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Welcome to the European edition of Philips Components’ Fixed Resistor Data
Handbook. The wide range of our fixed 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 ISO 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 fixed resistors are made using thick, thin and metal-film technologies. And,
responding to market trends for miniaturization and high-accuracy, we have a
strong programme of surface-mount devices and application specific resistors.
The range is divided into three categories:

e Surface-mount resistors. These are truly miniature devices and are ideal for
applications where space and weight are limited. Available in tolerances down
to 0.1%, they meet the most demanding industrial standards.

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

e Application specific resistors. For applications demanding the ultimate in
accuracy or operation in extreme environments. These hi-rel types include
leaded and surface-mount 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

Objective specification This data sheet contains target or goal specifications for product development.
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.
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Chip resistors Selection guide

TEMP.

SIZE | TOL. RESISTANCE MAX.
APPLICATION TYPE CODE | (%) RANGE COE:F. (VIW) SERIES | PAGE
(x 10°%/K)
RCO1 1206 PIGRERES 200/0.25 34
5.1 Qto 10 MQ | <+200
1Qt04.7Q | <+250
— RC11 0805 s 5101010 MQ | <200 150/0.125 34
1t010Q —200/+500 E24
RC21 0603 11 Qto 910 kQ | £200 50/0.063 34
1t0 6.8 MQ |£300
RC31 0402 10Qto1 MQ | <+200 50/0.063 34
Array ARC241 0233 5 10Qto1 MQ |<+200 50/0.062 45

110499 Q | <250

RCO2H | 1206 Ly 200/0.25 50
10Q101MQ | <+100

1021010 MQ | <200

1104.99 Q |<+250

Precision
TC100 RC12H 0805 1 bkl e 150/0.125 50
10Qto 1 MQ <+100
1 to 10 MQ | <£200 E24/96
1t04.99 Q |<£250
RC22H 0603 5.1t09.76 Q |<+200 50/0.063 50
10 Qto 1 MQ <+100
Precision RC02G 1206 ] 100 Qto 1 MQ <+50 200/0.25 50
TC50 RC12G 0805 100 Qto 1 MQ <+50 150/0.125 50
High precision RCO03G 1206 0.5 b=l 200/0.125 61

255Qto 1 MQ | <£50

1997 Mar 17 6
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Selection guide

TEMP.
SIZE | TOL. | RESISTANCE MAX.
APPLICATION TEE | cone| o i COEFF. | (v | SERES | PAGE
(x 10-/K)
- +0/—20 110499 Q |<t250
; or 511097.6Q |<+200 200/0.25 67
trimmable +0/-30
100Qto 1 MQ | <+100
0.05 10 0.075 Q | <+2000
0.082 t0 0.091 Q | <1500
LRCO1 1206
. 0.1100.147 Q| <+1000 | 0.25 72
low-ohmic
5 0.1510 0.392 Q | <4700
0410091 Q |<250
Applicati ifi ' E24
el L 110250 Q | <+200 200/0.125 78
fusible
0.020 to 0.033 Q | <+2000
5 | 0.033t00.060 Q| <+1000
— 0.060t00.1Q |<t700
1] 1218 011002Q |<t700 200/1 85
power
02t01Q  |<+250
5o0r1
11010Q |<+200
10Qto1 MQ | <+100
047101Q  |<t200
PRC202 | 121 1 200/1 E24 %
PR A8 | BT 1Qto 100 kQ | <50
o orecision MPCO1 1206 | | 10Qto100ka |[__ 1000125 | "~ | 104
il MPC11 | 0805 | 14 Q to 30 kQ 100/0.1 104
1997 Mar 17 7




Philips Components

Chip resistors

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

APPLICATIONS
DESCRIPTION

QUICK REFERENCE DATA
ORDERING INFORMATION
FUNCTIONAL DESCRIPTION
— Product characterization

— Limiting values
MECHANICAL DATA
— Mass

— Marking
— Outlines
e TESTS AND REQUIREMENTS

The chapters listed above are explained in this section
“General Introduction Chip resi stors”, with detailed
information in the relevant data sheet. Chapters
“Mounting” and “Packaging” are detailed in separate
sections.

DESCRIPTION

All types of chip resistors have a rectangular ceramic body.
The resistive element is a metal glaze film. The chips have
been trimmed to the required ohmic resistance by cutting
one or more grooves in the resistive layer. This process is
completely computer controlled and yields a high
reliability. The terminations are attached using either a
silver dipping method or by applying nickel terminations
which are covered with lead/tin.

The resistive layer is coated with a coloured protective
layer. This protective layer provides electrical, mechanical
and/or environmental protection - also against soldering
flux and cleaning solvents, in accordance with
“MIL-STD-202E”, method 215 and “/EC 68-2-45".

ORDERING INFORMATION

Resistors are ordered by their ordering code, a 12-digit
number. In general, the packaging method and resistance
code are integral parts of this number.

1996 Nov 15

Exceptions to this rule are customer/application specific
resistors that are not included in our standard series, such
as higher ohmic values and non-standard values.

FUNCTIONAL DESCRIPTION

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

The limiting voltage (DC or RMS) is the maximum
voltage that may be continuously applied to the resistor
element, see “IEC publications 115-8".

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.

In the normal operating temperature range of chip
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
dependent on the heat conductivity of the materials used
(including the PCB), the way of mounting and the
dimensions of the resistor. The sum of the temperature
rise and the ambient temperature is:

Tm=Tamp + AT
where:
Tm = hot-spot temperature
Tamp = ambient temperature
AT = temperature rise at hot-spot.

The stability of a chip resistor during endurance tests is
mainly determined by the hot-spot temperature and the
resistive materials used.

Summarizing

DESCRIPTION

Dimensions, conductance of
materials and mounting determine

RELATIONSHIP
heat resistance

Heat resistance x dissipation gives

Temperature rise + ambient
temperature give

temperature rise

hot-spot
temperature
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Performance

When specifying the performance of a resistor, the
dissipation is given as a function of the hot-spot
temperature, with the ambient temperature as a
parameter.

From AT = Ax P and Tr, = Tamp + AT it follows that:
Tm B Tamb
A

If P is plotted against Ty, for a constant value of A, parallel
straight lines are obtained for different values of the
ambient temperature. The slope of these lines,

apF _ 1
aT,, A
is the reciprocal of the heat resistance and is the
characteristic for the resistor and its environment.

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
(x1079/K).

EXAMPLE

If the temperature coefficient of a resistor of Rpom = 1 kQ
between -55 °C and +155 °C is 200 x 10-6/K, its
resistance will be,

at 25 °C:

1000 Q (nominal = rated value)

at +155 °C:

1000 Q (130 x 200 x 10-6) x 1000 Q
=1026 Q or 974 Q

at -55 °C:

1000 Q £(80 x 200 x 107%) x 1000 Q
=1016 Qor 984 Q

If the temperature coefficient is specified as <200 x 10-6/K
the resistance will be within the shaded area as shown in
Fig.1.

+2.6%

+1.6%

Rnom

-1.6%

-2.6%

MGA208

Fig.1 Temperature coefficient.

1996 Nov 15
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Noise

Most resistors generate noise due to the passage of
current through the resistor. This noise is dependent on
the amount of current, the resistive material and the
physical construction of the resistor. The physical
construction is partly influenced by the laser trimming
process which cuts a groove in the resistive material.
Typical current noise levels are shown in Fig.2.

MGA212
) 12 ] I
noise =
level ],_s_peg l_evEI 4
) |
v/ 8 t
t
!
} //
4 H
- v
}
St = e ey YT RO OO
110 100 1k 10k 100k 1M 10M
R(Q)
RC02
Fig.2 Typical noise levels as a function
of rated resistance.

Frequency behaviour

Resistors in general are designed to function according to
ohmic laws. This is basically true of rectangular chip
resistors for frequencies up to 100 kHz. At higher
frequencies, the capacitance of the terminations and the
inductance of the resistive path length begin to have an
effect.

1996 Nov 15
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Basically, chip resistors can be represented by an ideal
resistor switched in series with a coil and both switched
parallel to a capacitor. The values of the capacitance and
inductance are mainly determined by the dimensions of
the terminations and the conductive path length. The
trimming pattern has a negligible influence on the
inductance as the path length is not influenced. Also, its
influence on the capacitance is negligible as the total
capacitance is largely determined by the terminations.

The environment surrounding chips (e.g. landing paths,
nearby tracks and the material of the printed-circuit board)
has a large influence on the behaviour of the chip on the
printed-circuit board.

Typical values of capacitance and inductance

CHIP PROPERTIES

QUANTITY THIN FILM THICK FILM

1206

R <1kQ Gsba

1206 0805

Capacitance | 0.05 pF 0.05 pF | 0.09 pF | 0.05 pF

Inductance |2 nH 2nH 1nH 0.4 nH

MLB715

Fig.3 Equivalent circuit.




Philips Components

Chip resistors General Introduction
20 MLB716
1ZI
R
1.6
/
Rh=1Q Rp=10Q /
iB y /
__// Rn=1000Q |
08 [ s \\ \\
N Rn=1MQ \\Rn= 00 kQ N Rp =10 kQ N Rp=1kQ
N
. NN N h ™
N \\\ NN N
. \\ '\\\__ i \\~___J__
108 107 108 10° f (H2) 1010
Size 0603

Fig.4 Impedance as a function of frequency for a chip resistor.
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Fig.5 Phase shift as a function of frequency for a chip resistor.
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Fig.6 Impedance as a function of frequency for a chip resistor.
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Fig.7 Phase shift as a function of frequency for a chip resistor.
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Fig.8 Impedance as a function of frequency for a chip resistor.
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Fig.9 Phase shift as a function of frequency for a chip resistor.
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PULSE-LOAD BEHAVIOUR With this test, it can be determined at which applied
voltage the resistive value changes about 0.5% of its

The load, due to a single pulse at which chip resistors fail nominal value under the above mentioned pulse

by going open circuit, is determined by shape and time.

