of equipment connected to 230 V line voltages

The example describes the selection procedure for a varistor that is to ensure the EMC of a de-
vice in accordance with IEC 61000-4-5 for 230 V operating voltage and a test voltage of 4 kV.

Hybrid-generator, 4 kV, 2€)

Decoupling module J_ C=18F
[ T
230V, SIOV
T Equipment
N y . 1 * to be
_L protected
PE T —-J'_

1

Figure 2 EMC test in accordance with [IEC 61000-4-5 with R; = 2 (), charge voltage 4 kV on
a 230 V¢ line voltage

[I-

Protected earth

VAR0372-X

Line voltage: 230 Ve +10%
Hybrid test generator: 4kV,2Q
Number of repetitions: 10 (5 in each polarity)

Voltage endurance of
equipment to be protected: 1kV
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Look up this type in the derating diagram (drawing S14K50 ... 320) to check whether or not an
S14K275 can be subjected to the above surge current load. As a result of the investigation, a cur-
rent of 1590 A (8/20 us) is only permissible for two consecutive load cycles. For the required num-
ber of ten repetitions, the current i, would be 1000 A only.

Since i* > inae, S14K275 is not a suitable choice for the given application conditions.

The type with the next highest surge current capability would be S14K275E2. The derating field
yields inax (10 x) = 1500 A. For this reason this type is not suitable either.

As a result the selection check procedure must be repeated for the type series having the next
highest power dissipation capability, SIOV-S20 series. In this case the type in question is the
varistor type S20K275:

Here equation 12 results in

0.9
4000 V - (950 - 3] v
i 11) 7 _ 4000 V- 780 V _ 3220 V. _ 450 A

it

- 20 2Q 20
For ten load repetitions (at t,* = t, = 20 us) the derating field of the S20K275 shows
imax = 2500 A.

With this value the S20K275 meets the selection criterion of equation 9:

e
" < e

Energy absorption
Since energy absorption, as calculated by equation 6, is directly correlated to surge current, the
S20K275 also fulfils the selection criterion of equation 10:

W* < Wiy

Power dissipation
In order to determine power dissipation, you must calculate the energy absorbed by the S20K275
when conducting the surge current. According to equation 16:

Wr=v*.i".t"=780V-1610A-20-106s=25J
As a pulse repetition rate, IEC 61000-4-5 specifies a maximum of one pulse/60 s. Inserting this in
equation 19 results in:

= WE_25J
P—T._GOS 04W

From the product table the maximum permissible periodic load, i.e. average maximum power dis-
sipation of an S20K275, is found to be 1 W. With this the selection criterion of equation 11,

P* < Prax

is also met.



66

A
Py
—

EPCOS

Calculation examples

Protection level

The protection level is found to be 900 V (from the V/I characteristics for a value of 1610 A). In
this case the 4 kV “overvoltage” is limited to 23%.

The protection level is lower than the voltage strength of the equipment to be protected, which is
equal to 1000 V.

By fulfilling this final criterion, the StandarD SIOV-S20K275 is found to meet all selection criteria
and can thus be considered suitable for the application.

Comparison to PSpice

Selection of the varistors for table 3 was carried out using PSpice calculations. The results for
S20K275 correlate well with the values calculated here.

Other suitable types

If the physical dimensions of the chosen component SIOV-S20K275 are too large, similar selec-
tion calculations show that the EnergetiQ varistor SIOV-Q14K275, which requires less headroom,
is also suitable.
For comparison:
For comparison:

