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Welcome to the European edition of Philips Components’ Leaded Resistor Data
Handbook. The wide range of our resistor programme covers all resistor
technologies and reflects our strong commitment to this important area of the
passive-component market.

QUALITY ASSURED

Although the initial cost of resistors is generally low, the large numbers used in a
typical circuit means that their reliability is of ultimate importance. Component
reliability is, therefore, our prime consideration and quality our main commitment.
A commitment which extends into all aspects of our business from the design and
manufacturing process, to the supply and service we offer to customers. Our
resistor facility in Roermond - The Netherlands is an 1ISO 9001 certified supplier
which is supported by means of statistical process control (SPC) procedures at
all key points in the production process.

CUSTOMER SERVICE

Philips Components has a network of sales organizations that communicate
directly with the regional Business Centre for fixed resistors. Short
communication lines mean fast response to all customer enquiries and rapid
problem solving.

ADVANCED RESISTOR TECHNOLOGIES

Our leaded resistors are made using thick and metal-film technologies. And,
responding to market trends for miniaturization and high-accuracy, we have a
strong programme of application specific resistors. The range is divided into two
categories:

e Film resistors. For all general purpose consumer and industrial equipment.
They are subdivided into metal-glaze, metal-film and fusible metal-film
resistors. We also have a range of 1% tolerance metal-film resistors for
professional equipment.

Application specific resistors. For applications demanding the ultimate in
accuracy or operation in extreme environments. These hi-rel types include
leaded devices for precision, low-ohmic, high-ohmic, high voltage and power
applications.

We hope you'll find this Data Handbook useful and easy to use. If you can't find
the resistor you want, need more information or require a special selection,
please call your nearest sales office. You'll find their address on the back cover
of this book.
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DEFINITIONS

Data sheet status

Obijective specification This data sheet contains target or goal specifications for product deveiopment.
Preliminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Application information
Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.




Philips Components

Leaded fixed linear resistors

Resistor programme

LEADED FIXED LINEAR RESISTORS

LOW POWER POWER
( | H|GQ AND
APSF;,L!'E%’,";QN STANDARD PRECISION ULTRA HIGH STANDARD  PRECISION
‘ | PRECISION
|
SFR MRS MPR PAC
MR MR
HIGHOHMIC/ ~  gURGE FUSIBLE WIREWOUND METAL FILM
HIGH VOLTAGE
|
VR LSR NFR AC PR
SMW/SMF
RMW/RMF
LVR CCB359
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Selection guide

TOLERANCE RESISTANCE DISSIPATION
APPLICATION TYPE %) RANGE P W PAGE
Metal film
SFR16S 1Qto3MQ 0.50
Standard SFR25 5 70 0.40 26
1Qto 10 MQ
SFR25H 0.50
. MRS16S 4.99 Qto 1 MQ 0.40
Metal film 1 70 39
MRS25 1Qto 10 MQ 0.60
. NFR25 0.33
Fusible 5 1 Qto 15 kQ 70 51
NFR25H 0.50
MPR24 0.125
0.05; 0.02; 0.01 24 Q to 100 kQ
. MPR34 0.25
Precision 70 61
MPR24 0.25
0.5; 0.25; 0.1 4.99 Qto 1 MQ
MPR34 0.40
022Qto1Q 0.6
PRO1
1Qto1 MQ 1
0.33Qto1Q 1.2
Power PR02 5 70 68
1Qto1MQ 2
0.68Qto1Q 1.6
PR03
1Qto1 MQ 3
Metal glaze
VR25 1;5; 10 100 kQ to 22 MQ 0.25 91
High ohmic/high voltage | VR37 15 100 kQ2 to 33 MQ 70 0.50 97
VR68 ’ 100 kS to 68 MQ 1.0 103
High voltage surge LSR37 10; 20 900 Q to 10 kQ 70 0.5 109
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Selection guide

DISSIPATION
APPLICATION TYPE TOLERANCE |  RESISTANCE PAGE
(%) RANGE at °C l w
Wirewound
ACO1 0.1 Qto2kQ 1
ACO03 0.1 Q10 4.7 kQ 3
AC04 0.1 Q10 6.8 kQ 4
ACO05 0.1 Qto0 8.2 kQ 5
Cemented 5 40 115
ACO07 0.1 Qto 15 kQ 7
AC10 0.68 Q to 27 kQ 10
AC15 0.82 Q to 39 kQ 15
AC20 1.2 Q to 56 kQ 20
PACO1 0.22 Qt0 2.2 kQ 1
PACO02 0.1 Qto 3.6 kQ 2
L PACO03 0.1 Qt0 4.7 kQ 3
Precision 1 25 137
PACO04 0.1 Qt0 8.2kQ 4
PACO05 0.68 Q to 10 kQ 5
PACO06 0.68 Q to 12 kQ 6
Low ohmic values LVRO5 5 0.01 Qt00.10 Q 70 5 143
Stand up
SMWO02; SMF02 2
Miniature power SMWO03; SMF03 5 0.1 Qto 47 kQ 70 3 150
SMWO05; SMF05 5
Radial
RMWO03; RMF03 0.22 Q to 39 kQ 3
RMWO05; RMF05 0.47 Qto 51 kQ 5
RMWO07; RMF07 0.68 Q to 100 kQ 7
Power 5and 10 70 156
RMW10; RMF10 1 Qto 150 kQ 10
RMW15 1 Qto 10 kQ 15
RMW20 1.5Qto 15 kQ 20
Maintenance types (not for new designs)
. MR25 0.40
Metal film 0.5 1Qto1MQ 70 164
MR30 0.50
MR24D 0.125
1 10 Qto 1 MQ 70
) MR34D 0.25
MIL metal film MR2AE/C 0.1 172
0.1; 0.25; 0.5; 1 49.9 Qto 1 MQ 125 .
MRS34E/C 0.125
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General introduction

INTRODUCTION

Data in data sheets is presented, whenever possible,
according to a ‘format’, in which the following chapters are
stated:

e TITLE
e FEATURES
e APPLICATIONS
e DESCRIPTION
e QUICK REFERENCE DATA
o ORDERING INFORMATION
e FUNCTIONAL DESCRIPTION
— Product characterization
— Limiting values
o MECHANICAL DATA
— Outlines
— Mass
— Marking
— Mounting
e TESTS AND REQUIREMENTS
The chapters listed above are explained in this section
“General introduction Leaded fixed linear resistors”,

with detailed information (including “Packaging”) in the
relevant data sheet.

DESCRIPTION

Most types of conventional resistors have a cylindrical
ceramic body, either rod or tube. For special purposes, a
high-grade aluminium ceramic is used. The resistive
element is either a carbon film, metal film, thick film or a
wound wire element. Film types have been trimmed to the
required ohmic resistance by cutting a helical groove in the
resistive layer. This process is controlled completely by
computer and yields a high reliability. The terminations are
usually iron end caps onto which tinned connecting wires
of electrolytic copper are welded.

Al resistor bodies are coated with a coloured lacquer or
enamel for protection. Dependent on types, this lacquer
provides electrical, mechanical and/or climatic protection,
also against soldering flux and cleaning solvents, in
accordance with “MIL-STD-202E, method 215” and

“IEC 60068-2-45".

ORDERING INFORMATION

Resistors are ordered by their ordering code, a 12-digit
number. The packaging method and resistance code are
integral parts of this number.
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FUNCTIONAL DESCRIPTION

The functional description includes: nominal resistance
range and tolerance, limiting voltage, temperature
coefficient, absolute maximum dissipation, climatic
category and stability.

The limiting voitage (DC or RMS) is the maximum
voltage that may be continuously applied, see

“IEC publications 60115-1 and 60115-2".

Where applicable, derating details and performance
nomograms are given, showing the relationship between
power dissipation, ambient temperature, hot-spot
temperature and maximum resistance drift after prolonged
operation. For power resistors, graphs indicate the
relationship between temperature rise and dissipation with
lead-length or heatsinks as parameters.

The temperature rise in a resistor due to power dissipation,
is determined by the laws of heat, conduction, convection
and radiation. The maximum body temperature usually
occurs in the middle of the resistor and is called the
hot-spot temperature.

Heat conducted by the leads, which can be considerable
in power types, must not reach the melting point of the
solder at the joints. This condition may require the use of
heatsinks and/or longer leads.

In the normal operating temperature range of film resistors
the temperature rise at the hot-spot, AT, is proportional to
the power dissipated: AT = A x P. The proportionally
constant ‘A’ gives the temperature rise per Watt of
dissipated power and can be interpreted as a thermal
resistance in K/W. This thermal resistance is a function of
the dimensions of the resistor, the heat conductivity of the
materials used and to a lesser degree, the way of
mounting. The sum of the temperature rise and the
ambient temperature is:

Tm = Tamb + AT
where:

Tm = hot-spot temperature

Tamb = ambient temperature

AT = temperature rise at hot-spot.
The stability of a film resistor during endurance tests is
mainly determined by the hot-spot temperature and the
resistance. The lower the resistance, other conditions
remaining constant, the higher the stability due to greater
film thickness.
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Summarizing The slope of these lines,
dP |
DESCRIPTION RELATIONSHIP ﬁ =i

Dimensions and conductance

. . heat resistance is the reciprocal of the heat resistance and is the
of materials determine

characteristic for the resistor.

Heat resistance x dissipation .
temperature rise

gives : The stability AR can be determined experimentally,

Temperature rise +ambient | ) R

temperature give Ot-spot temperature for instance after 1000 h, as a function of the hot-spot
temperature with the resistance value as a parameter.

Hot-spot temperature and . :

resistance value determine stability It has begn four?d that the remstapqe changgs .
exponentially with temperature, giving a straight line

Performance when log AFR is plotted against Ty,

When specifying the performance of a resistor, the

dissipation is gliven as a fupctlon of the hot-spot A combination of the graphs of P and AR against T
temperature, with the ambient temperature as a R
parameter. gives a nomogram from which the values of several

. variables can be determined for a resistor of a given size

From AT = Ax P and T = Tamp + AT it follows that: under different working conditions. An examplegof such a
T Tamb nomogram with fictitious values is given in Fig.1.

A The intersection of the broken line with the horizontal axis

gives the hot-spot temperature under chosen conditions.

P =
If P is plotted against Ty, for a constant value of A,

parallel straight lines are obtained for different values
of the ambient temperature.
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Fig.1
the performance of film resistors.

: Tamb=
08 | 20°C
|
P |
(W) 60°C
70°C
04 4——— — — — —
100 °C
0.3
0.2
AR
= ® 0.4 | | | 1400¢
150 °C
/1° 'C/. o
100 I | 150 Tm (°C)
| |
| |
| |
I |
l R
[ 100 @
|
10 kQ
MBC679 1MQ

Performance nomogram (for a fictitious resistor) illustrating the way of specifying

-Example 1

Assume that a 10 kQ resistor, whose characteristics are
described by the nomogram, is to be operated at a power
dissipation of 0.4 W and an ambient temperature of 60 °C.
To establish whether this dissipation is allowable at this
ambient temperature and, if so, what the expected stability
of the resistor will be, draw a horizontal line in the upper
half of the nomogram through point A (power dissipation of
0.4 W). This line intersects the 60 °C ambient temperature
line at point B, corresponding to a hot-spot temperature of
128 °C (point C). This is safely below the maximum
indicated by the broken line at 155 °C; therefore a
dissipation of 0.4 W at an ambient temperature of 60 °C
is well within the allowable limit.

1998 Aug 28

Extend line BC into the lower half of the nomogram until it
intersects the 10 k<2 line at point D. Draw a horizontal line
to the left from point D until it intersects the line ‘after
1000 h’ and extend vertically to point E. This means that at
a hot-spot temperature of 128 °C a resistance change of
about 2.5% (point E) can be expected after 1000 hours of
operation. After 10000 hours, the change will be about 9%
(point F).
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Example 2

Assume that a 100 Q resistor, whose characteristics are
described by the nomogram, is to be operated at an
ambient temperature of 70 °C with a required stability after
1000 h of 0.5% (point a). It is desired to find the maximum
permissible power dissipation. In the lower half of the
nomogram, a line that corresponds to a stability after
1000 h of 0.5% intersects the 100 Q resistance line at
point b, corresponding to a hot-spot temperature of 112 °C
(point c).

Extending the line (b-c) into the upper half of the
nomogram, it intersects the line indicating an ambient
temperature of 70 °C at point d, corresponding to a

~ maximum permissible power dissipation of 0.25 W
(point e).

If the power to be dissipated exceeds the value found,
a resistor of higher value should be used.

The temperature coefficient

The temperature coefficient of resistance is a ratio which
indicates the rate of increase (decrease) of resistance per
Kelvin (K) increase (decrease) of temperature within a.
specified range, and is expressed in parts per million

per K (x107-8/K).

Example: If the temperature coefficient of a resistor of
Rnom = 1 MQ between -55 °C and +155 °C is
+100 x 10-%/K its resistance will be,

at 25 °C:

1000000 Q (nominal = rated value)

at +155 °C:

1000000 Q +(130 x 100 x 10-6) x 1000000 Q
=1013000 Q or 987000 Q

at-55 °C:

1000000 Q £(80 x 100 x 10-6) x 1000000 Q
=1008000 Q or 992000 Q

If the temperature coefficient is specified as <100 x 10-6/K
the resistance will be within the shaded area as shown
in Fig.2.

+1.3%

+0.8%

Rnom

-0.8%

-1.3%

MBC796

Fig.2 Temperature coefficient.
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THERMAL RESISTANCE (Ry)

Thermal resistance prohibits the release of heat generated
within the resistor to the surrounding environment. It is
expressed in K/W and defines the surface temperature
(Thg) of the resistor in relation to the ambient temperature
(Tamb) and the load (P = dissipation) of the resistor, as
follows:

Ths = Tamb + P X Rin

The thermal resistance given in the specification is
determined in accordance with DIN 44050
(Tamb between 20 and 25 °C).

The resistor is mounted on a PCB (see Fig.3) which is set
up vertically, with the resistor horizontal. Using an infrared
camera, a thermal image is made of the resistor, thus
defining the hot-spot and solder-spot temperatures.

It should be noted that different ways of mounting give
differing results, i.e. mounting with a higher heat
conductance gives a lower thermal resistance figure;
mounting with a lower heat conductance gives a higher
thermal resistance figure.

PULSE-LOAD BEHAVIOUR

Knowing the thermal characteristics of a resistor, it is
possible to calculate the dissipation due to a single pulse,

which will cause a resistor to fail by going open circuit.
This theoretical maximum can be expressed in terms of
maximum peak pulse power ( Pmax) and pulse duration (t);
the straight iine in Fig.4 is a typicai exampie for a fiim
resistor. In practice, owing to variations in the resistance
film, substrate, or spiralling, resistors fail at loads less than
this theoretical maximum; the dashed line in Fig.4 shows
the observed maximum for a resistor under
single-pulse-load.

The magnitude of a single pulse at which failure occurs is
of little practical value. More usually, the resistor must
withstand a continuous train of pulses of repetition time t,
during which only a small resistance change is acceptable.
This resistance change AR/R is equal to the change
permissible under continuous load conditions. The
continuous pulse train and small permissible resistance
change both reduce the maximum handling capability.

Using a computer program which takes account of all
factors affecting behaviour under pulse loads, curves
similar to those of Fig.4 are being produced for all resistor
ranges.

Measurements have shown that the calculated value is
accurate to within 10% of the true value. However,
maximum peak pulses as indicated in Fig.5 should not be
exceeded.

90

connecting

copper 35 um
not tinned

T
[T hole 1.2

Dimensions in mm.

CCB476

Fig.3 Mounting dimensions.
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Fig.4 Maximum permissible peak pulse power (Pmay) as a function of pulse duration (t) for a typical resistor.
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Fig.5 Maximum permissible peak pulse voltage (Vmax) as a function of pulse duration (t;) for a typical resistor.
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MGA206

<——tp—>

— ] e

Fig.6 Rectangular pulses.

MGA207

<———tp—>

Fig.7 Exponential pulses.

Definition of symbols (see Figs 4, 5, 6 and 7)

SYMBOL DESCRIPTION

P applied peak pulse power

p maximum permissible peak pulse power

max (Fig.4)

Vi applied peak pulse voltage (Figs 6 and 7)

Voo mgximum permissible peak pulse voltage
(Fig.5)

Rnom nominal resistance value

t pulse duration (rectangular pulses)

tp pulse repetition time

T time constant (exponential pulses)

Tamb ambient temperature

Trn(max) maximl.Jm hot-spot temperature of
the resistor

Definitions of pulse-load behaviour;
metal film resistors

SINGLE PULSE

The resistor is considered to be operating under single
pulse conditions if, during its life, it is loaded with a limited
number (approximately 1500) of pulses over long time
intervals (greater than one hour).

REPETITIVE PULSE

The resistor is operating under repetitive pulse conditions
if it is loaded by a continuous train of pulses of similar
power.

1998 Aug 28

Determination of pulse-load

The graphs in Figs 4 and 5 may be used to determine the
maximum pulse-load for a resistor. The calculations
assume:

Tamp =70 °C
Tm is the maximum permissible hot-spot temperature
for the relevant resistor family.

AR/R equal to the permitted value for 1000 hours at
continuous level.

o For repetitive rectangular pulses:
.2
- -ﬁ',- must be lower than the value of Ppax given by
the solid lines of Fig.4 for the applicable value of t;
and duty cycle ty/t;.

— V; must be lower than the value of Vinax given in
Fig.5 for the applicable value of t;.

e For repetitive exponential pulses:
— As for rectangular pulses, except thattj=0.51
o For single rectangular pulses:
~ 2

- Vﬁ' must be lower than the Pmax given by the

dashed line of Fig.4 for the applicable value of t;.

— V; must be lower than the value of Vyay given in
Fig.5 for the applicable value of t;.
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Examples

Determine the stability of a typical resistor for operation
under the following pulse-load conditions.

CONTINUOUS PULSE TRAIN

A 100 Q resistor is required to operate under the following
conditions: Vi=40V; tj=10"5s;t, = 103s.

Therefore:

N 2 t -3

=20 _tswand =12 _ 100
100 ti 10_5

t N
For tj= 105 s and t—F’ = 100, Fig.4 gives Ppax=19W

and Fig.5 gives Vimax = 500 V. As the operating conditions
P =16 W and V; =40V are lower than these limiting
values, this resistor can be safely used.

SINGLE PULSE

A 1000 Q resistor is required to operate under the
following conditions:

Vi=200V;t=10"%s

Therefore:
2
2 200
Pmax = 1000 = 40W

The dashed curve of Fig.4 shows that at ; = 104 s, the
permissible Pmax =70 W and Fig.5 shows a permissible
Vmax 0f 480 V, so this resistor may be used.

MECHANICAL DATA

A dimensional sketch and if applicable, a table of
dimensions is given. The lead length of axial types is not
usually stated if the resistors are only available on tape.

The sketch (see Fig.8) does include however, length (L),
diameter of the body (@D) and the lead diameter (&d).
For certain types, the length is stated as L1 and Ly; L4 is
the body length, L, is the body length plus lacquer on the
leads. By specifying L1/L,, the dimensional ‘clean lead to
clean lead’ properties can be determined.

The length of the cylindrical body (L) is measured by

"inserting the leads into the holes of two identical gauge

plates (Fig.9) and moving these plates parallel to each
other, until the resistor body is clamped without
deformation (“/EC publication 60194”).

This method does not apply to rectangular resistors,
‘stand-up’ types and wirewound resistors with side
terminations.

L ——>

O \ A‘—————-ﬂ* . 2d
’ E*D MBC684

Fig.8 Component outline.
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Dimensions in mm.
For dimensions see Table 1.

28+ 2 | Ly ’ 28+ 2
I
7 V%
‘ l ‘ ‘ =t +;a d
V/ v, [
% %A gD MBC673
gauge plate

Fig.9 Measurement of dimension L.

The relationship between the diameter of the leads and the
diameter of the holes in the gauge plate is shown in
Table 1.

Table 1 Lead diameter and hole dimensions

ad HOLE DIAMETER
(mm) (mm)

0.5 0.8

0.6 1.0

0.7 1.0

0.8 1.2

Mass

The mass is given per 100 resistors.
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Marking

The resistors are either colour coded or provided with an
identification stamp. The colour code consists of a number
of coloured bands in accordance with IEC publication
60062: “Colour code for fixed resistors”. See also

“IEC 60115-1", clause 4.5. The coloured bands indicate
the nominal resistance, the tolerance on the resistance
and, if applicable, the temperature coefficient.

A maximum of bands may be used, but in some instances
there are fewer, e.qg. if the products are too small.

For safety reasons the coloured tolerance rings on the
types “VR25, VR37,VR68 and LSR37” are yellow (instead
of gold) for 5% and grey (instead of silver) for 10%.
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7007

—

—

_

figures multiplier tolerance  temp. coeff.

(flz) (.1078K)

0.01}—{10% | silver

01— 5% | gold
[0 +—1 1 I 200 | black
1 10 |—] 1% — 100 — brown
|2 —100 F—{ 2% — 50— red
3 1 1K E 15 [— orange
| 4 —1 10K I 25 |— vyellow
|5 —1100K —1 05% green
| 6 —1 1M [ 025% [—{ 10 |— blue
| 7 —110M . 01% j— 5 [— violet
| 8 | 1+ grey
L9 | white

MLB747

Fig.10 Marking.

The resistance code consists of either three or four bands
and is followed by a band representing the tolerance.
The temperature coefficient is to the right of the
tolerance band and is usually positioned on the cap
(MRS types), as a wide band. When five or six bands in

total are used, the last band w

are used last band will always be the wider one.

The resistance code includes the first two or three
significant figures of the resistance value (in ohms),
followed by an indicator. This is a factor by which the
significant-figure value must be multiplied to find the
relevant resistance value. Whether two or three significant
figures are represented depends on the tolerance: 2%
and higher requires two bands; +1% and lower requires
three bands.

The ‘figures’ refer to the first two or three digits of the
resistance value of the standard series of values in a
decade, in accordance with “/EC publication 60063”

as indicated in the relevant data sheet and shown on the
inside back cover of this handbook.

Certain resistors are not coded by colour bands but by a
stamp giving pertinent data (alphanumeric marking). This
is adopted with MIL types MR24E/C/D and MR34E/C/D.
Resistors outside the standard “/EC 60063”series of types
MPR24 and MPR34, are stamped.

All wirewound resistors are stamped.
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Body colours

Table 2 The resistor bodies are lacquered in different
colours to simplify identification

COLOUR TYPE

Light green | SFR25

Grey NFR25, NFR25H

Green MR25, MR30, MR24E/C/D, MR34E/C/D,
MPR24, MPR34, MRS16S, MRS25,
AC01/03/04/05/07/10/15/20,
PAC01/02/03/04/05/06

Light blue | VR25, VR37, VR68, SFR16S, LSR37

Red PRO1, PR02, PRO3

Red-brown | SFR25H

Ceramic LVR05, SMW/SMF02/03/05,

encased RMWO03/05/07/10/15/20, RMF03/05/07/10

Mounting

Most types with straight axial leads and most in the
‘stand-up’ version are suitable for processing on automatic
insertion equipment, cutting and bending machines.
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TESTS AND REQUIREMENTS

Essentially all tests on resistors are carried out in accordance with the schedule of “/EC publication 60115-1"

in the specified climatic category and in accordance with IEC publication 60068: “Recommended basic climatic and
mechanical robustness testing procedure for electronic components”. In some instances deviations from the

IEC recommendations are made.
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PACKAGING

Dimensions of ammopack and reel

MBC680

For dimensions see Table 1.

Fig.1 Bandolier in ammopack.

22030' (16x)

! - 225

MBC687
- V—»

-—— g —
220 mm leader at
beginning and end

v

Dimensions in mm.
For dimensions see Table 2.

Fig.2 Bandolier on reel.
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253 MLB802

e
\

Dimensions in mm.
For dimensions see Table 5.

Fig.3 Dimensions of ammopack (radial taped).
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Products with straight leads

Dimensions in mm.

Maximum 1 mm per 10 spacings.
Maximum 0.5 mm per 5 spacings.
For dimensions see Tables 1 and 2.

0.8 max displacement between any
—~—

% two resistors

Fig.4 Axial style on tape.

MBA504

Table 1 Resistor type, quantities and packaging dimensions for axial taped in ammopack; see Figs 1 and 4

PACKAGING DIMENSIONS
PR-?y?:LéCT QUANTITY AXIAL TAPED ON BANDOLIER AMMOPACK
a A |B1 - Byl s M N P
(mm) (mm) (mm) (mm) (mm) (mm) (mm)
+0.5 52.5 +1. +1.2 5 75 140
SFR16S 1000 60 5 30
5000 610.5 52.5+1.5 +1.2 5 75 73 270
SFR25 1000 6 +0.5 52 +1.5/-0 +1.2 5 82 28 262
5000 6 +£0.5 52 +1.5/-0 +1.2 5 78 98 270
SFR25H 1000 6 0.5 52 +1 .5/—9 +1.2 5 82 28 262
5000 6 0.5 52 +1.5/-0 +1.2 5 78 98 270
NFR25 1000 6 10.5 52 +1.5/-0 +1.2 5 82 28 262
5000 6 +0.5 52 +1.5/-0 +1.2 5 78 98 270
NFR25H 1000 6 +0.5 52 +1.5/-0 +1.2 5 82 28 262
5000 6 0.5 52 +1.5/-0 +1.2 5 78 98 270
6 0.5 52 +1.5/-0 +0.5 5 75 30 140
MRS16S 1000
5000 610.5 52 +1.5/-0 +0.5 5 75 73 270
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Philips Components

Leaded fixed linear resistors Packaging
PACKAGING DIMENSIONS
PR-,?,?,‘.J:CT QUANTITY AXIAL TAPED ON BANDOLIER AMMOPACK
e a A |By - Byl S M N P
(mm) (mm) (mm) (mm) (mm) (mm) (mm)
1000 6 0.5 52 +1.5/-0 +1.2 5 82 28 262
MRS25
5000 6 10.5 52 +1.5/-0 +1.2 5 78 107 270
MR25 1000 6 10.5 52 +1.5/-0 +1.2 5 82 28 262
MR30 1000 6 0.5 52 +1.5/-0 +1.2 5 77 34 265
MPR24 500 or 1000 6 10.2 63.5 1.5 +1.2 5 97 29 262
MPR34 500 or 1000 6 10.2 63.5+1.5 +1.2 5 97 39 262
1000 6 0.5 52 +1.5/-0 +1.0 5 82 28 262
VR25 2000 6 +0.5 26 +1.5/-0 +1.0 5 50 50 255
5000 6 +0.5 52 +1.5/-0 +1.2 5 78 98 270
VR37 1000 6 +0.5 52 +1.5/-0 +1.2 5 83 60 262
VR68 500 5+0.5 66.7 +1.5 +1.2 10 85 112 258
LSR37 1000 6 10.5 52 +1.5/-0 +1.2 5 83 60 262
PRO1 1000 6 £0.5 73+1.5 +1.2 5 97 28 262
PRO1 5000 6 10.5 52 +1.5/-0 +1.2 5 78 98 270
PRO2 1000 6 +0.5 73+1.5 1.2 5 97 59 262
PR02 1000 6 +0.5 52 +1.5/-0 +1.2 5 83 60 262
PRO3 500 6 0.5 80 1.5 +1.2 10 99 77 259
ACO1 1000 6+0.5 63 +4 +1.2 10 85 60 263
ACO03 500 6 £0.5 63 +4 +1.2 10 85 77 259
AC04 500 6 10.5 63 4 +1.2 10 85 77 259
ACO05 500 6 +0.5 63 4 +1.2 10 85 112 259
ACO07 500 6 +0.5 74 +4 +1.2 10 93 115 259
PACO1 500 6 +0.5 63 £1 +1.2 10 85 60 263
PACO02 500 6 10.5 63 +1 +1.2 10 85 60 263
PACO3 500 6 +0.5 63 1 +1.2 10 85 60 263
PACO04 500 6 +0.5 71 +1 +1.2 10 97 120 273
PACO05 500 6 0.5 71 %1 +1.2 10 97 120 273
PACO06 500 6 0.5 71 +1 +1.2 10 97 120 273
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Leaded fixed linear resistors

Packaging

Table 2 Resistor type, quantities and packaging dimensions for axial taped on reel; see Figs 2 and 4

PACKAGING DIMENSIONS

PR%?:UECT QUANTITY AXIAL TAPED ON BANDOLIER REEL
a A By - B, S Q v R
(mm) (mm) (mm) (mm) (mm) (mm) (mm)

SFR16S 5000 6 +0.5 52.5+1.5 +1.2 5 265 75 86
SFR25 5000 6 0.5 52 +1.5/-0 +1.2 5 305 75 86
SFR25H 5000 610.5 52 +1.5/-0 +1.2 5 305 75 86
NFR25 5000 6 1+0.5 52 +1.5/-0 +1.2 5 305 75 86
NFR25H 5000 6 +£0.5 52 +1.5/-0 +1.2 5 305 75 86
MRS16S 5000 6 0.5 52 +1.5/-0 +0.5 5 265 75 86
MRS25 5000 6 +0.5 52 +1.5/-0 +1.2 5 305 75 86
MPR24 5000 610.2 63.5%1.5 +1.2 5 305 90 99
MPR34 5000 6 +0.2 63.5+1.5 +1.2 5 356 90 99
VR25 5000 6 £0.5 52 +1.5/-0 1.2 5 305 75 86
VR37 5000 6 +£0.5 52 +1.5/-0 +1.2 5 356 75 86
LSR37 5000 6 +0.5 52 +1.5/-0 +1.2 5 356 75 86
PRO1 5000 6 +0.5 73+1.5 1.2 5 305 90 99

1998 Aug 28
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Leaded fixed linear resistors

Packaging

Products with radial leads

For dimensions see Tables 3 and 4.