A standard way to establish pulse load limits is shown in resistors. If applied regularly the load is destructive,

conditions. Figure 10 shows test results for the RC02 chip

Table 1. therefore the load must not be applied regularly during the
Table 1 Pulse load limi load life of the resistors. However, the magnitude of a
anie tise lgad fmits pulse at which failure occurs is of little practical value. The
PARAMETER VALUE UNIT maximum ‘single-pulse’ load that may be applied in a
I ined i imi .
T mp— 50 1o 700 i regular way can be determined in a similar manner
Repetition time 1210 25 s
Amount of pulses 5t0 10
104 MBC187
Vmax
(V)
50 us
3
10 T
A1
A A
102 '{/ 7
///,
107 al
10
10 102 108 104 108 108 Ry@ 107
RCO02
Fig.10 Maximum permissible peak pulse voltage (Vmax) Without failing to ‘open circuit’
in accordance with DIN IEC 40 (CO) 5383.
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103 MmBC188
Pmax
w)
102
—|—
10 T single pulse
i
—— tp/tj=1000 S
]| =
—— || e SR ot
1 ™ et T~ b
repetitive pulse =
107! -6 -5 -4 -3 -2 ~
10 10 10 10 10 10 1 (9) 1
RC02G
Fig.11 Pulse on a regular basis; maximum permissible peak pulse power (P4, as a function
of pulse duration for R < 10 kQ, single pulse and repetitive pulse t,/tj = 1000.
600 MBD586
A
Vmax
V)
400 Sy
\\
NN
\\\§
200 ==
. -6 -5 -4 -3 -2 -1
10 10 10 10 10 10 4 () 1
RCO02

Fig.12 Pulse on a regular basis; maximum permissible peak pulse voltage (Vax) @s a function
of pulse duration (t)).
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Definitions of pulses
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.

The dashed line in Fig.11 shows the observed maximum
load for the RC02G chip resistors under single-pulse
loading.

More usually, the resistor must withstand a continuous
train of pulses of repetition time ‘ty’ 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 reduces the
maximum handling capability.

The continuous pulse train maximum handling capacity of
chip resistors has been determined experimentally.
Measurements have shown that the handling capacity
varies with the resistive value applied.

However, maximum peak pulse voltages as indicated in
Fig.12, should not be exceeded.

1996 Nov 15
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Determination of pulse-load

The graphs in Figs 11 and 12 may be used to determine
the maximum pulse-load for a resistor.

e For repetitive rectangular pulses:

~ 2

R
the solid lines of Fig.11 for the applicable value of t;
and duty cycle ty/t;.

must be lower than the value of Ppay given by

— V; must be lower than the value of Vimay given in
Fig.12 for the applicable value of t;.

e For repetitive exponential pulses:
— As for rectangular pulses, except that tj = 0.5 7.
e For single rectangular pulses:

~ 2

R
line of Fig.11 for the applicable value of t;.

must be lower than the Ppax given by the dashed

— V; must be lower than the value of Vimay given in
Fig.12 for the applicable value of t;.
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Definition of symbols (see Figs 11, 12, 13 and 14)

SYMBOL DESCRIPTION

applied peak pulse power

p maximum permissible peak pulse power
max (Fig.11)

o

Vi applied peak pulse voltage (Figs 13 and 14)

v maximum permissible peak pulse voltage
. (Fig.12)

Rnom nominal resistance value

t; pulse duration (rectangular pulses)

to pulse repetition time

£ time constant (exponential pulses)

Tamb ambient temperature

Tt ma_ximum hot-spot temperature of the
resistor

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=10V; t;=10"5s;t, = 102s.

Therefore:

N 2 t -2

=10 _ywand® =19 _ 1000
100 t; 10—5

t 5
Fort;=105sand t—p = 1000, Fig.11 gives Ppax=2W
and Fig.12 gives \7m|ax =400 V. As the operating
conditions P =1 W and V; =10 V are lower than these

limiting values, this resistor may be safely used.

SINGLE PULSE
A 10 kQ resistor is required to operate under the following
conditions: Vi =250 V; tj=105s.

Therefore:
2
- 250"
Prag= 10000 = 6.25 W

The dashed curve of Fig.11 shows that at ;= 105 s, the
permissible Pmay = 10 W and Fig.12 shows a permissible

Vrmax 0f 400 V, so this resistor may be used.

1996 Nov 15
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<—ip—>

Fig.13 Rectangular pulses.

MGA207

Fig.14 Exponential pulses.
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MECHANICAL DATA

Outlines

’4——{%

For dimensions see Table 2.

Fig.15 Component outline.

protective coat
resistor layer
inner electrode

end termination

ceramic substrate

protective coat

MBC695

Table 2 Chip resistor type; USA case size code; mass per 100 units and relevant physical dimensions; see Fig.15

TYPE USA L w T MASS
SIZE CODE (mm) (mm) (mm) (9)
RCO... 1206 3.2 1.6 0.6 1.0
RC1.. 0805 2.0 1.25 0.6 0.55
RC2.. 0603 1.6 0.8 0.45 0.25
RC3. 0402 1.0 0.5 0.35 0.052
Marking Table 3 Resistance value indication
Wherever possible chip resistors are provided with a INDICATOR TOL. > +2% TOL. <+1%
resistance code; see Table 3. The resistance code = ~
includes the first two or three significant digits of the 0 - Rl
resistance value (in ohms) followed by the number of zeros Rt 1t1091Q 110976 Q
to follow. Whether two or three significant values are 1 100 t0 910 Q 110 9.76 kQ
represented depends on the tolerance: 2 1t09.1 kQ 10 to 97.6 kQ
* +5% requires two digits 3 10 to 91 kQ 100 to 976 kQ
e +2% tolerance may be marked with two or three digits 4 100 to 910 kQ 1 MQ
¢ +1% and lower requires three digits. 5 110 9.1 MQ -
6 10 MQ -
Note

1996 Nov 15

1. R denotes the decimal point.
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TESTS AND PROCEDURES

To guarantee zero defect production standards, Statistical
Process Control is an essential part of our production
processes. Furthermore, our production process is
operating in accordance with /SO 9000".

Essentially all tests on resistors are carried out in
accordance with the schedule of “/EC publication 115-1"

in the specified climatic category and in accordance with
IEC publication 68, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components”. In some instances deviations from the IEC
recommendations are made.

Tests and their requirements are described in detail in the
data sheets.

MGA210

1c 300 ,
(1678/K) 200 spec. level

. I I N S

100 >

0

-100

spec. level s |

200 m————+——

110 100 tk 10k 100k 1M 10M
R(Q)

a. RCO1.

MGA211
e =
_______________ —
(10°8/K) 49 spec. level
20 WMV
0
_ A
20 o
-40 spec. level
_60 I N T i T L \IIIIII! - T
100 1k 10k 100k M
R(Q)
b. RC02G.

Fig.16 Typical temperature coefficients between the lower and upper category temperatures.
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MGA214
12
Y e i Tspec level || ]
04
7777"\ e
5 77
(7224
04
08 T T [speclevel T |
_1.2 Lol Lo Ll L 11 Lo 11
110 100 1k 10k 100k 1M 10M
R(Q)
a. RCO1.

MGA215
0.3
AR @ ———— e — —
R o2 spec. level
%
( 0) 0.1 /W /;; .
0 7
s,
Y, A (]
-02 spec. level
—0al— vl vl v vl
100 1k 10k 100k M
R
b. RC02G.

Fig.17 Typical percentage change in resistance after soldering for 10 seconds at 260 °C, completely immersed.

RC02G

MGA213
12 [
noise ‘
level ]
uv }
v/ 8 f
spec. level t
,______1
t
4 .
T —___l /
i //
e |
E—rrrrrmt—rrrrnl oo il @ @ i
0
100 1k 10k 100k M
R ()

Fig.18 Typical noise level as a function of rated resistance measured using Quantech - equipment.
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MGA216 12 MGA217
AR, AR L] _—_——
R ‘ R 08 spec. level
(%) | spec. level | (%)
| 0.4
0 Ers 0
PP I msess s bhil
- -04
spec. level
-2 R S — L —
L1l I T T T 77 O N V1| W 712 L1 L Y A E S (O L L1
110 100 1k 10k 100k 1M 10M 100 1k 10k 100k M
R(Q) R(Q)
a. RCO1. b. RCO2G.
Fig.19 Typical percentage change in resistance after 56 days at 40 °C and
90 to 95% relative humidity loaded with Ppom.
MGA218 MGA219
1.2 0.6
AR s, e MU e B (R AR i s s it o el
i 08 spec. level R 04 spec. level
(%) (%
Y A T i 0.2
// >
0 0
-04 - 0.2 55555 i
-08 spec. level A __|spec.levell |
ol vl vl il vl i 4 ol vl il
1 10 100 1k 10k 100k 1M 10M 100 1k 10k 100k M
R (Q) R(Q)
a. RCO1. b. RC02G.
Fig.20 Typical percentage change in resistance after 1000 hours
loaded with P, at 70 °C ambient temperature.
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MOUNTING

Due to their rectangular shape and small dimensional
tolerances, Surface Mounted Resistors are suitable for
handling by automatic placement systems. Chip
placement can be on ceramic substrates and
printed-circuit boards (PCBs). Electrical connection to the
circuit is by wave, vapour phase or infrared soldering. The
end terminations guarantee a reliable contact and the
protective coating enables ‘face down’ mounting.