SIOV-S20K275  hpa =25.5mm

SIOV-Q14K275  hpa=19.5 mm
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MegaMOS™ IRFP460 V___ =500V
Power MOSFET by = 20A
| Roey = 0.27Q
N-Channel Enhancement Mode, HDMOS™ Family
]
G
S
Symbol Test Conditions Maximum Ratings TO-247 AD
Voo T, =25°Ct0 130°C 500 V
Vica T, =25°Cto 150°C; R .= 1MQ 500 v
Ve, Continuous +20 \ o? F /v\ D(TAB)
V. Transient +30 V s
. T, =25°C 20 A
i Si e G = Gate, D = Drain,
Lo T, =25°C, pulse width limited by T , 80 A S = Source. TAB = Drain
L 20 A
E.. T, =25°C 28 mJ
dv/dt |, <1, dildt<100Afs, V<V . 35 Vins
T,<130°C,R,=2Q Features
= O
Py Reimnt i G i * Repetitive avalanche energy rated
T, -55...+150 °C  * Fastswitchingtimes
T 150 o *LowRy, HDMOS™ process
o . * Rugged polysilicon gate cell structure
T -55...+150 C s High Commutating dv/dt Rating
M, Mounting torque 11510 Nm/lb.in.
Weight 6 g Applications
Maximum\ead{emperatureforsoldering 300 °C * Switching Power Supplies
1.6 mm (0.062 in.) from case for 10°s ¢ Motor controls
Symbol Test Conditions Characteristic Values
(T, =25°C, unless otherwise specified)
min. | typ. | max.
Viss Vo, =0V, 1, =250 uA 500 \
Vesum Voo =V |, =250 uA 2 4 vV
loss Vg =20V, V, =0 +100 nA
loss Ve =0.8+V T,=25C 25 pA
V=0V T,=125°C 250 pA
Rosion V, =10V, I =12A 025 027 Q
Pulse test, t <300 ps, duty cycled<2 %
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DIXYS IRFP 460
Symbol Test Conditions Characteristic Values
(T,=25°C, unless otherwise specified) TO-247 AD Outline
min. | typ. | max. s
|. - |
g, V. =10V;1 =12A, pulse test 13 2 S . I R
s S + . o g (=
4200 oF o TT EH: i
V, =0V,V =25V, f=1MHz 450 pF e
- 135 pF
tiion 281 3% ns
t, V,, =10V,V =250V, =20 A 81/ 120 ns
. |
L R, =430, (Exteral) 85| 130 ns MR
t, 65 98 ns | ..
Teminals: 1 - Gate 2 - Drain
Qg(nnz 135] 210 nC 3-Source  Tab-Drain
Q, V =10V, =200V, 1,=20 A 28 40 nC
Dim.| Millimater Inches
Q, 62/ 10 nC Min. Mac | Min Max
A | 47 53| 185 209
Ruuc et A | 22 254| 087 102
R,k 025 KW A | 22 26| 059 .09
b | 10 14| 040 1085
b, | 165 2.13| .065 .084
e o b, | 287 3.42] 113 123
Source-Drain Diode Characteristic Values C 2 81 016 031
(T =25°C, unless otherwise specified) D (2080 2146 519 845
Symbol  Test Conditions min. | typ. | max. E_[1575 16.26| 610 640
e | 520 572|02050.225
_ L [|19.81 2032 | .780 800
l, Ve =0V 2 A L1 450 AT7
i o @P| 355 365( 140 144
- Repetifive; pulse width imited by T, 80 A a | 589 6200232 0252
R | 432 548| 170 216
" l.=20A, V=0V, 18V 5 | 815BSC | 242 BSC
Pulse test, t <300 us, duty cycle d <2 %
t, l-=20 A, -difdt =100 Alus, V5 =100V 50| 860 ns
Q ol uc
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Figure 1. Output Characteristics at 25°C Figure 2. Qutput Characteristics at 125°C
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Figure 5. Drain Current vs. Case Temperature Figure 6. Admittance Curves
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3.65(.143)
. 15.80 (.626) . /2{3.55[.14[#1
15.30 (602) P[F 025 (010) W[n[B W)
[-B] A1 7
K A e
) f-f——
2030 (.800) v N 1 oA
e L 2% & 4f50%ﬁ1??;
L 2 9 |
_____Ijlnl
14.80 (583) " 4300170
1420 (559) 3:?0?145;
240 (.094) ) 140 (.056)
2.00 (.079) =1 | IR 100 (.039)
2 5 5
025 (010 ClA
pxamEm e e g A LR AT
2X T T 300 (118)

D -
5.30 (209)

[m====od-

4.70 (185)

0 (.089)
0(.059)

/4

2.5
1.5

NOTES:

1 DIMENSIONING & TOLERANCING
PER ANSIY 14.5M, 1982.

2 CONTROLLING DIMENSION : INCH.

3 CONFORMS TG JEDEC QUTLINE

TO-247-AC.
0.80 (.031) LEAD ASSIGNMENTS
3K 0.40 {[]16} 1-GATE
2- DRAIN
L 2.60 (.102) 3- SOURCE
2.20 (.087) 4 - DRAIN

Part Marking Information

HEXFET TO-247AC

THIS IS AN IRFP
WITH ASSEMBLY
LOT CODE 3A10Q

EXAMPLE :