Fig.5 Bandolier for types with radial leads.
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Ol B > F <—<—P0——>‘P1<— '>|DOL MLB656
T 4_\{ 1 o=30° 10 40°
Jal;»aL- a=2=13mm %:&

detail A

Table 3 Product dependent tape dimensions; see Fig.5

SYMBOL PARAMETER TYPE VALUE TOLERANCE UNIT
D maximum body diameter mm
A maximum body length see detailed product specification mm
d lead wire diameter mm

SFR25 29 max. mm
NFR25 29 max. mm
. NFR25H 29 max. mm
Hy component height -
: PRO1 29 max. mm
PRO2 29 +3.0 mm
ACO1 29 +3.0 mm

1998 Aug 28
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Philips Components

Leaded fixed linear resistors Packaging
Table 4 Tape dimensions; non-product dependent; see Fig.5
SYMBOL PARAMETER VALUE TOLERANCE UNIT

P pitch of components 12.7 +1.0 mm
Po feed-hole pitch 12.7 +0.2 mm

cumulative pitch error per 20 spacings 1.0 mm
P4 feed-hole centre to lead at topside at the tape 3.85 ) +0.5 mm
Pa feed-hole centre to body centre 6.35 +1.0 mm
F lead-to-lead distance 438 +0.7/-0 mm
Ah component alignment 0 1.2 mm
Ag component alignment 0 +3° deg
w tape width 18.0 +0.5 mm
Wo minimum hold down tape width 5.5 - mm
A hole position 9.0 +0.5 mm
WA maximum hold down tape position 0.5 - mm
Ho lead wire clinch height 16.5 +0.5 mm
H height of component from tape centre 19.5 +1 mm
Do feed-hole diameter 4.0 +0.2 mm
t total tape thickness 0.4 -0/+0.5 mm
L maximum length of snipped lead 1.0 - mm
Ly minimum lead wire (tape portion) shortest lead 2.5 - mm

Table 5 Resistor type, quantities and dimensions of the packaging for radial taped in ammopack; see Fig.3

PACKAGING DIMENSIONS
PRODUCT QUANTITY AMMOPACK
TYPE M N P
(mm) (mm) (mm)
SFR25 4000 45 262 330
NFR25 4000 45 262 330
NFR25H 4000 45 262 330
PRoO1 4000 45 262 330
PRO2 3000 45 262 330
ACO1 2500 45 262 330

Products with cropped and formed leads

Table 6 Resistor type, quantities and dimensions of the packaging for cropped and formed, loose in box

PACKAGING DIMENSIONS
PR%E;LIJECT QUANTITY AMMOPACK
M N P
(mm) (mm) (mm)
PRO1 1000 105 70 205
PR02 500 or 1000 105 70 205
PRO3 250 or 500 105 70 205
1998 Auqg 28 23
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Philips Components

Product specification

Standard metal film resistors
[ T Y e e e e ]

FEATURES

o Low cost
e Low noise
¢ Small size (SFR16S).

APPLICATIONS

e General purpose resistors.

DESCRIPTION

A homogeneous film of metal alloy is
deposited on a high grade ceramic
body. After a helical groove has been
cut in the resistive layer, tinned
connecting leads of electrolytic
copper are welded to the end-caps.

The resistors are coated with a
coloured lacquer (light-blue for

SFR16S/25/25H

type SFR16S; light-green for type
SFR25 and red-brown for type
SFR25H) which provides electrical,
mechanical and climatic protection.
The encapsulation is resistant to all
cleaning solvents, in accordance with
‘MIL-STD-202E, method 215", and
“IEC 60068-2045".

QUICK REFERENCE DATA
VALUE
DESCRIPTION
SFR16S SFR25 SFR25H
Resistance range 1 Qto3MQ 1 Q to 10 MQ and jumper (0 Q)
Resistance tolerance 15%, E24 series
Temperature coefficient:
R<47Q <+250 x 107¢/K <+100 x 10-6/K <+100 x 107¢/K
4.7 Q<R <100 kQ <+100 x 10-6/K <+100 x 10-6/K <+100 x 1076/K
100 kQ<R<1MQ <4250 x 1079/K <+100 x 10-6/K <+100 x 10-6/K
R>1MQ <4250 x 1079/K <+250 x 1076/K <+250 x 109/K
Absolute maximum dissipation 0.5W 0.4 W 0.5W
at Tamp = 70 °C
Thermal resistance, Ry, 170 KW 200 K/'W 150 K/W
Maximum permissible voltage 200V 250V 350 V
Noise:
R <68 kQ max. 0.1 pvV/V max. 0.1 pv/Vv max. 0.1 pv/vV
68 kQQ < R<100 kQ max. 0.5 pV/V max. 0.1 pvV/V max. 0.1 pV/V
100 kQ<R<1MQ max. 1.5 uV/V max. 0.1 uv/V max. 0.1 pv/vV
R>1MQ max. 1.5 uvV/V max. 1.5 pV/V max. 1.5 uV/V
Basic specifications IEC 60115-1 and 60115-2
Climatic category (IEC 60068) 55/155/56
Stability, AR/R max., after:
load:
R<1MQ +1% + 0.05 Q +1% + 0.05 Q +1% + 0.05 Q
R>1MQ +1% + 0.05 Q +1% + 0.05 Q 2% + 0.1 Q
climatic tests:
R<1 MQ +1% + 0.05 Q +1% + 0.05 Q +1% + 0.05 Q
R>1MQ +1% + 0.05 Q +1% + 0.05 Q 2% + 0.1 Q
soldering +0.25% + 0.05 Q +0.25% + 0.05 Q +0.25% + 0.05 Q
short time overload +0.25% + 0.05 Q +0.25% + 0.05 Q +1% + 0.05 Q
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Philips Components

Product specification

Standard metal film resistors

SFR16S/25/25H

ORDERING INFORMATION

Table 1 Ordering code indicating resistor type and packaging

ORDERING CODE 23.. ... .....
BANDOLIER IN AMMOPACK BANDOLIER ON REEL
RS RADIAL TAPED STRAIGHT LEADS STRAIGHT LEADS

4000 units 1000 units 5000 units 5000 units
SFR16S - 22 187 73... 22 187 53... 22187 83...
SFR25 06 184 03... 22 181 53... 22181 43... 22181 68...
SFR25 jumper(" — - 22 181 90019 -
SFR25H - 22 186 16... 22 186 76... 22186 26...

Note

1. The jumper has a maximum resistance Ryax =10 mQ at 5 A.

Ordering code (12NC)

The resistors have a 12-digit
ordering code starting with 23

The subsequent 7 digits indicate

the resistor type and packaging;

see Table 1.

¢ The remaining 3 digits indicate the

resistance value:

— The first 2 digits indicate the

resistance value.

— The last digit indicates the
resistance decade in
accordance with Table 2.

1Q0R Aunn 22

Table 2 Last digit of 12NC

RESISTANCE
DECADE

LAST DIGIT

1109.76 Q

10t097.6 Q

ORDERING EXAMPLE

The ordering code of a SFR25
resistor, value 5600 Q +5%, taped
on a bandolier of 5000 units in

100 to 976 Q

110 9.76 kQ

10 to 97.6 kQ

100 to 976 kQ

1t09.76 MQ

10 MQ

OO IWIN|—=|O|®
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Philips Components Product specification

Standard metal film resistors SFR16S/25/25H

FUNCTIONAL DESCRIPTION
Product characterization

Standard values of nominal resistance are taken from the E24 series for resistors with a tolerance of £5%.
The values of the E24 series are in accordance with “/EC publication 60063”.

Tamb = 40 °C 70°C
05
P -
W)
0.4
o
03 100 °C
0.2 1 125 °C
0.1 -
155 °C
0‘(\
S
\\
\QQQ
15 10 07 05 0.3 0.2 0.1%  AR/Rfor R<100 kQ
20 15 1.0 0.7 05 0.3 02%  AR/RforR>100kQ MEASS5
SFR16S
Fig.1 Drift nomogram.
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Philips Components

Product specification

Standard metal film resistors SFR16S/25/25H
Tamb = 40 °C 70°C
100
P
(%) 75 100 °C
50 1 125°C
25 -

155 °C

20 15 1.0 0.7 0.5 0.3 0.2 % AR/RforR<1MQ

3.0 2.0 1.0 0.7 0.5 0.3 % AR/RforR>1MQ

MLB651

SFR25(H)
Pn=0.4 W (SFR25) or 0.5 W (SFR25H).

Fig.2 Drift nomogram.
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Philips Components

Product specification

Standard metal film resistors

SFR16S/25/25H

Limiting values

LIMITING VOLTAGE(" LIMITING POWER
TYPE vy
, (W) (W)
SFR16S 200 0.5
SFR25 250 0.4
SFR25H 350 0.5
Note

1. The maximum voltage that may be continuously applied to the resistor element, see “/EC publication 60115-1".

The maximum permissible hot-spot temperature is 155 °C.

DERATING

The power that the resistor can dissipate depends on the operating temperature; see Fig.3.

100 - MLB650
Prmax |
(%Prated) I
75 |
I
I
50 A |
I
! N
] [
25 ' R>1MQ | Ng
I i <
| |
0 ; + r —L ; .
40 60 70 80 120 o 140 155
Tamb (°C)

Fig.3 Maximum dissipation (Pnmax) in percentage of rated power as a function of the ambient temperature (Tamp)-
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Philips Components Product specification

Standard metal film resistors - SFR16S/25/25H

PULSE LOADING CAPABILITIES

102 MEAE85 - 1
A
Pmax
W)
N~
~
102 =
= +H -
tp/tj=1000 =i
500 =
R 200 .
\\‘-__-‘._ 100 SN Ny
10 FE 50 = =
20 =
10 H — ~
5 LT N
mame N § q ~ 4
1 2
107!
1078 1075 1074 1078 1072 107" ti (s) 1
SFR16S
Fig.4 Pulse on a regular basis; maximum permissible peak pulse power (Pay)
as a function of pulse duration (t;).
MEA689
600
A
Vmax
v)
500 ——
H—
\\\
400 A NE
\\
\\
300 ‘\
\ N
N
\\
200 &
100
%—s 1075 1074 1073 1072 107 1
tj(s)
SFR16S
Fig.5 Pulse on a regular basis; maximum permissible peak pulse voltage (Vimax)
as a function of pulse duration (t).
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Philips Components Product specification

Standard metal film resistors SFR16S/25/25H
103 MLB389
A
Pmax [
w) ]
102 =
tp/t ;= 1000 =
S 500 =
—— N =2 s = WA =
—1 111 100T——— ~ e
10 ] 0 ~—t
20 —
10 iii ] S T
1 i T
2 Ll
iy
10~!
1076 107° 1074 1073 1072 1071 t; (s) 1
SFR25

Fig.6 Pulse on a regular basis; maximum permissible peak pulse power (Pmax)
as a function of pulse duration (t;).

MEA678
600

A
Vmax
V)

500 =

400

300

200

100

-6 -5 -4 -3 -2 -1
10 10 10 10 10 10 t ) 1
SFR25

Fig.7 Pulse on a regular basis; maximum permissible peak pulse voltage (Vimax)
as a function of pulse duration (t;).
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Philips Components Product specification

Standard metal film resistors SFR16S/25/25H
103 MLB653
ﬁmax It
w) =+ H i
o B tp/t ;= 1000 T
sE=E=
2004—1—]
1003 =
—r— 50. R —————n ~
10 20 = TN
10 &x =
5 — i
1 2 HRE~ L
101
1078 1075 1074 1073 1072 1071 t; (s) 1
SFR25H

Fig.8 Pulse on a regular basis; maximum permissible peak pulse power (Prmax)
as a function of pulse duration (t;).

MLB654
1200
A
Vmax
(\J] ™~
N
800 J
N
400 SR
20‘6 1078 1074 1078 1072 1071 1
. ti(s)
SFR25H

Fig.9 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax)
as a function of pulse duration (t;).
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Philips Components Product specification

Standard metal film resistors SFR16S/25/25H

Application information

MEAS591 MEA592
60 i
/ 2 510 15 mm—j
100 '/ AKT 1Y/ L/
7 © Vi
e S . /44
® val /////
A V74,
5 / | y/ /
/| I /
20
)4 ! /
7 |
/ I
' |
0 i 0
0 0.2 0.4 06 b () 08 0 0.2 0.4 06 p ) 08
SFR16S SFR16S
Fig.11 Temperature rise (AT) at the end of the lead
Fig.10 Hot-spot temperature rise (AT) as (soldering point) as a function of dissipated
a function of dissipated power. power at various lead lengths after mounting.
MLB652 MLB388
100 40
0 ’ I %9 5'
SFR25 K mm
80 / “ // ‘
/ 80 7T 107
” ,/ /// 5—
% SFR25H / AT
v 20 // A
40 // ,/A / A
/ NNy
20
L
74
%
0 0
0 0.1 0.2 0.3 0.4 05 0 0.1 0.2 0.3 0.4 05
P (W) P (W)
SFR25/SFR25H SFR25
Fig.13 Temperature rise (AT) at the end of the lead
Fig.12 Hot-spot temperature rise (AT) as (soldering point) as a function of dissipated
a function of dissipated power. power at various lead lengths after mounting.
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Philips Components

Product specification

Standard metal film resistors SFR16S/25/25H
MECHANICAL DATA
s MEAGB? Mass per 100 units
AT MASS
® // TYPE (9)
40 v J SFR16S 125
SFR25 25
5
30 10 m? // - -
15 mm ></,/ o Marking
20 //,) B// The nominal resistance and tolerance are marked on the
/9 -] resistor using four or five coloured bands in accordance
74 with IEC publication 60062 “Colour codes for fixed
10 resistors”.
7 Outlines
0
0 0.2 04 b 06 The length of the body (L{) is measured by inserting the

SFR25H

Fig.14 Temperature rise (AT) at the end of the lead
(soldering point) as a function of dissipated
power at various lead lengths after mounting.

leads into holes of two identical gauge plates and moving
these plates parallel to each other until the resistor body is
clamped without deformation (“/EC publication 60294”).

For dimensions see Table 3.

—

@D

Fig.15 Outline.

CcCB414

Table 3 Resistor type and relevant physical dimensions; see Fig.15

@D Ly Lo od
TYPE MAX. MAX. MAX. (mm)
(mm) (mm) (mm)
SFR16S 1.9 3.2 3.4 0.45 £0.05
SFR25 2.5 6.5 7.0 0.58 +0.05
SFR25H 2.5 6.5 7.0 0.58 +0.05
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SFR16S/25/25H

Standard metal film resistors
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Product specification

Philips Components

SFR16S/25/25H

Standard metal film resistors
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Product specification

Philips Components

SFR16S/25/25H

Standard metal film resistors
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Philips Components

Product specification

Metal film resistors

MRS16S/25

FEATURES DESCRIPTION The resistors are coated with a green
o Precision resistors in small outlines A homogeneous film of metal alloy is lacquer YVhiCh provjdes'electrica!,
. . ; mechanical, and climatic protection.
* Low noise. gzgoszfgfg :e:g; g::g\?ecr?;:rgg:en The encapsulation is resistant to all
cut |¥1 the resistive Ia?/er, tinned Sleaning solvents in accordan”ce with
APPLICATIONS connecting wires of electrolytic g’égg ODé§£)22_4E,5£nethod 215" and
« All general purpose applications. copper are welded to the end-caps. ’
QUICK REFERENCE DATA
VALUE
DESCRIPTION
MRS16S MRS25
Resistance range 4.99 Qto1 MQ 1Qto 10 MQ
Resistance tolerance and series +1%; E24/E96 series
Maximum dissipation at Tamp = 70 °C 0.4 W 0.6 W
Thermal resistance (Ryp) 170 KW 150 K/IW
Temperature coefficient <+50 x 10-¢/K
Maximum permissible voltage (DC or RMS) 200V 350 V
Basic specifications IEC 60115-1 and 60115-2
Climatic category (IEC 60068) 55/155/56
Stability after:
load:
R <100 kQ AR/R max.: £0.5% + 0.05 Q AR/R max.: £0.5% + 0.05 Q
R > 100 kQ AR/R max.: 1% + 0.05 Q AR/R max.: £0.5% + 0.05 Q
climatic tests:
R <100 kQ AR/R max.: £0.5% + 0.05 Q AR/R max.: £0.5% + 0.05 Q
R > 100 kQ AR/R max.: £1% + 0.05 Q AR/R max.: £0.5% + 0.05 Q
soldering:
R <100 kQ AR/R max.: £0.1% + 0.05 Q AR/R max.: £0.1% + 0.05 Q
R > 100 kQ AR/R max.: £0.25% + 0.05 Q AR/R max.: £0.1% + 0.05 Q
short time overload AR/R max.: £0.25% + 0.05 Q AR/R max.: £0.25% + 0.05 Q
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Philips Components

Product specification

Metal film resistors

MRS16S/25

ORDERING INFORMATION

Table 1 Ordering code indicating resistor type and packaging

ORDERING CODE 2322 15. .....
TYPE BANDOLIER IN AMMOPACK BANDOLIER ON REEL
1000 units 5000 units 5000 units
MRS16S 71... 72... 73....
MRS25 61... 62.... 63....
Ordering code (12NC) Table 2 Last digit of 12NC ORDERING EXAMPLE
e The resistors have a 12-digit RESISTANCE AST DIGIT The ordering code of a MRS16S
ordering code starting with 2322 15 DECADE L resistor, value 750 Q, on a bandolier
e The subsequent 2 digits indicate 1109.76 Q 8 of 1000 units in ammopack is:
the resistor type and packaging; 2322 157 17501.
1010 97.6 Q 9
see Table 1.
The remaining 4 digits indicate the 100 to 976 @ L
e The ai indical
resistance value: 1109.76 kQ 2
— The first 3 digits indicate the 1010 87.6 k2 3
resistance value. 100 to 976 kQ 4
— The last digit indicates the 1109.76 MQ S
resistance decade in 10 MQ 6
accordance with Table 2.
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Philips Components Product specification

Metal film resistors MRS16S/25

FUNCTIONAL DESCRIPTION
Product characterization

Standard values of nominal resistance are taken from the E24/E96 series for resistors with a tolerance of +1%.
The values of the E24/E96 series are in accordance with “/EC publication 60063”.

Tamb = 40 °C 70 °C
0.5
P -
w)
0.4 -
0,
03 4 100 °C
0.2 125 °C
0.1
155 °C
e‘(\
<
N
<
15 10 07 05 03 02 01%  AR/RforR< 220 kQ
20 15 1.0 07 05 0.3 02%° AR/RforR>220kQ EAS4
MRS16S
Fig.1 Drift nomogram.
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Metal film resistors ‘ MRS16S/25
Tamb =40 °C 70 °C
06

P

(W)
041 100 °C

0,
02 125 °C
155 °C
N
\0000
\000

15 10 07 05 0.3 02 01 %AR/RforR<1MQ o

MRS25

Fig.2 Drift nomogram.
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Philips Components

Product specification

Metal film resistors

MRS16S/25

Limiting values

TYPE LIMITING VOLTAGE(" LIMITING POWER
v) W)
MRS16S 200 0.4
MRS25 350 0.6
Note

1. The maximum voltage that may be continuously applied to the resistor element, see “/EC publication 60115-1".

The maximum permissible hot-spot temperature is 155 °C.

DERATING

The power that the resistor can dissipate depends on the operating temperature; see Fig.3.

Prmax
(%Prateq)

100

50

T
0 50 70

Fig.3 Maximum dissipation (Pnmax) in percentage of rated power as a function of the ambient temperature (Tam)-
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Philips Components Product specification

Metal film resistors MRS16S/25
PULSE LOADING CAPABILITIES
1‘03 MEA68S - 1
A
Pmax
W), S
102 =
] tp/ti=1ggg Ty L
=== 200 ] S
I~ [TFF 100 =====c= NN
10 FEFEE 50 =
20 &
10 i =
5 I e N
REE N ~
1 2 j — ~ J\
107"
1076 1075 1074 1073 1072 107" t; () 1
MRS16S
Fig.4 Pulse on a regular basis; maximum permissible peak pulse power (Pmax)
as a function of pulse duration (t;).
MEA689
600
A
Vimax
v)
500 T
~
\\\
400 1 N
\\
300
N
N
\\
200 &
100
P -5 -4 -3 -2 -1
10 10 10 10 10 10 e 1
MRS16S
Fig.5 Pulse on aregular basis; maximum permissible peak pulse voltage (Vmax)
as a function of pulse duration (t;).
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Metal film resistors MRS16S/25
103 MLB653
A
Pmax -
w) i e S
, tp/t ;= 1000 T T~
10 == £500
200F——
FH=1003 = £
—— 50 B ~
B T ™ -~
10 20 ~ N~
10 2
5 il — i
1 i TN
=y
1 2 T L
1071
1076 1078 1074 1073 1072 107" t; (s) 1
MRS25

Fig.6 Pulse on a regular basis; maximum permissible peak pulse power (Pmax)
as a function of pulse duration (t;).
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N
Vmax
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800
N
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N

400
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0
1078 1075 1074 1078 1072 1071 1
0 0 1

MRS25

Fig.7 Pulse on a regular basis; maximum permissible peak pulse voltage (Vimax)
as a function of pulse duration (t;).
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Product specification

Metal film resistors

MRS16S/25

Application information

MEA681

100

AT
(K)

80

60

40 A

20 L

N
N

0 0.2 0.4 0.6

P (W)

MRS16S

Fig.8 Hot-spottemperature rise (AT) as
a function of dissipated power.
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AT . ’ /
K mm
® 5 mm //
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15 mm

30 /Z

20

X

\N
NN
N

0 0.2 0.4 P (W) 0.6

MRS16S

Fig.9 Temperature rise (AT) at the lead end
(soldering point) as a function of dissipated
power at various lead lengths after mounting.

MEA686

100
AT
(K)
80 /
L/
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20 /A
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0 0 0.2 4
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Fig.10 Hot-spot temperature rise (AT) as
a function of dissipated power.
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Fig.11 Temperature rise (AT) at the lead end
(soldering point) as a function of dissipated
power at various lead lengths after mounting.
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Philips Components Product specification

Metal film resistors MRS16S/25

MECHANICAL DATA
Mass per 100 units

—— L ——

TYPE MASS [ 4
MRS168 1(?) A H'_j :%gd
N 1}
CCB414
MRS25 25 2D
Lo
Marking
The nominal resistance and tolerance o
are marked on the resistor using five For dimanslons sos Table 3.
coloured bands in accordance with Fig.12 Outlin
IEC publication 60062 “Colour codes 9 e
for fixed resistors”.
Outlines Table 3 Resistor type and relevant physical dimensions; see Fig.12
. @D L4 Lo

The length of the body (Ly)is TYPE MAX. TYP. MAX. @d
measured by inserting the leads into (mm) (mm) (mm) (mm)
holes of two identical gauge plates
and moving these plates parallel to MRS16S 1.9 3.2 3.4 0.45 +0.05
each other until the resistor body is MRS25 25 6.5 7.0 0.58 +0.05
clamped without deformation
(“IEC publication 60294”).
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Product specification

Metal film resistors

MRS16S/25

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “IEC publication 60115-1", category
LCT/UCT/56 (rated temperature range: Lower Category
Temperature, Upper Category Temperature; damp heat,
long term, 56 days). The testing also covers the
requirements specified by EIA and EIAJ.

The tests are carried out in accordance with

IEC publication 60068, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions
according to “/EC 60068-1", subclause 5.3.

Table 4 Test procedures and requirements

Unless otherwise specified the following values apply:
Temperature: 15 °C to 35 °C
Relative humidity: 45% to 75%

Air pressure: 86 kPa to 106 kPa
(860 mbar to 1060 mbar).

In Table 4 the tests and requirements are listed with
reference to the relevant clauses of

“IEC publications 60115-1 and 60068”, a short
description of the test procedure is also given. In some
instances deviations from the IEC recommendations were
necessary for our method of specifying.

All soldering tests are performed with mildly activated flux.

IEC sol(fsi Y ‘ REQUIREMENTS
gﬂ 11\ 1[153-13 TEST TEST PROCEDURE MRS16S MRS25
METHOD
Tests in accordance with the schedule of IEC publication 60115-1
4.4.1 visual examination no holes; clean surface; no damage
4.4.2 dimensions (outline) | gauge (mm) see Table 3
4.5 resistance applied voltage (+0/-10%): R — Rnom: max. 1%
R<10Q: 01V
10Q<R<100Q:03V
100 Q<R<1kQ: 1V
1kQ<R<10kQ:3V
10kQ <R <100 kQ: 10V
100kQ<R<1MQ:25V
1MQ<R:50V
4.18 Tb resistance to thermal shock: 3 s; 350 °C;
soldering heat 6 mm from body:
R <100 kQ AR/R max.: £0.1% + 0.05 Q
R > 100 kQ AR/R max.: AR/R max.:
+0.25% + 0.05 Q| £0.1% + 0.05 Q
4.29 45 (Xa) component solvent isopropyl alcohol or H,O no visual damage
resistance followed by brushing in
accordance with “MIL 202 F”
4.17 Ta solderability 25s;235°C good tinning; no damage
4.7 voltage proof on voltage (RMS) during 1 minute, no breakdown or flashover
insulation metal block method:
400 V for MRS16S,
700 V for MRS25
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Product specification

Metal film resistors MRS16S/25
IEC REQUIREMENTS
IEC 60068-2
60115-1 TEST TEST PROCEDURE MRS16S MRS25
CLAUSE METHOD
413 short time overload room temperature; AR/R max.: #0.25% + 0.05 Q
P =6.25 x P,, (MRS25) or o
6.25 x 0.25 W (MRS16S);
5 s on 45 s off, 10 cycles
(V<2 X% Vmnax)
4.16 U robustness of
terminations:
4.16.2 Ua tensile all samples |<&0.45 mm, load5N; 10 s number of failures <10 x 106
. . ©20.58 mm, load 10N; 10 s
4.16.3 Ub bending half 20.45 mm, load 2.5 N; 4 x 90° number of failures <10 x 10-6
number of samples | 0,58 mm, load 5 N; 4 x 90°
4.16.4 Uc torsion other half of | 3 x 360° in opposite directions no damage
samples AR/R max.: £0.1% + 0.05 Q
4.20 Eb bump 3 x 1500 bumps in no damage
3 directions; 40 g AR/R max.: £0.1% + 0.05 Q
4.22 Fc vibration frequency 10 to 500 Hz; no damage
displacement 1.5 mm or AR/R max.: £0.1% + 0.05 Q
acceleration 10 g; 3 directions;
total 6 hours (3 x 2 hours)
4.19 14 (Na) rapid change of 30 minutes at LCT and no visual damage
temperature 30 minutes at UCT; 5 cycles:
R <100 kQ AR/R max.: £0.1% + 0.05 Q
R > 100 kQ AR/R max.: AR/R max.:
+0.25% + 0.05 Q | £0.1% + 0.05 Q
4.23 climatic sequence:
4.23.3 30 (D) damp heat
(accelerated)
1st cycle
4.23.6 30 (D) damp heat 6 days; 55 °C; 95 to 98% RH: Rins min.: 108 MQ
(accelerated) R <100 kQ AR/R max.: £0.5% + 0.05 Q
remaining cycles R > 100 kQ AR/R max.: AR/R max.:
+1% + 0.05 Q +0.5% + 0.05 Q
4.24.2 3 (Ca) damp heat 56 days; 40 °C; 90 to 95% RH;
(steady state) loaded with 0.01 P,
(IEC) (IEC steps: 4 to 100 V):
R <100 kQ AR/R max.: +0.5% + 0.05 Q
R > 100 kQ AR/R max.: AR/R max.:
+1% +0.05Q | £0.5% + 0.05 Q
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Product specification

Metal film resistors

MRS16S/25

IEC REQUIREMENTS
IEC 60068-2
60115-1 TEST TEST PROCEDURE
CLAUSE MRS16S MRS25
METHOD
4,251 endurance (at 70 °C) | 1000 hours;
loaded with Py, or Vijax;
1.5 hours on and 0.5 hours off:
R <100 kQ AR/R max.: £0.5% + 0.05 Q
R > 100 kQ AR/R max.: AR/R max.:
+1% +0.05Q | £0.5% +0.05Q
4.23.2 27 (Ba) endurance at upper | 1000 hours; no load:
category temperature | R < 100 kQ AR/R max.: +0.5% + 0.05 Q
R > 100 kQ AR/R max.: AR/R max.:
+1% +0.05Q | £0.5% +0.05Q
4.8.4.2 temperature at 20/LCT/20 °C and <+50 x 10°6/K
coefficient 20/UCT/20 °C (TC x 1076/K)

Other tests in accordance with IEC 60115 cl

auses and IEC 60068 test meth

od

4.17 20 (Tb) solderability 8 hours steam or 16 hours good tinning (295% covered);
(after ageing) 155 °C; leads immersed 6 mm no damage
for 2 0.5 s in a solder bath at
23515 °C
4.6.1.1 insulation resistance | voltage (DC) after 1 minute, Rins Min.: 104 MQ
metal block method:
100 V for MRS16S,
500 V for MRS25
412 noise “IEC publication 60195”
(measured with
Quantech-equipment):
R <68 kQ max. 0.1 uvV/v max. 0.1 uV/V
R <100 kQ max. 0.5 uV/V max. 0.1 pV/V
R<1MQ max. 1.5 uvV/V max. 0.1 uV/vV
R>1MQ max. 1.5 uV/V max. 1.5 pv/v
see 2" amendment pulse load see Figs 4 and 5 | see Figs 6 and 7
to IEC 60115-1,
Jan.'87
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Product specification

Fusible resistors

NFR25/25H

FEATURES

¢ Overload protection without
risk of fire

» Wide range of overload currents.

APPLICATIONS

o Audio
¢ Video.

DESCRIPTION

A homogeneous film of metal alloy is
deposited on a high grade ceramic
body. After a helical groove has been
cut in the resistive layer, tinned
connecting wires of electrolytic
copper are welded to the end-caps.
The resistors are coated with a grey,
flame retardant lacquer which
provides electrical, mechanical, and
climatic protection. The
encapsulation is resistant to all
cleaning solvents in accordance with
“MIL-STD-202E, method 215", and
‘IEC 60068-2-45".

ORDERING INFORMATION
Ordering code (12NC)

The resistors have a 12-digit
ordering code starting with 23

The subsequent 7 digits indicate

the resistor type and packaging;

see Table 1.

The remaining 3 digits indicate the

resistance values:

— The first 2 digits indicate the
resistance value.

— The last digit indicates the
resistance decade in
accordance with Table 2.