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.

The hot-spot temperature depends on the ambient
temperature and the dissipated power. This is described in
the data sheets under the chapter heading “Functional
description”.

The hot-spot temperature is important for mounting
because the connections to the chip resistors will reach a
temperature close to the hot-spot temperature.Heat
conducted by the connections must not reach the melting

point of the solder at the joints. Therefore a maximum
solder joint temperature of 110 °C is advised.

The ambient temperature on large or very dense
printed-circuit boards (PCBs) is influenced by the
dissipated power. The ambient temperature will again
influence the hot-spot temperature. Therefore, the packing
density that is allowed on the PCB is influenced by the
dissipated power.

Example of mounting effects

Assume that the maximum temperature of a PCB is 95 °C
and the ambient temperature is 50 °C. In this case the
maximum temperature rise that may be allowed is 45 °C.
In the graph (see Fig.1), this point is found by drawing the
line from point A (PCB = 95 °C) to point B (Tamp = 50 °C)
and from here to the left axis.

To find the maximum packing density, this horizontal line
is extended until it intersects with the curve,

0.125 W (point C). The maximum packing density,

19 units/50 x 50 mm?2 (point D), is found on the horizontal
axis.

0.25 W 0.125 W MBC739
150
AT (°C)
o Fi 0.0625 W
100 / 50
i AL
/ ay,
50 // = B 100 g
s
A / qé"
v rd
] /// g
/ ,.// | 2
— [~ | g
0 150
1 1o D 102 50 A 100 ©c) 150
mounting density (units/50x50 mm2) PCB temperature (normally around 100 °C)
Fig.1 PCB temperature as a function of applied power, mounting density and ambient temperature.
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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
(Ths) of the resistor in relation to the ambient temperature
(Tampb) and the load (P) of the resistor, as follows:

Ths = Tamb + P x Rin

Due to their direct contact with the solder spot, chip
resistors dissipate over 85% of their heat via conduction to
the solder spot and hence to the PCB. Thus the PCB on
which the chip resistor is mounted functions as a heat sink.
Different PCBs have different heat conductance. Figure 2
shows the different values of heat resistance per material
type. Substrates with a higher heat conductance give
lower thermal resistance figures; substrates with a lower
heat conductance give higher thermal resistance figures.

It should be noted that the temperature of the terminations
of the chip resistor is virtually the same as the hot-spot
temperature. Therefore the power that may be dissipated
by the resistor is dependent on:

Tamb (Which is also dependent on the packing density)
Ry of the PCB
maximum solder spot temperature (generally 110 °C).

1996 Nov 15
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MGA205

L O O D
10 5

;I I A I I |
10

resistor
d (mm)

Fig.2 Heat resistance for 1206 sized resistors
as a function of distance and material.

MGC999

60

AT
(K)

50

40

30 A

20 7

10 /

025 0.3
P (W)

(1) For size 0603: Ry, = 400 K/W.
(2) For size 0805: Ry, = 250 K/W.
(38) For size 1206: Ry, = 200 K/W.

Fig.3 Hot-spot temperature rise (AT) as a
function of dissipated power.
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FOOTPRINT DIMENSIONS
e e e s e i e, et - solder land /
!_ ————— / // solder paste
| [ B B A pattern
oo I So%e
( oo e be
! oo I So% =
f RS 8
| KX B S |7 7" 7] solder resist
i | ool @ pattern
| | < B g e
%% I %% 2
Y KX 2
! | K KY =)
oo I 2% £
| | sl E  —-—
[ P — © occupied area
S s L__J
] B
L
£
[} B E
A % g g tracks
B a MBG628

For dimensions see Tables 1 and 2.

E AVAILABLE AREA FOR TRACKS

underneath the CHIP

Fig.4 Recommended dimensions of footprints.

Table 1 Reflow soldering; for dimensions see also Fig.4
FOOTPRINT DIMENSIONS PLACEMENT
(f‘c'JZDEE (mm) PROCESSING REMARKS ACCURACY
A B G D E F G (mm)
0402 1.50| 0.50| 0.50| 0.60| 0.10| 1.75| 0.95 +0.15
0603 2.1 0.7 0.7 0.9 026| 25 1.5 +0.15
0603 2.1 0.5 0.8 0.9 0.0 25 1.4 IR or hot plate soldering +0.25
0805 2.6 0.9 085| 14 0.5 3.0 2.1 +0.25
1206 38 2.0 0.9 1.8 1.4 4.2 2.5 £0.25
Table 2 Wave soldering (no dummy tracks allowed for the high voltage series); for dimensions see also Fig.4
FOOTPRINT DIMENSIONS PROPOSED NUMBER AND
SIZE (mm) DIMENSIONS OF DUMMY :I?gfxfgg
CODE TRACKS
A B G D E F G (mm) (mm)
0603 25 1.1 0.7 0.8 0.3 3.0 1.7 1x(0.3x0.8) +0.15
0603 27 0.9 0.9 0.8 0.15| 3.2 1.9 1x(0.15x0.8) +0.25
0805 3.3 1.3 1.0 1.3 0.7 3.9 2.4 1x(0.3x1.3) #0:25
1206 4.5 25 1.0 17 125| 5:0 2.8 3x(0.25x1.7) +0.25
1218 4.4 1.9 125| 438 1.3 4.6 56 - +0.25
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SOLDERING CONDITIONS

The robust construction of chip resistors allows them to be completely immersed in a solder bath of 260 °C for one
minute. Therefore, it is possible to mount Surface Mounted Resistors on one side of a PCB and other discrete
components on the reverse (mixed PCBs).

Surface Mounted Resistors are tested for solderability at 235 °C during 2 seconds. The test condition for no leaching is
260 °C for 60 seconds. Typical examples of soldering processes that provide reliable joints without any damage, are
given in Figs 5,6 and 7.

300

10§ |- MLA859

0 50 100 150 200 250
t(s)

Typical values (solid line).
Process limits (dotted lines).

Fig.5 Infrared soldering.
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300

(°C)

N
@
=}

n
o
=}

@
=]

Q
o

MLABET

- second wave

firstwave — ~5Kis

- ~2Kls
~200K/s

100°C to 130°C

forced
cooling

Typical values (solid line).
Process limits (dotted line).

0 T T T ]
0 50 100 150 200 t(s) 250
Typical values (solid line).
Process limits (dotted lines).
The resistors may be soldered twice in accordance with this method if desired.
Fig.6 Double wave soldering.
300 -
T ] MLAS60
(C)
250 - 20t040s
, e
g RN | o
200
- RS S
150
1 130 °C
- external preheating
B 100 °C
IpEEEeEE T
| internal preheating,
N e.g. by infrared,
50 | max. 2 K/s
0
0 50 100 150 200 250

Fig.7 Vapour phase soldering.
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PACKAGING

Tape and reel specifications

All tape and reel specifications are in accordance with the
second edition of “/EC 286-3". Basic dimensions are given

in Figs 1,2 and 4, and Tables 1, 2 and 4.

Cardboard tape

Packaging

Peel-off force

Peel-off forces of both cardboard and blister tapes are in
accordance with “/EC 286-3”; thatis, 0.1 Nt0o 0.7 N ata
peel-off speed of 120 mm/minute and 0.2 Nto 1.0 N ata
peel-off speed of 300 mm/minute. For both speeds, the
peel-off angle should be between 165° and 180°.

!

—!

<—~P0—>‘

o[> |
1

Cumulative tolerance over 10 holes: +0.2 mm.
Bottom fixing tape thickness: 50 £10 um.

Top fixing tape thickness: 50 +10 um.

For dimensions see Table 1.

Carrier tape thickness:
0.6 £0.05 mm (0402, 0603)
0.75 +0.05 mm (1206; 0805).

Fig.1 Cardboard tape.

MBD123

Table 1 Dimensions of cardboard tape for relevant chip size; see Fig.1

PRODUCT SIZE CODE
SYMBOL 0402 0603 0805 1206 UNIT
SIZE TOL. SIZE TOL. SIZE TOL. SIZE TOL.
Ao 0.70 +0.05 1.0 +0.2/-0 1.5 +0.2/-0 1.85 +0.2/-0 mm
Bo 1.20 +0.05 1.8 +0.2/-0 2.25 +0.2/-0 3.45 +0.2/-0 mm
W 8 +0.2 8 +0.3 8 +0.3 8 +0.3 mm
E 1.756 0.1 1.756 0.1 1.75 0.1 1.75 +0.1 mm
5 3.5 +0.05 35 +0.05 3.5 +0.05 3.5 +0.05 mm
Do 1.5 +0.1/-0 1.5 +0.1/-0 1.5 +0.1/-0 1.5 +0.1/-0 mm
Po 4 0.1 4 +0.1 4 +0.1 4 +0.1 mm
P4 2 0.1 - 0.1 4 0.1 4 0.1 mm
P2 20r0 +0.05 2 +0.05 2 +0.05 2 +0.05 mm
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Embossed carrier tape ¢ Because the carrier tape is made of polycarbonate, a
homogeneous material (mono-plastic), itis ideally suited

ENVIRONMENTAL CONSIDERATIONS for recycling

* Cover tape, carrier tape and reel do not contain » Compared to other PVC-free materials polycarbonate
environmentally-harmful PVC materials. shows excellent stiffness and very little deformation with
e Tape and reel are antistatic. temperature.
Ko = \¢ Po —
T = P2 -+ \

! F

w
|
= @ = @ - +—Bo
J

cover tape

bl

SRR .