E30

INTERNATIONAL
RECTIFIER ~__
LOGO
/_.sf
ASSEMBLY -
LOT CODE

- PART NUMBER

IRFPE30
~ IGR
3A10 0302
| ~ DATE CODE
- (YYW W)
YY = YEAR

WW WEEK
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LM124
LM224 - LM324

LOW POWER QUAD OPERATIONAL AMPLIFIERS

B WIDE GAIN BANDWIDTH : 1.3MHz

B INPUT COMMON-MODE VOLTAGE RANGE
INCLUDES GROUND

B LARGE VOLTAGE GAIN : 100dB

B VERY LOW SUPPLY CURRENT/AMPLI -
375UA

B LOW INPUT BIAS CURRENT : 20nA

B LOW INPUT OFFSET VOLTAGE : 5mV max.
(for more accurate applications, use the equiv-
alent parts LM124A-LM224A-L M324A which
feature 3mV max.)

B LOWINPUT OFFSET CURRENT : 2nA

B WIDE POWER SUPPLY RANGE :
SINGLE SUPPLY : +3V TO +30V
DUAL SUPPLIES : 1.5V TO +15V

DESCRIPTION

These circuits consist of four independent, higl
gain, intemally frequency compensated operation-
al amplifiers. They operate from a single power
supply over a wide range of voltages. Operation
from split power supplies is also possible and the
low power supply current drain is independent of
the magnitude of the power supply voltage.

{Plastic Package)

(Plastic Micropackage)

(Thin Shrink Small Outline Package)

DIP14

-

D
S014

A

P
TSSOP14

PIN CONNECTIONS (top view)

ORDER CODE
Part Temperature yachnee
Number Range D
LM124 -55°C, +125°C .
LM224 -40°C, +105°C .
LM324 0°C, +70°C .

Example : LM224N

M = Dual in Line Package (DIP)

D = Small Qutline Package (50) - alsa available in Tape & Reel (DT)

P = Thin Shrink Small Qutline Package (TS30P) - only availakle in Tape
&Reel (PT)

Ouput1 1 []

Inverting Input 1 2 [
Nondnvesing Input 1 3 [ ]
Wee* 4 [

Non-inverting Input 2 5[
mverting Input 2 5[
Ouput? 7 []

[] 14 Ouputé

] 13 Imverting Input 4

[] 12 Non-inverting Input 4
] 1 Vec-

] 10 Mon-mwering Input 3
[] 9 imettng Input 3
] 8 Ouput3




LM124-LM224-LM324

SCHEMATIC DIAGRAM (1/4 LM124)
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VCC
[1
(D
A
az Q3
|
n?:::[::{]g L o Q4
" " m v
Non};]np\tﬁ'tmg ! Output
Q& Q3
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter M124 | M4 | M3 | Unit
Yoo | Supply veltage +16 or 32 \
Vi Input Voltage -0.3t0 +32 v
Via | Differential Input Voltage " +32 v
= Power Dissipation N Suffix 500 500 500 mW
s D Suffix 400 400 mW
Output Short-circuit Duration 2! Infinite
lin Input Current % 50 50 50 mA
Toper | Opearting Free-air Temperature Range -55 10 +125 | -40t0 +105 | Oto+70 °C
Tstg | Storage Temperature Range -651to0 +150 *C

Either or both input voltages must not exceed the magnitude of Vie™ or Vg

Shart-circuits from the output to WCC can cause excessive heating if Ve = 15W. The maximum output current is approximately 40mA independent
of the magnitude of W Destructive dissipation can result from simul%zneous short-circuit on all amplifiers.

This input current only exists when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP
transistor becoming forward biased and thereby acting as input dicdes clamps. In addition to this diode action, there is also MPN parasitic action on
the IC chip. this transistor action can cause the cutput voltages of the Op-amps to go to the V¢ voltage level {or to ground for a large overdrive)

for the time duration than an input is driven negative.
This is not destructive and normal cutput will set up again for input voltage higher than 0.3V,



74

LM124-LM224-1 M324

ELECTRICAL CHARACTERISTICS
Vet = +6V, V= Ground, Vg = 1.4V, Toy, = +25°C (unless otherwise specified)

Symbol

Parameter

Min.

Typ. Max. Unit

Vio

Input Offset Voltage - note 1!