1998 Aug 28

QUICK REFERENCE DATA

VALUE
DESCRIPTION
NFR25 NFR25H

Resistance range 1 Qto 15 kQ
Resistance tolerance and series +5%; E24 series
Maximum dissipation at Ty, = 70 °C 0.33W 0.5W
Thermal resistance (Ry,) 240 KIW 150 K/IW
Temperature coefficient:

1Q<R<47Q <4200 x 107%/K | <+200 x 10-6/K

47Q<R<15Q <+200 x 1076/K | <+100 x 10-6/K

15Q<R<15kQ <£100 x 1076/K | <+100 x 10-8/K
Maximum permissible voltage 250V 350V
(DC or RMS)

Basic specifications

IEC 60115-1 and 60115-2

Climatic category (IEC 60068)

55/155/56

Stability after:
load
climatic tests
soldering

AR/R max.: £1% + 0.05 Q
AR/R max.: £1% + 0.05 Q
AR/R max.: £0.25% + 0.05 Q

Table 1 Ordering code indicating resistor type and packaging

ORDERING CODE 23.. ... .....
BANDOLIER
BANDOLIER IN AMMOPACK ON REEL
TYPE RADIAL STRAIGHT
TAPED STRAIGHT LEADS LEADS
4000 units 1000 units 5000 units 5000 units
NFR25 06 204 03... 22 205 13... 22 205 33... 22 205 23...
NFR25H 06 207 08... 22 207 13... 22 207 33... 22 207 23...

Table 2 Last digit of 12NC
RESISTANCE
DECADE
1t09.1Q .
10t0 91 Q
100 to 910 Q
110 9.1 kQ
10to 15 kQ

LAST DIGIT

WIN|—=|©|0

ORDERING EXAMPLE

The ordering code for a NFR25
resistor with value 750 Q, supplied on
a bandolier of 1000 units in
ammopack is: 2322 205 13751.



Philips Components Product specification

Fusible resistors NFR25/25H

FUNCTIONAL DESCRIPTION
Product characterization

Standard values of nominal resistance are taken from the E24 series for resistors with a tolerance of +5%.
The values of the E24 series are in accordance with “/EC publication 60063”.

Limiting values

TYPE LIMITING VOLTAGE(") LIMITING POWER
V) (W)
NFR25 250 0.33
NFR25H 350 0.5

Note
1. The maximum voltage that may be continuously applied to the resistor element, see “/EC publication 60115-1".

The maximum permissible hot-spot temperature is 155 °C.

DERATING

The power that the resistor can dissipate depends on the operating temperature; see Fig.1.

Prmax ccBat12

(%Prated)
100

i

|

|

|

50 !

|

|

|

|

0 : — ; .
-55 0 50 70 100 155
Tamb (°C)
Fig.1 Maximum dissipation (Pmayx) in percentage of rated power as a function of the ambient temperature (Tamp).
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Fusible resistors NFR25/25H

FUSING CHARACTERISTIC

The resistors will fuse without the risk of fire and within an indicated range of overload. Fusing means that the resistive
value of the resistor increases at least 100 times; see Figs 2, 3 and 4.

The fusing characteristic is measured under constant voltage.

MEA674 MEA675
108 108
t t
(s) (s)
102 : 102
A
A
N I
10 2 10 2 =
>
/"73\
X .
. %, . < q
&
\4 %
107! 10~
0 4 8 12 0 4 8 12
Poverload (W) Poverload (W)
NFR25 NFR25

This graph is based on measured data which
may deviate according to the application.

Fig.2 Fusing characteristic: 1 Q<R <15 Q.

This graph is based on measured data which
may deviate according to the application.

Fig.3 Fusing characteristic: 15 Q < R< 15 kQ.

CCA981

103
t
(s)
102 3
12N\
A
10 & =
X o
A
X
1
10!
0 4 8 12 16 20 24
Poverload (W)
NFR25H

This graph is based on measured data which
may deviate according to the application.

Fig.4 Fusing characteristic.
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Fusible resistors NFR25/25H

PULSE LOADING CAPABILITIES

103 MBG610
A
Pmax
(W)
~
102 B
o ]
tp/t = 1000 st~ 1+
=~ 200 e
10 NSRS 100 =~
50 = o
=20 L]
10 ——
T
; 5 L1 ~--.\
5 =
10~1
1076 1075 104 1073 102 1071 4 (s) 1
NFR25
Fig.5 Pulse on a regular basis; maximum permissible peak pulse power (P pay)
as a function of pulse duration (j), 1 Q<R <15 Q.
103 MBG611
A
Pmax
(W)
102
~
™ S~
10 ™~ ——
tp/ti = 1000 o
T -
I~
- -~
ST 100 4 T 4
\\\§ \\\\~ Y ™ .
1 20 = =
2 L
107!
106 1075 1074 1073 1072 10! 4 (s) 1
NFR25
Fig.6 Pulse on a regular basis; maximum permissible peak pulse power (ﬁmax)
as a function of pulse duration (t;), 15 Q < R< 15 kQ.
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MEA678
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NFR25

Fig.7 Pulse on aregular basis; maximum permissible peak pulse voltage (Vmax)
as a function of pulse duration (t;).
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Fig.8 Pulse on a regular basis; maximum permissible peak pulse power (Ppax)
as a function of pulse duration (t;).
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MGB738

1200

max

) NG

800

400 N

0
1076 1078 1074 1073 1072 1071
t (s)

NFR25H

Fig.9 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax)
as a function of pulse duration (t;).
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Application information
100 MGB741 50 MGB742
AT /| AT
(K) . // (K)
80 / 40
60 30 /’/ irom'n
mm
Zoss
L~ 15 mm
40 / 20 /’//// =
/ WA
) 4
20 / 10
0 0
0 0.2 0.4 P (W) 0.6 +0 0.2 0.4 P (W) 0.6
NFR25 NFR25

Fig.10 Hot-spot temperature rise (AT) as
a function of dissipated power.

Minimum distance from resistor body to PCB = 1 mm.

Fig.11 Temperature rise (AT) at the lead end
(soldering point) as a function of dissipated
power at various lead lengths after mounting.
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Fig.12 Hot-spot temperature rise (AT) as
a function of dissipated power.
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Minimum distance from resistor body to PCB = 1 mm.

Fig.13 Temperature rise (AT) at the lead end
(soldering point) as a function of dissipated
power at various lead lengths after mounting.
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Product specification

Fusible resistors

NFR25/25H

MECHANICAL DATA

Mass per 100 units

TYPE MASS
(9)
NFR25 o5
NFR25H
Marking

The nominal resistance and tolerance
are marked on the resistor using four
coloured bands in accordance with
|IEC publication 60062 “Colour codes
for fixed resistors”.

For ease of recognition a fifth ring is
added, which is violet for type NFR25
and white for type NFR25H.

Outlines

The length of the body (L1) is
measured by inserting the leads into
holes of two identical gauge plates
and moving these plates parallel to
each other until the resistor body is
clamped without deformation

(“IEC publication 60294”).

1998 Aug 28

For dimensions see Table 3.
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Fig.14 Outline.

Table 3 Resistor type and relevant physical dimensions; see Fig.14

@D Ly Lo od
TYPE MAX. MAX. MAX. (mm)
(mm) (mm) (mm)
NFR2
S 2.5 6.5 7.5 0.58 £0.05
NFR25H
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Product specification

Fusible resistors

NFR25/25H

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “/EC publication 60115-1", category
LCT/UCT/56 (rated temperature range: Lower Category
Temperature, Upper Category Temperature; damp heat,
long term, 56 days). The testing also covers the
requirements specified by EIA and EIAJ.

The tests are carried out in accordance with

IEC publication 60068, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions
according to “/EC 60068-1", subclause 5.3.

Table 4 Test procedures and requirements

Unless otherwise specified the following values apply:
Temperature: 15 °C to 35 °C
Relative humidity: 45% to 75%
Air pressure: 86 kPa to 106 kPa.

In Table 4 the tests and requirements are listed with
reference to the relevant clauses of “IEC publications
60115-1 and 60068”, a short description of the test
procedure is also given. In some instances deviations from
the IEC recommendations were necessary for our method
of specifying. For inflammability requirements reference is
made to “/EC 60115-1"and to “EN 140000, appendix D".

All soldering tests are performed with mildly activated flux.

IEC REQUIREMENTS
IEC 60068-2
60115-1 TEST PROCEDURE
cLAuUsE | TEST NFR25 NFR25H
METHOD
Tests in accordance with the schedule of IEC publication 60115-8
4.4.1 visual examination no holes; clean surface; no damage
442 dimensions (outline) | gauge (mm) see Table 3
4.5 resistance applied voltage (+0/-10%): R — Rnom: max. £5%
R<10Q:0.1V
10Q<R<100Q:0.3V
100Q<R<1kQ1V
1kQ<R<10kQ:3V
10kQ<R<15kQ: 10V
4.18 Tb resistance to thermal shock: 3 s; 350 °C; AR/R max.: £0.25% + 0.05 Q
soldering heat 6 mm from body
4.29 45 (Xa) component solvent isopropyl alcohol or H,O no visual damage
resistance followed by brushing in
accordance with “MIL 202 F*
4.17 Ta solderability 2s;235°C good tinning; no damage
4.7 voltage proof on 2 X maximum voltage (RMS) no breakdown or flashover
insulation during 1 minute;
metal block method
4.16 U robustness of
terminations:
4.16.2 Ua tensile all samples |load 10N; 10's number of failures <10 x 10-6
4.16.3 Ub bending half load 5 N; 4 x 90° number of failures <10 x 10-8
number of samples
4.16.4 Uc torsion other half 3 x 360° in opposite directions no damage
of samples AR/R max.: £0.25% + 0.05 Q
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NFR25/25H

IEC eoltl)se% , REQUIREMENTS
gE 11.\ 1U 5;E TEST TEST PROCEDURE NFR25 NFR25H
METHOD
4.20 Eb bump 3 x 1500 bumps in 3 directions; no damage
‘ 4049 AR/R max.: £0.25% + 0.05 Q
4.22 Fc vibration frequency 10 to 500 Hz; no damage
displacement 1.5 mm or AR/R max.: £0.25% + 0.05 Q
acceleration 10 g; 3 directions;
total 6 hours (3 x 2 hours)
4.19 14 (Na) rapid change of 30 minutes at LCT and no visual damage
temperature 30 minutes at UCT; 5 cycles AR/R max.: £0.25% + 0.05 Q
4.23 climatic sequence:
4.23.3 30 (D) damp heat
(accelerated)
1st cycle
4.23.6 30 (D) damp heat 6 days; 55 °C; 95 to 98% RH Rins min.: 108 MQ
(accelerated) AR/R max.: 1% + 0.05 Q
remaining cycles
4242 3 (Ca) damp heat 56 days; 40 °C; 90 to 95% RH; Rins max.: 1000 MQ
(steady state) (IEC) I(?Ege;;vpl;h 2-&11'35 v AR/R max.: 1% + 0.05 Q
4.25.1 endurance (at 70 °C) | 1000 hours; AR/R max.: £1% + 0.05 Q
loaded with Py, or Vimax;
1.5 hours on and 0.5 hours off
4.23.2 27 (Ba) |endurance atupper | 1000 hours; AR/R max.: £1% + 0.05 Q
category temperature | no load
4.8.4.2 temperature at 20/LCT/20 °C and
coefficient 20/UCT/20 °C (TC x 107¢/K):
1Q<R<47Q <4200 x 1076/K | <+200 x 10-¢/K
47Q<R<15Q <4200 x 1076/K | <+100 x 106/K
15Q<R<15kQ <+100 x 1076/K | <+100 x 10¢/K
4.12 noise “IEC publication 60195” <0.1 uv/v
4.26 accidental overload | cheese-cloth nonflammable
Other tests in accordance with IEC 60115 clauses and IEC 60068 test method
417 20 (Tb) | solderability 8 hours steam or 16 hours good tinning (295% covered);
(after ageing) 155 °C; leads immersed 6 mm no damage
for 2 +0.5 s in a solder bath at
23515 °C
4.6.1.1 insulation resistance | maximum voltage 500 V (DC) Rins mMin.: 104 MQ
after 1 minute;
metal block method

see 2nd amendment
to “U1EC 60115-17,

pulse load

Jan.’87

see Figs 5,6, 7,8 and 9
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Metal film precision resistors
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FEATURES

o Ultra high precision resistors
o Ultra high stability
e Ultra low temperature coefficient.

APPLICATIONS

o Test and measurement
e Telecom.

QUICK REFERENCE DATA

DESCRIPTION

A homogeneous film of metal alloy is
deposited on a high grade ceramic
body. After a helical groove has been
cut in the resistive layer, tinned
connecting wires of electrolytic
copper are welded to the end-caps.
The resistors are coated with a green
lacquer which provides electrical,
mechanical, and climatic protection.

MPR24/34

The encapsulation is resistant to all
cleaning solvents in accordance with
“MIL-STD-202E, method 215", and
“IEC 60068-2-45".

Resistors with a resistance value of
<200 Q and with tolerances of
+0.05%, +0.02% and +0.01% have
low inductance.

DESCRIPTION

VALUE

MPR24

MPR34

Resistance range

4.99 Qto 1 MQ

Resistance tolerance and series:
24 Q to 100 kQ

+0.05%; £0.02%; +£0.01%,; all values

4.99 Qto 1 MQ +0.5%; +0.25%; +0.1%,; all values
Maximum dissipation at Tamp = 70 °C:
+0.05%; £0.02%; £0.01% 0.125 W 025 W
10.5%; +0.25%; +0.1% 0.25W 04 W
Temperature coefficient characteristic <+25 x 10-5/K
between +20 and +70 °C <+15 x 10-8/K
<#10x 10-8/K
<+5 x 10-9/K
Failure level:
24 Q to 100 kQ S
4.99 Qto 1 MQ R
Maximum permissible voltage (DC or RMS) 250 V 350V

Basic specifications

EN 140000; MIL-R-10509; MIL-R-55182; DIN 44061; IEC 60115-5

Climatic category (IEC 60068):

+0.05%; £0.02%; £0.01% '55/125/56

10.5%; £0.25%; +0.1% 55/155/56
Vibration test 10 to 500 Hz; 0.75 or 98 m/s?
Air pressure (lower limit) 8.5 kN/m?2

Stability after:
load
climatic tests
soldering
short time overload

AR/R max.: £0.05% + 0.01 Q
AR/R max.: £0.05% + 0.01 Q
AR/R max.: £0.01% + 0.01 Q
AR/R max.: £0.01% + 0.01 Q
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Metal film precision resistors MPR24/34
ORDERING INFORMATION Table 6 7 digit from type and quantity
Ordering code (12NC) PACKAGING QUANTITY
« The resistors have a 12-digit TYPE | 7" DIGIT TOL. TOL.
ordering code starting with 2322 14 +0.5%; +0.25%; £0.1% | £0.05%; +0.02%; +0.01%
e The 7™ digit indicates product type 1 100 or 1000 20 or 100
i ity: MPR24
and packaging quantity; 3 500 or 5000 500 or 1000
see Table 6. > 100 or 1000 5
s The subsequent 2 digits (8 and 9) MPR34 o 0 or 100
indicate temperature coefficient, 4 500 or 5000 500 or 1000
tolerance, marking and packaging
quantity: Table 7 8! and 9t digit; tol. +0.5%; +0.25%; +0.1%; range 4.99 Q to1 MQ
— Table 7 refers to £0.5%, £0.25% ORDERING CODE 8th and 9th DIGIT
and +0.1% tolerance products. ToL " TOL. +0.259 TOL 201% PACK
. 0. . 20. . 0.
— Table 8 refers to +£0.05%, TC 0.5% 25% ° ACKAGING
QUANTITY
+0.02% and £0.01% tolerance colour colour colour
marked marked marked
products. coded coded coded
e The remaining 3 digits indicate the 00... 04... 20... 24... 40... 44... 100 or 500
resiita:)rl\ce value. The tnur’r:jb_erflis g *25 10... 14... 30... 34... 50... 54... | 1000 or 5000
available upon request and is fixe
by the supplier. +15 01... 05... 21... 25... 41... 45... 100 or 500
1. 15... 31... 35... 51... 55... 1000 or 5000
Table 5 Package type per quantity +10 02... 06... 22... 26... 42... 46... 100 or 500
: - 03... 07... 23... 27... 43... 47... 100 or 500
cassette including +5
20 list with individual 13... 17... 33... 37... 53... 57... | 1000 or 5000
measuring details
100 bandolier in Table 8 8™ and 9t digit; tol. £0.05%; £0.02%; +£0.01%,; range 24 Q to100 kQ
cardboard box ORDERING CODE 8th and 9" DIGIT
bandolier in PACKAGING
500 or 1000 ammopack TC | TOL.10.05% TOL. £0.02% TOL. £0.01% QUANTITY
5000 bandolier on reel marked
60... 70... 80... 20 or 500
+25
64... 74... 84... 100 or 1000
+15 61... 71... 81... 20 or 500
B 65... 75... 85... 100 or 1000
+10 62... 72... 82... 20 or 500
B 66... 76... 86... 100 or 1000
15 63... 73... 83... 20 or 500
- 67... 77... 87... 100 or 1000

Ordering example

The ordering code of an MPR24 resistor with tolerance of £0.02%,
TC = 15 x 10-9/K, taped on bandolier in box of 100 units starts with
2322 141 77...; the last 3 digits are available upon request and are
fixed by the supplier.

1998 Aug 28 62



Philips Components

Product specification

Metal film precision resistors

MPR24/34

FUNCTIONAL DESCRIPTION
Product characterization
Any value within the range can be ordered.

The stability as a function of dissipation and ambient
temperature is indicated in the performance nomogram
(see Fig.15) for resistors with resistance tolerance >0.1%.

NOTES ON THE NOMOGRAM

The nomogram should not be extended beyond the
maximum permissible hot-spot temperature of 175 °C.

The resistance range given by the nomogram for P =0
at a particular ambient temperature is indicative of the
shelf life stability of a resistor at that temperature.

¢ The stability lines do not give exact values but represent
a probability of 95% that the real values will be smaller
than those indicated in the nomogram.

In the nomogram the limiting voltage of the resistors
have not been taken into consideration.

style | MPR24 | MPR34
Ry (KW) | 240 200 Tamb =
limiting voltage (V) 250 350 ccB411 20 °C
T o,
1 p 25°C
. 061 o, 74 | | 40°C
(W) 1 //
05+ 06 A | | eocc
L /// 70°C
1 s "/ 80°C
0.4 Y |
i 4 ! "
1 04 7 ‘A ! 100 °C
034 /
1 4 | | 120°C
03 // 125 °C
1 /
0z 4 140°C
T o2 // // d
1 // // |
0.1 T o1 // // ‘ 160 °C
/ // (
T 7V 4 d S / |
l 7 / 0.8 40 60\§\~\190\~\1:0\:o 160 T, (C)
4 NN -
//// ,/ \\ N N M1
7 vd N ~.
YV /74 NN T o
4 N |
V41 NN
woon | | AV/A/ A/ NN
7000h IS A AN S 1kQ
5000 h oy |
; /// 7 \\\\\i
N
AA > SN roke
4 4
Y //«ésooor; \:j 100 k@
//// / 2000 h 1MQ
/ AN/ 1000 h I
AN 14 I |
02 0.1 005 AR (5 002 0.01 0.005 0002  0.001
R
Fig.15 Drift nomogram.

1998 Aua 28

63




Philips Components

Product specification

Metal film precision resistors MPR24/34
Limiting values
LIMITING POWER
1 . W‘-
TYPE LIMITING VOLTAGE() (W)
: V) TOL. TOL.
+0.5%; 1£0.25%; £0.1% +0.05%; 1£0.02%; +0.01%
MPR24 250 0.25 0.125
MPR34 350 0.4 0.25
Note

1. The maximum voltage that may be continuously applied to the resistor element, see “IEC publication 60115-1".

The maximum permissible hot-spot temperature is 175 °C.

DERATING

The power that the resistor can dissipate depends on the operating temperature; see Figs 16 and 17.

P ) ccBat2
max
(%Prated)
100
I
|
I
50 1 :
|
|
|
[
0 . et ; ,
-55 0 50 70 100 155
Tamb (°C)

For resistance tolerances of +0.5%, £0.25% and +0.1%.

Fig.16 Maximum dissipation (Ppay) in percentage
of rated power as a function of the ambient
temperature (Tamp)-

pm CCB413
ax
(%Prated)
100
I
|
|
|
50 :
|
|
|
|
|
O T T T T T
-55 0 50 70 100 125
Tamb (°C)

For resistance tolerances of +0.05%, +0.02% and +0.01%.

Fig.17 Maximum dissipation (Pnax) in percentage
of rated power as a function of the ambient
temperature (Tamp)-
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MECHANICAL DATA Outlines

Mass per 100 units The length of the body (L) is measured by inserting the leads into holes of two

identical gauge plates and moving these plates parallel to each other until the
TYPE M:‘\?S resistor body is clamped without deformation (“/EC publication 60294”).
)
MPR24 25
MPR34 30
s —— Ly ——
Marking
The resistors are either colour coded ,—\____/—\—* .y
or marked. '::;1 { | }, jzd
1 4 CCB414
Any value within the range can be @D
supplied colour coded, provided the Ly ——|

resistance can be expressed in
3 coloured bands.

All other resistors are marked
including those in cassette
packaging.

For dimensions see Table 9.

Fig.18 Outline.
COLOUR CODING

Colour coding is in accordance with

IEC publication 60062 “Colour codes Table 9 Resistor type and relevant physical dimensions; see Fig.18

for fixed resistors”. @D L4 Lo od
TYPE MAX. . MAX. MAX. (mm)

MARKING PRINT (mm) (mm) (mm)
When marked, the following details MPR24 2.5 6.5 7.5 0.58 +0.05
are printed on the resistors MPR34 3.0 10.0 11.0 0.58 £0.05
(see Fig.19):
¢ Manufacturers symbol
e Tolerance code (in accordance

with “/EC 60062”)

. code for manufacturers symbol code for

o Temperature coefficient code TC: tolerance —T ‘ !—temperature coefficient

- +25=1 oL T -

- #15=2 R I ET B

— +10=3 {_)(_—__)?_;__X___—;("‘:———— resistance value

I
- = I
15=4 I x X X X J'
- +2=5 fommmmm T
CCB415
- +1=6
-0=7

* Resistance value code (in
accordance with “/EC 60062”),
with'a maximum of nine positions.

Fig.19 Marking print example.
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MPR24/34

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “CECC publication 40.300", category
LCT/UCT/56 (rated temperature range: Lower Category
Temperature, Upper Category Temperature; damp heat,
long term, 56 days) along the lines of “EN 140000”.

The tests are carried out in accordance with

IEC publication 60068, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions
according to “/EC 60068-1", subclause 5.3.

Table 10 Test procedures and requirements

Unless otherwise specified the following values apply:
Temperature: 15 °C to 35 °C
Relative humidity: 45% to 75%
Air pressure: 86 kPa to 106 kPa
(860 mbar to 1060 mbar).

In Table 10 the tests and requirements are listed with
reference to the relevant clauses of “EN 140000 and
IEC publication 60068”; a short description of the test
procedure is also given.

All soldering tests are performed with mildly activated flux.

CECC IEC
v sl TEST PROCEDURE REQUIREMENTS
METHOD | METHOD
45 insulation voltage (DC) after 1 minute; Rins Min.: 10 MQ
resistance metal block method:
MPR24: 500 V
MPR34: 700 V
4.6 voltage proof 2 x limiting voltage (AC) during no breakdown or flashover
1 minute, metal block method
4.7 temperature at 20/70/20 °C <425 x 1076/K: <+15 x 10-8/K;
coefficient <+10 x 107/K; <45 x 10-6/K
at 20/LCT/20 °C and 20/UCT/20 °C <+25 x 10-6/K
(TC x 107%/K)
4.10 noise “IEC publication 60195”
(measured with Quantech-equipment):
R <100 kQ max. 0.25 uV/V
R > 100 kQ max. 0.5 pv/v
4.1 short time overload | room temperature; P = 6.25 x Py; AR/R max.: £0.01% + 0.01 Q
58 (V<2XVnax)
4.16 U robustness of
terminations:
Ua tensile all load 10 N; 10's number of failures <10 x 106
samples
Ub bending half load 5 N; 4 x 90° number of failures <10 x 10
number of
samples
Uc torsion other half |3 x 360° in opposite directions no damage
of samples AR/R max.: £0.01% + 0.01 Q
4.15 Ta solderability 2s;235°C good tinning; no damage
415 Tb resistance to thermal shock: 3 s; 350 °C; AR/R max.: £0.01% + 0.01 Q
soldering heat 6 mm from body
4.16 Na rapid change of 30 minutes at LCT and no visual damage
temperature 30 minutes at UCT; 5 cycles AR/R max.: +0.01% + 0.01 Q
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CECC IEC
40000 | 60068-2
TEST TEST TEST PROCEDURE REQUIREMENTS
METHOD | METHOD
417 Eb bump 3 x 1500 bumps in 3 directions; no damage
409 AR/R max.: £0.01% + 0.01 Q
4.19 Fc vibration frequency 10 to 500 Hz; displacement | no damage
1.5 mm or acceleration 10 g; AR/R max.: £0.01% + 0.01 Q
3 directions; total 6 hours (3 x 2 hours)
4.41 visual examination no holes; clean surface;
no damage
4.20 climatic sequence:
4.20.2 B dry heat 16 hours at UCT
4.20.3 D damp heat 24 hours; 95 to 100% RH
(accelerated)
1st cycle
4.20.4 Aa cold 2 hours at LCT
4.20.5 M low air pressure | 1 hour; 8.5 kPa
4.20.6 D damp heat 5 days; 55 °C; 95 to 100% RH Rins min.: 108 MQ
(accelerated) AR/R max.: £0.05% + 0.01 Q
remaining cycles
4.21 Ca damp heat, 56 days; 40 °C; 90 to 95% RH; Rins min.: 100 MQ
steady state (long | loaded with 1.25 mW max. AR/R max.: +0.05% + 0.01
term exposure)
4.25.1 endurance 2000 hours; loaded with P, or Viay; Rins min.: 103 MQ
(at 70 °C) 1.5 hours on and 0.5 hours off AR/R max.: +0.05% + 0.01 Q
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FEATURES

e High power in small packages

e Different lead materials for different

applications
o Defined interruption behaviour.

APPLICATIONS

e All general purpose power
applications.

QUICK REFERENCE DATA

DESCRIPTION

A homogeneous film of metal alloy is
deposited on a high grade ceramic
body. After a helical groove has been

cut in the resistive layer, tinned
connecting wires of electrolytic

copper or electroclad iron are welded

to the end-caps. The resistors are
coated with a red, nonflammable
lacquer which provides electrical,

PR01/02/03

mechanical and climatic protection.
This coating is not resistant to
aggressive fluxes. The encapsulation
is resistant to all cleaning solvents in
accordance with “MIL-STD-202E,
method 215”, and “IEC 60068-2-45".

VALUE
DESCRIPTION PRO2 PRO3
PRO1
Cu-lead FeCu-lead Cu-lead FeCu-lead
Resistance range 022Qto 1TMQ | 033Qto1MQ | 1Qto1MQ | 0.68Qto1MQ | 1Qto1MQ
Resistance tolerance and series +1% (E96 series); +5% (E24 series); see notes 1 and 2
Maximum dissipation at
Tamp =70 °C:
R<1Q 0.6 W 1.2W - 1.6 W -
1Q<R 1w 2W 1.3W 3w 25W
Thermal resistance (Ry,) 135 KIW 75 KIW 115 KIW 60 K/W 75 KIW
Temperature coefficient <+250 x 10-6/K
%%lguF;nM%e;rm|SS|ble voltage 350 V 500 V 750 V

Basic specifications

IEC 60115-1 and 60115-4

Climatic category (IEC 60068) 55/155/56
Stability after:
load AR/R max.: 5% + 0.1 Q
climatic tests AR/R max.: £3% + 0.1 Q
soldering AR/R max.: £1% + 0.05 Q
Notes

1. 1% tolerance is available for R,-range from 1R upwards.

2. 2% tolerance is available on request for R,-range from 1R upwards.
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Power metal film resistors PR01/02/03
ORDERING INFORMATION
Table 1 Ordering code indicating resistor type and packaging
ORDERING CODE 23.. ... ..... (BANDOLIER)
AMMOPACK REEL
TYPE LE(QD TOL STRAIGHT LEADS
(%) RADIAL TAPED
(mm) 52 mm 52 mm 63 mm 73 mm 80 mm 73 mm
4000 3000 5000 1000 500 1000 500 5000
units units units units units units units units
22 196
1 - - ] - - - - -
PRO1 | Cu 0.6
5 | 08197 R 22193 ~ R 22193 B 22193
03... 14... 13... 23...
22 197
1 - - - ] - - - -
cuos8 06 198 52 194 22194
PRO2 5 - 03... - 14... - 13... - -
22194 22 194
FeCu06) 5 - - - 54... - 53... - -
22195 22195
s Cu0.8 5 - - - - 14..(1) - 13... B
Fecu06| 5 ~ ~ ~ ~ 22 195 ~ 22195 -
: 54..(1) 53...
Note

1. Available Q2 1999.

Table 2 Ordering code indicating resistor type and packaging

ORDERING CODE 23.. ... ..... (LOOSE IN BOX)
LEAD | .o CROPPED AND FORMED(") DOUBLE KINK
TYPE (m@m) (%) h® = 8 mm h@ =15 mm LARGE PITCH() SMALL PITCH
4000 units 5000 units 1000 units 500 units
PROT Cu 0.6 5 22193 33...®) - 22193 03... -
FeCu0.6 | 5 - - 22193 43... 22193 53...
Cuo0.8 5 22194 33... 22194 43... - -
PRO2 |FeCu06 | 5 22194 73..0 - 22194 83... -
FeCu0.8 | 5 - - - 22 194 63...
Cu0.8 5 22 195 33... 22195 43... - -
PRO3 [FeCu0.6 | 5 2219573..0) - 22195 83... -
FeCu0.8 | 5 - - - 22195 63...
Notes
1. Maintenance types, not for new designs.
2. h=mounted height above PCB (see Fig.41).
3. Type can be replaced by double kink, large pitch.
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PR01/02/03

Ordering code (12NC)

e The resistors have a 12-digit
ordering code starting with 23.

The first 7 digits indicate the
resistor type and packaging;
see Tables 1 and 2.

e The remaining 3 digits indicate the
resistance value:

— The first 2 digits indicate the
resistance value.

— The last digit indicates the
resistance decade in
accordance with Table 3.

FUNCTIONAL DESCRIPTION

Product characterization

Table 3 Last digit of 12NC

RESISTANCE
DECADE LAST DIGIT
0.1t00.91 Q note 1
1109.1Q 8
10t0 91 Q 9
100 to 910 Q 1
110 9.1 kQ 2
10 to 91 kQ 3
100 to 910 kQ 4
1 MQ 5
Note

1. 12NC available on request.