MBG516

T1’L— - AO - - <—D1

> Ts Li Py —
Cumulative pitch error: 0.2 mm over 10 pitches. direction of unreeling
Cumulative tolerance over 10 holes: £0.2 mm. -

Ko chosen so that the orientation of the component cannot change.
For W =8 mm: T = 2.5 mm max.
For W =12 mm: T, = 4.5 mm max.
For dimensions see Table 2.
Fig.2 Embossed carrier tape.

Table 2 Dimensions of embossed carrier tape for relevant chip size; see Fig.2

PRODUCT SIZE CODE
SYMBOL TOLERANCE UNIT
0805 1206 1218
Ao nominal clearance; note 1 0.30 - mm
By nominal clearance; note 1 0.20 - mm
Ko minimum clearance; note 1 0.10 - mm
W 8.1 8.1 12 +0.2 mm
E 175 1.75 1.75 +0.1 mm
F 3.5 3.5 5.5 +0.05 mm
Do 1.5 1.5 1.5 +0.1/-0.0 mm
D4 >1 >1 >1.5 +0.1/-0.0 mm
Pg; note 2 4 4 4 0.1 mm
P4 4 4 8 0.1 mm
P, 2 2 2 +0.05 mm
Notes

1. Possible product displacement in pocket.
2. Pg pitch tolerance over any 10 pitches is £0.2 mm.
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Leader/trailer tape specification

leader end

cover tape only
trailer end empty compartments

with cover tape 120+ 40 mm

S = T T S

L—‘ trailer (max. 260 mm) ———J ’

leader = 400 mm
MEAS29 - 2

Fig.3 Leader/trailer tape.

Table 3 Leader/trailer tape data

DESCRIPTION VALUE

Minimum length of empty compartments at leader end | 2400 mm of which a minimum 240 mm of empty

compartments are covered with cover tape and 120 £40 mm
cover tape only.

Minimum length of empty compartments at trailer end | 208 mm or 260 mm; if the length is 260 mm an extra product
is placed at 208 mm to mark this position
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REEL SPECIFICATIONS

—— W2 -
205 —-I— 12.75*3‘5 N A
I 5
| MSA284
~>W 1 -
Dimensions in mm.
For reel dimensions see Table 4.
Fig.4 Reel.
Table 4 Reel dimensions; see Fig.4
PRODUCT SIZE UNITS TAPE WIDTH A N Wi MVI%(
CODE PER REEL (mm) (mm) (mm) (mm) (mm)-
0402 10000 180
20000 330
8 8.4 +1.5/-0.0 14.4
1206; 0603; 0805 10000 250
62 £1.5
5000 180
1000 180
1218 12 12.4 +2/-0.0 18.4
5000 260
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BULK CASE SPECIFICATION

Features and benefits:
e Reduced costs

— Storage
— Transport
— Machine handling
— Packaging.
slider shutter
coupled
portion
A
|
AN
For dimensions see Table 5.
Fig.5 Bulk case outline.
Table 5 Bulk case dimensions; see Fig.5
LENGTH WIDTH THICKNESS
(mm) (mm) (mm)
110 35 L
Table 6 Product size versus packaged quantity
PRODUCT SIZE CODE UNITS PER CASE
0402 100000
0603 25000
0805 10000
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Philips Components

Product specification

Standard chip resistors

sizes 1206, 0805, 0603 and 0402
S R S S R e o S R R e S R D 0 SR Ve g

FEATURES

e Low assembly costs

¢ High component and equipment
reliability

e Excellent performance at high
frequency, especially the RC31

e Complete standard SMD family.

APPLICATIONS

o All general purpose applications.

QUICK REFERENCE DATA

DESCRIPTION

The resistors are constructed on a
high grade ceramic body (aluminium
oxide). Internal metal electrodes are
added at each end and connected by
a resistive paste which is applied to
the top surface of the substrate. The
composition of the paste is adjusted
to give the approximate resistance
required and the value is trimmed to
within tolerance, by laser cutting of
this resistive layer.

RC01/11/21/31

The resistive layer is covered with a
protective coat and printed with the
resistance value. Finally, the two
external end terminations are added.
For ease of soldering the outer

layer of these end terminations is a
lead/tin alloy.

VALUE
DESCRIPTION
RCO1 RC11 RC21 RC31()
Size code 1206 (3216) 0805 (2012) 0603 (1608) 0402(1005)
Resistance range 1Qto 10 MQ 10 Qto 1 MQ
Resistance tolerance and E-series +5%, +2%; E24 series
Temperature coefficient: <4200 x 10-6/K
1Q<R<5Q <#250 x 1076/K
5Q<R<10MQ <4200 x 109/K
Maximum dissipation at Tamp = 70 °C 0.25 W 0.125 W 0.063 W 0.063 W
Maximum permissible voltage 200y 153 ¥ ¢ Ry
(DC or RMS) | (DCorRMS) | (DC or RMS) (DC or RMS)
Climatic category (IEC 68) 55/155/56 55/125/56
Basic specification IEC 115-8
Stability after:
load, 1000 hours at Tymp = 70 °C: AR/R max.: £3.0% +0.1 Q
1Q<R<1MQ AR/R max.: £1.5% +0.1 Q
R>1MQ AR/R max.: +3.0% +0.1 Q
climatic tests: AR/R max.: £1.0% +0.1 Q
1Q<R<1TMQ AR/R max.: £1.5% +0.1 Q
R>1MQ AR/R max.: £3.0% +0.1 Q
resistance to soldering heat AR/R max.: +0.5% +0.05 Q AR/R max.: +1.0% +0.1 Q
short time overload AR/R max.: +1.0% +0.05 Q AR/R max.: £2.0% +0.1 Q

Note
1. Data for RC31 is preliminary.
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Standard chip resistors

. RCO01/11/21/31
sizes 1206, 0805, 0603 and 0402
ORDERING INFORMATION
Table 1 Ordering code indicating resistor type and packaging
ORDERING CODE 2322 ... .....
TOL. CARDBOARD TAPE ON REEL(") BULK CASE
TYPE (%)
= 5000 10000 20000 10000 25000 100000
units units units units units units
15 7111 615 711 51 7 & it 7 B - - -
RCO1
+2 711 41... - T 7 s - - -
RC11 +5 73061... 730 71... 730 81... 731 81... - -
42 730 31... - 730 41... 73151 - -
RC21 15 702 60... 702 70... 702 81... = 702 80... -
12 702 65... - 702 155 - 702 50... -
RC31 £5 - 70570... = = - 705 80...
Jumper 0 Q
RCO01(@ - 71191032 711 91005 711 92004 - - -
RC11@ = 730 91002 730 91003 730 92002 73191006 - =
RC21®) - 702 96001 702 97001 702 92002 - 702 91002 -
RC31(3) - - 70591001 - - - 705 91005
Notes
1. Embossed carrier tape available on request for types RC01 and RC11.
2. The jumper has a maximum resistance Rnax = 50 mQ and a rated current Ig = 2 A.
3. The jumper has a maximum resistance Rmax = 50 mQ and a rated current Ig = 1 A.
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 RC11 resistor,
ordering code starting with 2322 DECADE value 4700 Q with £2% tolerance,
« The subsequent 5 digits indicate 1109.76 Q 8 g‘a%%“ed.:’” Cardb?"‘_"d tape of
the resistor type and packaging; RIS PRt Tee;.ts:
see Table 1Typ s 1010 97.60Q 9 2322 730 31472.
- PP 100 to 976 Q 1
¢ The remaining 3 digits indicate the K
resistance value: 1109.76 kQ 2
— The first 2 digits indicate the 10970 K 3
resistance value. 100 to 976 kQ 4
— The last digit indicates the 1109.76 MQ 5
resistance decade in 10 MQ 6

accordance with Table 2.
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Standard chip resistors

. RC01/11/21/31
sizes 1206, 0805, 0603 and 0402
FUNCTIONAL DESCRIPTION DERATING
Product characterization The power that the resistor can dissipate depends on the operating

; temperature; see Fig.1.
Standard values of nominal P =g

resistance are taken from the
E24 series for resistors with a
tolerance of 5% or #2%. The values

of the E24 series are in accordance i
with “/EC publication 63”. L
5 |
. s max |
Limiting values (P o) |
LIMITING | LIMITING |
TYPE | VOLTAGE("Y | POWER 50 :
(\)) W) |
RC!
RCO1 200 0.25 | T
RC11 150 0.125 : = ——
RC21 0 T T } T } Y
50 0.063 -55 0 50 70 100 125 155
RC31
Tamb (Oc)

Note

1. This is the maximum voltage that
may be continuously applied to
the resistor element, see
“IEC publication 115-8".

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

PULSE LOADING CAPABILITIES

104 MBD641
A
Vmax
W)
1.2/50 us
10° 2
o - 10/700 us
i il
L1 L
L1
10° = =
mer
10
10 102 108 104 108 108 Ry @ 107
These pulses may not be applied on a regular basis.
Fig.2 Maximum permissible peak pulse voltage without failing to ‘open circuit’
in accordance with DIN IEC 40 (CO) 538 for type: RCO1.
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sizes 1206, 0805, 0603 and 0402 RCO1/11/21/31
104 MBD587
Omax
v)
2 1.2/50 ps
10
P 10/700 ps
LT P
g
102 -
10
10 102 108 104 105 108 Rr (@) 107

These pulses may not be applied on a regular basis.