Tomp = +25°C

LM324

Trin = Tamp £ Timax

LM324

my

(1=t ]

Input Offset Current
Tamp = +25°C

Tmin < Tamb < Tmax

100

Input Bias Current - note 2)
Tamp = +25°C

Tmin = Tamb B Tmax

20 150 nA
300

Avd

Large Signal Voltage Gain
Voo =+18V, Ry = 2k, WV, = 1.4V to 11.4V
Tamp = +25°C

Tmin < Tamb < TI'I‘b‘.'i)(

50

100 VimV

SVR

Supply Voltage Rejection Ratio (R = 10kQ)

Vet = 5V to 30V
Ty = #25°C

Trin = Tamb = Tmax

65
65

dB

lec

Supply Current, all Amp, no load
Tamp = +25°C Voo = +5V
Voo = +30V
Vg = +5V

Ve = +30V

Tonin = Tamb = Tax

3 mA

=l =]
0N Coon =

Input Commeon Mode Voltage Range
Vo= +30V -noted
Tamp = #25°C

Tmin 3 Tamb 5 Tma):

[=N=]

Vee-15 | V
Yoo 2

CMR

Common Mode Rejection Ratio (R, < 10k}
Tamp = +25°C

Tmin L3 Tamb < Tn'ex

70

80 dB

|sourc:e

Output Current Source (Vig = +1V)
Vee = +15V, Vg = 42V

20

40 70 e

leink

Output Sink Current (Viy =-1V)
WVop = +18V, V= +2V
WVeop = +H18V, V= +0.2V

10

20 mA

Von

High Level Output Voltage
VCC =430V
Tamb = +25°C
Tmin = Tamb = Tmax
Tamb = +25°C
Tmin = Tamb B Tmax
Voo = 5V, R = 2k
Tamp = +25°C

Tmin = Tamb = Tmax

R, = 2k0

R, = 10kQ

26

27
v

35

27

28
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LM124-LM224-LM324
Symbol Parameter Min. Typ. Max. Unit
Low Level Output Voltage (R = 10k02)
VoL Tamb = +25°C 5 20 mV
Trin = Tamb = Tmax 20
SR Slew Rate Vi
Ve =15V, V; = 05 to 3V, R = 2k, C; = 100pF, unity Gain 0.4 Hs
Gain Bandwidth Product
GBP | vee = 30V, f =100kHz.V;, = 10mV, R, = 2k, G, = 100pF 13 e
THD Total Harmenic Distortion 5,
f=1kHz, A, = 20dB, R_= 2kQ, V5 = 2V, C = 100pF, Ve = 30V 0.015
. Equivalent Input Noise Voltage nv
i f=1kHz, Rg = 1000, Vo = 30V 40 JHz
DV, Input Offset Voltage Drift 7 30 uvIrEC
Dljig | Input Offset Current Drift 10 200 pASC
: 4)
V..V, |Channel Separation - note dB
o2 | kHz < f < 20kHZ 120

1. V= 1.4V, Rg =0, 8V < V¥ < 30V, 0 < Vg < Wgg - 1.6V

2 The direction of the input current is out of the IC. This current is essentially constant, independent of the state of the cutput se no loading change
exists on the input ines.

3. The input commen-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the
commen-mode voltage range is Vigg™ - 1.5V, but either or both inpuis can go to +32V without damage.

4. Due to the proximity of external compaonents insure that coupling is not originating via stray capacitance between these external parts. This typically
can be detected as this type of capacitance increases at higher frequences.
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INPUT BIAS CURRENT CURRENT LIMITING (Note B)
versus AMBIENT TEMPERATURE " . —

IB (nA) 24 - T 1 1 | ]
21 » ol
18 -

15 | 1
50
12 z |
9 E “ } ' !
6 E’ s
» 1
. Z 1 -
0 . Y
-55-35-15 5 25456585 105125 -55 -35-15 5 25 45 65 @5 105125
AMBIENT TEMPERATURE (°C) TEMPERATURE (°C)
INPUT VOLTAGE RANGE SUPPLY CURRENT

15

AN

iPuT voLTAGE W
; .
A\
HEN

SUPPLY CURRENT (mA)

w
T
3
2
O—o
=}

ra

Tamb = 0°C to +125°C

peeT "
Tamb = -55°C
1 Il

0 10 20 30
POSITIVE SUPPLY VOLTAGE (V)

GAIN BANDWIDTH PRODUCT (MHz)