Ordering example

The ordering code for resistor type
PRO02 with Cu leads and a value of
750 Q, supplied on a bandolier of
1000 units in ammopack, is:

2322 194 13751.

Standard values of nominal resistance are taken from the E24 series for resistors with a tolerance of +5%.

The values of the E24 series are in accordance with “/EC publication 60063”.

1 Tamb = 40°C 70°C
.00
P
(W) .| 100°C
0.75 | o
o 125°C
.
050 4— —— — — — — — - [
| P 155°C
-
0.25 -~

205°C

MLB660

Fig.1 Drift nomogram.
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Tamb = 40°C 70°C

2.00

(W)

100°C

125°C

| 185°%C

220°C

MLB6E83

PR02

Fig.2 Drift nomogram.
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Tamb= 40°C 70°C
P [o)
(W) - 100°C

250°C

MLB693

PRO3

Fig.3 Drift nomogram.
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Limiting values

(1)
TYPE LEAD MATERIAL RANGE LIMITING VOLTAGE LIMITING POWER
v) W)
R<1Q 0.6
PRO1 Cu 50

1Q<R 8 1.0
R<1Q 1.2

Cu
PRO2 1Q<R 500 2.0
FeCu 1Q<R 1.3
R<1Q 1.6

Cu
PR03 1Q<R 750 3.0
FeCu 1Q<R 25

Note

1. The maximum voltage that may be continuously applied to the resistor element, see “IEC publication 60115-1".

The maximum permissible hot-spot temperature is 235 °C for PR01, 220 °C for PR02 and 250 °C for PRO3.

DERATING

The power that the resistor can dissipate depends on the operating temperature; see Fig.4.

cB412
Pmax c

(%Prated)

100

50 4

.
55 0 50 70 100 155
Tamb (°C)

Fig.4 Maximum dissipation (Pmax) in percentage of rated power as a function of the ambient temperature (Tamb).-
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PULSE LOADING CAPABILITIES
103 = MLB738
Fay —
Pmax ~ e
w) tp/t = 1000 ——T-FFH—~—
I~ 500 T~
102 =~ N/ ¥ ) 4
L TTI=100 o u
50 T ~
i 20 25
 —— ~
o 2 TR 4
5
EERa.
2 S
St ——
1 T e AN
101
1076 1078 1074 1073 1072 107t (s 1
PRO1
Fig.5 Pulse on a regular basis; maximum permissible peak pulse power (Pmax)
as a function of pulse duration (t;).
MLB737
1200
A
Vmax _
W)
1000
N
N
800 N
N
600
N
\\
N
400 N
200
0 -6 -5 -4 -3 -2 -1
10 10 10 10 10 10 t(s) 1
PRO1
Fig.6 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax)
as a function of pulse duration (t;).
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103 MLB685
A ™~
Pmax L
(W) to/t ;= 1000 TiTH
N~ 500 T~
102 = 200 Ml
1003
50 ==
20, —
10 I RN 1~
10 5 e Sy, =~ =L L
> H
Tt ————— S
1
1077
1076 1078 1074 1073 1072 107" tj () 1
PRO2

Fig.7 Pulse on a regular basis; maximum permissible peak pulse power (Pmax)
as a function of pulse duration (t;).

MLB684

1700

[
Vmax

V)

1500

1300

1100

900

700

500
1076

PR02

-5 -4 -3 -2 -1
10 10 10 10 10 t(9)

Fig.8 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax)
as a function of pulse duration (t;).
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MLB695
104
F’max
(W) ~
1
108 I~
tp/t = 1000
S 500 1
e~ L] ~
100 T 1
102 L_50_| | | T T nEY
20
10 i = o
s T =~
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Fig.9 Pulse on a regular basis; maximum permissible peak pulse power (Ppmax)
as a function of pulse duration (t;).
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Fig.10 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax)
as a function of pulse duration (t;).
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INTERRUPTION CHARACTERISTICS
1 02 MLB661 10 2 MLB662
-

t N t

(s) (s) 7N
10 %\\ 10 /%x
2N
2
1 7 7 > 1
2
.
1071 = 1071
10 20 30 40 50 10 20 30 40 50
Poverioad (W) Poverload (W)

The graph is based on measured data under constant voltage
conditions; these data may deviate according to the application.

PRO1

Fig.11 Time to interruption as a function of overload
power for range: 0R22 <R, < 1R.

The graph is based on measured data under constant voltage
conditions; these data may deviate according to the application.

PRO1

Fig.12 Time tointerruption as a function of overload
power for range: 1R < R, < 15R.

MLB663

102
t o
© %
Do,
0 7.
%
1
KL
=
107!
10 20 30 50

40
Poverload (W)

The graph is based on measured data under constant voltage
conditions; these data may deviate according to the application.

PRO1

Fig.13 Time to interruption as a function of overload
power for range: 16R < R, < 560R.
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Power metal film resistors

PR01/02/03

MLB766
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t
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1071
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Poverload (W)

The graph is based on measured data under constant voltage
conditions; these data may deviate according to the application.

PR02

power for range: 0.33R < R, < 5R.

Fig.14 Time to interruption as a function of overload

MLB767
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107
0 20 40 60 80 100 120

Poverload (W)

The graph is based on measured data under constant voltage
conditions; these data may deviate according to the application.

PRO02

Fig.15 Time to interruption as a function of overload
power for range: 5R <R, < 68R.
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The graph is based on measured data under constant voltage

PR02

power for range: 68R < R, < 560R.

conditions; these data may deviate according to the application.

Fig.16 Time to interruption as a function of overload
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The graph is based on measured data under constant voltage
conditions; these data may deviate according to the application.
PRO3

Fig.17 Time to interruption as a function of overload
power for range: 0.68R < R, < 560R.
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Application information
MLB735 MLB736
200 T100 —
A
AT
(K) ®
160 80
120 60
v 40 15 mm
? ) A=)
7 1 A
‘0 20 =
A
e
0 ° 0 0.4 0.8 12
0 0.4 08 pwy 12 P (W)

0.6 mm Cu-leads.

0.6 mm Cu-leads.
Minimum distance from resistor body to PCB = 1 mm.

0.6 mm FeCu-leads.

PRO1

Fig.20 Hot-spottemperature rise (AT) as
a function of dissipated power.

PRO1 PRO1
Fig.19 Temperature rise (AT) at the lead end
Fig.18 Hot-spot temperature rise (AT) as (soldering point) as a function of dissipated
a function of dissipated power. power at various lead lengths after mounting.

CccBo14 cCcBo15

200 100
AT AT
(K) K
160 A 80
)4
V/
120 /,/ 60
1

15 mm;
80 40

// L~ _20:mm

4 T 25 mm

N 1
40 V4 20 =
/ Z
4
0 ]
0 0.4 08 pw 12 0 0.4 08 p gy 12

@0.6 mm FeCu-leads.
Minimum distance from resistor body to PCB = 1 mm.

PRO1
Fig.21 Temperature rise (AT) at the lead end

(soldering point) as a function of dissipated
power at various lead lengths after mounting.
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Power metal film resistors

PR01/02/03

MLB679
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0.8 mm Cu-leads.

PR02

Fig.22 Hot-spot temperature rise (AT) as
a function of dissipated power.
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PR02

Fig.23

0.8 mm Cu-leads.
Minimum distance from resistor body to PCB = 1 mm.

MLB680

15 mV
// r20’m|m/
A e
/
Pz
Z
0 1 P (W) 2

Temperature rise (AT) at the lead end
(soldering point) as a function of dissipated
power at various lead lengths after mounting.
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200

160 /

120 y //
4
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40 ///
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P W)

0.6 mm FeCu-leads.

PRO2

Fig.24 Hot-spot temperature rise (AT) as
a function of dissipated power.

100
AT
(K)

80

60

40

20

0

PR02

Fig.25

0.6 mm FeCu-leads.
Minimum distance from resistor body to PCB = 1 mm.

MLB682

i B
/// 25 mm
//
/ ‘
0 1 P (W) 2

Temperature rise (AT) at the lead end
(soldering point) as a function of dissipated
power at various lead lengths after mounting.
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Power metal film resistors PR01/02/03
ccBo16 ccBo17
240 100
AT
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0.8 mm FeCu-leads.

PR02

Fig.26 Hot-spot temperature rise (AT) as
a function of dissipated power.

0.8 mm FeCu-leads.
Minimum distance from resistor body to PCB = 1 mm.

PR02

Fig.27 Temperature rise (AT) at the lead end
(soldering point) as a function of dissipated
power at various lead lengths after mounting.
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(K) : 4

160 V4
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0.8 mm Cu-leads.

PRO3

Fig.28 Hot-spot temperature rise (AT) as
a function of dissipated power.

MLB690

100
AT
(K)
80 15 mg
/
20 mm
60
L1 L~
r/ 25 mm
40
yo7Z
//
20 //
/
0
0 1 2 P (W) 3

0.8 mm Cu-leads.
Minimum distance from resistor body to PCB = 1 mm.

PRO3
Fig.29 Temperature rise (AT) at the lead end

(soldering point) as a function of dissipated
power at various lead lengths after mounting.
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Power metal film resistors PR01/02/03
MLB691 MLB692
240 100
AT AT
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/
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@0.6 mm FeCu-leads.
0.6 mm FeCu-leads. Minimum distance from resistor body to PCB = 1 mm.
PRO3 PRO3

Fig.31 Temperature rise (AT) at the lead end

Fig.30 Hot-spot temperature rise (AT) as (soldering point) as a function of dissipated
a function of dissipated power. power at various lead lengths after mounting.
CCBo18 ccBo19
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0.8 mm FeCu-leads.
0.8 mm FeCu-leads. Minimum distance from resistor body to PCB = 1 mm.

PRO3 PRO3

Fig.33 Temperature rise (AT) at the lead end
Fig.32 Hot-spot temperature rise (AT) as (soldering point) as a function of dissipated
a function of dissipated power. power at various lead lengths after mounting.
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MLB659
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Fig.34 Impedance as a function of applied frequency.
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Fig.35 Phase angle as a function of applied frequency.

1998 Aua 28 83



Philips Components Product specification

Power metal film resistors PR01/02/03
MLB769
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Fig.36 Impedance as a function of applied frequency.
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Fig.37 Phase angle as a function of applied frequency.
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Power metal film resistors PR01/02/03
MLB771
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Fig.38 Impedance as a function of applied frequency.
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Fig.39 Phase angle as a function of applied frequency.
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Power metal film resistors PR01/02/03
MECHANICAL DATA Mounting pitch
Mass per 100 units PITCH
TYPE LEAD STYLE
TYPE LEAD MASS mm e
MATERIAL (9) PRO1 | straight leads 12.5(1) 5(1)
PRO1 | Cu 29 radial taped 4.8 2
FeCu 29 cropped and formed 17.8 7
PRO2 | Cu 63 double kink large pitch 17.8 7
FeCu 45 double kink small pitch 12.5 5
PRO3 | Cu 110 PR0O2 | straight leads 15.0(0 6
FeCu 100 radial taped 4.8 2
) cropped and formed 17.8 7
Mounting - -
double kink large pitch 17.8 7
The resistors are suitable for double kink small pitch 15.0 6
processing on automatic insertion - 3 1
equipment and cutting and bending PRO3 straight leads - 23.00) ot
machines. cropped and formed 254 10
double kink large pitch 25.4 10
Marking double kink small pitch 20.0 8
The nominal resistance and tolerance Note
are marked on the resistor using four .
coloured bands in accordance with 1. Recommended minimum value.
|IEC publication 60062, “Colour codes
for fixed resistors”.
<L ——>
Outlines '
The length of the body (Ly) is — .
measured by inserting the leads into N— T ]
holes of two identical gauge plates ;D coBere
and moving these plates parallel to Lo
each other until the resistor body is
clamped without deformation For dimensions see Table 4.
(“IEC publication 60294”).
Fig.40 Type with straight leads.

1998 Aug 28

Table 4 Straight lead type and relevant physical dimensions: see Fig.40

@D L L, 2d
TYPE MAX. MAX. MAX. (mm)

(mm) (mm) (mm)
PRO1 2.5 6.5 8.5 0.58 +0.05
PRO2 3.9 10.0 12.0 0.840.03
0.58 +0.05
PRO3 5.2 16.7 19.5 0.8 +0.03
0.58 +0.05
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Power metal film resistors PR01/02/03

P 0.5 | >

!
I
I

-l &d
P13 | b3

S | P | ccBo22

Dimensions in mm.
For dimensions see Tables 4 and 5.

Fig.41 Type with cropped and formed leads.

Table 5 Cropped and formed lead type and relevant physical dimensions; see Fig.41

S 7B
TYPE LEAD STYLE (2:1) (mbm) (mhm) (um) MAX. MAX.
(mm) (mm)
PRO1 0.58 +0.05 1.1 8 17.8 2 1.0
0.8 £0.03 1.3 8 2 1.2
PRO02 0.8 £0.03 1.3 15 17.8 3 1.2
cropped and formed | 0.58 £0.05 1.1 8 2 1.0
0.8 £0.03 1.3 8 2 1.2
PRO3 0.8 £0.03 1.3 15 25.4 3 1.2
0.58 +£0.05 11 8 2 1.0
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Power metal film resistors PR01/02/03
l P,;#0.5 D =
| :j
(1):-— .
[ ~>H<— ad —» ! la —-»| - b1
’ P, +3 S @B +0.07 DU D —

Dimensions in mm.
For dimensions see Tables 4 and 6.
(1) @0.81t0 1.4 or @0.6t0 1.6.

Fig.42 Type with double kink.

Table 6 Double kink lead type and relevant physical dimensions; see Fig.42

s
TYPE| LEADSTYLE (rf:l) (l'::n) (r:rzn) (mhm) (n'::n) (:;) '(wmAn)]() (rf:,)
PROT g(iszlzig?‘k 0-5820.05 +o.215/1—oo.2o +o.215;;1—50.20 8 | 18 | 178 2 0.8
S;Z?lliiﬁ?rk 0.58+0.05 +o.215;/1—oo.2o +o.215fo.20 § | 125 | 125 2 08
PRO2 '(:(:;lei;;k 0584005 0 06 020 | s025020 | & | 78 | 178 | 2 0.8
S;l;?lliilt(:::k 0.8£0.03 +o.215;?—oo.2o +o.215f—52).2o 8 | 150 | 150 2 1.0
PRO3 gorggliigak 0584005 o 00 00| voo000 | © | 254 | 24 | 2 038
grc:;?llzil:lcrf:k 0.840.03 +o.215?—00.20 +o.22é/1—50.2o 8 | 20 | 200 2 1.0
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PR01/02/03

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “IEC publication 60115-1", category
LCT/UCT/56 (rated temperature range: Lower Category
Temperature, Upper Category Temperature; damp heat,
long term, 56 days). The testing also covers the
requirements specified by EIA and EIAJ.

The tests are carried out in accordance with

IEC publication 60068, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions
according to “IEC 60068-1", subclause 5.3.

Table 7 Test procedures and requirements

Unless otherwise specified the following values apply:
Tempevrature: 15 °C to 35 °C
Relative humidity: 45% to 75%

Air pressure: 86 kPa to 106 kPa
(860 mbar to 1060 mbar).

In Table 7 the tests and requirements are listed with
reference to the relevant clauses of

“IEC publications 60115-1 and 60068” a short
description of the test procedure is also given. In some
instances deviations from the IEC recommendations were
necessary for our method of specifying.

All soldering tests are performed with mildly activated flux.

IEC 60I()EG(:3-2
60115-1 TEST PROCEDURE REQUIREMENTS
CLAUSE |  TEST
METHOD
Tests in accordance with the schedule of IEC publication 60115-1
4.4.1 visual examination no holes; clean surface;
no damage
4.4.2 dimensions gauge (mm) see Tables 4, 5 and 6
(outline)
4.5 resistance applied voltage (+0/~10%): R — Rnom: max. +5%
R<10Q: 0.1V
10Q<R<100Q:0.3V
100Q<R<1kQ:1V
1kQ<R<10kQ: 3V
10 kQ <R <100 kQ: 10 V
100kQ <R <1MQ: 25V
R=1MQ: 50V
4.18 Tb resistance to thermal shock: 3 s; 350 °C; AR/R max.: £1% + 0.05 Q
soldering heat 6 mm from body
4.29 45 (Xa) component solvent | isopropyl alcohol or HO no.visual damage
resistance followed by brushing
in accordance with “MIL 202 F”
4.17 Ta solderability 25s;235°C good tinning; no damage
4.7 voltage proof on maximum voltage 500 V (RMS) no breakdown or flashover
insulation during 1 minute; metal block method
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PR01/02/03

to iEC 80015-1,
Jan. 87

IEC
IEC 60068-2
60115-1 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | ETHOD
4.16 ] robustness of
terminations:
4.16.2 Ua tensile all load 10N; 10's number of failures: <1 x 10~
samples
4.16.3 Ub bending half load 5 N; 4 x 90° number of failures: <1 x 10-6
number of
samples
4.16.4 Uc torsion other half | 3 x 360° in opposite directions no damage
of samples AR/R max.: £0.5% + 0.05 Q
4.20 Eb bump 3 x 1500 bumps in three directions; no damage
409 AR/R max.: £0.5% + 0.05 Q
4.22 Fc vibration frequency 10 to 500 Hz; no damage
displacement 1.5 mm or AR/R max.: £0.5% + 0.05 Q
acceleration 10 g; three directions;
total 6 hours (3 x 2 hours)
4.19 14 (Na) |rapid change of 30 minutes at LCT and no visual damage
temperature 30 minutes at UCT; 5 cycles PRO1: AR/R max.: £1% + 0.05 Q
PR02: AR/R max.: £1% + 0.05 Q
PR03: AR/R max.: £2% + 0.05 Q
4.23 climatic sequence:
4.23.3 30 (D) damp heat
(accelerated)
1st cycle
4.23.6 30 (D) damp heat 6 days; 55 °C; 95 to 98% RH Rins min.: 108 MQ
(accelerated) AR/R max.: 3% + 0.1 Q
remaining cycles
4.24.2 3 (Ca) damp heat 56 days; 40 °C; 90 to 95% RH; loaded | Rins min.: 1000 MQ
(steady state) (IEC) | with 0.01 P, (IEC steps: 4 to 100 V) AR/R max.: 3% + 0.1 O
4.251 endurance 1000 hours; loaded with P, or Vimax; AR/R max.: 5% + 0.1 Q
(at 70 °C) 1.5 hours on and 0.5 hours off
4.8.4.2 temperature at 20/LCT/20 °C and 20/UCT/20 °C <+250
coefficient (TC x 107-8/K)
Other tests in accordance with IEC 60115 clauses and IEC 60068 test method
417 20 (Tb) solderability 8 hours steam or 16 hours 155 °C; good tinning (295% covered);
(after ageing) leads immersed 6 mm for2 £0.5 sina | no damage
solder bath at 235 £5 °C
4.6.1.1 insulation maximum voltage (DC) after 1 minute; | Rins min.: 104 MQ
resistance metal block method
see 2"d amendment | pulse load see Figs 5,6, 7, 8,9 and 10

1998 Aug 28

90



Philips Components Product specification
.. __ .~~~ ... . ..

High ohmic/high voltage resistors VR25

FEATURES
¢ High pulse loading capability
e Small size.

APPLICATIONS

o Where high resistance, high
stability and high reliability at high
voltage are required

¢ High humidity environment

* White goods

e Power supplies.

DESCRIPTION

A metal glazed film is deposited on a
high grade ceramic body. After a
helical groove has been cut in the
resistive layer, tinned electrolytic
copper wires are welded to the
end-caps. The resistors are coated
with a light blue lacquer which
provides electrical, mechanical, and
climatic protection.

The encapsulation is resistant to all
cleaning solvents in accordance with
“MIL-STD 202E, method 215” and
“IEC 60068-2-45".

1998 Aug 28

QUICK REFERENCE DATA

DESCRIPTION

VALUE

Resistance range

100 kQ to 22 MQ

Resistance tolerance and series:
100 kQ to 15 MQ
15 MQ to 22 MQ
220 kQ to 15 MQ

+5%: E24 series
+10%: E12 series
+1%: E24/E96 series

Maximum dissipation at Ty, = 70 °C

025 W

Thermal resistance, Ry,

200 K/W

Temperature coefficient

<4200 x 10-8/K

Maximum permissible voltage:

DC 1600 V
RMS 1150V
Dielectric withstanding voltage of
. . B 700V
the insulation for 1 minute
Basic specifications IEC 60115-1B
Climatic category (IEC 60068) 55/155/56

Stability after:
load (1000 hours)
accelerated damp heat test (6 days)
long term damp heat test (56 days)

AR/R max.: £1.5% + 0.1 Q
AR/R max.: £1.5% + 0.1 Q
AR/R max.: £1.5% + 0.1 Q

Noise

max. 5 uv/V
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High ohmic/high voltage resistors VR25
ORDERING INFORMATION
Table 1 Ordering code indicating resistor type and packaging
ORDERING CODE 2322 241 .....
TAPE TOL BANDOLIER
. (1)
TYPE V}I'::)n':;-l (%) BANDOLIER IN AMMOPACK ON REEL
1000 units 2000 units 5000 units 5000 units
+1 8.... - - -
52 5 13... - 53... 23...
VR25 +10 12... - 52... 22...
5 - 43... - -
26
+10 - 42... - -
Note

1.

Ordering code (12NC)

e The resistors have a 12-digit

1

ordering code starting with
2322 241

The subsequent:
first digit for 1% tolerance products
(E24 and E96 series)
or 2 digits for 5% (E24 series) and
10% (E12 series) indicate the
resistor type and packaging;
see Table 1.
The remaining digits indicate the
resistance value:
— The first 3 digits for 1% or

2 digits for 5 and 10% tolerance

products indicate the resistance
value.

— The last digit indicates the
resistance decade in
accordance with Table 2.

998 Aug 28

Radial taped version available on request.

Table 2 Last digit of 12NC

RESISTANCE
DECADE LAST DIGIT
100 to 976 kQ 4
1109.76 MQ 5
210 MQ 6
92

ORDERING EXAMPLE

The ordering code for a VR25,
resistor value 7.5 MQ, 5% tolerance,
supplied on a bandolier of 1000 units
in ammopack, is: 2322 241 13755.
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High ohmic/high voltage resistors VR25

FUNCTIONAL DESCRIPTION
Product characterization

Standard values of nominal resistance are taken from the E96/E24/E12 series for resistors with a tolerance of +1%,
5% or 10%. The values of the E96/E24/E12 series are in accordance with “/EC publication 60063”.

Limiting values

LIMITING VOLTAGE(")
TYPE v LIMITIN?V POWER
DC RMS W)
VR25 1600 1150 0.25

Note
1. The maximum voltage that may be continuously applied to the resistor element, see “IEC publication 60115-1".

The maximum permissible hot-spot temperature is 155 °C.

DERATING PULSE LOADING CAPABILITY
The power that the resistor can dissipate depends on the
operating temperature; see Fig.1.
20 CCA997
\A/max
(k)
Prmax ccB412
(%Prated)
10
100
I 8
|
! /
! 4
I /
I
I
0 : — . . 4
-55 0 50 70 100 155 1072 10~ 1 0 102
Tamb (°C) Ry, (MQ)
Fig2 Maximum allowed peak pulse voltage in
accordance with “IEC 60065 chapter
Fig.1  Maximum dissipation (Pmax) in percentage of 14.17; 50 discharges froma 1 nF capacitor
rated power as a function of the ambient charged to Vpax; 12 discharges/minute
temperature (Tamp)- (drift AR/R < 1%).
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Application information
MBG545 MBG546
100 - 50
AT AT
(K) (K)
80 40
5mm //
10
% % 15m$ 7 L~
40 20 ///)(y
/ vV 7
7
o
20 10 //
0 0
0 0.2 0.4 P (W) 0.6 0 0.2 0.4 P (W) 0.6
VR25 VR25

Fig.3 Hot spot temperature rise (AT) as a function
of dissipated power.

Fig.4 Temperature rise (AT) at the lead end
(soldering point) as a function of dissipated
power at various lead lengths after mounting.

MECHANICAL DATA

Mass per 100 units

MASS
TYPE
(9) ~— 1 ;
e ———m——
VR25 25 | ) 7
4 CcCB414
Marking Ly @p

The nominal resistance and tolerance are marked on the
resistor using four or five coloured bands in accordance
with IEC publication 60062 “Colour codes for fixed
resistors”.

Yellow and grey are used instead of gold and silver
because metal particles in the lacquer could affect
high-voltage properties.

Outlines

The length of the body (L4) is measured by inserting the
leads into holes of two identical gauge plates and moving
these plates parailel to each other until the resistor body is
clamped without deformation (“/EC publication 60294”).
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For dimensions see Table 3.

Fig.5 Outline.

Table 3 Resistor type and relevant physical dimensions;

see Fig.5
@D L, L, od
TYPE MAX. MAX. MAX. (mm)
(mm) (mm) (mm)
VR25 2.5 6.5 7.5 0.58 £0.05
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VR25

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “IEC publication 60115-1", category
LCT/UCT/56 (rated temperature range: Lower Category
Temperature, Upper Category Temperature; damp heat,
long term, 56 days). The testing also covers the
requirements specified by EIA and EIAJ.

The tests are carried out in accordance with

IEC publication 60068, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions
according to “/EC 60068-1", subclause 5.3.

Table 4 Test procedures and requirements

Unless otherwise specified the following values apply:
Temperature: 15 °C to 35 °C
Relative humidity: 45% to 75%

Air pressure: 86 kPa to 106 kPa
(860 mbar to 1060 mbar).

In Table 4 the tests and requirements are listed with
reference to the relevant clauses of

“IEC publications 60115-1 and 60068”,

a short description of the test procedure is also given. In
some instances deviations from the IEC recommendations
were necessary for our method of specifying.

All soldering tests are performed with mildly activated flux.

EC | ghoge
60115-1 TEST PROCEDURE REQUIREMENTS
CLAUSE | TEST
METHOD
4.16 U robustness of
terminations:
4.16.2 Ua tensile all samples 0.6 mm; load 10N; 10 s number of failures <10 x 106
4.16.3 Ub bending half number 0.6 mm; load 5 N; 4 x 90° number of failures <10 x 106
of samples
4.16.4 Uc torsion other half 3 x 360° in opposite directions no damage
of samples AR/R max.: £0.5% + 0.05 Q
417 Ta solderability 2's; 235 °C; flux 600 good tinning; no damage
4.18 Tb resistance to thermal shock: 3 s; 350 °C; AR/R max.: £0.5% + 0.05 Q
soldering heat 6 mm from body
4.19 Na rapid change of 30 minutes at -55 °C and AR/R max.: £0.5% + 0.05 Q
temperature 30 minutes at +155 °C; 5 cycles
4.20 Eb bump 3 x 1500 bumps in 3 directions; no damage
409 AR/R max.: £0.5% + 0.05 Q
4.22 Fc vibration frequency 10 to 500 Hz; no damage
displacement 1.5 mm or AR/R max.: £0.5% + 0.05 Q
acceleration 10 g; 3 directions;
total 6 hours (3 x 2 hours)
4.23 climatic sequence:
4.23.2 Ba dry heat 16 hours; 155 °C
4.23.3 Db damp heat (accelerated) | 24 hours; 55 °C; 90 to 100% RH
1st cycle
4.23.4 Aa cold 2 hours; -55 °C
4.23.5 M low air pressure 2 hours; 8.5 kPa; 15 to 35 °C
4.23.6 Db damp heat (accelerated) | 5 days; 55 °C; 95 to 100% RH Rins min.: 103 MQ
remaining cycles AR/R max.: +1.5% + 0.1 Q
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VR25

dissipation 6.25 x Py, (voltage not
more than 2 x limiting voltage);
10 cycles; 5 s on and 45 s off

IEC
IEC 60068
60115-1 TEST PROCEDURE REQUIREMENTS
CLAU TEST
CLAUSE
METHOD
4242 Ca damp heat 56 days; 40 °C; 90 to 95% RH; AR/R max.: £1.5% + 0.1 Q
(steady state) dissipation 0.01 Py,; :
limiting voltage 100 V (DC)
4.25.1 endurance 1000 hours at 70 °C; P, or Vjax AR/R max.: £1.5% + 0.1 Q
48.4 temperature coefficient between -55 °C and +155 °C <4200
(TC x 10-9/K)
4.7 voltage proof on insulation | 700 V (RMS) during 1 minute; no breakdown
V-block method
412 noise “IEC publication 60195” max. 5 uV/vV
4.6.1.1 insulation resistance 500 V (DC) during 1 minute; Rins mMin.: 104 MQ
V-block method
413 short time overload room temperature; AR/R max.: +0.5% + 0.05 Q

1998 Aug 28
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High ohmic/high voltage resistors VR37
e P O S RS SORr Vs
FEATURES QUICK REFERENCE DATA
o These resistors meet the safety DESCRIPTION VALUE

requirements of: Resistance range 100 kQ to 33 MQ; note 1

UL1676" (range 510 ko 11 MQ)  Redictance tolerance and series +1%: E24/E96 series;

"EN60065” +5%: E24 series

“BS60065” (U.K.) Maximum dissipation at T;mp =70°C |0.5W

“NFC 92-130” (France) Thermal resistance, Ry, 120 K'W

“VDE 0860” (Germany) Temperature coefficient <4200 x 10°9/K
« High pulse loading capability Maximum permissible voltage:

. DC 3500V
e Small size.
RMS 2500 V
Dielectric withstanding voltage of
APPLICATIONS the insulation for 1 minute [
o Where high resistance, high Basic specifications IEC 60115-1B

stability and high reliability at high Safety requirements UL1676 (510 kQ to 11 MQ);

voltage are required EN60065; BS60065; VDE 0860;
e Safety component in combination NFC 92-130

with high voltage Climatic category (IEC 60068) 55/155/56
¢ White goods Stability after:
¢ High humidity environment load (1000 hours) AR/R max.: £1.5% + 0.1 Q; typ. 0.5%
o Power supplies. accelerated damp heat test (6 days) | AR/R max.: £1.5% + 0.1 Q; typ. 0.5%

long term damp heat test (56 days) | AR/R max.: £1.5% + 0.1 Q; typ. 0.5%
DESCRIPTION Noise max. 2.5 uV/V; typ. 0.5

A metal glazed film is depositedona ~ Note
high grade ceramic body. After a 1. Values up to 100 MQ are available upon request.
helical groove has been cut in the

resistive layer, tinned electrolytic

copper wires are welded to the

end-caps. The resistors are coated

with a light blue lacquer which

provides electrical, mechanical, and

climatic protection.