Fig.3 Maximum permissible peak pulse voltage without failing to ‘open circuit’
in accordance with DIN IEC 40 (CO) 533 for type: RC11.

MBD5390
104
A
Vmax
(V)
3
10 1.2/50 ps
| |
—
ja— 10/700 us
B A
1 /
PS5
102
P
P
1010 102 108 104 10° 108 107
Rn (Q)

These pulses may not be applied on a regular basis.

Fig.4 Maximum permissible peak pulse voltage without failing to ‘open circuit’
in accordance with DIN IEC 40 (CO) 533 for type: RC21.
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Standard chip resistors

: RC01/11/21/31
sizes 1206, 0805, 0603 and 0402
103 MLB383
emax
(W)
102
10 it P single pulse
<] tp/ti = 1000 = <L
1 i bt
107"
1076 102 1074 1078 1072 107" ti(s) 1

Fig.5 Pulse on a regular basis for type: RC01; maximum permissible peak pulse power (Pa4) as a
function of pulse duration for R < 10 kQ, single pulse and repetitive pulse ty/ti = 1000.

MGA209

700

max
V)

<>

600

500

400 =

200

100

Fig.6 Pulse on a regular basis for type: RC01; maximum permissible peak pulse voltage (V) as a
function of pulse duration.
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Standard chip resistors
sizes 1206, 0805, 0603 and 0402 RCO01/11/21/31

MBD588

103
A
Pmax
(W)
102
10 single pulse
T/t =1000 Tl
L] —
M — | e Lo |
1 — i
=
\~~
g
107! -6 -5 4 3 =2 =1
10 10 10 10 10 10 t; (s) 1

Fig.7 Pulse on a regular basis for type: RC11; maximum permissible peak pulse power (Ppay) as a
function of pulse duration for R < 10 kQ, single pulse and repetitive pulse ty/ti = 1000.

MLB722

600

A
Vmax
V)

400

200

1076 1072 107 1073 1072 107" t (s) 1

Fig.8 Pulse on a regular basis for type: RC11; maximum permissible peak pulse voltage (Vimax) @s @
function of pulse duration.
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Standard chip resistors

. RC01/11/21/31
sizes 1206, 0805, 0603 and 0402
102 MBD591
6l'ﬂaX
(W)
10
=
i | i —
BN ==
T tp/tj =1000 e
el T
— SR =~
\\\§
107" o
jor2
1078 1075 1074 1073 1072 107"

Fig.9 Pulse on aregular basis for type: RC21; maximum permissible peak pulse power (P .4) as a
function of pulse duration for R < 10 kQ, single pulse and repetitive pulse t/t = 1000.

MBD592
300
A
Vmax
v)
200
|
~
\\
N
100 ~J ‘
\\\~ |
| L] |
10~ 1073 1074 1073 1072 107" 1

Fig.10 Pulse on a regular basis for type: RC21; maximum permissible peak pulse voltage (Vpay) as a
function of pulse duration.
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Standard chip resistors

sizes 1206, 0805, 0603 and 0402 RC01/11/21/31

MECHANICAL DATA Outlines
Mass per 100 units
MASS protective coat
TYPE !
(g) resistor layer
RCO1 10 A e NN nner slectrode
i
RC11 0.55 N — end termination
Ny =
RC21 0.25 \ ceramic substrate
!ty e
RC31 0.052 protective coat
>t - «
| t i marking
—— SRy
Each resistor, except RC31, is B R SRR
; - e rataten!
marked with a three digit code NI oot tatetl
; - w BSRRS G 5 AR
(occasionally four digit) on the Seleieteletotetets RodiosodRetolotetetetosete!
i i H R XX XXX RO RRKRRIXR]
protective coating to designate the o satesa ot totetotetotetotetatesatetatoretotetotatotesol
i i B R R RRS]
B IR B R
R RRRRRRIIIIILLKXLXLRK] MEED
3-DIGIT MARKING L
Forvalues upto 91 Qthe Ris used as
a decimal pomt.. For vglges of 100 Q T T—
or greater the first 2 digits are
significant, the third indicates the Fig.11 Outlines
number of zeros to follow.
Example Table 3 Chip resistor types and relevant physical dimensions; see Fig.11
MARKING RESISTANCE TYPE L w T t t
2R 20 (mm) (mm) (mm) (mm) (mm)
3.20
823 82 kQ RCO1 1.60£0.15 | 0.55+0.10 | 0.45+0.25 | 0.50 +0.25
+0.10/-0.20
4-DIGIT MARKING RC11 2.00+0.15 | 1.25+0.15 | 0.55+0.10 | 0.40+0.20 | 0.40 £0.20
For values up to 976 Q the Risused | RC21 | 1.60 £0.10 0 105'?00 05 | 0-4540.10 | 0.30+0.20 | 0.30 +0.20
as a decimal point. For values of 1 kQ sl i
or greater the first 3 digits are RC31 | 1.00+0.05 | 0.50+0.05 | 0.35+0.05 | 0.20+0.10 | 0.25+0.10

significant, the fourth indicates the
number of zeros to follow.

Example
MARKING RESISTANCE
12R0 12Q
8202 82 kQ

The packaging is also marked and
includes resistance value, tolerance,
TC value, catalogue number,
quantity, production period, batch
number and source code.
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Product specification

Philips Components

Standard chip resistors

RCO01/11/21/31

1206, 0805, 0603 and 0402

Sizes
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Product specification

Philips Components

Standard chip resistors

RCO01/11/21/31

sizes 1206, 0805, 0603 and 0402
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Philips Components

Product specification

Array chip resistor

ARC241

FEATURES

e Four resistors in one 1206-sized
package

e Low assembly costs
¢ Reduced size of final equipment.

APPLICATIONS

e Computers

e Microcomputer driven applications:

— Portable radio
— CD and cassette players

Car telephones
— Camcorders, etc.

DESCRIPTION

The resistors are constructed on a
high grade ceramic body (aluminium
oxide). Internal metal electrodes are
added at each end and connected by
a resistive paste which is applied to
the top surface of the substrate. The
composition of the paste is adjusted
to give the approximate resistance
required and the value is trimmed to
within tolerance, by laser cutting of
this resistive layer.

The resistive layer is covered with a
protective coating and printed with the
resistance value. Finally, external end
terminations are added. For ease of
soldering the outer layer of these end
terminations is a lead/tin alloy.

1996 April 12

QUICK REFERENCE DATA

DESCRIPTION VALUE
Resistance range 10 Qto 1 MQ
Resistance tolerance and E-series +5%; E24 series
Temperature coefficient <+200 x 1078/K
Absolute maximum dissipation at Tamp = 70 °C | 0.062 W
Maximum permissible voltage 50 V (DC or RMS)
Climatic category (IEC 68) 55/125/56
Basic specification IEC 115-8
Stability after:
load, 1000 hours at Tamp = 70 °C AR/R max.: £2.0% +0.1 Q
climatic tests AR/R max.: £3.0% +0.1 Q
resistance to soldering heat AR/R max.: £0.5% +0.05 Q
short time overload AR/R max.: £1.0% +0.05 Q

ORDERING INFORMATION
Table 1

Ordering code indicating resistor type and packaging

ORDERING CODE 2350 03. .....
TYPE CARDBOARD TAPE ON REEL
5000 units
ARC241 410...
Jumper 0 Q
ARC241; note 1 491001

Note

1. The jumper has a maximum resistance Rnax = 50 mQ and

arated current Ig =1 A.

Ordering code (12NC)

e The resistors have a 12-digit
ordering code starting with
2350 03.

The subsequent three 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.

Table 2 Last digit of 12NC

RESISTANCE LAST DIGIT
10t0 91 Q
100 t0 910 Q
1109.1 kQ
10 to 91 kQ

100 to 910 k2
1 MQ

||| —=]|©

ORDERING EXAMPLE

The ordering code of an ARC241
resistor, value 100 Q, supplied on
cardboard tape of 5000 units per reel
is: 2350 034 10101.




Philips Components

Product specification

Array chip resistor

ARC241

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 63”.