GAIN BANDWIDTH PRODUCT

1.30 / ~

955 35 15 5 25 45 65 85 105 125
AMBIENT TEMPERATURE (*C)

COMMON-MODE REJECTION RATIO (dB)

COMMON-MODE REJECTION RATIO
120
100
e uil
L}
50 |
w ---1‘*
]
[}
100 1k 10k 100k ™
FREQUENCY (Hz)




VOLTAQGE GAIN {dB)

INPUT VOLTAGE (V) - OUTPUT VOLTAGE (V)

CUTPUT VOLTAGE (mV)
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OPEN LOOP FREQUENCY RESPONSE LARGE SIGNAL FREQUENCY RESPONSE
20
" oma
0.1
128
€0
- 15
100 \e' F &
= >
80 \ Ved2 TV 2 p
\ Vic-+ove Z w0
NNCE5°C < Tamb < +125°C z
NN 5
" : e
\ A\ N E S
n ch=+TO‘° +15V & o -
-55°CE Tamp< +125°C
. [ .
1.0 10 108 1.0k 10k 100k 1.0M 19M 1
FREQUENCY (Hz) FREQUENCY (Hz)
VOLTAGE FOLLOWER PULSE RESPONSE OUTPUT CHARACTERISTICS
(CURRENT SINKING)
4 1 1 10
N
[ RL;2 ] \'] C= +5V
3 Vdc=+15V v C=+;::
- V = =
2 s cc=+
9 | L1
(L] :
' "- L1 LIl
= + /2 V+ r
o} ] 3 v gV ]
3 -
'é 01 o
2 5 i v'
=] i o
| = - ?
T = 425°C
a0 | 4 amb J
0 1 » 3 w0 0081 0ol 01 110 100
TIME (s) OUTPUT SINK CURRENT (mA)
VOLTAGE FOLLOWER PULSE RESPONSE OUTPUT CHARACTERISTICS
{SMALL SIGNAL} {CURRENT SOURCING)
x v > -
- s " TITITE
s ® .,y :
450 — (o]
|;0 L 'I:I- 6 LV(':"éz Vo JM - 1
) "' Iy F g ;
1 | ' Z |
put g + 4
350 ndependent of V¢
Output - 3 ] % Yee
Q =
< Famo=*+25°C [ ||l J:,
300 Tamb= +25°C 3 2 ¢ ”4
gt o I i
vde=+30V 4 M1
250 E 1 i
o1 2 31 4 5 6 71 8 & oo o 01 1 1m0
5
Qo

OUTPUT SOURCE CURRENT {mA)
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INPUT CURRENT VOLTAGE GAIN
100 160, [ |
R =20ka
] ~ 128 H——
£ m
E :. » R, =2k
w -
= 58 F g L
3 ¥
5 LT Vo, = +26°C I
z 5 g w
=
= >
0 10 ) 0 . T} 2 30
POWER SUPPLY VOLTAGE (V) POWER SUPPLY VOLTAGE (V)
POWER SUPPLY & COMMON MODE Avd (dB) LARGE SIGNAL VOLTAGE GAIN
REJECTION RATIO 120
g (dB) 120 =
[=] 115 E
=
=5 110 =i w 115

-]
2= o5 < L1
zQ 5 1
ok 100 +) L1
o4 ]

[+ 4 95 > 110 >
off =} /

z < L1 B
>0 g9 = b
&6 8 o
g8 8 @ 105
23] —— w
ok 8 ——cvA a
s 75 "jF
o 70 100
L -55-35-15 5 25 45 65 85 105125 -55 -35-15 5 25 45 65 80 105125

AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C)

TYPICAL SINGLE - SUPPLY APPLICATIONS

AC COUPLED INVERTING AMPLIFIER

AC COUPLED NON INVERTING AMPLIFIER

R1
100k M

A‘,—1+&

(as shown A; = 11)
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TYPICAL SINGLE - SUPPLY APPLICATIONS

DC SUMMING AMPLIFIER

NON-INVERTING DC GAIN
eq 100k
a1+ B2
-~ (As shown A, = 101)
1/4 __ fo sy
LM124 -~ £ T €2 100k
e3 100k
TR o—
™ z
R1 o
ka ©
4 ey 100k
o—
0 e (mV)
€g=€q teg-€3 -84
Where (g1 +ep) 2 (63 +ey)
to keep eg = OV