The encapsulation is resistant to all

cleaning solvents in accordance with
“MIL-STD 202E, method 215” and

“IEC 60068-2-45".
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High ohmic/high voltage resistors

VR37

ORDERING INFORMATION

Table 1 Ordering code indicating resistor type and packaging

ORDERING CODE 2322 242 .....
TAPE TOL BANDOLIER
TYPE WIDTH ) BANDOLIER IN AMMOPACK
(%) ON REEL
(mm)
1000 units 5000 units
+1 8.... -
VR37 52
5 13... 23...
Ordering code (12NC) Table 2 Last digit of 12NC ORDERING EXAMPLE

The resistors have a 12-digit
ordering code starting with
2322 242

The subsequent:

first digit for 1% tolerance products
(E24 and E96 series)

or 2 digits for

5% (E24 series) indicate the
resistor type and packaging;

see Table 1.

The remaining digits indicate the
resistance value:

— The first 3 digits for 1% or
2 digits for 5% tolerance
products indicate the resistance
value.

— The last digit indicates the
resistance decade in
accordance with Table 2.

1998 Aug 28

RESISTANCE
DECADE LAST DIGIT
100 to 976 kQ 4
110 9.76 MQ 5
210 MQ 6
98

The ordering code for a VR37,
resistor value 7.5 MQ, 5% tolerance,
supplied on a bandolier of 1000 units
in ammopack, is: 2322 242 13755.
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High ohmic/high voltage resistors VR37

FUNCTIONAL DESCRIPTION
Product characterization

Standard values of nominal resistance are taken from the E96/E24/E12 series for resistors with a tolerance of
+1% or 5%. The values of the E96/E24 series are in accordance with “/EC publication 60063".

Limiting values

LIMITING VOLTAGE(")
TYPE ) LIMITINSV POWER
DC RMS W)
VR37 3500 2500 0.5

Note
1. The maximum voltage that may be continuously applied to the resistor element, see “/EC publication 60115-1".

The maximum permissible hot-spot temperature is 155 °C.

DERATING PULSE LOADING CAPABILITY
The power that the resistor can dissipate depends on the
operating temperature; see Fig.1.
20 CCA998
Omax
(kv)
Pnax ccB412
(%Prated)
10
100
I 8
|
|
|
50 : 6
I
I
0 ; — , . 4
-55 0 50 70 100 155 1072 1071 1 10 102
Tamb (°C) Rn (MQ)
Fig.2 Maximum allowed peak pulse voltage in
accordance with “/EC 60065 chapter 14.1%,
Fig.1 Maximum dissipation (Pmax) in percentage 50 discharges from a 1 nF capacitor
of rated power as a function of the ambient charged to Va4« ; 12 discharges/minute
temperature (Tamp)- (drift AR/R < 1%).

1998 Aug 28 99



Philips Components

Product specification

High ohmic/high voltage resistors VR37
Application information
80 CCB361 50 CCB360
AT
® ®)
40 5mm
60 | |
1
10 mm
30 ——1
' 15 mm
40 Y
20 7
Y
20 10 ;/
0 0
0 0.4 08 5y 12 0 0.4 08 5y 12

Fig.3 Hot-spot temperature rise (AT) as
a function of dissipated power.

Fig.4 Temperature rise (AT) at the lead end
(soldering point) as a function of dissipated
power at various lead lengths after mounting.

MECHANICAL DATA

Mass per 100 units

MASS
TYPE v
|
VAzr @ —
§ CCB414
@D
Marking Lo

The nominal resistance and tolerance are marked on the
resistor using four or five coloured bands in accordance
with IEC publication 60062 “Colour codes for fixed
resistors”.

Yellow and grey are used instead of gold and silver
because metal particles in the lacquer could affect
high-voltage properties.

Outlines

The length of the body (L+) is measured by inserting the
leads into holes of two identical gauge plates and moving
these plates parallel to each other until the resistor body is
clamped without deformation (“/EC publication 60294”).

1998 Aug 28

For dimensions see Table 3.

Fig.5 Outline.

Table 3 Resistor type and relevant physical dimensions;

see Fig.5
@D L4 Lo od
TYPE MAX, | MAX MAX, (mm)
(mm) (mm) (mm)
VR37 4.0 9.0 10.0 0.7 £0.03
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High ohmic/high voltage resistors

VR37

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “IEC publication 60115-1", category
LCT/UCT/56 (rated temperature range: Lower Category
Temperature, Upper Category Temperature; damp heat,
long term, 56 days). The testing also covers the
requirements specified by EIA and EIAJ.

The tests are carried out in accordance with

IEC publication 60068, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions
according to “/EC 60068-1", subclause 5.3.

Table 4 Test procedures and requirements

Unless otherwise specified the following values apply:
Temperature: 15 °C to 35 °C
Relative humidity: 45% to 75%

Air pressure: 86 kPa to 106 kPa
(860 mbar to 1060 mbar).

In Table 4 the tests and requirements are listed with
reference to the relevant clauses of

“IEC publications 60115-1 and 60068 a short
description of the test procedure is also given. In some
instances deviations from the IEC recommendations were
necessary for our method of specifying.

All soldering tests are performed with mildly activated flux.

IEC
IEC 60068
60115-1 TEST PROCEDURE REQUIREMENTS
cLAusk |, TEST
METHOD
4.16 U robustness of
terminations:
4.16.2 Ua tensile all samples 0.7 mm; load 10 N; 10 s number of failures <10 x 106
4.16.3 Ub bending half number @0.7 mm; load 5 N; 4 x 90° number of failures <10 x 10-6
of samples
4.16.4 Uc torsion other half 3 x 360° in opposite directions no damage
of samples AR/R max.: £0.5% + 0.05 Q
417 Ta solderability 2's; 235 °C; flux 600 good tinning; no damage
4.18 Tb resistance to thermal shock: 3 s; 350 °C; AR/R max.: £0.5% + 0.05 Q
soldering heat 6 mm from body
419 Na rapid change of 30 minutes at -55 °C and AR/R max.: £0.5% + 0.05 Q
temperature 30 minutes at +155 °C; 5 cycles
4.20 Eb bump 3 x 1500 bumps in 3 directions; no damage
409 AR/R max.: +0.5% + 0.05 Q
4.22 Fc vibration frequency 10 to 500 Hz; no damage
displacement 1.5 mm or AR/R max.: £0.5% + 0.05 Q
acceleration 10 g; 3 directions;
total 6 hours (3 x 2 hours)
4.23 climatic sequence:
4.23.2 Ba dry heat 16 hours; 155 °C
4.23.3 Db damp heat (accelerated) | 24 hours; 55 °C; 90 to 100% RH
1st cycle
4.23.4 Aa cold 2 hours; =55 °C
4.23.5 M low air pressure 2 hours; 8.5 kPa; 15 to 35 °C
4.23.6 Db damp heat (accelerated) | 5 days; 55 °C; 95 to 100% RH Rins min.: 103 MQ
remaining cycles AR/R max.: £1.5% + 0.1 Q
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EC | cooes
60115-1 TEST PROCEDURE REQUIREMENTS
TEST
CLAUSE
T METHOD
4.24.2 Ca damp heat 56 days; 40 °C; 90 to 95% RH; AR/R max.: £1.5% + 0.1 Q
(steady state) dissipation 0.01 Py;
limiting voltage 100 V (DC)
4.25.1 endurance 1000 hours at 70 °C; Py, or Vinax AR/R max.: +1.5% + 0.1 Q
4.8.4 temperature coefficient between -55 °C and +155 °C <4200
(TC x 10-9/K)
4.7 voltage proof on insulation | 700 V (RMS) during 1 minute; no breakdown
V-block method
412 noise “IEC publication 60195” max. 2.5 uvV/v
4.6.1.1 insulation resistance 500 V (DC) during 1 minute; Rins min.: 104 MQ
V-block method
413 short time overload room temperature; AR/R max.: +0.5% + 0.05 Q
dissipation 6.25 x P, (voltage not
more than 2 x limiting voltage);
10 cycles; 5 s on and 45 s off
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High ohmic/high voltage resistors VR68
]
FEATURES QUICK REFERENCE DATA
¢ These resistors meet the safety DESCRIPTION VALUE

requirements of: Resistance range 100 kQ to 68 MQ; note 1

“UL1676" (range 510 kQ 1o 11 MQ) - Registance tolerance and series +1%: E24/E96 series;

"EN60065” +5%; E24 series

“BS60065” (U.K.) Maximum dissipation at T,y =70°C |1 W

“NFC 92-130” (France) Thermal resistance, Ry, 70 KW

“VDE 0860” (Germany) Temperature coefficient <+200 x 10-9/K
« High pulse loading capability Maximum permissible voltage:

e Small size. DC 10000 V
RMS 7000V
Dielectric withstanding voltage of the | 700 V
APPLICATIONS insulation for 1 minute
¢ Where high resistance, high Basic specifications IEC 60115-1B

stability and high reliability at high Safety requirements UL1676 (510 kQ to 11 MQ);

voltage are required EN60065; BS60065; VDE 0860;
¢ Safety component in combination NFC 92-130

with high voltage Climatic category (IEC 60068) 55/155/56
¢ Picture tubes Stability after:

e High voltage bleeders load (1000 hours) AR/R max.: £1.5% + 0.1 Q; typ. 1%
o Cascade switches. accelerated damp heat test (6 days) | AR/R max.: +1.5% + 0.1 Q; typ. 1%
long term damp heat test (56 days) | AR/R max.: +1.5% + 0.1 Q; typ. 0.5%
DESCRIPTION Noise max. 2.5 uV/V; typ. 0.5
Note

A metal glazed film is deposited on a
high grade ceramic body. After a 1. Values up to 220 MQ are available upon request.
heiicai groove has been cut in the

resistive layer, tinned electrolytic

copper wires are welded to the

end-caps. The resistors are coated

with a light blue lacquer which

provides electrical, mechanical, and

climatic protection.

The encapsulation is resistant to all

cleaning solvents in accordance with

“MIL-STD 202E, method 215” and

“IEC 60068-2-45".
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High ohmic/high voltage resistors VR68

ORDERING INFORMATION

Table 1 Ordering code indicating resistor type and packaging

ORDERING CODE 2322 244 .....
TAPE ToL
TYPE | WIDTH (%)' BANDOLIER IN AMMOPACK
(mm) 500 units
+1 8....
VR68 66.7
. +5 13..
Ordering code (12NC) Table 2 Last digit of 12NC ORDERING EXAMPLE
¢ The resistors have a 12-digit RESISTANCE LAST DIGIT The ordering code for a VR68,
ordering code starting with DECADE T resistor value 7.5 MQ, 5% tolerance,
2322 244 supplied on a bandolier of 500 units in
« The subsequent: 100 to 976 k&2 4 ammopack, is: 2322 244 13755.
N - ) 110 9.76 MQ 5
first digit for 1% tolerance products
(E24 and E96 series) 210 MQ 6

or 2 digits for

5% (E24 series) indicate the
resistor type and packaging;
see Table 1.

¢ The remaining digits indicate the
resistance value:

— The first 3 digits for 1% or
2 digits for 5% tolerance
products indicate the resistance
value.

— The last digit indicates the
resistance decade in
accordance with Table 2.
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High ohmic/high voltage resistors VR68

FUNCTIONAL DESCRIPTION
Product characterization

Standard values of nominal resistance are taken from the E96/E24/E12 series for resistors with a tolerance of
1% or 5%. The values of the E96/E24 series are in accordance with “/EC publication 60063".

Limiting values

LIMITING VOLTAGE(") .
TYPE ) LIMITIN(J‘V POWER
DC RMS w)
VR68 10000 7000 1.0

Note
1. The maximum voltage that may be continuously applied to the resistor element, see “IEC publication 60115-1".

The maximum permissible hot-spot temperature is 155 °C.

DERATING PULSE LOADING CAPABILITY
The power that the resistor can dissipate depends on the
operating temperature; see Fig.1.
20 CCA999
\A/max
(kv)
Prmax ccBatz
(%Prated) 10
100
| : /
:
50 4 : 6 L LL i
! 1
I
|
|
° 55 0 50 7!o 100 5 :0‘2 1071 1 10 102
_ 155
Tamp (C) Fin (M)
Fig.2 Maximum allowed peak pulse voltage in
accordance with “/EC 60065 chapter 14.17,
Fig.1 Maximum dissipation (Pmax) in percentage 50 discharges from a 1 nF capacitor
of rated power as a function of the ambient charged to Va4 ; 12 discharges/minute
temperature (Tamp)- (drift AR/R < 1%).
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High ohmic/high voltage resistors VR68
Application information
80 CCB363 50 CCB362
AT
(A*I) K 10 mm ¢/
40 /
/|
60 // v
15 mm
30 /
40 /// /////
20 A/
/ &
20 V4 /
/ 10 7
% /|
0 0
0 04 08 oy 12 0 0.4 08 oy 12

Fig.3 Hot-spot temperature rise (AT) as
a function of dissipated power.

Fig.4 Temperature rise (AT) at the lead end
(soldering point) as a function of dissipated
power at various lead lengths after mounting.

MECHANICAL DATA

Mass per 100 units

MASS

TYPE @)

VR68 148

Marking

The nominal resistance and tolerance are marked on the
resistor using four or five coloured bands in accordance
with IEC publication 60062 “Colour codes for fixed
resistors”.

Yellow and grey are used instead of gold and silver
because metal particles in the lacquer could affect
high-voltage properties.

Outlines

The length of the body (L1) is measured by inserting the
leads into holes of two identical gauge plates and moving
these plates parallel to each other until the resistor body is
clamped without deformation (“/EC publication 60294”).
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@D
Lo
For dimensions see Table 3.
Fig.5 Outline.

Table 3 Resistor type and relevant physical dimensions;

see Fig.5
@D L4 L od
TYPE MAX. MAX. MAX. (mm)
(mm) (mm) (mm)
VR68 6.8 18.0 19.0 0.8 +0.03
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High ohmic/high voltage resistors

VR68

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “IEC publication 60115-1", category
LCT/UCT/56 (rated temperature range: Lower Category
Temperature, Upper Category Temperature; damp heat,
long term, 56 days). The testing also covers the
requirements specified by EIA and EIAJ.

The tests are carried out in accordance with

IEC publication 60068, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions
according to “/EC 60068-1", subclause 5.3.

Table 4 Test procedures and requirements

Unless otherwise specified the following values apply:
Temperature: 15 °C to 35 °C
Relative humidity: 45% to 75%
Air pressure: 86 kPa to 106 kPa
(860 mbar to 1060 mbar).

In Table 4 the tests and requirements are listed with
reference to the relevant clauses of

“IEC publications 60115-1 and 60068”; a short
description of the test procedure is also given. In some
instances deviations from the IEC recommendations were
necessary for our method of specifying.

All soldering tests are performed with mildly activated flux.

IEC
IEC 60068
60115-1 TEST PROCEDURE REQUIREMENTS
CLAUSE TEST
METHOD
4.16 U robustness of
terminations:
4.16.2 Ua tensile all samples 0.8 mm; load 10 N; 10 s number of failures <10 x 10-6
4.16.3 Ub bending half number 0.8 mm; load 5 N; 4 x 90° number of failures <10 x 106
of samples
4.16.4 Uc torsion other half 3 x 360° in opposite directions no damage
of samples AR/R max.: £0.5% + 0.05 Q
417 Ta solderability 2's; 235 °C; flux 600 good tinning; no damage
4.18 Tb resistance to thermal shock: 3 s; 350 °C; AR/R max.: £0.5% + 0.05 Q
soldering heat 6 mm from body
4.19 Na rapid change of 30 minutes at -55 °C and AR/R max.: £0.5% + 0.05 Q
temperature 30 minutes at +155 °C; 5 cycles
4.20 Eb bump 3 x 1500 bumps in 3 directions; no damage
4049 AR/R max.: £0.5% + 0.05 Q
4.22 Fc vibration frequency 10 to 500 Hz; no damage
displacement 1.5 mm or AR/R max.: £0.5% + 0.05 Q
acceleration 10 g; 3 directions;
total 6 hours (3 x 2 hours)
4.23 climatic sequence:
4.23.2 Ba dry heat 16 hours; 155 °C
4.23.3 Db damp heat (accelerated) | 24 hours; 55 °C; 90 to 100% RH
18t cycle
4.23.4 Aa cold 2 hours; -55 °C
4.23.5 M low air pressure 2 hours; 8.5 kPa; 15 to 35 °C
4.23.6 Db damp heat (accelerated) | 5 days; 55 °C; 95 to 100% RH Rins Min.: 103 MQ
remaining cycles AR/R max.: +1.5% + 0.1 Q
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IEC
IEC | 60068
60115-1 TEST PROCEDURE REQUIREMENTS
CLAUSE TEST
METHOD
4.24.2 Ca damp heat 56 days; 40 °C; 90 to 95% RH; AR/R max.: £1.5% + 0.1 Q
(steady state) dissipation 0.01 Py;

limiting voltage 100 V (DC)

4.25.1 endurance 1000 hours at 70 °C; Py, or Viax AR/R max.: £1.5% + 0.1 Q

484 temperature coefficient between -55 °C and +155 °C <1200
(TC x 1076/K)

4.7 voltage proof on insulation | 700 V (RMS) during 1 minute; no breakdown
V-block method

4.12 noise “IEC publication 60195” max. 2.5 uvV/V

4.6.1.1 insulation resistance 500 V (DC) during 1 minute; Rins min.: 104 MQ
V-block method

413 short time overload room temperature; AR/R max.: £0.5% + 0.05 Q
dissipation 6.25 x P, (voltage not
more than 2 x limiting voltage;
10000 V max.); 10 cycles;
5 s on and 45 s off

1998 Aug 28

108



Philips Components

Preliminary specification

High voltage surge resistor

FEATURES

¢ High pulse-loading capability
(flashes)

e Good replacement for
carbon-composite resistors.

APPLICATIONS

e Application for overload and high
voltage pulse hazard circuits
(TV-sets, monitors).

DESCRIPTION

A metal glazed film is deposited on a
high grade ceramic body. After that
caps are applied to the rods and
electrolytic copper wires are welded
to these end caps.

The resistors are coated with a
light-blue lacquer which provides
electrical, mechanical and climatic
protection.

The encapsulation is resistant to all
cleaning solvents according to
“MIL-STD 202E, method 215” and
“IEC 60068-2-45".

ORDERING INFORMATION
Ordering code (12NC)

¢ The resistors have a 12-digit
ordering code staring with
2322 245

The subsequent 2 digits indicate
the resistor type and packaging;
see Table 1.

e The remaining digits indicate the
resistance value:
— The first 2 digits indicate the
resistance value.

— The last digit indicates the
resistance decade in
accordance with Table 2.

1998 Aua 28

QUICK REFERENCE DATA

LSR37

DESCRIPTION

VALUE

Resistance range

900 Q to 10 kQ

Resistance tolerance and series

+10%; +20%; E12 series

Maximum dissipation at Ty, = 70 °C

0.5W

Thermal resistance, R,

120 KIW

Temperature coefficient

<+400 x 10-8/K

Voltage coefficient

<+100 x 10-6/V

Maximum permissible voltage V= /P.,xR
Dielectric withstanding voltage of the
. . . 700 V
insulation for 1 minute
Basic specifications IEC 60115-1B
Climatic category (IEC 60068) 55/155/56
Stability after:
load (1000 hours) AR/R max.: £3% + 0.1 Q
climatic test AR/R max.: £3% + 0.1 Q
soldering AR/R max.: 1% + 0.1 Q
Noise max. 2.5 pv/vV
Table 1 Ordering code as function of tolerance and packaging
ORDERING CODE 2322 245 .....
TOLERANCE
TYPE ) 1000 units 5000 units
IN AMMOPACK ON REEL
+10 12... 22...
LSR37
+20 11... 21...

Table 2 Last digit of 12NC

RESISTANCE
DECADE LAST DIGIT
100 t0 910 Q 1
110 9.1 kQ 2
10 kQ 3

109

ORDERING EXAMPLE

The ordering code for a LSR37,
resistor value 1.5 kQ, 10% tolerance,
supplied on a bandolier of 1000 units
in ammopack, is: 2322 245 12152.
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Preliminary specification

High voltage surge resistor

LSR37

FUNCTIONAL DESCRIPTION
Product characterization

Standard vaiues of rated resistance (nominal resistance)
are taken from the E12 series with a tolerance of 10% or

20%.The values of the E12 series are in accordance with

“IEC publication 60063".

The limiting voltage DC is not applicable, because the
maximum rated voltage for the maximum R-value of
10KQatP,=0.5W isonly 70.7 V.

The maximum permissible hot-spot temperature is 155 °C.

DERATING

The power that the resistor can dissipate depends on the

operating temperature; see Fig.1.

Limiting values

Prmax ccB412

(%Prated)

100

50 4

|
|
|
|
|
|
|
|
|
|
|
|
T

T T T
50 70 100 155
Tamb (°C)

Fig.1 Maximum dissipation (Pmay) in percentage
of rated power as a function of the ambient
temperature (Tamp)-

LIMITING
TYPE VOLTAGE(™" LIMITING POWER
V) W)
LSR37 V = /Pn x R 0.5
Note

1. The maximum voltage that may be continuously
applied to the resistor element, see
“IEC publication 60115-1".

PULSE LOADING CAPABILITY

Data not yet available.

Fig.2 Maximum allowed peak pulse voltage in
accordance with “/EC 60065 chapter 14.17,
50 discharges from a 1 nF capacitor
charged to Vay ; 12 discharges/minute
(drift AR/R < 1%).
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High voltage surge resistor LSR37

Application information

The resistors with straight leads are suitable for processing on automatic insertion equipment and cutting and bending
machines.The minimum pitch for this type is 6e (15.0 mm).

For temperature rise at soldering place see Fig.4.

80 ceBs61 50 ccasso
AT AT
(K) (K)
40 5 mm
60 jan
10 mm
30 ——t
15 mm
40 y
" N/
v,
/)
20 Y
10—/
0 0 1.2
0 0.4 08 oy 12 0.4 08 ooy
Fig.4 Temperature rise (AT) at the lead end
Fig.3 Hot-spottemperature rise (AT) as (soldering point) as a function of dissipated
a function of dissipated power. power at various lead lengths after mounting.
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High voltage surge resistor LSR37
MECHANICAL DATA
Mass per 100 units
L —>
MASS
TYPE
(@ F__,\*J i
* CCB414
. @D
Marking L
The nominal resistance and tolerance are marked on the
resistor using coloured bands in accordance with
IEC publication 60062 “Colour codes for fixed resistors”.
Three bands are used for 20% tolerance with no indication For dimensions see Table 3.
for the tolerance. Four bands are used for 10% tolerance.
Fig.5 Outline.

Grey is used instead of silver for 10% and yellow is used
instead of gold for 5% because metal particles in the
lacquer could affect high-voltage properties.

Outlines

The length of the body (L4) is measured by inserting the
leads into holes of two identical gauge plates and moving
these plates parallel to each other until the resistor body is
clamped without deformation (“/EC publication 60294”).

1998 Aug 28

Table 3 Resistor type and relevant physical dimensions;

see Fig.5
@D L, L, od
TYPE MAX. MAX. MAX. (mm)
(mm) (mm) (mm)
LSR37 4.0 9.0 10.0 0.7 £0.03
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Preliminary specification

High voltage surge resistor

LSR37

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “IEC publication 60115-1”, category
LCT/UCT/56 (rated temperature range: Lower Category
Temperature, Upper Category Temperature; damp heat,
long term, 56 days). The testing also covers the
requirements specified by EIA and EIAJ.

The tests are carried out in accordance with

IEC publication 60068, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions

Unless otherwise specified the following values apply:
Temperature: 15 °C to 35 °C
Relative humidity: 45% to 75%

Air pressure: 86 kPa to 106 kPa
(860 mbar to 1060 mbar)..

In Table 4 the tests and requirements are listed with
reference to the relevant clauses of

“IEC publications 60115-1 and 60068”; a short
description of the test procedure is also given. In some
instances deviations from the IEC recommendations were

according to “/EC 60068-1", subclause 5.3.

Table 4 Test procedures and requirements

necessary for our method of specifying.

All soldering tests are performed with mildly activated flux.

IEC
IEC 60068
60115-1 TEST PROCEDURE REQUIREMENTS
cLAUSE |, TEST
METHOD
4.16 U robustness of
terminations:
4.16.2 Ua tensile all samples 0.7 mm; load 10 N; 10 s number of failures <10 x 106
4.16.3 Ub bending half number 0.7 mm; load 5 N; 4 x 90° number of failures <10 x 106
of samples
4.16.4 Uc torsion other half 3 x 360° in opposite directions no damage
of samples AR/R max.: £1.0% + 0.10 Q
4.17 Ta solderability 2's; 235 °C; flux 600 good tinning; no damage
4.18 Tb resistance to thermal shock: 3 s; 350 °C; AR/R max.: £1.0% + 0.10 Q
soldering heat 6 mm from body
4.19 Na rapid change of 30 minutes at -55 °C and AR/R max.: £1.0% + 0.10 Q
temperature 30 minutes at +155 °C; 5 cycles
4.20 Eb bump 3 x 1500 bumps in 3 directions; no damage
409 AR/R max.: £1.0% + 0.10 Q
4.22 Fc vibration frequency 10 to 500 Hz; no damage
displacement 1.5 mm or AR/R max.: £1.0% + 0.10 Q
acceleration 10 g; 3 directions;
total 6 hours (3 x 2 hours)
4.23 climatic sequence:
4.23.2 Ba dry heat 16 hours; 155 °C
4.23.3 Db damp heat (accelerated) | 24 hours; 55 °C; 90 to 100% RH
1st cycle
4.23.4 Aa cold 2 hours; -55 °C
4.23.5 M low air pressure 2 hours; 8.5 kPa; 15 to 35 °C .
4.23.6 Db damp heat (accelerated) | 5 days; 55 °C; 95 to 100% RH Rins min.: 103 MQ
remaining cycles AR/R max.: £3.0% + 0.1 Q

1998 Aua 28
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Preliminary specification

High voltage surge resistor

LSR37

IEC
1EC 60068
60115-1 TEST PROCEDURE REQUIREMENTS
S AICT TEST
YETEEE | METHOD
4.24.2 Ca damp heat 56 days; 40 °C; 90 to 95% RH; AR/R max.: £3.0% + 0.1 Q
(steady state) dissipation 0.01 Py,;
limiting voltage 100 V (DC)
4.25.1 endurance 1000 hours at 70 °C; Py, or Vmax AR/R max.: £3.0% + 0.1 Q
484 temperature coefficient between -55 °C and +155 °C <400
(TC x 10-/K)
4.7 voltage proof on insulation | 700 V (RMS) during 1 minute; no breakdown
V-block method
412 noise “IEC publication 60195” max. 2.5 pv/v
46.1.1 insulation resistance 500 V (DC) during 1 minute; Rins min.: 104 MQ
V-block method
4.13 short time overload room temperature; AR/R max.: £2.5% + 0.10 Q
dissipation 6.25 x P, (voltage not
more than 2 X limiting voltage);
10 cycles; 5 s on and 45 s off
high voltage pulse 10 kV; | BEAP test for R, > 3.3 kQ AR/R max.: £10%
1 nF; 50 x 12/min
12 kV ESD test; ESD contact discharge AR/R max.: +10%
100 pulses
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Product specification

Cemented wirewound resistors

ACO01/03/04/05/07/10/15/20

FEATURES
o High power dissipation in
small volume

¢ High pulse load handling
capabilities.

DESCRIPTION

The resistor element is a resistive

wire which is wound in a single layer

on a ceramic rod. Metal caps are
pressed over the ends of the rod.

The ends of the resistance wire and
the leads are connected to the caps

The resistor is coated with a green
silicon cement which is not resistant
to aggressive fluxes. The coating is
non-flammable, will not drip even at
high overloads and is resistant to
most commonly used cleaning
solvents, in accordance with

APPLICATIONS by welding. Tinned copper-clad iron ,,MIL'STD_?OZE’ 5nethod215 and
. h ductivi 1EC 60068-2-45".
o Ballast switching leads with poor | gat conductivity are )
) . employed permitting the use of
* Shunt in small electric motors relatively short leads to obtain stable
e Power supplies. mounting without overheating the
solder joint.
QUICK REFERENCE DATA
VALUE
DESCRIPTION
ACO1 | AC0O3 | AC04 | ACO5 | ACO7 | AC10 | AC15 | AC20
Resistance range 01Q [01Q [ 01Q | 01Q | 01Q [068Q[|082Q | 1.2Q
to to to to to to to to
2kQ | 47kQ | 68kQ|82kQ | 15kW | 27kQ | 39kQ [ 56 kQ

Resistance tolerance +5%; E24 series
Maximum permissible body temperature 350 °C
Rated dissipation at Tymp = 40 °C 1w 3w 4w 5W 7W 10W | 15W | 20W
Rated dissipation at Tomp = 70 °C 09W | 25W | 35W | 47W | 58W | 84W |1256W | 16 W
Climatic category (IEC 60068) 40/200/56
Basic specification IEC 60115-1
Stability after:

load, 1000 hours AR/R max.: £5% + 0.1 Q

climatic tests AR/R max.: 1% + 0.05 Q

short time overload AR/R max.: £2% + 0.1 Q

1998 Aua 28
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Cemented wirewound resistors

ACO01/03/04/05/07/10/15/20

ORDERING INFORMATION

Table 1 Ordering code indicating resistor type and packaging
ORDERING CODE 23.. ... .....
TYPE LOOSE IN BOX BANDOLIER IN AMMOPACK
STRAIGHT LEADS RADIAL STRAIGHT LEADS
500 units 2500 units 500 units 1000 units

ACO1 - 06 328 90...@ - 06 328 33...
ACo03(") - - 22 329 03... -
AC04() - - 22329 04... -
ACO05(1) - - 22 329 05... -
ACo7(M - - 22 329 07... -
AC10 - - 22 329 10... -
AC15 22329 15... - - -
AC20 22 329 20... - - -
Notes

1. Products with bent leads and loose in box, are available on request.

2. Last 3 digits available on request.

Ordering code (12NC)

¢ The resistors have a 12-digit
ordering code starting with 23

e The subsequent 7 digits indicate
the resistor type and packaging;
see Table 1.

e The remaining 3 digits indicate the
resistance value:
— The first 2 digits indicate the

resistance value.