Limiting values

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

ARC241 50 0.062

Note

1. This is the maximum voltage that
may be continuously applied to
the resistor element, see
“IEC publication 115-8".
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DERATING

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

P MLB206
max

(%Prated)
100

|

|

|

|

|
50 ;

|

|

|

|

|
0 T T T T ¥
=55 0 50 70 100 125
Tamb(oc)

Fig.1 Maximum dissipation (Pmax) in percentage of rated power
as a function of the ambient temperature (Tamp)-
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Philips Components Product specification

Array chip resistor ARC241
MECHANICAL DATA Outlines
Mass per 100 units
TYPE MASS
(9)
ARC241 1.1
Marking
All resistors are marked with a three
digit code on the protective coat to
designate the nominal resistance Details of cross section ‘a’ to ‘a:
value. . 1 = Substrate.
B B B B 2 = Protective layer.
3 = Resistor.
3-DIGIT MARKING 0= F<a <1 B iG 4 = Inner termination.
Forvalues upto 91 Qthe Ris used as Bl |- ¥ Se=Nickellayer.
a decimal point. For values of 100 Q coaoi c B=Outerermiration:
or greater the first 2 digits apply to the
resistance value and the fourth
indicates the number of zeros to For dimensions see Table 3.
follow.
Fig.2 Outlines.
Example
MARKING RESISTANCE Table 3 Physical dimensions; see Fig.2
12R 12Q SYMBOL VALUE TOL. UNIT
123 12kQ L 3.20 +0.20/-0.10 mm
124 120 kQ w 1.60 +0.20/-0.10 mm
000 Jumper T 0.60 +0.20 mm
A 0.60 +0.15 mm
PACKAGE MARKING
D (0.30) - mm
The packagi‘ng is also marked and B 0.35 +0.15 ==s
includes resistance value, tolerance, -
TC value, catalogue number, P £.59 $0.15 m
quantity, production period, batch E 0.50 +0.15 mm
number and source code. G 0.50 +0.15 mm
C 0.10 min. mm
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Philips Components

Product specification

Array chip resistor

ARC241

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “IEC publication 115-8", category 55/125/56
(rated temperature range —55 to +125 °C; damp heat, long
term, 56 days). The testing also covers the requirements
specified by EIA, EIAJ and JIS.

The tests are carried out in accordance with IEC
publication 68, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components”and under standard atmospheric conditions
according to “/EC 68-1”, 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 “/EC publications
115-8 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.

IEC IEC 68-2
115-8 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD
Tests in accordance with the schedule of IEC publication 115-8
4.41 visual no holes; clean surface;
examination no damage
442 dimensions gauge (mm) 0.40<T<0.80
(outline; 1.50 <W <1.80
see Fig.2) 31<L<34
4.5 resistance applied voltage (+0/-10%): R - Rnom: max. 5%
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 20 (Ta) resistance to unmounted chips; 10 s; 260 £5 °C no visual damage
EEE e AR/R max.: £0.5% +0.05 Q
4.29 45 (Xa) | component isopropyl alcohol or H,O followed by no visual damage
solvent brushing in accordance with “MIL 202 F”
resistance
417 20 (Ta) solderability unmounted chips completely immersed | good tinning (>95% covered);
for 2 £0.5 s in a solder bath at no visual damage
23545 °C
4.7 voltage proof on | maximum voltage (RMS) during no breakdown or flashover
insulation 1 minute metal block method
4.13 short time room temperature; P = 6.25 x Py,; AR/R max.: £1% +0.05 Q
overload 5:8(V 22 X Virax)
4.33 bending resistors mounted on a 90 mm glass no visual damage
epoxy resin PCB (FR4), bending: 5 m AR/R max.: +1% +0.05 Q

1996 April 12
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Philips Components

Product specification

Array chip resistor

ARC241

IEC IEC 68-2
115-8 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD
419 14 (Na) rapid change of | 30 minutes at LCT and no visual damage
temperature 30 minutes at UCT; 5 cycles AR/R max.: +0.5% +0.05 O
423 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
(acce_le_rated) AR/R max.: £1.5% +0.1 Q
remaining
cycles
4242 |3(Ca) damp heat 56 days; 40 °C; 90 to 95% RH; AR/R max.: £3% +0.1 Q
(steady state) loaded with 0.01 P,
(IEC) (IEC steps: 4 to 100 V)
4.25.1 endurance 1000 hours; loaded with Py, or Vyay; AR/R max.: 2% +0.1 Q
(at 70 °C) 1.5 hours on and 0.5 hours off
4.23.2 27 (Ba) endurance at 1000 hours; no load AR/R max.: £2% +0.1 Q
upper category
temperature
4.8.4.2 temperature at 20/LCT/20 °C and 20/UCT/20 °C <+200
coefficient (TC x 107%/K)

Other tests in accordance with IEC 11

5 clauses and IEC 68 test method

417 20 (Tb) solderability 8 hours steam or 16 hours 155 °C; good tinning (295% covered);
(after ageing) unmounted chips completely immersed | no damage
for 2 £0.5 s in a solder bath at
235+5°C
4.6.1.1 insulation voltage (DC) after 1 minute, Rins min.: 104 MQ
resistance metal block method: 10 V
4.12 noise |IEC publication 195 R <1K; max. 1 uV/V

(measured with Quantech - equipment)

R < 10 K; max. 3 uvV/v
R < 100 K; max. 6 pV/V
R <1 M; max. 10 uv/VvV

Other applicable tests

(JIS) moisture load 1000 hours; +60 °C; 90 to 95% RH; AR/R max.: £3% +0.1 Q
loaded with P, or Vimax
1.5 hours on and 0.5 hours off
leaching unmounted chips; 60 s; 260 £5 °C good tinning; no leaching
(JIS) temperature 30 minutes at LCT, 10 minutes 20 °C, no visual damage
cycling 30 minutes at UCT, 10 minutes 20 °C;

5 cycles

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

pull strength

30 s, 500 grams on terminations

no visual damage
AR/R max.: +1% +0.05 Q
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Philips Components

Product specification

Precision chip resistors
sizes 1206, 0805 and 0603

RC02/12/22

FEATURES

Low assembly costs

High component and equipment
reliability

Excellent performance at high
frequency, especially the RC22.
TC 50 in thick film technology

Complete precision SMD family.

APPLICATIONS

¢ All general purpose applications.

QUICK REFERENCE DATA

DESCRIPTION

The resistors are constructed on a
high grade ceramic body (aluminium
oxide). Internal metal electrodes are
added at each end and connected by
a resistive paste which is applied to

The resistive layer is covered with a

the top surface of the substrate. The
composition of the paste is adjusted
to give the approximate resistance
required and the value is trimmed to
within tolerance, by laser cutting of

this resistive layer.

protective coat and printed with the
resistance value (no printing on
RC22). Finally, the two external end
terminations are added. For ease of
soldering the outerlayer of these end
terminations is a lead/tin alloy.

VALUE
DESCRIPTION
RCO2H | Rco2G RC12H | Rc12G RC22H
Size code 1206 (3216) 0805 (2012) 0603 (1608)
Resistance range 1Qt010MQ [100Qto 1 MQ[ 1Qto 10MQ [100Qto 1 MQ| 1 Qto 10 MQ
Eisei?it::w ileranesand +1%; E24/E96 series
Temperature coefficient; note 1:
1Q<R<5Q < +250 = <+250 - <4250
5Q<R<10Q <200 = <+200 - <+200
10Q<R<100Q <+100 <+100 <+100
100 Q<R <1 MQ <+100 < +50 <+100 <450 <+100
1MQ <R <10 MQ <4200 <4200 <4200
'AFA;):ZU;S od'Css'pat'c’” at 0.25 W 0.125 W 0.063 W
Maximum permissible voltage i 120 ¥ B0V
(DC or RMS) (DC or RMS) (DC or RMS)
Climatic category (IEC 68) 55/155/56 | 55/125/56 55/155/56 | 55/125/56 55/155/56

Basic specification

IEC 115-8

Stability after:

1Q<R<1MQ
R>1MQ

climatic tests:
1Q<R<1MQ
R>1MQ

resistance to soldering heat

short time overload

load, 1000 hours at Tymp = 70 °C:

AR/R max.:
AR/R max.:

AR/R max.:
AR/R max.:

AR/R

AR/R max.:

+1.0% +0.05 Q
+1.5% +0.05 Q

+1.0% +0.05 Q
+1.5% +0.05 Q
+0.5% +0.05 Q
+1.0% +0.05 Q

max.:

Note

1. Al TC values should be multiplied by 10-6/K.
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Philips Components Product specification

Precision chip resistors

. RC02/12/22
sizes 1206, 0805 and 0603
ORDERING INFORMATION
Table 1 Ordering code indicating type and packaging
ORDERING CODE 2322 ... .....
TYPE CARDBOARD TAPE ON REEL EMBOSSED CARRIER TAPE ON REEL
5000 units 10000 units 20000 units 5000 units 10000 units
RCO2H 724 6.... 7247.... 724 8.... 724 2.... 724 4....
RC02G 722 2.... 72218 - 728 6. 728 7.5
RC12H 7346.... 7347.... 734 8.... 784.2.... 734 4....
RC12G 73286.... 782.7 s - 7336..., 733 17....
RC22H 704 6.... 7047.... 704 8.... - -
Jumper 0 Q
RCO2H; note 1 724 92006 724 92007 - 724 92002 724 92004
RC12H; note 1 734 92006 734 92007 - 734 92002 734 92004
RC22H; note 2 704 92006 704 92007 - - -
Notes
1. The jumper has a maximum resistance Rmax = 50 mQ and a rated current Iz = 2 A.
2. The jumper has a maximum resistance Rpqx = 50 mQ and a rated current Ig = 1 A.
Ordering code (12NC) Table 2 Last digit of 12NC Type designation
e The resistors have a 12-digit RESISTANCE | | \copio SIZE | TYPE TC SERIES
ordering code starting with 2322. DECADE RCO2H 100
e The subsequent 4 digits indicate 110 9.76 O ) 1206 RC02G 50
the resistor type and packaging; 1010 97.6 © 9 RC12H 00
see Table 1. 0805
™ e A 100 to 976 Q 1 RC12G 50
¢ The remaining 4 digits indicate the -
resistance value: 110 9.76 k2 2 0603 | RC22H 100
— The first 3 digits indicate the Wio 876k 2
resistance value. 100 to 976 kQ 4
— The last digit indicates the 1109.76 MQ 5
resistance decade in 10 MQ 6

accordance with Table 2.