HIGH INPUT Z ADJUSTABLE GAIN DC LOW DRIFT PEAK DETECTOR
INSTRUMENTATION AMPLIFIER

R 3R
T
e
N 7/ Input current
” Ig compensation

* Polycarbonate or polyethylene

ifR1=R5and R3=R4 =R6 =R7

2R,|
eg= |1 +—} (eq -e4)
{ e

As shown eg = 101 (g5 - &4).
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TYPICAL SINGLE - SUPPLY APPLICATIONS
ACTIVER BANDPASS FILTER HIGH INPUT Z, DC DIFFERENTIAL AMPLIFIER

R, R
1 4
For 50— = =—

Ry Ry

(CMRR depends on this resistor ratio match)

Ve

Fo = TkHz

Q=50

R
4
€ (7 +R7) (eg-eq)
A, = 100 (40dB)

As shown ep = (eg - )

USING SYMETRICAL AMPLIFIERS TO REDUCE INPUT CURRENT (GENERAL CONCEPT)

114
» M LM124 _~
" -

p
. l>"Aux. amplifier for input
Ig current compensation

1.5M
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MACROMODEL

** Standard Linear lecs Macromodels, 1993.
** CONNECTIONS -

*1INVERTING INPUT

* 2 NON-INVERTING INPUT

*3 0OUTPUT

* 4 POSITIVE POWER SUPPLY

* 5 NEGATIVE POWER SUPPLY

_SUBCKT LM124 1 3 2 4 5 (analog)

e ke e e sk v ko il e ok ok ek sl s e o sl el ol o ook i ol e ek i o

.MODEL MDTH D IS=1E-8 KF=3.104131E-15
CJO=10F

* INPUT STAGE

CIP 2 5 1.000000E-12
CIN 15 1.000000E-12
EIP105251
EIN165151

RIP 10 11 2.600000E+01
RIN 15 16 2.600000E+01
RIS 1115 2.003862E+02
DIF 1112 MDTH 400E-12
DIN 15 14 MDTH 400E-12
VOFP1213DCO

WVOFN 1314DCO

IPOL 13 5 1.000000E-05
CPS 1115 3.783376E-09
DINN 17 13 MDTH 400E-12

ELECTRICAL CHARACTERISTICS

VIN 17 5 0.000000e+00

DINR 15 18 MDTH 400E-12
VIF 4 18 2.000000E+00

FCF 4 5 VOFF 3.400000E+01
FCN 54 VOFN 3.400000E+D1
FIBF 2 5 VOFN 2.000000E-03
FIBN 5 1 VOFP 2.000000E-03
* AMPLIFYING STAGE

FIP 5 19 VOFF 3.600000E+02
FIN 5 19 VOFN 3.600000E+02
RG1 19 5 3.652997E+06

RG2 19 4 3.652997E+06

CC 19 5 6.000000E-09

DOFPM 19 22 MDTH 400E-12
DONM 21 19 MDTH 400E-12

HOPM 22 28 VOUT 7.500000E+03

VIPM 28 4 1.500000E+02

HONM 21 27 VOUT 7.500000E+03

VINM 5 27 1.500000E+02
EOQUT 26 231951

VouT 2350

ROUT 26 3 20

COUT 35 1.000000E-12
DOP 19 25 MDTH 400E-12
VOP 4 25 2.242230E+00
DON 24 19 MDTH 400E-12
WON 24 5 7.922301E-01
.ENDS

Vcc+ = +15V, Vo = OV, Tymp = 25°C (unless otherwise specified)

Symbol Conditions Value Unit
Vig 0 mV
Ag |R.=2kQ 100 WimV
lee No load, per amplifier 350 pA
Vicm -15t0 +135 A
Von |Rp= 2k (Ve =15V) +13.5 A
Voo |Ryp=10k2 5 my
los Vo =+2V, Vo = +15V +40 mA

GBP |Ry =2k, Cp = 100pF 13 MHz
SR Ry = 2k0, C = 100pF 0.4 Vius
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Physical Dimensions inches (millimeters) unless otherwise noted

0.785
(19.939)

(@] (5 ] [ 6] (3] (51

_0azs f

ill.'l:-':'\ﬁul \L 0.220-0.310
(5.588;?.8?4]