— The last digit indicates the
resistance decade in
accordance with Table 2.

1998 Aug 28

Table 2 Last digit of 12NC

RESISTANCE
DECADE

LAST DIGIT

0.1100.91 Q

1t09.1Q

10t0 91 Q

100t0 910 Q

1109.1kQ

WIN|[= O[O

10 to 56 kQ

116

ORDERING EXAMPLE

The ordering code of an ACO1
resistor, value 47 Q, supplied in
ammopack of 1000 units is:
2306 328 33479.

Product specifications deviating
from the standard values are
available on request.



Philips Components Product specification

Cemented wirewound resistors ACO01/03/04/05/07/10/15/20

FUNCTIONAL DESCRIPTION
Product characterization

Standard values of nominal resistance are taken from the E24 series for resistors with a tolerance of £5%.
The values of the E24 series are in accordance with “/EC publication 60063”.

Limiting values

LIMITING POWER
TYPE LIMITING xOLTAGE(” (W)
v Tamb =40 °C Tamb =70 °C
ACO1 1 0.9
ACO03 3 2.5
AC04 4 3.5
ACO05 5 4.7
V= [P xR

ACO07 n 7 5.8
AC10 10 8.4
AC15 15 12.5
AC20 20 16.0
Note

1. The maximum voltage that may be continuously applied to the resistor element, see “IEC publication 60266".

The maximum permissible hot-spot temperature is 350 °C.

DERATING

MRA574

50 -

-40 0 40 70 Tamb °c) 200

Fig.1 Maximum dissipation (Pmax) as a function of the ambient temperature (Tamp).
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Cemented wirewound resistors AC01/03/04/05/07/10/15/20

PULSE LOADING CAPABILITIES

©CcB370

L4
107

f:max
(W)
103 = tp/tj= 1000 — e S
=
| T~
— t,/tj=200 N L
2 | B -
102 = ! —
= ty/ti=50
|
w{ N
N~ N
10 = t/4=10 e =
i
— t/t=2
1 i TR
1071
104 1073 102 1071 t () 1
1
Aco1
Fig.2 Pulse on a regular basis; maximum permissible peak pulse power (Pyax)
as a function of pulse duration (t;).
cCcB371
102 ey
W, X
Q
@ o
10 e ey

107 E==———e
o
102 == e
—"

1073
1074 ;

10™ 1 102 108 104

10 O Rn () A
ACO1

Fig.3 Pulse capability; W as a function of Ry.
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Cemented wirewound resistors AC01/03/04/05/07/10/15/20
1500 ccB372
Vmax
V)
1000 T
\
N
500 I8 IR Na
0
1076 1075 1074 1073 1072 1071 % () 1
Acot

Fig.4 Pulse on aregular basis; maximum permissible peak pulse voltage (Vmax)
as a function of pulse duration (t;).

CCB373

104
: ==
Prmax Lt =
(\r,nv)x t/ti= 1(?00 I =] S
108 T Ry N TR
E t,/t=200 —
f N ]
L | ~
e[ t,/t= 50 ] H
% =
F t/t=10 = o
10 ‘ T NN
Et/t=2 e
T— T
1
10! 4 3 2 1
_ - ~ 10~
10 10 10 0 1 (8) !
ACO03

Fig.5 Pulse on a regular basis; maximum permissible peak pulse power (Pmax)
as a function of pulse duration (t;).
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Cemented wirewound resistors ACO01/03/04/05/07/10/15/20

CCB374

=T

Il

Rn (@)

ACO03

Fig.6 Pulse capability; Wy as a function of Rj,.

€cB375
2000

Vmax

V)

1500

1000 ™~

500 e

0
1076 1075 1074 1073 1072 1071
ACO03

Fig.7 Pulse on a regular basis; maximum permissible peak pulse voltage (\7max)
as a function of pulse duration (t;).
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Cemented wirewound resistors ACO01/03/04/05/07/10/15/20
104 ‘ CCB376
Prax F tp/ti=1600
R ST ]
108 = te/t=200 =
102 Bdl 5? i B N \\~: \\
Etp/ti=1é) S

107! 4 3 2 1
10 10 10 10 § () 1
AC04
Fig.8 Pulse on a regular basis; maximum permissible peak pulse power (Ppax)
as a function of pulse duration (t;).
103 ccB377
© /= I AN S i 1 T

\
-2
1072 e ===
T s s Vi
| [T T TN
1073
107 1 2
10~ 1 10 10 108 104
Rn (Q)
AC04

Fig.9 Pulse capability; Ws as a function of Rj,.
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Cemented wirewound resistors AC01/03/04/05/07/10/15/20

CCB378

2500

Vmax

V)

2000

1500 AN

1000

-6 -5 4 -3 -2 ~1
10 10 10 10 10 10 v 1
AC04

Fig.10 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax)
as a function of pulse duration (t;).
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104
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Pmax [ 1
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| N~ \\\
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T
C I R~
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102 l ™ B I~
E = 10 =
[ N ™~
I L TN
10 k= tti=2 ol
1
107 4 3 2 -1 1
10 10 10 10 5 ©)
ACO5

Fig.11 Pulse on a regular basis; maximum permissible peak pulse power (Ppax)
as a function of pulse duration (t;).
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Cemented wirewound resistors AC01/03/04/05/07/10/15/20

3 CCB380
10

W, : == : ===

102

10

1074 L]
1071 1 10 102 108

ACO05

Fig.12 Pulse capability; W as a function of R,

ccB3s1
2500

Vmax

V)

2000

1500 N

1000 ™

500

-6 -5 -4 -3 -2 1
10 10 10 10 10 10 t (s) 1

AC05

Fig.13 Pulse on a regular basis; maximum permissible peak pulse voltage (Vay)
as a function of pulse duration (t;).
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Cemented wirewound resistors ACO01/03/04/05/07/10/15/20
104 ——— ccBas2
) F t/t= 1000 =
Pmax
(W) s
- t/ti= 200 B ~N N
102 > = =
F to/ti= 5(3 = . >
\ \\\ N
102 |- >
E ty/ti=10 =
L t/t=2 ‘\
10
1
b o* 0% 107! t (5) !
ACO07

Fig.14 Pulse on a regular basis; maximum permissible peak pulse power (Pmax)
as a function of pulse duration (%).
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Fig.15 Pulse capability; W as a function of Ry,
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Cemented wirewound resistors ACO01/03/04/05/07/10/15/20

CCB384
5000

Vinax
v

4000

3000

2000

1000 i

6 -5 ~4 -3 —2 -1
10 10 10 10 10 10 t (s) 1
ACO07

Fig.16 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax)
as a function of pulse duration (t;).
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Fig.17 Pulse on a regular basis; maximum permissible peak pulse power (P ax)
as a function of pulse duration (t;).

1998 Aug 28 125



Philips Components Product specification

Cemented wirewound resistors ACO01/03/04/05/07/10/15/20

CccB386
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Fig.18 Pulse capability; Wy as a function of R
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Fig.19 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax)
as a function of pulse duration (t;).
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Fig.20 Pulse on a regular basis; maximum permissible peak pulse power (Ppayx)
as a function of pulse duration (t;).
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Fig.21 Pulse capability; Ws as a function of Rj,.
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CCB390
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Fig.22 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax)
as a function of pulse duration (t;).
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Fig.23 Pulse on a regular basis; maximum permissible peak pulse power (Pmax)
as a function of pulse duration (t;).
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Fig.24 Pulse capability; W as a function of Rp,.
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Fig.25 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax)
as a function of pulse duration (t;).
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Application information

1GB730
AT at
hot spot
4
(K) 300 - N ] |1
ACO4 P L
AC05 7
250 ACO3 A /| Aco [ Acto | ~TAc1s |1 AC20
I
[/ |
200 ,
17/
150 / / /
iy
100 / / //
|V
50
[ acot
0
0 4 8 12 16 20 24
P (W)
Fig.26 Temperature rise of the resistor body as a function of the dissipation.
MRA573 MGB731
25 25 |
lead lead AT=40K / 50 K /60 K
length length
(mm) (mm)
20 20
AT=10K 20K 30K 70K

: Immyivird
' 11177
’

oL ALY

2

o 1]

Aco1 Aco3

Fig.27 Lead length as a function of the dissipation
with the temperature rise at the end of the

lead (soldering spot) as a parameter.

Fig.28 Lead length as a function of the dissipation
with the temperature rise at the end of the
lead (soldering spot) as a parameter.
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MGB732

2 ] WA
AT=40K 50K/ 60K
lead

length
(mm) /
20
70K

80K

4
P (W)

AC04

Fig.29 Lead length as a function of the dissipation
with the temperature rise at the end of the
lead (soldering spot) as a parameter.
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lead
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20 /

15 /
100 K
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Fig.30 Lead length as a function of the dissipation
with the temperature rise at the end of the
lead (soldering spot) as a parameter.
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e [ L] | Joefoe [
// [ e
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Fig.31 Lead length as a function of the dissipation
with the temperature rise at the end of the
lead (soldering spot) as a parameter.
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Fig.32 Leadlength as a function of the dissipation
with the temperature rise at the end of the
lead (soldering spot) as a parameter.
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o5 / / MGB736 25 l / MGB737
Ileact’h L lead / /
engt AT =40 KII 5;) K| 60K| 70K I?mngr;ntl)'\ / / 7
20 2 aT=40K/[ |50K/| 60K/ 70K
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Fig.34 Lead length as a function of the dissipation
with the temperature rise at the end of the
lead (soldering spot) as a parameter.

Fig.33 Lead length as a function of the dissipation
with the temperature rise at the end of the
lead (soldering spot) as a parameter.

MOUNTING

The resistor is suitable for processing on cutting and bending machines. Ensure that the temperature rise of the
resistor body does not affect nearby components or materials by conducted or convected heat. Figure 26 shows
the hot-spot temperature rise of the resistor body as a function of dissipated power. Figures 27 to 34 show the lead length

as a function of dissipated power and temperature rise.
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Cemented wirewound resistors AC01/03/04/05/07/10/15/20
MECHANICAL DATA Outlines
Mass per 100 units Table 3 Resistor type and relevant physical dimensions; see Figs 35 and 36
MASS @D L S ZB
TYPE © TYPE | MAX. | mAX. | 29 b | h | P lyax | max.
(mm) | (mm) | (mm) | (mm)
ACO1 55 (mm) | (mm) (mm) | (mm)
ACO4 140 ACO3 | 55| 13
A . 17 1
ACO5 220 Agg: i ; - 13 8 || 2 | 12
AGO7 300 : 0.840.03
AC10 530 ACO07 7.5 25 13e
AC15 840 AC10| 8 | 44 - - - - -
AC20 1090 AC15 | 10 51 - - - - -
AC20 | 10 67 - - - - -
Marking

The resistor is marked with the

<« L —p
nominal resistance value, the
tolerance on the resistance and the
rated dissipation at Tmp = 40 °C. T
For values up to 910 Q, the R is used — j: {i‘y @D
as the decimal point. } 04 |

For values of 1 kQ and upwards, the
letter K is used as the decimal point For dimensions see Table 3.
for the kQ indication.

MRA571

Fig.35 Type with straight leads.

o=

-l l

2 min

+0.1 } MLB677

e
- 8

MLB676

Dimensions in mm.
For dimensions see Table 3.
Available on request for types: AC03, AC04, AC05 and ACO07.

Fig.36 Type with cropped and formed leads.
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ACO01/03/04/05/07/10/15/20

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “IEC publications 60115-1 and 60115-4”,
category 40/200/56 (rated temperature range —40 °C to
+200 °C; damp heat, long term, 56 days). The testing also
covers the requirements specified by EIA and EIAJ.

The tests are carried out in accordance with

IEC publication 60068, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions
according to “/EC 60068-1", subclause 5.3.

Unless otherwise specified the following values apply:
Temperature: 15 °C to 35 °C
Relative humidity: 45% to 75%

Air pressure: 86 kPa to 106 kPa
(860 mbar to 1060 mbar).

In Table 4 the tests and requirements are listed with
reference to the relevant clauses of

“IEC publications 60115-1, 115-4 and 68”; a short
description of the test procedure is also given. In some
instances deviations from the IEC recommendations were
necessary for our method of specifying.

All soldering tests are performed with mildly activated flux.

Table 4 Test procedures and requirements

IEC
IEC 60068
60115-1 TEST PROCEDURE REQUIREMENTS
cLAuse | TEST
METHOD
Tests in accordance with the schedule of IEC publication 60115-1
4.15 robustness of load 200 £10 N no visible damage
resistor body AR/R max.: £0.5% + 0.05 Q
load
R=6mm
d
MBB179
4.16 U robustness of
terminations:
Ua tensile all samples |load 10N; 10s
Ub bending half load 5 N 90°, 180°, 90°
number of samples
Uc torsion other half of | 2 x 180° in opposite directions no visible damage
samples AR/R max.: £0.5% + 0.05 Q
417 Ta solderability 2's; 235 °C; flux 600 good tinning; no damage
4.18 Tb resistance to thermal shock: 3 s; 350 °C; AR/R max.: £0.5% + 0.05 Q
soldering heat 2.5 mm from body
419 14 (Na) rapid change of 30 minutes at -40 °C and no visible damage
temperature 30 minutes at +200 °C; 5 cycles AR/R max.: £1% + 0.05 Q
4.22 Fc vibration frequency 10 to 500 Hz; displacement no damage
0.75 mm or acceleration 10 g; AR/R max.: £0.5% + 0.05 Q
3 directions; total 6 hours (3 x 2 hours)
4.20 Eb bump 4000 £10 bumps; 390 m/s? no damage
AR/R max.: £0.5% + 0.05 Q
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category temperature

IEC
IEC | 6ooes
60115-1 TEST PROCEDURE REQUIREMENTS
CLAUSE |, TEST
METHOD
4.23 climatic sequence:
4.23.2 Ba dry heat 16 hours; 200 °C
4.23.3 Db damp heat 24 hours; 55 °C; 95 to 100% RH
(accelerated)
1steycle
4.23.4 Aa cold 2 hours; -40 °C
4.23.5 M low air pressure 1 hour; 8.5 kPa; 15 to 35 °C
4.23.6 Db damp heat 5 days; 55 °C; 95 to 100% RH AR/R max.: 1% + 0.05 Q
(accelerated)
remaining cycles
4.24.2 3 (Ca) damp heat 56 days; 40 °C; 90 to 95% RH; no visible damage
(steady state) dissipation <0.01 P, AR/R max.: £1% + 0.05 Q
4.8.4.2 temperature at 20/-40/20 °C, 20/200/20 °C:
coefficient R<10Q TC <4600 x 10-6/K
R>10Q -80x106<TC
TC < +140 x 10°8/K
temperature rise horizontally mounted, loaded with Py, hot-spot temperature less
than maximum body
temperature
4.13 short time overload | room temperature; dissipation 10 x Pp; AR/R max.: £2% + 0.1 Q
5 s (voltage not more than
1000 V/25 mm)
4.25.1 endurance (at 40 °C) | 1000 hours loaded with Py; no visible damage
1.5 hours on and 0.5 hours off AR/R max.: 5% + 0.1 Q
4,251 endurance (at 70 °C) | 1000 hours loaded with 0.9Py; no visible damage
1.5 hours on and 0.5 hours off AR/R max.: £6% + 0.1 Q
4.23.2 27 (Ba) endurance at upper | 1000 hours; 200 °C; no load no visible damage

AR/R max.: 5% + 0.1 Q

1998 Aug 28
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Cemented wirewound resistors ACO01/03/04/05/07/10/15/20
IEC IEC
60115-1 (';I'OEOS‘?: TEST PROCEDURE REQUIREMENTS

YEOESE I METHOD
Other tests in accordance with IEC 60115 clauses and IEC 60068 test method

4.29 45 (Xa) component solvent | 70% 1.1.2 trichlorotrifluoroethane and no visible damage
resistance 30% isopropyl alcohol; H>0

4.18 20 (Tb) resistance to 10 s; 260 £5 °C; flux 600 AR/R max.: £0.5% + 0.05 Q
soldering heat

417 20 (Tb) solderability 16 hours steam or 16 hours at 155 °C; good tinning (295%
(after ageing) 2 +0.5 s in solder at 235 +5°C; covered); no damage

flux 600

4.5 tolerance on applied voltage (£10%): R — Rnom: £5% max.

resistance R<10Q:0.1V

10Q<R<100Q:03V
100Q<R<1kQ:1V
1TkQ<R<10kQ: 3V
10kQ<R<33kQ: 10V
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Cemented wirewound precision resistors
R L T S

FEATURES

¢ High power dissipation in small
volume

¢ High pulse load handling
capabilities.

e TC100.

APPLICATIONS

e Where power, pulse loading
capability and precision needs to
be combined.

QUICK REFERENCE DATA

DESCRIPTION

The resistor element is a resistive
wire which is wound in a single layer
on a ceramic rod. Metal caps are
pressed over the ends of the rod. The
ends of the resistance wire and the
leads are connected to the caps by
welding. Tinned copper-clad iron
leads with poor heat conductivity are
employed permitting the use of
relatively short leads to obtain stable
mounting without overheating the
solder joint.

PACO01/02/03/04/05/06

The resistor is coated with a green
silicon cement which is not resistant
to aggressive fluxes. The coating is
non-inflammable, will not drip even at
high overloads and is resistant to
most commonly used cleaning
solvents, in accordance with
“MIL-STD-202E, method 215” and
“IEC 60068-2-45".

VALUE
DESCRIPTION
PACO1 PACO02 PACO3 PACO04 PACO05 PACO06
Resistance range 022Qto | 0.10Qto | 0.10Qto | 0.10Qto 0.68Qto | 0.68Qto
2.2kQ 3.6 kQ 4.7 kQ 8.2 kQ 10 kQ 12 kQ
Resistance tolerance +1%; E24/E96 series
Maximum permissible body 275 °C
temperature )
Rated dissipation at Tamp = 25 °C 1w 2W 3w T 4 W L 5W 6w

Temperature coefficient; note 1

<+100 x 1075/K

Climatic category

55/200/56

Specification based on

IEC 60115-1; MIL-R-26

Stability after:
load, 1000 hours
climatic tests
short time overload

AR/R max.: £0.5% + 0.05 Q
AR/R max.: £0.5% + 0.05 Q
AR/R max.: £0.2% + 0.05 Q

Note

1. TC30, 50 or 90 is available on request for specific ranges

1998 Aua 28
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Cemented wirewound precision resistors

PAC01/02/03/04/05/06

ORDERING INFORMATION

Table 1 Ordering code indicating type and packaging

ORDERING CODE 2306 327 .....

TYPE

BANDOLIER IN AMMOPACK(")

500 units

PACO1

5....

PACO02

PACO3

PACO04

PACO05

PACO06

HlOINM~O

Note

1. Radial taped version available on request.

Ordering code (12NC)

The resistors have a 12-digit
ordering code starting with
2306 327

The subsequent first digit indicates
the resistor type and packaging;
see Table 1.

e The remaining 4 digits indicate the
resistance value:

— The first 3 digits indicate the
resistance value.

— The last digit indicates the
resistance decade in
accordance with Table 2.

1998 Aug 28

Table 2 Last digit of 12NC

RESISTANCE
DECADE

LAST DIGIT

0.10t0 0.976 Q

1109.76 Q

10t097.6 Q

100 to 976 Q

110 9.76 kQ

10 to 12 kQ

WIN|=[O|lo|N
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ORDERING EXAMPLE

The ordering code of an PAC02
resistor, value 47 Q, supplied in
ammopack of 500 units is:
2306 327 04709.

Product specifications deviating from
the standard values are available on
request.
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Product specification

Cemented wirewound precision resistors

PAC01/02/03/04/05/06

FUNCTIONAL DESCRIPTION
Product characterization

Standard values of nhominal resistance are taken from the E24/E96 series for
resistors with a tolerance of £1%. The values of the E24/E96 series are in
accordance with “/EC publication 60063".

Limiting values

TYPE LIMITING VOLTAGE( LIMITING POWER
V) w)
PACO1 1
PAC02 2
PACO3 3
V= [P xR
PAC04 " 4
PACO5 5
PAC06 6

Note

1. The maximum voltage that may be continuously applied to the resistor
element, see “IEC publication 60115-1.

The maximum permissible hot-spot temperature is 275 °C.

DERATING

The power that the resistor can dissipate depends on the operating
temperature; see Fig.1.

MBA485 - 1

100

P max
(%)

50

0 25 100 20 300

0 0,
Tamb ("C)

Fig.1 Maximum dissipation (Pmax) as a function of the
ambient temperature (Tamb)-
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PULSE LOADING CAPABILITY

Detailed pulse loading information is
available on request.

Application information

MOUNTING

The resistor is suitable for processing
on cutting and bending machines.

Ensure that the temperature rise of
the resistor body by conducted or
convected heat, does not affect
nearby components or materials.
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Product specification

Cemented wirewound precision resistors PAC01/02/03/04/05/06

MECHANICAL DATA Outline

Mass per 100 units

MASS — L —
YPE
T (9) T

PACO1 55

PACO02 80 ‘ | ‘ ‘ Bd i
PACO03 100 enert
PACO04 175

PACO05 215 For dimensions see Table 3.

PACO06 225

Fig.2 Component outline.

Marking

The resistor is marked with the
nominal resistance value, the
tolerance on the resistance and the
rated dissipation at Ty, = 25 °C.

For values up to 910 Q, the R is used
as the decimal point.

For values of 1 kQ and upwards, the
letter K is used as the decimal point
for the kQ indication.

1998 Aug 28

Table 3 Resistor type and relevant physical dimensions; see Fig.2

@D

L

TYPE MAX. MAX. (n?i)
(mm) (mm)
PACO1 43 10
PACO2 55 13
PACO3 55 17
0.840.03
PACO4 75 17
PACO5 75 23
PACO6 75 25
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Product specification

‘Cemented wirewound precision resistors

PAC01/02/03/04/05/06

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “IEC publications 60115-1 and 60115-4",
category 55/200/56 (rated temperature range 55 °C to
+200 °C; damp heat, long term, 56 days). The testing also
covers the requirements specified by EIA and EIAJ.

The tests are carried out in accordance with

IEC publication 60068, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions
according to “/EC 60068-1", subclause 5.3.

Table 4 Test procedures and requirements

Unless otherwise specified the following values apply:
Temperature: 15 °C to 35 °C
Relative humidity: 45% to 75%

Air pressure: 86 kPa to 106 kPa
(860 mbar to 1060 mbar).

In Table 4 the tests and requirements are listed with
reference to the relevant clauses of

“IEC publications 60115-1, 60115-4 and 68", a short
description of the test procedure is also given. In some
instances deviations from the IEC recommendations were
necessary for our method of specifying.

IEC
G 60068
60115-1 TEST PROCEDURE REQUIREMENTS
CLAUSE | TEST
METHOD
Tests in accordance with the schedule of IEC publication 60115-1
4.15 robustness of load 200 =10 N no visible damage
resistor body AR/R max.: £0.1% + 0.05 Q
load
R=6mm
v
MBB179
4.16 U robustness of
terminations:
Ua tensile all samples [load 10N; 10s
Ub bending half load 5 N 90°, 180°, 90°
number of samples
Uc torsion other half |2 x 180° in opposite directions no visible damage
of samples AR/R max.: £0.1% + 0.05 Q
417 Ta solderability 2's; 235 °C; flux 600 good tinning; no damage
4.18 Tb resistance to thermal shock: 3 s; 350 °C; AR/R max.: £0.2% + 0.05 Q
soldering heat 2.5 mm from body
419 14 (Na) rapid change of 30 minutes at —55 °C and no visible damage
temperature 30 minutes at +200 °C; 5 cycles AR/R max.: £0.5% + 0.05 Q
4.22 Fc vibration frequency 10 to 500 Hz; displacement | no damage
0.75 mm or acceleration 10 g; AR/R max.: £0.1% + 0.05 Q
3 directions; total 6 hours (3 x 2 hours)
4.20 Eb bump 4000 £10 bumps; 390 m/s? no damage
AR/R max.: £0.1% + 0.05 Q

1998 Aua 28
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Cemented wirewound precision resistors

PACO01/02/03/04/05/06

IEC
IEC 60068
60115-1 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD
4.23 climatic sequence:
4.23.2 Ba dry heat 16 hours; 200 °C
4.23.3 Db damp heat 24 hours; 55 °C; 95 to 100% RH
(accelerated)
1st cycle
4.23.4 Aa cold 2 hours; -55 °C
4.23.5 M low air pressure 1 hour; 8.5 kPa; 15 to 35 °C
4.23.6 Db damp heat 5 days; 55 °C; 95 to 100% RH AR/R max.: £0.5% + 0.05 Q
(accelerated)
remaining cycles
4.24.2 3 (Ca) damp heat 56 days; 40 °C; 90 to 95% RH; no visible damage
(steady state) dissipation <0.01 P, AR/R max.: £1% + 0.05 Q
4.8.4.2 temperature at 20/-55/20 °C, 20/200/20 °C TC <+100 x 10°9/K
coefficient (TC x 1079/K)
4.13 short time overload | room temperature; AR/R max.: £0.2% + 0.05 Q
dissipation 10 x P;; 5 s
4.25.1 endurance (at 25 °C) | 1000 hours loaded with P,,; no visible damage
1.5 hours on and 0.5 hours off AR/R max.: £0.5% + 0.05 Q
4.23.2 27 (Ba) endurance at upper | 1000 hours; 200 °C; no load no visible damage
category temperature AR/R max.: £1% + 0.05 Q

1998 Aug 28
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Low ohmic resistor LVRO5

FEATURES

¢ Designed to dissipate high powers
in a small volume.

APPLICATIONS

o Where extremely low ohmic values
and high stability are essential.

o Low temperature coefficient and
low inductance.

DESCRIPTION

The resistor element is a special
resistive material which is shaped to
assure maximum power distribution
and ohmic stability.

Tinned copper-clad iron leads are
welded to the resistive element and
the assembly is housed within a
rectangular case which is
non-flammable.

The encapsulation is resistant to all
cleaning solvents according to
“MIL-STD 202E, method 215” and
“IEC 60068-2-45".

1998 Aug 28

QUICK REFERENCE DATA

DESCRIPTION VALUE
Resistance range; note 1 0.01t00.10 Q
Resistance tolerance and series; note 2 15%: E24 series
Rated dissipation at Tamp = 40 °C 5W
Temperature coefficient; note 3 +200 x 10-%/K
Maximum permissible body temperature | 275 °C
Operating temperature —25°C to +155 °C
Insulation voltage >2000 V
Basic specifications IEC 60115-1B
Climatic category (IEC 60068) 25/155/56

Stability after:
load (1000 hours)

AR/R max.: 5% + 0.1 Q

climatic test AR/R max.: £3% + 0.1 Q
soldering AR/R max.: £2% + 0.1 Q
Noise max. 2.5 pV/V
Notes

1. Lower values are available on request.

2. 1%, 2% and 3% tolerance available on request.

3. Special TC available on request.
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Low ohmic resistor LVRO5

ORDERING INFORMATION

Table 1 Ordering code indicating resistance value, tolerance, style and packaging

RESISTANCE OLERANGE CODE NUMBER 2306 288 5....
TYPE VALUE ) 250 UNITS IN CARDBOARD BOX
@ AXIAL()
0.01 0001
0.011 0002
0.012 , 0003
0.013 0004
0.015 0005
0.016 0006
0.018 0007
0.020 ‘ 0008
0.022 0009
0.024 0011
0.027 0012
VRS 0.030 .5 0013
0.033 0014
0.036 0015
0.039 0016
0.043 0017
0.047 ' 0018
0.051 0019
0.056 0021
0.062 0022
0.068 ' 0023
0.075 0024
0.082 0025
0.091 0026

Note
1. Aradial type is available on request, code number 2306 288 9....

Ordering example

The ordering code for a LVRO05, axial leaded resistor value 0.01 Q, 5% tolerance, supplied in cardboard box of 250 units,
is: 2306 288 50001.
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Low ohmic resistor ' LVRO5

FUNCTIONAL DESCRIPTION
Product characterization

Standard values of rated resistance (nominal resistance) are taken from the E24 series with a tolerance of 5%.
The values of the E24 series are in accordance with “/EC publication 60063".

The maximum permissible hot-spot temperature is 275 °C.

Limiting values

TYPE LIMITING VOLTAGE(") LIMITING POWER
V) (W)
LVRO5 V= [P xR 5

Note
1. The maximum voltage that may be continuously applied to the resistor element, see “IEC publication 60115-1".

DERATING

The power that the resistor can dissipate depends on the operating temperature; see Fig.1.

P CCB466
max
(%Prated)

100

50

Y

55 0 40 100 155
Tamb (°C)

Fig.1 Maximum dissipation (Pnyax) in percentage of rated power as a function of the ambient temperature (Tamp)-
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Low ohmic resistor LVRO5
Application information
For temperature rise at soldering point see Fig.2.
200 CCB419 200 CCB420
AT AT
(K (K)
150 150 /,/
L~ .
L1
100 100
/ /|
- 7
e vd
50 - 50 4
L~ 4
0 0
20 40 60 80 100 0 20 40 60 80 100
%Prated %Prated

Fig.2 Temperature rise (AT) at the lead end

(soldering point) as a function of dissipated
power measured at points C; see Fig.4.

Fig.3 Temperature rise of the resistor body
(AT) as a function of dissipated power.

1998 Aug 28
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Low ohmic resistor LVRO5
MECHANICAL DATA Mass per 100 units
Markin
g TYPE MASS
The nominal resistance, tolerance on the resistance, rated (9)
dissipation at 40 °C and the production date are printed on LVRO5 350
the resistor body. The ‘R’ is used as a decimal point.
Outlines
-V r—— L——T etV
H ?4 1 "'"U :1
‘ ¥ E 1
c ‘ c ccB399 __* ccB400
. IS
connection test
point point

Dimensions in mm.
For dimensions see Table 2.

Fig.4 Outline; axial leads.

For dimensions see Table 2.

Fig.5 Outline; radial leads.