ORDERING EXAMPLE

The ordering code of a RCO2H
resistor, value 4750 Q, supplied on
cardboard tape of 5000 units per reel
is: 2322 724 64752.
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Philips Components Product specification

Precision chip resistors

) RC02/12/22
sizes 1206, 0805 and 0603
FUNCTIONAL DESCRIPTION DERATING
Product characterization The power that the resistor can dissipate depends on the operating

: temperature; see Fig.1.
Standard values of nominal P 9

resistance are taken from the
E24/E96 series for resistors with a
tolerance of £1%. The values of the
E24/96 series are in accordance with
“IEC publication 63", 100

MBE930

p
Limiting values AR
9 (% °prated)

|

|

|

LIMITING | LIMITING |
TYPE | VOLTAGE() | POWER 50 ;
(v) (W) |
RC02 200 0.25 \
RC12 150 0.125 }

RC22 50 0.063 0 T \ T Y Y
-55 0 50 70 100 125 155

Note Tamb (°C)

1. This is the maximum voltage that
may be continuously applied to Fig.1
the resistor element, see
“IEC publication 115-8".

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

PULSE LOADING CAPABILITIES

MBD641

104

A
Vmax
V)

1.2/50 us

7 A 10/700 us

102

10
2 3 4 5 6 7
10 10 10 10 10 10 Rp(@ 10

These pulses may not be applied on a regular basis.

Fig.2 Maximum permissible peak pulse voltage without failing to ‘open circuit’
in accordance with DIN IEC 40 (CO) 533 for type: RC02.
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Philips Components Product specification

Precision chip resistors

: RC02/12/22
sizes 1206, 0805 and 0603
104 MBD587
Omax
(V)
40° 1.2/50 ps
B 10/700 ps
L] L1
AT | L
102 a
10
10 102 108 10* 10° 0% Ro@ 107

These pulses may not be applied on a regular basis.

Fig.3 Maximum permissible peak pulse voltage without failing to ‘open circuit’
in accordance with DIN IEC 40 (CO) 533 for type: RC12.

MBD590
10*
A
Vmax
(V)
3
10 1.2/50 us
| |
—
— g 10/700 ps
AT ///
7 L~
P5
10? =
P
10 .
10 102 103 104 105 108 Rn@ 10

These pulses may not be applied on a regular basis.

Fig.4 Maximum permissible peak pulse voltage without failing to ‘open circuit’
in accordance with DIN |IEC 40 (CO) 533 for type: RC22.
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Philips Components Product specification

Precision chip resistors
sizes 1206, 0805 and 0603 RC02/12/22

MBD585
103
A
Pmax
(W)
102
[ single pulse
10 =
———tp/t; =1000 —
Tt Tt
i Tt 7 Tl
: — T~
L 6 5 -4 -3 -2 -1
10 10 10 10 10 10 t; ) 1

Fig.5 Pulse on a regular basis for type: RC02; maximum permissible peak pulse power (P .4) as a
function of pulse duration for R < 10 k€, single pulse and repetitive pulse ty/t = 1000.

MBD586

600
A
Vmax
V)
400 .\\
\\\~
\\
™~
200 =
0 -5 4 3 2 1
10 10 10 10 10 10 & (s) i

Fig.6 Pulse on a regular basis for type: RC02; maximum permissible peak pulse voltage (V may) as a
function of pulse duration.
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Philips Components Product specification

Precision chip resistors
. RC02/12/22
sizes 1206, 0805 and 0603
103 MBD588
Smax
(]
102
10 single pulse
5/t =1000 T —~ |
SR =TT ml
1 L - ——t
\h‘w«
10‘110'6 1075 1074 1078 1072 107" 1
tj (s)
Fig.7 Pulse on a regular basis for type: RC12; maximum permissible peak pulse power (P max) as a
function of pulse duration for R < 10 kQ, single pulse and repetitive pulse ty/ti = 1000.
MLB722
600
\A/max
V)
400
\\\\
200
™~
0
106 1075 107 163 102 107" t (9) 1
Fig.8 Pulse on a regular basis for type: RC12; maximum permissible peak pulse voltage (Vimax) @s @
function of pulse duration.
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Philips Components Product specification

Precision chip resistors
sizes 1206, 0805 and 0603 RC02/12/22

MBD591

102
A
Pmax
(W)
10
single pulse
\‘g! 1 1111
T
tp/t] =1000 === ]
N ——1[]]
. al L
] T ~——
\\\~\-
107" =
1072
10°8 1978 1074 1072 fare 10~ 1

Fig.9 Pulse on a regular basis for type: RC22; maximum permissible peak pulse power (Pay) as a
function of pulse duration for R < 10 kQ, single pulse and repetitive pulse ty/tj = 1000.
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Fig.10 Pulse on a regular basis for type: RC22; maximum permissible peak pulse voltage (Vay) as a
function of pulse duration.
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Philips Components

Product specification

Precision chip resistors

i RC02/12/22
sizes 1206, 0805 and 0603
MECHANICAL DATA Outlines
Mass per 100 units
protective coat
TYPE M:\?S resistor layer
2 + »g'/“ r—f}»" — inner electrode
RCO02 1.0 T &
RC12 0.55 + S +—— end termination
RC22 025 ] tb ‘4» ceramic substrate
protective coat
Marking *l i \+ marking
All resistors except RC22 are marked
with a four digit code on the protective
coat to designate the nominal %
resistance value. W *&y‘é %
4-DIGIT MARKING
MBE929
For values up to 976 Q the R is used 1
as a decimal point. For values of 1 kQ2
or greater the first 3 digits apply to the For dimensions see Table 3.
resistance value and the fourth
indicates the number of zeros to Fig.11 Outlines.
follow.
Example Table 3 Chip resistor types and relevant physical dimensions; see Fig.11
MARKING RESISTANCE L w T t; to
TYPE
121R 121 Q (mm) (mm) (mm) (mm) (mm)
w0 402 KG RCO2 | o 136/2—00 og| 160£0.15 | 0.55£0.10 | 0455025 | 0.500.25
1503 150 kQ s =
RC12 | 2.00+0.15 | 1.25£0.15 | 0.55+0.10 | 0.40£0.20 | 0.40 £0.20
PACKAGE MARKING Rc22 | 1.60+0.10 | - %8 | 045+0.10 | 0.30+0.20 | 0.30£0.20
+0.15/-0.05

The packaging of all resistors
including RC22 is also marked and
includes resistance value, tolerance,
TC value, catalogue number,
quantity, production period, batch
number and source code.
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RC02/12/22

«d 20 TN, 8oue)sIsal
yum aouepiodoe ul Bulysniq Aq JUSAJ0S
abewep [ensia ou pamoj|o} OCH Jo joyooje |Adoidosi yusuodwod (ex) st 62

e 0, G092 ‘s 0L | 1e8y Buuapios
QDMEMU |ensiA ou .WQ_CO psjunowun 0] @ouejsisal Amn_nv 0c 8LV
A0S N L2

ASZOIN L > H ST 00}
AOL T 001 > 45 T O}
A€ THOL>HST L
ALTL>H5 T 001
A€0 T 00L>HS 0L

Precision chip resistors
sizes 1206, 0805 and 0603
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Product specification

Philips Components

hip resistors

ision c

Prec

RC02/12/22

sizes 1206, 0805 and 0603
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Product specification

Philips Components

Precision chip resistors

RC02/12/22

1206, 0805 and 0603

Sizes
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Philips Components

Product specification

P L R R R R S A S R < R e R N R e R e S S e R B 1R SR R
High precision chip resistor

size 1206

RC03G

FEATURES

* Reduced size of final equipment
o Low assembly costs

e Higher component and equipment
reliability

¢ Excellent performance at high
frequency.
APPLICATIONS

e Power supply in small sized
equipment

e Telecommunication

Medical and Military
¢ Automotive industry.

DESCRIPTION

The resistors are constructed on a
high grade ceramic body (aluminium
oxide). Internal metal electrodes are
added at each end and connected by
a resistive paste which is applied to
the top surface of the substrate. The
composition of the paste is adjusted
to give the approximate resistance
required and the value is trimmed to
within tolerance, by laser cutting of
this resistive layer.

The resistive layer is covered with a
protective coating and printed with the
resistance value. Finally, the two
external end terminations are added.
For ease of soldering the outer

layer of these end terminations is a
lead/tin alloy.

1995 Oct 25

QUICK REFERENCE DATA

DESCRIPTION

VALUE

Resistance range

100 Qto 1 MQ

Resistance tolerance and E-series

+0.5%; E24/E96 series

Temperature coefficient

100 Q<R <250 Q <4100 x 10-5/K
250 Q<R <1 MQ <+50 x 1079/K

Absolute maximum dissipation at 0.125 W

Tamp = 70°C

Maximum permissible voltage 200 V (DC or RMS)

Climatic category (IEC 68) 55/125/56

Basic specification IEC 115-8

Stability after:
load, 1000 hours at Tamp = 70°C | AR/Rmax.: £0.5% +0.05 Q
climatic tests AR/Rmax.: £1% +0.05 Q
resistance to soldering heat AR/Rmax.: £0.25% +0.05 Q
short time overload AR/Rmax.: 10.25% +0.05 Q

ORDERING INFORMATION

Table 1 Ordering code indicating resistor type and packaging

ORDERING CODE 2322 725 .....
TYPE EMBOSSED CARRIER TAPE ON REEL
5000 units
RC03G 1. e
Ordering code (12NC) Table 2 Last digit of 12 NC

¢ The resistors have a 12-digit
ordering code starting with
2322 725.

e 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.