L Ll G L] st et L2

0.280-0.320 0005 _, 0.200
(7.366-8.128) lﬂ-;ﬂﬂl Fmss 0.060 =0.005 (5.080)
l SEALANT 03594 20.027) | MAX 9 020-0.060
0.180 N | (0.508—1.524)
——MAXA ] : I
wsr2) Y i
T 95° +5° 86°94° TYP \ I
10° MAX © 0.008-0.012
0.310-0.410 {0.203-0.305)
s P 0018 :0.003 _| ‘ 0.125-0.200
(7.874-10.41) {0.457 0,076)
FYTT (3.175-5.080)
MAX BOTH ENDS - 0.100 =0.010 0.150
(2.540 +0.254) 381
MIN J14A (REV G)

Ceramic Dual-In-Line Package (J)
Order Number JL124ABCA, JL124BCA, JL124ASCA, JL124SCA, LM124J,
LM124AJ, LM124AJ/883, LM124J/883, LM224J, LM224AJ or LM324J
NS Package Number J14A

0.335-0.344

- —
' [8.509—B.738) |

|m 1312 W 9 8
A1 AAa an
1
0.228 -0.244 -
(57916198 | - o
I S P
T - \
LEAD NO. 1 i g
IDENT U U U U U U Yy
1 2 3 4 5 6 A
0.010 pax
{0.254)
0.150-0.157
{3.810-3.988)
0.010-0.020 . _0.053-0.069
0.254—0.508) <+ ™ [ 11,346 -1.753)
8 MAX TYP + 0.004—0.010
ALL LEADS . y  (0.102-0.254)
v g & v ' I
SAs T e {1 s e e e W
I PLANE A + ; f
|
0.008-0.010 Lo os0 0.014-0.020
70203 —0.254] 1356 0.014-0.020 yyp
{0.203-0.259) . |_‘_ 0.016 ~0.050 O3 o - =
TYP ALL LEADS 004 (0.406 1.270) TP 0.008
i TYP ALL LEADS — "'__(n ikl
ALL LEAD TIPS 188 (HEY H)

MX S.0. Package (M)
Order Number LM324M, LM324MX, LM324AM, LM324AMX, LM2902M or LM2902MX
NS Package Number M14A



&3

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

0.740-0.770
(18,80 —19.56)
0.090

.66

s INDEX

ARER
0.250 £0.10
{E.350 1 0.254}
PINMND. 1 5
IDENT KREHJE
ean "™ 10762 DepTh
OFTION 1 DPTION 02
0,135 =0.005
e 0.300 —0.320
R R 0.050 e a (16200 138} 0.065
13,503 —5.060) - "7 oy /"',_ ’*\WT,E:M “ =i {1.251]
[ A | | —
vt v | |— A
4 ; | | ‘ }i 050 450 _D.008-0.016 [0
0.020 wF +4° TYP - —» (0,203 — 0_405)
i"ﬂBJ 0125 -0.150 _.| |“';/ | |
I St Lol
sl e oo |
014 0. {7112} |
oseoasey I MUY i ‘
12,540 £0.254) _ -
[ |_'_ 0.050:£0.010 o +0.040
= {1210 0.254) 0325 _y g15
e +1.016
{5'255 —0.381) W48 FEV F|
Molded Dual-In-Line Package (N)
Order Number LM324N, LM324AN or LM2902N
NS Package Number N14A
- e g:ggg [e— 0.385 MAX —>
0.045__1 ] 0.050 4 0.005 — —| [ 0.005 MIN TYP
0.026 TYP
TYP T
4} 8 |
| 0.370
I 0.250

Il T T

- 0.280 MAX |y 0.260
| GLASS 0.235
l [‘ 0.012
—r i 0.008

_/’: DETAIL &
DETAIL A

PIN #1

IDENT | |7 |

U.OOG++ D'mgT‘l’P—-—l |--— =— 0.045 MAX W148 (REV J)
0.004 0.015 TYP
TYP

Ceramic Flatpak Package
Order Number JL124ABDA, JL124ABZA, JL124ASDA, JL124BDA, JL124BZA,
JL124SDA, LM124AW/883, LM124AWG/883, LM124W/883 or LM124WG/883
NS Package Number W14B
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