Table 2 Resistor type and relevant physical dimensions; see Figs 4 and 5

TYPE L WandH ad C D E
(mm) (mm) (mm) (mm) (mm) (mm)
LVRO05 22 1.5 8+1.0 1.0 £0.05 8£1.0 27.95 £0.4 3.5 +0.5
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Low ohmic resistor

LVRO05

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “/EC publication 60115-1", category
LCT/UCT/56 (rated temperature range: Lower Category
Temperature, Upper Category Temperature; damp heat,
long term, 56 days).

The tests are carried out in accordance with

IEC publication 60068, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions

Unless otherwise specified the following values apply:
Temperature: 15 °C to 35 °C
Relative humidity: 45% to 75%

Air pressure: 86 kPa to 106 kPa
(860 mbar to 1060 mbar).

In Table 3 the tests and requirements are listed with
reference to the relevant clauses of

“IEC publications 60115-1 and 60068 a short
description of the test procedure is also given. In some
instances deviations from the IEC recommendations were

according to “/EC 60068-1”, subclause 5.3.

Table 3 Test procedures and requirements

necessary for our method of specifying.

e | g,
60115-1 TEST PROCEDURE REQUIREMENTS
CLAUSE TEST
METHOD
4.15 robustness of resistor load 100 +10 N no damage
body AR/R max.: 1.0%
4.16 U robustness of
terminations:
4.16.2 Ua tensile all samples load 10N; 10 s
4.16.3 Ub bending half number load 5 N; 4 x 90°
of samples
4.16.4 Uc torsion other half 2 x 180° in opposite directions no damage
of samples AR/R max.: 0.5%
417 Ta solderability 2's; 230 °C; flux 600 good tinning; no damage
418 Tb resistance to thermal shock: 3 s; 350 °C; AR/R max.: 1%
soldering heat 6 mm from body
4.19 Na rapid change of 30 minutes at —25 °C and no visible damage
temperature 30 minutes at +155 °C; 5 cycles AR/R max.: 1%
4.22 Fc vibration frequency 10 to 55 Hz; no damage
displacement 0.75 mm or AR/R max.: 1%
acceleration 10 g; 3 directions;
total 6 hours (3 x 2 hours)
4.23 climatic sequence:
4.23.2 Ba dry heat 16 hours; 155 °C
4.23.3 Db damp heat (accelerated) | 24 hours; 55 °C; 90 to 100% RH
1st cycle
4.23.4 Aa cold 2 hours; -25 °C
4.23.5 M low air pressure 2 hours; 8.5 kPa; 15 to 35 °C
4.23.6 Db damp heat (accelerated) | 5 days; 55 °C; 95 to 100% RH; AR/R max.: 3%
remaining cycles after 24 hours at Py,

1998 Aug 28
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Low ohmic resistor

LVRO5

IEC
IEC 60068
60115-1 TEST PROCEDURE REQUIREMENTS
cLAusk | TEST
METHOD
4242 Ca damp heat 21 days; 40 °C; 90 to 95% RH; AR/R max.: 3%
(steady state) dissipation 0.01 P,
4.25.1 endurance 1000 hours loaded with Pp; AR/R max.: 5%
(at 40 °C) -1.5'hours on 0.5 hours off
4.23.2 Ba endurance at upper 1000 hours at 155 °C, no load no visible damage
category temperature AR/R max.: 5%
484 temperature coefficient between -25 °C and +155 °C +200 x 10-6/K
(TC x 10-9/K)
46.1.1 insulation resistance 500 V (DC) during 1 minute; Rins Min.: 102 MQ
V-block method
413 short time overload room temperature; AR/R max.: 2%

dissipation 10 x P; 5's

100K Aiin 28R
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Product specification

Stand-up miniature power resistors
S NS A A S GO

FEATURES

o High power dissipation in small
volume

¢ High pulse load handling

capabilities

2e pitch mounting

Designed in stand-up configuration
for stand-up mounting.

APPLICATIONS

o Ballast switching
e Power supplies
¢ Shunts.

QUICK REFERENCE DATA

DESCRIPTION

SMW: The resistor element is a
resistive wire which is wound in a
single layer on a ceramic rod. Metal
caps are pressed over the ends of the
rod. The ends of the resistance wire
and the leads are connected to the
caps by welding.

SMF: The resistor element is a metal
film resistor consisting of a metal
layer deposited over a high grade
ceramic rod. The resistive film is
adjusted to final value by means of a
helical groove. The leads are
connected to the caps by welding.

SMW02/03/05
SMF02/03/05

SMW/SMF: Tinned copper-clad iron
leads with poor heat conductivity are
employed permitting the use of
relatively short leads to obtain stable
mounting without overheating the
solder joint.

The resistor body and lead ends are
housed within a rectangular ceramic
case which is non-flammable, will not
melt even at high overloads and is
resistant to most commonly used
cleaning solvents, in accordance with
“MIL-STD-202E, method 215” and
“IEC 60068-2-45".

VALUE
DESCRIPTION
SMWo02 SMF02 SMwo03 SMF03 SMWO05 SMFO05
Resistance range; note 1 0.1to 220 Qto 0.1to 620 Qto 0.1to 620 Q to
200 Q 47 kQ 560 Q 47 kQ 560 Q 47 kQ
Resistance tolerance +5%; E24 series
Maximum permissible body temperature 300 °C
Rated dissipation at Tayp, = 70 °C 2W 3W 5W
Climatic category (IEC 60068) 40/200/56
Basic specification IEC 60115-1
Stability after:
load, 1000 hours AR/R max.: £5% + 0.1 Q
climatic tests AR/R max.: £3% + 0.1 Q
short time overload AR/R max.: £2% + 0.1 Q
Insulation voltage >2000 V
Note
1. Higher values are available on request.
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Stand-up miniature power resistors SMW02/03/05
SMF02/03/05
ORDERING INFORMATION
Table 1 Ordering code indicating resistor type and packaging
ORDERING CODE 2306 34. .....
TYPE LOOSE IN BOX
500 units
SMwWO02 008...
SMF02 508...
SMWO03 103...
SMF03 6 03...
SMWO05 203...
SMF05 7 03...
Ordering code (12NC) Table 2 Last digit of 12NC ORDERING EXAMPLE
e The resistors have a 12-digit RESISTANCE LAST DIGIT The ordering code of a SMWO02
ordering code starting with 2306 34 DECADE resistor, value 47 Q, supplied loose in
« The subsequent 3 digits indicate 0110091 Q 7 box of 500 units is: 2306 340 03479.
the resistor type and packaging; 110910 8
see Table 1. -
The remaining 3 digits indicate the 1010919 9
L]
resistance value: 100109100 1
~ The first 2 digits indicate the 1109.1 ka0 2
resistance value. 10 to 47 kQ 3

— The last digit indicates the
resistance decade in
accordance with Table 2.
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Stand-up miniature power resistors

SMWO02/03/05
SMF02/03/05

FUNCTIONAL DESCRIPTION
Product characterization

Standard values of nominal resistance are taken from the
E24 series for resistors with a tolerance of +5%.

The values of the E24 series are in accordance with
“IEC publication 60063".

Limiting values

TYPE LIMITING VOLTAGE() | LIMITING POWER
V) w)

SMW02 v = [P xR 5

SMF02 350

SMW03 V= [P xR 3

SMF03 350

SMW05 V= [P xR 5

SMF05 600

Note

1. The maximum voltage that may be continuously
applied to the resistor element, see
“IEC publication 60266".

DERATING

The power that the resistor can dissipate depends on the
operating temperature; see Fig.1.

Pmax
MBG629
(%Prated)
100
|
|
|
50 !
I
I
|
0 T —L T T Y
-40 0 50 70 100 150 . 200
Tamb("C)
Fig.1 Maximum dissipation (Ppay) in percentage
of rated power as a function of the ambient
temperature (Tamp)-

The maximum permissible hot-spot temperature is 300 °C,
and the minimum breakdown voltage of the
encapsulation is 2000 V.

PULSE LOADING CAPABILITY

Detailed pulse loading information is available on request.

Application information
MOUNTING

The resistors must be mounted in such a way that no
stress is exerted on the leads and that thermal expansion
is possible over the temperature range. Ensure that the
temperature rise of the resistor body by conducted or
convected heat, does not affect nearby components
or materials. The temperature rise at the soldering point
of the leads must not reach the melting point of the solder.
The temperature rise at the soldering point as a function of
dissipated power is shown in Fig.2.

MBG543

160
AT
(K)
120 o
5W
VoA
3w
o ]
LT 2N
40 oid
1
e
1
0
0 40 80 op, 120

Fig.2 Solderspottemperature rise (AT) as a
function of dissipated power.
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Stand-up miniature power resistors SMW02/03/05
SMF02/03/05
MECHANICAL DATA Outlines
Mass per 100 units
TYPE MASS - W — < D >
(9)
SMWwWo02 .
370
SMF02
SMWO03 530
SMFO03 H
SMWO05
640
SMF05
Marking -
i | -l C
The resistor is marked with the resistor type designation, | | t +l!L 2d
the production week, nominal resistance value, the | p = copass 1By Bple
tolerance on the resistance and the rated dissipation at
Tamb =70 °C.
For dimensions see Table 3.
For values up to 910 Q the R is used as a decimal point.
For values of 1 kQ or greater the letter K is used as the Fig.3 Outlines.
decimal point for the kQ indication.
Table 3 Resistor type and relevant physical dimensions; see Fig.3
TYPE w D c H |By - B2l L P ad
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
SMW02
11 1 7 +1 0/+1.0 20.5+1.5 | +0.9/-0.3
SMF02
SMWO03
12 1 8 +1 0/+1.0 25.0+1.5 | +1.4/-0.3 | 45+%1.5 51 0.8 £0.03
SMFO03
SMWO05
13 %1 9 +1 0/+1.0 25.5+1.5 | +2.3/-0.3
SMFO05
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Stand-up miniature power resistors

SMW02/03/05
SMF02/03/05

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “/IEC publications 60115-1 and 60115-4,
category 40/200/56 (rated temperature range —40 °C to
+200 °C; damp heat, long term, 56 days). The testing also
covers the requirements specified by EIA and EIAJ.

The tests are carried out in accordance with

IEC publication 60068, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions
according to “/EC 60068-1”, subclause 5.3.

Unless otherwise specified the following values apply:
Temperature: 15 °C to 35 °C
Relative humidity: 45% to 75%

Air pressure: 86 kPa to 106 kPa
(860 mbar to 1060 mbar).

In Table 4 the tests and requirements are listed with
reference to the relevant clauses of

“IEC publications 60115-1, 60115-4 and 68" a short
description of the test procedure is also given. In some
instances deviations from the IEC recommendations were
necessary for our method of specifying.

All soldering tests are performed with mildly activated flux.

Table 4 Test procedures and requirements

IEC
IEC 60068
60115-1 TEST PROCEDURE REQUIREMENTS
CLAUSE TEST
METHOD
Tests in accordance with the schedule of IEC publication 60115-1
4.15 robustness of load 200 £10 N no visible damage
resistor body AR/R max.: 0.5% + 0.05 Q
4.16 U robustness of
terminations:
Ua tensile all samples |load 10 N; 10 s no visible damage
AR/R max.: £0.5% + 0.05 Q
417 Ta solderability 2's; 235 °C; flux 600 good tinning; no damage
4.18 Tb resistance to thermal shock: 3 s; 350 °C; AR/R max.: £0.5% + 0.05 Q
soldering heat 2.5 mm from body
4.19 14 (Na) rapid change of 30 minutes at —40 °C and no visible damage
temperature 30 minutes at +200 °C; 5 cycles AR/R max.: £1% + 0.05 Q
4.22 Fc vibration frequency 10 to 500 Hz; displacement | no damage
0.75 mm or acceleration 10 g; AR/R max.: £0.5% + 0.05 Q
3 directions; total 6 hours (3 x 2 hours)
4.20 Eb bump 4000 +10 bumps; 390 m/s? no damage
AR/R max.: +0.5% + 0.05 Q
4.23 climatic sequence:
4.23.2 Ba dry heat 16 hours; 200 °C
4.23.3 Db damp heat 24 hours; 55 °C; 95 to 100% RH
(accelerated)
1stcycle
4.23.4 Aa cold 2 hours; —40 °C
4.23.5 M iow air pressure 1 hour; 8.5 kPa; 1510 35 °C
4.23.6 Db damp heat 5 days; 55 °C; 95 to 100% RH AR/R max.: 3% + 0.05 Q
(accelerated)
remaining cycles
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Philips Components

Product specification

Stand-up miniature power resistors SMW02/03/05
SMF02/03/05
EC | Ghuge
60115-1 TEST PROCEDURE REQUIREMENTS
CLAUSE TEST
METHOD
4.24.2 3 (Ca) damp heat 56 days; 40 °C; 90 to 95% RH,; no visible damage
(steady state) dissipation <0.01 P, AR/R max.: £3% + 0.1 Q
4.8.4.2 temperature at 20/-40/20 °C, 20/200/20 °C: ;
coefficient SMW: R< 10 Q TC <600 x 10-6/K
SMW: R>10Q -80x106<TC
TC <+140 x 1075/K
SMF TC < +250 x 10-6/K
413 short time overload | room temperature; AR/R max.: £2% + 0.1 Q
dissipation 10 x P,; 5 s O(voltage not
more than 1000 V/25 mm)
4.25.1 endurance (at 70 °C) | 1000 hours loaded with 0.9 Py; no visible damage
1.5 hours on and 0.5 hours off AR/R max.: 5% + 0.1 Q
4.23.2 Ba endurance at upper | 1000 hours; 200 °C; no load no visible damage
category temperature AR/R max.: 5% + 0.1 Q

1998 Aug 28
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Product specification

RMW03/05/07/10/15/20

Philips Components

RMF03/05/07/10

Radial mounted power resistors
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Philips Components

Product specification

Radial mounted power resistors

RMWO03/05/07/10/15/20
RMFO03/05/07/10

ORDERING INFORMATION

Table 1 Ordering code indicating resistor type; style and length of termination

ORDERING CODE 23.. ... .....
TYPE TERMINATION STYLE 1 TERMINATION STYLE 2 PACKAGING

lead length lead length lead length lead length lead length | LOOSE IN BOX

10 mm 25 mm 30 mm 10 mm 25 mm (units per box)
RMWO03 22 250 11... 22 250 12... - 22250 21... 22 250 22... 500
RMFO03 22256 11... 22256 12... - 22 256 21... 22 256 22... 500
RMWO05 22 251 11... 22251 12... - 22 251 21... 22 251 22... 500
RMFO05 22 257 11... 22 257 12... - 22 257 21... 22257 22... 500
RMWO07 22 252 11... 22252 12... - 22 252 21... 22252 22... 500
RMFO07 22 258 11... 22258 12... - 22 258 21... 22258 22... 500
RMW10 22 253 11... 22253 12... - 22 253 21... 22 253 22... 400
RMF10 22 259 11... 22259 12... - 22259 21... 22259 22... 400
RMW15 - - 06 254 11... - - 300
RMW20 - - 06 254 11... - - 50

Ordering code (12NC) Table 2 Last digit of 12NC ORDERING EXAMPLE

e The resistors have a 12-digit
ordering code starting with
2322 25 or 2306 25

e The subsequent 3 digits indicate
the resistor type, termination style
and length; see Table 1.

e The remaining 3 digits indicate the
resistance value:

— The first 2 digits indicate the
resistance value.

— The last digit indicates the
resistance decade in
accordance with Table 2.

1998 Aug 28

RESISTANCE
DECADE

LAST DIGIT

0.22100.91 Q

1109.1Q

101091 Q

100 t0 910 Q

1t09.1 kQ

10to 91 kQ

100 to 150 kQ

AlOIN|=|O©|0|N
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The ordering code of an RMWO03
resistor, value 47 Q, with standard
terminations, style 1 and length
10 mm, supplied loose in box of
500 units is: 2322 250 11479.



Philips Components

Product specification

Radial mounted power resistors

RMW03/05/07/10/15/20
RMFO03/05/07/10

FUNCTIONAL DESCRIPTION
Product characterization

Standard values of nominal resistance are taken from the
E24 series for resistors with a tolerance of +5% or +10%.
The values of the E24 series are in accordance with
“IEC publication 60063".

Limiting values

TYPE LIMITING VOLTAGE() | LIMITING POWER
v) (w)
RMWO03 V= [P xR 3
RMF03 750
RMWO5 V= [P xR 5
RMF05 1000
RMWO7 V= [P xR .
RMF07 1200
RMW10 V= /P xR
n* 10
RMF10 1500
RMW15 V= [P xR 15
RMW20 V= [P xR 20
Note

1. The maximum voltage that may be continuously
applied to the resistor element, see
“IEC publication 60266".

Application information
MOUNTING

The resistors must be mounted in such a way that no
stress is exerted on the leads and that thermal expansion
is possible over the temperature range. Ensure that the
temperature rise of the resistor body by conducted or
convected heat, does not affect nearby components
or materials. The temperature rise at the soldering point
of the leads must not reach the melting point of the solder.
The temperature rise at the soldering point and the
hot-spot as a function of dissipated power for the various
types, are shown in Figs 3, 4, 5 and 6.

1998 Aug 28

The maximum permissible hot-spot temperature is 275 °C,
and the minimum breakdown voltage of the
encapsulation is 2000 V.

PULSE LOADING CAPABILITY

Detailed pulse loading information is available on request.

DERATING

The power that the resistor can dissipate depends on the
operating temperature; see Fig.1.

Pmax CCA096
(%Prated>
100 +
|
|
|
|
50 - }
|
|
|
|
0 : —— ‘
-25 0 50 70 100 155
Tamb (OC)

Fig.1 Maximum dissipation (Pmax) in percentage
of rated power as a function of the ambient

temperature (Tamp)-

STYLE 1 STYLE 2
A

ol [l
s

measuring point

CCA097

Fig.2 Measuring point of the solder

spot temperature.
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Product specification

Radial mounted power resistors RMW03/05/07/10/15/20
P RMF03/05/07/10

Philips Components

TEMPERATURE RISE OF SOLDER SPOT AND HOT-SPOT AS A FUNCTION OF LOAD AND LEAD LENGTH FOR STYLES 1 AND 2

CCA100 CCA101

150 150
At AT
(K) (K)
120 120
10w
/‘/7 w
— 10W
90 1 5 W,/ 90 o
7//3 w //J w
60 A 60 3w
/ %/
30 30
0 0
0 20 40 60 80 100 120 140 0O 20 40 60 8 100 120 140

Prom (%) Poom (%)

Termination length: 10 mm. Termination length: 25 mm.

Fig.4 Solder spot temperature rise (AT) as a

Fig.3 Solder spottemperature rise (AT) asa
function of dissipated power.

function of dissipated power.

CCA102 CCA103

AT250 / = AT250 0w

(K)zoo ,/ 7w (K)zoo AL

5w //5 "

150 ] — 150 % / /3 W
Y

100

\\:\\
\

50 A

50

Nt

0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Pom (%)

Prom (%)

nom

Termination length: 10 mm. Termination length: 25 mm.
Fig.6 Hot-spot temperature rise (AT) as

Fig.5 Hot-spot temperature rise (AT) as
a function of dissipated power.

a function of dissipated power.
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Product specification

Radial mounted power resistors} AMW02/05/07/10/115/20
RMFO03/05/07/10
MECHANICAL DATA Mass per 100 units
Marking MASS (g) MASS (g)
The resistor is marked with the TYPE | i0mm |25 mm | 30 mm TYPE | j0 mm | 25 mm | 30 mm
resistor type designation, the LEAD | LEAD | LEAD LEAD | LEAD | LEAD
production week, nominal resi_stance RMWO3 | 700 750 _ RMEQ7 900 1000 _
value, the tolerance on the resistance AMWA 1100 1
and the rated dissipation at RMFO3 | 800 850 — 0 50 —
Tamp = 70 °C. RMWO5 | 700 | 750 - RMF10 | 1200 | 1250 -
For values up to 910 Q the Riis used RMFOS 800 850 - RMW1S| - — 1845
as a decimal point. Forvaluesof 1 k@~ |[RMWO07 | 800 | 900 - RMW20 | - - 2312
or greater the letter K is used as the
decimal point for the kQ indication.
Outlines
BENT LEADS STYLE 1 STYLE 2
Jpi—— Se— =Wy =Wy
} !
H1 H1
t b L
5
L e P s
H2 H2
0.8
o o
043 _l_ _
0.1 7 —l:, 45 45
by —= 0.2 | | 02 __ |}
4 i H —R=07 Il |T>—r=07
N L_ _,‘L 1.4 £0.1 Lol L] 1.4 0.1 e
1401 0.50 +0.02 15201 Lol |= 15401 |1
o 73 L 5101 |«
+0.3 7.3
For dimensions see Table 3. = +0.3 CCA104
Fig.7 Outlines.
Table 3 Resistor type and relevant physical dimensions; see Fig.7
w L H1 H2 P
TYPE (mm) (mm) (mm) (mm) (mm)
RMWO03 9.0 £1 24 +1 9.0 1 12.5 +1
RMF03 T - o T
RMWOS 9.5 +1 27 1 9.5+1 15.0 £1
RMF05 ~ - D x 10;1.5 0%
RMWO07
51 + 9.5 +1 25415 225 +1
RMF07 9.5 ) 3541
RMW10
5+ + 51 35.0 £1
EMETO 9.5 +1 48 +1 9
RMW15 48 +2 32515
5 1 2.5+1 30+1.5
RMW20 128 %12 ©63.5 +1 125 48+1.5
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Product specification

Radial mounted power resistors

RMW03/05/07/10/15/20
RMF03/05/07/10

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “IEC publications 60115-1 and 60115-4",
category 25/155/56 (rated temperature range —25 °C to
+155 °C; damp heat, long term, 56 days). The testing also
covers the requirements specified by EIA and EIAJ.

The tests are carried out in accordance with

IEC publication 60068, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions
according to “/EC 60068-1”, subclause 5.3.

Table 4 Test procedures and requirements

Unless otherwise specified the following values apply:
Temperature: 15 °C to 35 °C
Relative humidity: 45% to 75%

Air pressure: 86 kPa to 106 kPa
(860 mbar to 1060 mbar).

In Table 4 the tests and requirements are listed with
reference to the relevant clauses of

“IEC publications 60115-1, 60115-4 and 60068”; a short
description of the test procedure is also given. In some
instances deviations from the IEC recommendations were
necessary for our method of specifying.

All soldering tests are performed with mildly activated flux.

IEC
IEC 60068
60115-1 TEST PROCEDURE REQUIREMENTS
cLause | TEST
METHOD
Tests in accordance with the schedule of IEC publication 60115-1
4.15 robustness of load 200 £10 N no visible damage
resistor body AR/R max.: £1% + 0.05 Q
4.16 u robustness of
terminations:
Ua tensile all samples |[load 45N; 10 s no visible damage
417 Ta solderability 2 's; 285 °C; flux 600 good tinning; no damage
AR/R max.: £0.5% + 0.05 Q
4.18 Tb resistance to thermal shock: 3 s; 350 °C AR/R max.: £1% + 0.05 Q
soldering heat
4.19 14 (Na) rapid change of 30 minutes at —25 °C and no visible damage
temperature 30 minutes at +155 °C; 5 cycles AR/R max.: £1% + 0.05 Q
4.22 Fc vibration frequency 10 to 55 Hz; displacement | no visible damage
0.75 mm or acceleration 10 g; AR/R max.: £1% + 0.05 Q
3 directions; total 6 hours (3 x 2 hours)
4.23 climatic sequence: -
4.23.2 Ba dry heat 16 hours; 155 °C
4.23.3 Db damp heat 24 hours; 55 °C; 95 to 100% RH
(accelerated)
1st cycle
4234 Aa cold 2 hours; —25 °C
4.23.5 M low air pressure 1 hour; 8.5 kPa; 15 to 35 °C
4.23.6 Db damp heat 5 days; 55 °C; 95 to 100% RH after 24 hours at Py,
(accelerated) AR/R max.: £1% + 0.05 Q
remaining cycles
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Product specification

Radial mounted power resistors RMW03/05/07/10/15/20
RMF03/05/07/10
o | s,
60115-1 TEST PROCEDURE REQUIREMENTS
CLAUSE TEST
“TTTTT | METHOD
4.24.2 3 (Ca) damp heat 56 days; 40 °C; 90 to 95% RH; no visible damage
(steady state) dissipation <0.01 P, AR/R max.: £3% + 0.1 Q
484.2 temperature at 20/-25/20 °C, 20/155/20 °C:
coefficient R<1Q TC <4600 x 10-6/K
R>1Q TC < +200 x 107¢/K
413 short time overload room temperature; AR/R max.: 2% + 0.1 Q
dissipation 10 xP; 5 s
RMF03: V<1500 V
RMFO05: V <2000 V
RMFOQ7: V <2500 V
RMF10: V <3000 V
4.251 endurance (at 70 °C) | 1000 hours loaded with Py; no visible damage
1.5 hours on and 0.5 hours off R/R max.: +5% + 0.1 Q
4.23.2 Ba endurance at upper | 1000 hours; 155 °C; no load no visible damage
category temperature AR/R max.: £5% + 0.1 Q
4.6.1.1 insulation resistance |500 V (DC); 1 minute >100 MQ
4.7 voltage proof on 1000 V (RMS); 1 minute AR/R max.: £0.5% + 0.05 Q
insulation

1998 Aug 28
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Philips Components

Maintenance types

Metal film resistors

MR25/30

APPLICATIONS DESCRIPTION

e For use in professional equipment: A homogeneous film of metal alloy is

deposited on a high grade ceramic

body. After a helical groove has been

cut in the resistive layer, tinned

-— measuring devices. connecting leads of electrolytic
copper are welded to the end-caps.

— computers
— telecommunications

QUICK REFERENCE DATA

The resistors are coated with layers of
green lacquer which provide
electrical, mechanical and climatic
protection. The encapsulation is
resistant to all cleaning solvents, in
accordance with “MIL-STD-202E
method 215” and “IEC 60068-2-45".

DESCRIPTION

VALUE

MR25 MR30

Resistance range

1Qto 1 MQ

Resistance tolerance

+0.5%, E192 series

Temperature coefficient:

short time overload

1Q<R<499Q 100 x 10-9/K
499Q<R<1MQ 50 x 1078/K
Absolute maximum dissipation at T, = 70 °C 0.4 W 0.5W
Maximum permissible voltage 250V 350 V
Basic specifications IEC 60115-1
Approval CECC 40101
Climatic category (IEC 60068) 55/155/56
Stability after:
load see Fig.1
climatic tests AR/R max.: +0.5% + 0.05 Q
soldering AR/R max.: £0.1% + 0.01 Q

AR/R max.: £0.25% + 0.05 Q

1998 Aug 28
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Maintenance types

Metal film resistors MR25/30
ORDERING INFORMATION
Table 1 Ordering code indicating resistor type and packaging
ORDERING CODE 2322 15. .....
TYPE BANDOLIER IN AMMOPACK
1000 units
MR25 17...
MR30 27....
Ordering code (12NC) Table 2 Last digit of 12NC ORDERING EXAMPLE
¢ The resistors have a 12-digit RESISTANCE LAST DIGIT The ordering code of a MR30 resistor,
ordering code starting with 2322 15 DECADE value 3650 Q +0.5%, taped
o The subsequent 2 digits indicate 1109.76 Q 8 on a bandolier of 1000 units in
the resistor type and packaging; m ammopack is: 2322 152 73652.
10 t0 97.6 Qf 9
see Table 1.
- C 100 to 976 Q 1
o The remaining 4 digits indicate the
resistance value: 1109.76 kQ 2
— The first 3 digits indicate the 101097.6 k2 i
resistance value. 100 to 976 kQ 4
~ The last digit indicates the L 1MR 5
resistance decade in N\Ote

accordance with Table 2.

1998 Aug 28

1. th composition of the catalogue
number is not applicable for
R =49.9 Q; the relevant
catalogue numbers will be
indicated on request.
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Philips Components Maintenance types

Metal film resistors MR25/30

FUNCTIONAL DESCRIPTION
Product characterization

Standard values of nominal resistance are taken from the £24/E96 series for £1% and E192 for £0.5%.
The values of the series are in accordance with “IEC publication 60063".

style| MR25 | MR3o | MmRms2
R (KW) | 240 200 133 Tamp =
limiting voltage (V) | 250 350 500 ccae3g , 20 °C
] } 25°C
T T 11 V| 40
. 0.6 ’_ o7 J" i 0
(W) 1 1 11
054 06t 09 | |, 60°C
] { 1 70 °C
08 o
T oost 80°C
04 | o7 )
1 | | 100°c
+ o4t 06 }
034 1
i 0.5 4 | | 120°c
03+ 125°C
1 1 044
024 1 140 °C
T o02{ 03
4 1 1 / |
0.2 1 160 °C
0.1 # o1 4 i
1 ICAR
4 B B T
g / |
40 | €0 R100—_120 | 140 | 160 T, (°C)
/ M \\ Mt 1oe
L
/ N \ U
/) N N 1000
% / N T
:
// N
L 10000 h 1k
| 7000 h i
[ 5000h = \J
D, v 7 ‘ql 10 kQ
V] 3000 h
9% % 2000 h N 1k
1000 h 1MQ
V1 [
| L)
2 1 05 AR o, 02 0.1 0.05 0.02
(%)
R
Fig.1 Drift nomogram.

NOTES ON THE NOMOGRAM

1. It should not be extended beyond the maximum permissible hot-spot temperature of 175 °C.

2. The change in resistance for P = 0 at a particular ambient temperature is indicative for shelf-life stability of a resistor
at that temperature.

3. The stability lines do not give exact values of AR/R but represent a probability of 95% that the actual values will be
smaller than those obtained from the nomogram.

4. The limiting voltage has not been taken into consideration.
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Maintenance types

Metal film resistors

MR25/30

Limiting values

TYPE LIMITING VOLTAGE(" LIMITING POWER
v) w)
MR25 250 0.4
MR30 350 05
Note

1. The maximum voltage that may be applied continuously to the resistor element, see “/EC publication 60115-1".

The maximum permissible hot-spot temperature is 175 °C.

Application information

CCA632

/

7y QN N A S S g

(K)
p4

100

P (W)

MR25

Fig.2 Hot-spot temperature rise (AT) as
a function of dissipated power.