“'L‘U
[+ 4= 510.1 -
1 I HHH -
—t
1nnnnnn. g
T
| SYMM_____! _____ 14.94
| |
[5.4] | 44201 I
e -
| f j
Q . (4% l.Te: IH{=---
| '
i T
- T (148 0,421 — L._ | GAGE PLME—\
i (121 0,651 —= | I
! \ ‘LL l“D T“’S RECOMMENDED LAND PATTERN {
—PIN #1 1D r—'—
\ \
o Bea \—szmus PLANE
DETAIL A
- SEE DETAIL & TYRICAL
b .5 P
4 fﬁ\ 14
C n
C — | — " —0.08-0.20
wininlslnlnlnly = f
L [ g JC A\
- A
A \ IJ i, 0.120.05 TYP ———
ALL LEAD TIPS ‘ ‘_’”
DIMENSIONS ARE IMN MILLIMETERS
125 0,65 F ’-l DIMENSIONS N [ ) FOR REFEREMCE OHLY
MTC14 (Rev D)
14-Pin TSSOP

Order NumberLM324MT or LM324MTX
NS Package Number MTC14

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure 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 is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products
Stewardship Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification
(CSP-9-11152) and contain no “Banned Substances” as defined in CSP-9-11152.

National Semiconductor

National Semiconductor

Americas Customer
Support Center

Email: new.feedback @nsc.com

Tel: 1-800-272-9959 Deutsch

English

www.natienal.com Francais

Europe Customer Support Center

Email: europe support@nsc.com

Asia Pacific Customer
Support Center
Email: ap.support@ nsc.com

Fax: +49 (0) 1B0-530 85 86

Tel: +49 (0) 69 9508 6208
Tel: +44 (0) 870 24 0 2171
Tel: +33 (0) 1 41 91 8790

Japan Customer Support Center
Fax: 81-3-5638-7507

Email: jpn.feedback@nsc.com

Tel: 81-3-5639-7560
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PACKAGE MECHANICAL DATA
14 PINS - PLASTIC DIP

| t—h
- HHHH = I \
W N [ I
” ‘ It Mol
| —nJl-l-n—
. b B ] E
: [} z
D
[ 1 1
Lu ]
) 'Y
T 1 7
N N I I N N A I |
Millimeters Inches
Dimensions
Min. Typ. Max. Min. Typ. Max.
al 0.51 0.020
B 1.39 1.65 0.055 0.065
b 05 0.020
b1 0.26 0.010
D 20 0.787
E 8.5 0.335
e 254 0.100
el 15.24 0.600
F 71 0.280
i 51 0.201
L 33 0.130
i 127 254 0.050 0.100
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PACKAGE MECHANICAL DATA

14 PINS - PLASTIC MICROPACKAGE (S0O)

w
7
Uogognnoo
Millimeters Inches
Dimensions

Min. Typ. Max. Min. Typ. Max.
A 1.75 0.069
al 01 02 0.004 0.008
a2 16 0.063
b 0.35 0.46 0.014 0.018
b1 0.19 0.25 0.007 0.010

C 0.5 0.020

cl 45° (typ.)

D(1) 8.55 875 0.336 0.344
E 58 6.2 0.228 0.244

e 1.27 0.050

a3 762 0.300
F (1) 38 40 0.150 0.157
G 46 53 0.181 0.208
L 05 1.27 0.020 0.050
M 0.68 0.027

S 8% (max.)

Mote : (1) D and F do not include meld flash or protrusions - Mold flash or protrusions shall not exceed 0.15mm (.086 inc) OMLY FOR DATA BOOK.




87

LM124-LM224-LM324
PACKAGE MECHANICAL DATA
14 PINS - THIN SHRINK SMALL OUTLINE PACKAGE (TSSOP)
" k
- -_|'r'_ 0,25 mem |r-
il T inch -
: GAGE FLRE '
(R Ir _l| ]
[ %g [c}—
U
7 “?J
22[1
—
P =]
| =Tl
Millimeters Inches
Dimensions
Min. Typ. Max. Min. Typ. Max.
A 120 0.06
Al 0.05 015 0.01 0.006
A2 0.80 1.00 1.056 0.031 0.039 0.041
b 0.19 0.30 0.007 0.15
C 0.09 020 0.003 0.012
D 4.90 5.00 510 0.192 0.196 0.20
E 6.40 0.252
E1 4.30 4.40 450 0.169 0.173 0177
=) 0.65 0.025
k 0® as 0° 8"
L 0.450 0.600 0.750 0.018 0.024 0.030
L1 1.00 0.039
aaa 0.100 0.004

Information furnished 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. Mo license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specifications
mentioned in this publication are subject to change 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 8T logo is a registered trademark of STMicroelectronics
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