40

AT
(K)

30

20

MR25

CCA635

|
5mm
//// 10
A"

s
Z
VZ.
/ v
0.1 0.2 0.3 0.4 0.5

P (W)

Fig.3 Temperature rise (AT) at the end of the lead

(soldering point) as a function of dissipated
power at various lead lengths after mounting.
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Maintenance types

Metal film resistors MR25/30
CCA633 CCA636
120 40
y AT
o L/ K
/ 5 mm
74 30 7 {
80 // ,/ 10
// v /’ |
// 20 /'/ /’15
/// ? ; //
40
)4 o /// -
4 : P //
0 0 0.1 0.2 0.3 04 0.5 0.6 0 0.1 0.2 0.3 04 0.5 0.6
P (W) P (W)
MR30 MR30

Fig.4 Hot-spottemperature rise (AT) as
a function of dissipated power.

Fig.5 Temperature rise (AT) at the end of the lead
(soldering point) as a function of dissipated
power at various lead lengths after mounting.
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Maintenance types

Metal film ‘resistors

MR25/30

MECHANICAL DATA

Mass per 100 units

TYPE MASS
(9)
MR25 - 25
MR30 32
Marking

The nominal resistance and tolerance
are marked on the resistor using five
or six coloured bands in accordance
with IEC publication 60062 “Colour
codes for fixed resistors”.

Six bands are used for resistors in
MR25 and MR30 series: 3 for
resistance value, 1 for multiplier, 1 for
tolerance and 1 for the temperature
coefficient.

1998 Aug 28

Outlines

The length of the body (L+) is measured by inserting the leads into holes of two
identical gauge plates and moving these plates parallel to each other until the
resistor body is clamped without deformation (“/EC publication 60294”).

For dimensions see Table 3.

L1

] |\;:|—*ra q
’ MLB675
2D
Lo
Fig.6 Outline.

Table 3 Resistor type and relevant physical dimensions; see Fig.6

@D L4 Lo od
TYPE MAX. MAX. MAX. (mm)
(mm) (mm) (mm)
MR25 25 6.5 7.5 0.58 £0.05
MR30 3.0 10.0 11.0 0.58 £0.05
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Maintenance types

Metal film resistors

MR25/30

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “/EC publication 60115-1", category
55/155/56 (rated temperature range -55 °C to +155 °C;
damp heat, long term, 56 days). The testing also covers
the requirements specified by EIA and EIAJ.

The tests are carried out in accordance with

IEC publication 60068, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions

Unless otherwise specified the following values apply:
Temperature: 15 °C to 35 °C
Relative humidity: 45% to 75%

Air pressure: 86 kPa to 106 kPa
(860 mbar to 1060 mbar).

In Table 4 the tests and requirements are listed with
reference to the relevant clauses of

“IEC publications 60115-1 and 60068"; a short
description of the test procedure is also given. In some
instances deviations from the IEC recommendations were

according to “/EC 60068-1", subclause 5.3.

Table 4 Test procedures and requirements

necessary for our method of specifying.

IEC
IEC 60068
60115-1 TEST PROCEDURE REQUIREMENTS
CLAUSE | TEST
METHOD
4.16 U robustness of
terminations:
4.16.2 Ua tensile all samples |load 10N; 10 s number of failures <10 x 106
4.16.3 Ub bending half load 5 N; 4 x 90° number of failures <10 x 106
number of samples
4.16.4 Uc torsion other half of | 3 x 360° in opposite directions no damage
samples AR/R max.: £0.1% + 0.01 Q
417 Ta solderability 2 s; 230 °C; flux 600 good tinning; no damage
4.18 Tb resistance to thermal shock: 3 s; 350 °C; AR/R max.: £0.1% + 0.01 Q
soldering heat 6 mm from body
4.19 Na rapid change of 30 minutes at —55 °C and AR/R max.: £0.1% + 0.01 Q
temperature 30 minutes at +155 °C; 5 cycles
4.20 Eb bump 3 x 1500 bumps in 3 directions; | no damage
409 AR/R max.: +0.1% + 0.01 Q
4.22 Fc vibration frequency 10 to 500 Hz; no damage
displacement 1.5 mm or AR/R max.: £0.1% + 0.01 Q
acceleration 10 g; 3 directions;
total 6 hours (3 x 2 hours)
4.23 climatic sequence:
4.23.2 B dry heat 16 hours; 155 °C
4.23.3 D damp heat 24 hours; 55 °C; 95 to 100% RH
(accelerated)
1st cycle
4.23.4 Aa cold 2 hours; -55 °C
4.23.5 M low air pressure 1 hour; 8.5 kPa; 15 to 35 °C
4.23.6 D damp heat 5 days; 55 °C; 95 to 100% RH Rijns min.: 1000 MQ
(accelerated) AR/R max.: +0.5% + 0.05 Q
remaining cycles
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MR25/30

IEC
IEC 60068
60115-1 TEST PROCEDURE REQUIREMENTS
CLAUSE TEST
METHOD
4.24.2 Ca damp heat 56 days; 40 °C; 90 to 95% RH; | Rijns min.: 1000 MQ
(long term exposure) | dissipation 0.01 P,
MR25: <2.5 mW AR/R max.: £0.5% + 0.05 Q
MR30: <3 mW
4.251 endurance 1000 hours at 70 °C; P, or Vimax | AR/R max.: £0.5% + 0.05 Q
MR25: 0.25 W or Vpax
MR30: 0.3 W or Vpmax
4842 temperature between —-55 °C and +155 °C R <4.99 Q: +100 x 10%/K
. 5
coefficient (TC x 10°%/K) R > 4.99 Q: 50 x 10-5/K
4.7 voltage proof on 2 X limiting voltage (AC) with no breakdown
insulation 750 Viax (RMS)
412 noise “IEC publication 60195” R <100 kQ: max. 0.25 uV/V
R > 100 kQ: max. 0.5 pv/V
4.6.1.1 insulation resistance | 100 V (DC) during 1 minute; Rins min.: 104 MQ
V-block method
413 short time overload | Tamp =25 °C; P = 6.25 X Py; AR/R max.: £0.25% + 0.05 Q
5son, 45 s off (V<2 X Vmax);
10 cycles
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171




Philips Components Maintenance types
e S O S S

Lacquered metal film resistors MR24/34, E/C/D
T S S

APPLICATIONS QUICK REFERENCE DATA

e For use in professional equipment:
-~ computers
— telecommunications
— measuring.

DESCRIPTION

A homogeneous film of metal alloy is
deposited on a high grade ceramic
body. After a helical groove has been
cut in the resistive layer, tinned
connecting leads of electrolytic
copper are welded to the end-caps.

The resistors are coated with layers of
green lacquer which provide
electrical, mechanical and climatic
protection. The encapsulation is
resistant to all cleaning solvents, in
accordance with “MIL-STD-202E,
method 215” and “IEC 60068-2-45".
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DESCRIPTION VALUE
Resistance range:
MR24/34, E/C 49.9Qto 1 MQ

MR24/34, D

10Qto 1 MQ

Resistance tolerance:
MR24/34, E/C

+0.1%; 0.25%; 0.5%, E192 series;
1%, E96 series

MR24/34, D 1%, E96 series
Temperature coefficient:
MR24/34, E +25 x 10-6/K
MR24/34, C 50 x 10-6/K
MR24/34, D +100 x 10-6/K
Rated dissipation
at Tamp =70 °C:
MR24D 0.125 W
MR34D 0.25W
at Tamp = 125 °C:
MR24E/C 0.1 W
MRB34E/C 0.125 W
Basic specifications MIL-R-10509F

Stability after:
load
climatic tests

soldering
soiaering

short time overload

AR/R max.: £0.5% + 0.05 Q

AR/R max.: £0.5% + 0.05 Q
AR/R may - +0.1% + 0.05Q

AOTuriinaA.. 1707 VWO as

AR/R max.: +0.25% + 0.05 Q
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MR24/34, E/C/D

ORDERING INFORMATION

Table 1 Ordering code indicating resistor type, MIL style and packaging

ORDERING CODE 2322 16. .....

TYPE MIL STYLE BULK IN BOX
100 units
MR24E RN55E 0.....
MR24C RN55C T
MR24D RN55D 2.....
MR34E RN60OE 3....
MR34C RN60C 4.....
MR34D RN60D 5.....
Ordering code (12NC)()

¢ The resistors have a 12-digit ordering code starting with 2322 16

e The subsequent first digit indicates the resistor type and packaging;

see Table 1.

» The remaining 5 digits indicate the tolerance and resistance value:

— The first digit indicates the tolerance in accordance with Table 2.

— The next 3 digits indicate the resistance value.

— The last digit indicates the resistance decade in accordance with Table 3.

(1) For the resistance values mentioned in Table 4, the last 5 digits of the ordering code

are stated in full.

Table 4 Last five digits of 12NC for specific resistance values

Table 2 8t digit of 12NC
TOLERANCE

(%) CODE
1 1
0.5 2
0.25 3
0.1 4

Table 3 Last digit of 12NC
RESISTANCE
DECADE
1010 98.8 Q

100 to 988 Q
110 9.88 kQ
10 to 98.8 kQ
100 to 988 kQ
1 MQ

LAST DIGIT

O|dlWIN]|=|©

ORDERING EXAMPLE

The ordering code of a MR24E
resistor, value 505 Q +0.5%, loose in
box of 100 units is: 2322 160 25051.

RESBTA:\;SE VALUE 0.1% 0.25% 0.5% 1%
29.9 92102 92122 - -
39.9 92103 92123 - -
49.9 92104 92124 92134 92144
59.9 92105 92125 - -
69.9 92106 92126 - -
79.9 92107 92127 - -
89.9 92108 92128 - -
99.9 92109 92129 - -
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Lacquered metal film resistors MR24/34, E/C/D

FUNCTIONAL DESCRIPTION
Product characterization

The standard vaiues of nominal resistance are taken from the E96 series for resistors with a tolerance of +1%, from the
E192 series for resistors with a tolerance of £0.5%, +0.25% or +0.1% (“MIL-R-10509F, paragraph 1.2.1.3’).

Resistors with a tolerance of +0.1% and +£0.25% may also be requested with resistance values deviating from the
E192 series, provided the value can be indicated with no more than three significant digits.

Limiting values

LIMITING VOLTAGE(" LIMITING POWER
TYPE ) w)
Tamb = 70 °C Tamb = 125 °C
MR24D 200 0.125 -
MR34D 300 0.25 -
MR24E/C 200 - 0.1
MR34E/C 250 - 0.125
Note

1. The maximum voltage that may be applied continuously to the resistor element, see “/EC publication 60115-1".
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MR24/34, E/C/D

MECHANICAL DATA

Mass per 100 units

TYPE MASS
(9)
MR24E/C/D 25
MR34E/C/D 32
Mounting

The resistors must be mounted in
such a way that no stress is exerted
on the leads, so as to allow thermal
expansion over the wide temperature
range.

Marking

The resistors are marked in
accordance with MIL specification
“MIL-R-10509F". This means that the
following information is printed on the
resistor:

e MIL style

e Value and tolerance in MIL code

o Manufacturers’ identification
symbol.

In the MIL code for value and
tolerance the value is indicated by
four digits and a letter: first the three
significant digits according to the
E192 or E96 series, a fourth figure
indicating the number of zeros to
follow and then a letter indicating the
tolerance as follows:

e B=10.1%

e C=10.25%

e D=10.5%

o F=%1%.

EXAMPLE

22.1 kQ +1% is written as 2212F.

This code should not be used for
ordering. Please use the ordering
code as shown in Table 1.
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Outlines

The length of the body (L+) is measured by inserting the leads into holes of two
identical gauge plates and moving these plates parallel to each other until the
resistor body is clamped without deformation (“/EC publication 60294”).

——38 43 — = e— L

—-

For dimensions see Table 5.

3813
- 34 ay * *
TN
I I o0
1
@D CCA648
Fig.1 Outline.

Table 5 Resistor type and relevant physical dimensions; see Fig.1

@D L ag, a ad
TYPE MAX. MAX. a ‘; : (mm)
(mm) (mm) 1792
MR24E/C/D 24 6.5 <1 0.58 +0.05
MR34E/C/D 3.1 10.5 <1 0.58 +0.05
175



Philips Components Maintenance types

Lacquered metal film resistors MR24/34, E/C/D

TESTS AND REQUIREMENTS
All tests are carried out in accordance with the schedule of “MIL-R-10509F, paragraph 4.4.2".

In Table 6 the tests and requirements are listed with reference to the relevant clauses of “MiL-H-10509F".

Table 6 Test procedures and requirements

MIL-R-10509F | MIL-STD-202E MIL-R-10509F
CLAUSE METHOD TEST PARAGRAPH|  REQUIREMENTS()
4.6.4 102 temperature cycling 3.9 AR £0.25% + 0.05 Q
4.6.5 - low-temperature operation 3.10 AR £0.25% + 0.05 Q
4.6.6 - short-time overload 3.11 AR £0.25% + 0.05 Q
4.6.7 211 terminal strength 3.12 AR <0.2% + 0.05 Q
4.6.8 301/305 dielectric withstanding voltage 3.13 AR £0.25% + 0.05 Q
4.6.9 302 insulation resistance 3.14 Rins = 10000 MQ
4.6.10 210 resistance to soldering heat 3.15 AR<0.1% + 0.05 Q
4.6.11 106 moisture resistance 3.16 é:jzzg?l\; sg 050
4.6.13 108 life 3.18 AR £0.5% + 0.05 Q
4.6.15 205 shock, medium impact 3.20 AR <0.25% + 0.05 Q
4.6.16 204 vibration 3.21 AR £0.25% + 0.05 Q
Note

1. Although resistors with a temperature coefficient of 100 x 10-%/K correspond with characteristic D resistors of
“MIL-R-10509F”, they meet the more severe test requirement of characteristic C and E resistors.
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12-DIGIT ORDERING CODE
The resistors have a 12-digit ordering code starting with 2306 or 2322,

Subsequent digits indicate style, packaging, resistance value and tolerance.
Refer to individual data sheets for detailed composition of the ordering code.

In Table 1 the 12NC is referenced to the applicable page number where a detailed composition will be found.

Table 1 First 6 or 7 digits of the ordering code

TYPE NAME ORDERING CODE | PAGE TYPE NAME ORDERING CODE | PAGE
2306 (first 4 digits followed by next 2 or 3 digits) MR24E 160 173
PROT 197 59 MR24C 161 173
SRO2 198 59 MR24D 162 173
PACO01/02/03/04/05/06 327 138 MRS34E 163 173
ACO1 328 116 MR34C 164 173
AC03/04/057/10/15/20 329 116 MR34D 165 173
SMW/SMF02 340 151 SFR25 181 57
SMW/SMF03 341 151 SFR25H 186 27
SMW/SMF05 342 151 SFR16S 187 27
RMW15/20 254 157 PRO1 193 69
2322 (first 4 digits followed by next 2 or 3 digits) gggi 12: 22
RMWO03/05/07/10 25 157 o oo -
RMF03/05/07/10 25 157

PRO2 197 69
MPR24 141 62

NFR25 204 51
MPR34 142 62

NFR25 205 51
MPR24 143 62

NFR25H 207 51
MPR34 144 62
MR25 151 165 VR25 241 92

VR37 242 98
MR30 152 165

VR68 244 104
MRS25 156 40
MRS16S 157 20 LSR37 245 109

LVRO5 288 144
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DATA HANDBOOK SYSTEM

Philips Components data handbooks are available for
selected product ranges and contain all relevant data
available at the time of publication and each is revised and
updated regularly.

Loose data sheets are sent to subscribers to keep them
up-to-date on additions or alterations made during the
lifetime of each edition.

Our data handbook titles are listed here.

Display components

Book  Title

DCO1  Colour Television Tubes

DC02 Monochrome Monitor Tubes and Deflection Units

DCO03 Television Tuners, Coaxial Aerial Input
Assemblies .

DC04  Colour Monitor and Multimedia Tubes

DC05 Wire Wound Components

Magnetic products

Book  Title

MAO1  Soft Ferrites

MAO3  Piezoelectric Ceramics and Specialty Ferrites
MAO4  Dry-reed Switches

1998 Sep 01

Passive components

Book  Title

PAO1  Electrolytic Capacitors

PAO2 Varistors, Thermistors and Sensors
PAO3  Potentiometers

PA04  Variable Capacitors

PAO5  Film Capacitors

PA06  Ceramic Capacitors

PAO6a Surface Mounted Ceramic Multilayer.fCapacitors
PAO6b Leaded Ceramic Capacitors

PA0O8  Fixed Resistors

PA10 -Quartz Crystals

PA11  Quartz Oscillators

MORE INFORMATION FROM PHILIPS COMPONENTS?
For more information about Philips Components data
handbooks, catalogues and subscriptions, please contact
your nearest Philips Components sales organization

(see address list on the back cover of this handbook).
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OVERVIEW OF PHILIPS SEMICONDUCTORS
DATA HANDBOOKS

Our sister product division, Philips Semiconductors, also
has a comprehensive data handbook system to support
their products. Their data handbook titles are listed here.

Integrated circuits

Book  Title

ICo1 Semiconductors for Radio, Audio and
CD/DVD Systems

1C02 Semiconductors for Television and Video
Systems

IC03  Semiconductors for Wired Telecom Systems

IC04  HE4000B Logic Family CMOS

IC0O5  Advanced Low-power Schottky (ALS) Logic

IC06  High-speed CMOS Logic Family

IC11 General-purpose/Linear ICs

IC12  I2C Peripherals

IC13  Programmable Logic Devices (PLD)

IC14  8048-based 8-bit Microcontrollers

IC15 FAST TTL Logic Series

IC16  CMOS ICs for Clocks, Watches and
Real Time Clocks

IC17  Semiconductors for Wireless Communications

IC18  Semiconductors for In-Car Electronics

IC19 ICs for Data Communications

IC20 80C51-based 8-bit Microcontrollers

IC22  Multimedia ICs

IC23  BiCMOS Bus Interface Logic

IC24  Low Voltage CMOS & BiCMOS Logic

1C25 16-bit 80C51XA Microcontrollers
(eXtended Architecture)

IC26  Integrated Circuit Packages

IC27  Complex Programmable Logic Devices

Discrete semiconductors
Book  Title
SCO01  Small-signal and Medium-power Diodes

SC02 Power Diodes
SC03 Power Thyristors and Triacs
SC04 Smali-signal Transistors
SC05 Video Transistors and Modules for Monitors
SC06 High-voltage and Switching
NPN Power Transistors
SC07 Small-signal Field-effect Transistors
SC13 PowerMOS Transistors
SC14 RF Wideband Transistors
SC16  Wideband Hybrid Amplifier Modules for CATV
SC17  Semiconductor Sensors
SC18 Discrete Semiconductor Packages
SC19 RF & Microwave Power Transistors,

RF Power Modules and Circulators/Isolators

1998 Sep 01

MORE INFORMATION FROM PHILIPS SEMICONDUCTORS?
For more information contact your nearest Philips
Semiconductors national organization shown in the
following list.

Argentina: see South America

Australia: NORTH RYDE, Tel. +61 2 9805 4455 Fax. +61 2 9805 4466
Austria: WIEN, Tel. +43 1 60 101, Fax. +43 1 60 101 1210

Belarus: MINSK, Tel. +375 172 200 733, Fax. +375 172 200 773
Belgium: see The Netherlands

Brazil: see South America

Bulgaria: SOFIA, Tel. +359 2 689 211, Fax. +359 2 689 102

Canada: SCARBOROUGH, Tel. +1 800 234 7381

Chile: see South America

China/Hong Kong: HONG KONG, Tel. +852 2319 7888, Fax. +852 2319 7700
Colombia: see South America

Czech Republic: see Austria

Denmark: COPENHAGEN, Tel. +45 32 88 2636, Fax. +45 31 57 0044
Finland: ESPOO, Tel. +358 9 615800, Fax. +358 9 61580920

France: SURESNES, Tel. +33 1 40 99 6161, Fax. +33 1 40 99 6427
Germany: HAMBURG, Tel. +49 40 23 53 60, Fax. +49 40 23 536 300
Greece: TAVROS/ATHENS, Tel. +30 1 4894 339/239, Fax. +30 1 4814 240
Hungary: see Austria

India: BOMBAY, Tel. +91 22 4938 541, Fax. +91 22 4938 722

Indonesia: JAKARTA, Tel. +62 21 794 0040 ext. 2501, Fax. +62 21 794 0080
freland: DUBLIN, Tel. +353 1 7640 000, Fax. +353 1 7640 200

Israel: TEL AVIV, Tel. +972 3 645 0444, Fax. +972 3 649 1007

Italy: MILANO, Tel. +39 2 6752 2531, Fax. +39 2 6752 2557

Japan: TOKIO, Tel. +81 3 3740 5130, Fax. +81 3 3740 5077

Korea: SEOUL, Tel. +82 2 709 1412, Fax. +82 2 709 1415

Malaysia: SELANGOR, Tel. +60 3 750 5214, Fax. +60 3 757 4880
Mexico: EL PASO, TEXAS, Tel. +9-5 800 234 7381

Middle East: see Italy

Netherlands: EINDHOVEN, Tel. +31 40 27 82785, Fax. +31 40 27 88399
New Zealand: AUCKLAND, Tel. +64 9 849 4160, Fax. +64 9 849 7811
Norway: OSLO, Tel. +47 22 74 8000, Fax. +47 22 74 8341

Pakistan: see Singapore

Philippines: MANILA, Tel. +63 2 816 6380, Fax. +63 2 817 3474

Poland: WARSZAWA, Tel. +48 22 612 2831, Fax. +48 22 612 2327
Portugal: see Spain

Romania: see ltaly

Russia: MOSCOW, Tel. +7 095 755 6918, Fax. +7 095 755 6919
Singapore: SINGAPORE, Tel. +65 350 2538, Fax. +65 251 6500
Slovakia: see Austria

Slovenia: see Italy

South Africa: JOHANNESBURG, Tel. +27 11 470 5911, Fax. +27 11 470 5494
South America: SAO PAULO, Tel. +55 11 821 2333, Fax. +55 11 821 2382
Spain: BARCELONA, Tel. +34 93 301 6312, Fax. +34 93 301 4107
Sweden: STOCKHOLM, Tel. +46 8 5985 2000, Fax. +46 8 5985 2745
Switzerland: ZURICH, Tel. +41 1 488 2741, Fax. +41 1 488 3263
Taiwan: TAIPEI, Tel. +886 2 2134 2865, Fax. +886 2 2134 2874
Thailand: BANGKOK, Tel. +66 2 745 4090, Fax. +66 2 398 0793

Turkey: ISTANBUL, Tel. +90 212 279 2770, Fax. +90 212 282 6707
Ukraine: KIEV, Tel. +380 44 264 2776, Fax. +380 44 268 0461

United Kingdom: HAYES, Tel. +44 181 730 5000, Fax. +44 181 754 8421
United States: SUNNYVALE, Tel. +1 800 234 7381

Uruguay: see South America

Vietnam: see Singapore

Yugoslavia: BEOGRAD, Tel. +381 11 625 344, Fax. +381 11 635 777

Internet: http://www.semiconductors.philips.com

For all other countries apply to:

Philips Semiconductors,

International Marketing & Sales Communications, Building BE-p,
P.O. Box 218, 5600 MD EINDHOVEN, The Netherlands,

Fax. +31-40-2724825
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STANDARD SERIES OF VALUES IN A DECADE FOR RESISTANCES AND CAPACITANCES
According to “/EC publication 63”.

E192 E96 E48 | E192 E96 E48 | E192 E96 E48 | E192 E96 E48 E24 E12 E6 E3
100 100 100 | 178 178 178 | 316 316 316 | 562 562 562 10 10 10 10
101 180 320 569 11
102 102 182 182 324 324 576 576 12 12
104 184 328 583 13
105 105 105 | 187 187 187 | 332 332 332 | 590 590 590 15 15 15
106 189 336 597 16
107 107 191 191 340 340 604 604 18 18
109 193 344 612 20
110 110 110 | 196 196 196 | 348 348 348 | 619 619 619 22 22 22 22
111 198 352 626 24
113 113 200 200 357 357 634 634 27 27
114 203 361 642 30
115 115 115 | 205 205 205 | 365 365 365 | 649 649 649 33 33 33
117 208 370 657 36
118 118 210 210 374 374 665 665 39 39
120 213 379 673 43
121 121 121 | 215 215 215 | 383 383 383 | 681 681 681 47 47 47 47
123 218 388 690 51
124 124 221 221 392 392 698 698 56 56
126 223 397 706 62
127 127 127 | 226 226 226 | 402 402 402 | 715 715 715 68 68 68
129 229 407 723 75
130 130 232 232 412 412 732 732 82 82
132 234 417 741 91
133 133 133 | 237 237 237 | 422 422 422 | 750 750 750
135 240 427 759
137 137 243 243 432 432 768 768
138 246 437 777
140 140 140 | 249 249 249 | 442 442 442 | 787 787 787
142 252 448 796
143 143 255 255 453 453 806 806
145 258 459 816
147 147 147 | 261 261 261 | 464 464 464 | 825 825 825
149 264 470 835
150 150 267 267 475 475 845 845
152 271 481 856
154 154 154 | 274 274 274 | 487 487 487 | 866 866 866
156 277 493 876
158 158 280 280 499 499 887 887
160 284 505 898
162 162 162 | 287 287 287 | 511 511 511 | 909 909 909
164 291 517 920
165 165 294 294 523 523 931 931
167 298 530 942
169 169 169 | 301 301 301 | 536 536 536 | 953 953 953
172 305 542 965
174 174 309 309 549 549 976 976
176 312 556 988
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Australia: Philips Components Pty Ltd., NORTH RYDE,
Tel. +61 2 9805 4455, Fax. +61 2 9805 4466
Austria: Osterreichische Philips Industrie GmbH, WIEN,
Tel. +43 1 60 101 12 41, Fax. +43 1 60 101 12 11
Belarus: Philips Office Belarus, MINSK,
Tel. +375 172 200 924/733, Fax. +375 172 200 773
Benelux: Philips Nederland B.V., EINDHOVEN, NL,
Tel. +31 40 2783 749, Fax. +31 40 2788 399
Brazil: Philips Components, SAO PAULO,
Tel. +55 11 821 2333, Fax. +55 11 829 1849
Canada: Philips Electronics Ltd., SCARBOROUGH,
Tel. +1 416 292 5161, Fax. +1 416 754 6248
China: Philips Company, SHANGHAI,
Tel. +86 21 6354 1088, Fax. +86 21 6354 1060
Denmark: Philips Components A/S, COPENHAGEN S,
Tel. +45 32 883 333, Fax. +45 31 571 949
Finland: Philips Components, ESPOO,
Tel. +358 9 615 800, Fax. +358 9 615 80510
France: Philips Composants, SURESNES,
Tel. +33 1 4099 6161, Fax. +33 1 4099 6493
Germany: Philips Components GmbH, HAMBURG,
Tel. +49 40 2489-0, Fax. +49 40 2489 1400
Greece: Philips Hellas S.A., TAVROS,
Tel. +30 1 4894 339/+30 1 4894 239, Fax. +30 1 4814 240
Hong Kong: Philips Hong Kong, KOWLOON,
Tel. +852 2784 3000, Fax. +852 2784 3003
India: Philips India Ltd., MUMBAI,
Tel. +91 22 4930 311, Fax. +91 22 4930 966/4950 304
Indonesia: P.T. Philips Development Corp., JAKARTA,
Tel. +62 21 794 0040, Fax. +62 21 794 0080
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Tel. +353 1 7640 203, Fax. +353 1 7640 210
Israel: Rapac Electronics Ltd., TEL AVIV,
Tel. +972 3 6450 444, Fax. +972 3 6491 007
Italy: Philips Components S.r.l., MILANO,
Tel. +39 2 6752 2531, Fax. +39 2 6752 2557
Japan: Philips Japan Ltd., TOKYO,
Tel. +81 3 3740 5135, Fax. +81 3 3740 5035

Korea (Republic of): Philips Electronics (Korea) Ltd., SEOUL,

Tel. +82 2 709 1472, Fax. +82 2 709 1480

Philippines: Philips Semiconductors Philippines Inc.,
METRO MANILA, Tel. +63 2 816 6345, Fax. +63 2 817 3474
Poland: Philips Poland Sp. z.0.0., WARSZAWA,
Tel. +48 22 612 2594, Fax. +48 22 612 2327
Portugal: Philips Portuguesa S.A.,
Philips Components: LINDA-A-VELHA,
Tel. +351 1 416 3160/416 3333, Fax. +351 1 416 3174/416 3366
Russia: Philips Russia, MOSCOW,
Tel. +7 95 755 6918, Fax. +7 95 755 6919
Singapore: Philips Singapore Pte Ltd., SINGAPORE,
Tel. +65 350 2000, Fax. +65 355 1758
South Africa: S.A. Philips Pty Ltd., JOHANNESBURG,
Tel. +27 11 470 5911, Fax. +27 11 470 5494
Spain: Philips Components, BARCELONA,
Tel. +34 93 301 63 12, Fax. +34 93 301 42 43
Sweden: Philips Components AB, STOCKHOLM,
Tel. +46 8 5985 2000, Fax. +46 8 5985 2745
Switzerland: Philips Components AG, ZURICH,
Tel. +41 1 488 22 11, Fax. +41 1 481 7730
Taiwan: Philips Taiwan Ltd., TAIPEI,
Tel. +886 2 2134 2900, Fax. +886 2 2134 2929
Thailand: Philips Electronics (Thailand) Ltd., BANGKOK,
Tel. +66 2 745 4090, Fax. +66 2 398 0793
Turkey: Turk Philips Ticaret A.S., GULTEPE/ISTANBUL,
Tel. +90 212 279 2770, Fax. +90 212 282 6707
United Kingdom: Philips Components Ltd., DORKING,
Tel. +44 1306 512 000, Fax. +44 1306 512 345
United States:
Display Components, ANN ARBOR, MI,
Tel. +1 734 996 9400, Fax. +1 734 761 2776
Magnetic Products, SAUGERTIES, NY,
Tel. +1 914 246 2811, Fax. +1 914 246 0487
Passive Components, SAN JOSE, CA,
Tel. +1 408 570 5600, Fax. +1 408 570 5700
Yugoslavia (Federal Republic of): Philips Components, BELGRADE,
Tel. +381 11 625344/373, Fax. +381 11 635 777

Internet:

* Display Components: www.dc.comp.philips.com
* Passive Components: www.passives.comp.philips.com

For all other countries apply to:
Philips Components, Building BF-1, P.O. Box 218, 5600 MD EINDHOVEN,
The Netherlands, Fax. +31-40-27 23 903.
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