RESISTANCE LAST DIGIT

100 to 976 Q

110 9.76 kQ

10 to 97.6 kQ

100 to 976 kQ

(6,0 I VR o 3

1 MQ

ORDERING EXAMPLE

The ordering code of a RC03G
resistor, value 4750 Q, supplied on
embossed carrier tape of 5000 units
per reel is: 2322 725 14752.



Philips Components Product specification

High precision chip resistor
. RCO03G
size 1206
FUNCTIONAL DESCRIPTION DERATING
Product characterization The power that the resistor can dissipate depends on the operating

re; see Fig.1.
Standard values of nominal temperaturs; '9

resistance are taken from the
E24/E96 series for resistors with a
tolerance of +0.5%. The values of the

MLB206

E24/96 series are in accordance with r’/"";max
“IEC publication 63”. e rated())
10!

Limiting values

|

|

LIMITING | LIMITING . \[

TYPE | VOLTAGE(") | POWER :

V) (W) !

RCO03G 200 0.125 i :
-55 0 50 70 100 125
Note T o)

1. This is the maximum voltage that
may be continuously applied to
the resistor element, see

YEC publication 115-8” Fig.1 Maximum dissipation (Pmax) in percentage of rated power

as a function of the ambient temperature (Tamp).

PULSE LOADING CAPABILITIES

104 MBD641
A
Vmax
V)
1.2/50 ps
103 g |
- 10/700 us
P ]
o A
L~ ]
2 al
10
=
10 2 3 4 8 6 7
10 10 10 10 10 10 Ry (@ 10
These pulses may not be applied on a regular basis.
Fig.2 Maximum permissible peak pulse voltage without failing to ‘open circuit’
in accordance with DIN IEC 40 (CO) 538.
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Philips Components Product specification

High precision chip resistor
" RC03G
size 1206
103 MBD585
amax
w)
102
single pulse
10 ————
p/ti =1000 - H
‘\§H~-—- L] 11 L
1 I e
107 — " . 3 2 4
10 10 10 10 10 10 t; ©) 1

Fig.3 Pulse on aregular basis; maximum permissible peak pulse power (Ismax) as a function
of pulse duration for R < 10 kQ, single pulse and repetitive pulse ty/t; = 1000.

MBD586

600
A
Vmax
(V)
400 .\\
\\
\\\\L\
\\\~
200
0 % -5 -4 i3 -2 =1
10 10 10 10 10 10 t; (s) 3

Fig.4 Pulse on a regular basis; maximum permissible peak pulse voltage (Vax) as a function
of pulse duration.
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Philips Components Product specification

High precision chip resistor
size 1206

RCO3G

MECHANICAL DATA Outlines
Mass per 100 units
TYPE MASS
(g) P protective coat
RCO03G i —— resistor layer

inner electrode

Marking
end termination

All resistors are marked with a four
digit code on the protective coat to
designate the nominal resistance
value.

ceramic substrate

protective coat

P marking
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For values up to 976 Q the R is used
as a decimal point. For values of 1 kQ
or greater the first 3 digits apply to the
resistance value and the fourth -
indicates the number of zeros to ‘
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follow. L
Example
MARKING RESISTANCE
For dimensions see Table 3.
121R 121 Q
4021 4.02 kQ Fig.5 Outlines.
1503 150 kQ

P AGKAGE MARKING Table 3 Chip resistor type and relevant physical dimensions; see Fig.5

P L w T t t
The packaging is also marked and TYPE t b
includes resistance value, tolerance, (mm) (mm) (mm) (mm) (mm)
TC value, catalogue number, 8:20
- + e +
quantity, production period, batch e +0.10/-0.20 e | Roleall | gy | REune

number and source code.
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Philips Components

Product specification

High precision chip resistor
size 1206

RCO03G

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “/EC publication 115-8”, category 55/125/56
(rated temperature range —55 to +125 °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 68, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions
according to “/EC 68-1", 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
115-8 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.

IEC 115-8 | 'EC 882
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
417 20 (Ta) soldering unmounted chips completely immersed | good tinning (295% covered);
for 2 £0.5 s in a solder bath at no damage
235 5 °C; flux 600
417 20 (Tb) solderability 16 hours steam or 16 hours at 155 °C; | good tinning (=95% covered);
unmounted chips completely immersed | no damage
for 2 +0.5 s in a solder bath at
235 £5 °C; flux 600
4.18 20 (Tb) resistance to 10 s; 260 15 °C; flux 600 AR/R max.: £0.25% +0.05 Q
soldering heat
leaching unmounted chips 60 s; 260 +5 °C good tinning; no leaching
4.19 14 (Na) rapid change of 30 minutes at -55 °C and AR/R max.: £0.25% +0.05 Q
temperature 30 minutes at +125 °C; 5 cycles
4.22 6 (Fc) vibration frequency: 10 to 500 Hz; no damage
displacement 1.5 mm or acceleration . &
10 g; 3 directions; total 6 hours REVR me.: 50.25% +0.06 @
4.20 29 (Eb) bump 3 x 1500 bumps in 3 directions; 40 g no damage
AR/R max.: £0.25% +0.05 Q
4.23 climatic sequence:
4.23.2 2 (Ba) dry heat 16 hours; 125 °C
4.23.3 30 (D) damp heat 24 hours; 55 °C; 95 to 100% RH
(accelerated)
1st cycle
4.23.4 1 (Aa) cold 2 hours; —55 °C
4.23.5 13 (M) low air pressure |1 hour; 8.5 kPa; 15 to 35 °C
4.23.6 30 (D) damp heat 5 days; 55 °C; 95 to 100% RH Rins Min.: 1000 MQ
(anrslomied) AR/R max.: £1% +0.05 Q
remaining cycles

1995 Oct 25
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Product specification

High precision chip resistor

. RCO03G
size 1206
EC Ty5:g | 1B P2
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
4242 3 (Ca) damp heat 56 days; 40 °C; 90 to 95% RH; loaded | Rjns min.: 1000 MQ
(steady state) w‘|th.0.0_1 P, (IEC steps: 0 to 100 V); AR/R max.: +1% +0.05 Q
dissipation <t mW
4.251 endurance 1000 hours; 70 °C; nominal dissipation; | AR/R max.: £0.5% +0.05 Q
1.5 hours on and 0.5 hours off
46.1.1 insulation 100 V (DC) after 1 minute Rins min.: 1000 MQ
resistance
4.13 short time overload | room temperature; dissipation 6.25 x Pp,; | AR/R max.: £0.25% +0.05 Q
5 s (voltage not more than 2 x Vipax)
4842 temperature between -55 °C and +125 °C R <250 Q: <+100 x 10-8/K
coefficient 250 Q < R: < +50 x 10-9/K
4.12 noise IEC publication 195 R < 1kQ: max. 1 pv/V
(measured with Quantech - equipment) | R < 10 kQ: max. 3 pvN
R < 100 kQ: max. 6 pV/V
R <1 MQ: max. 10 pVv/V
4.23.2 27 (Ba) endurance at upper | 1000 hours; 125 °C; no load no visual damage
tegary AR/R max.: £0.5% +0.05 Q
temperature
4.7 voltage proof on 200 V (RMS) during 1 minute no breakdown
insulation
1995 Oct 25 66




Philips Components

Product specification

Trimmable chip resistor

size 1206

RCO2TR

FEATURES

¢ Reduced size of final equipment
e Low assembly costs

« Specific electrical requirements
(such as HF characteristics).

APPLICATIONS

This trimmable chip-resistor is
suitable for the whole electronic
industry and can replace trimmer
resistors in several applications.

DESCRIPTION

The resistors are constructed on a
high grade ceramic body (aluminium
oxide). Internal metal electrodes are
added at each end and a connection
is made between them using a
resistive metal glaze; the
approximate resistor values are
dependent on the composition of the
glaze.

The resistive layer is covered with a
translucent protective coat. Finally,
two end electrodes are added, the
composition of which has been
designed to provide ease of
soldering.

1995 Oct 25

QUICK REFERENCE DATA

DESCRIPTION VALUE

Resistance range 1 Qto 1 MQ; E24 series

Resistance tolerance 0/-20% and 0/-30%

Maximum trimming factor 2x
Temperature coefficient:
1Q<R<499Q <1250 x 1076/K

51Q<R<9.76 Q
10Q<R<1MQ

<4200 x 10%/K
<+100 x 1076/K

Absolute maximum dissipation at 0.25 W

Tamp =70°C

Maximum permissible voltage 200 V (RMS)
Climatic category (IEC 68) 55/155/56
Basic specification IEC 115-8

Stability(") after:
load, 1000 hours at Tamp = 70 °C
load, 8000 hours at Tamp = 70 °C
climatic tests

AR/R max.: £1% +0.05 Q
AR/R max.: 2% +0.10 Q
AR/R max.: +1.5% +0.05 Q
AR/R max.: £1% +0.05 Q
AR/R max.: £1% +0.10 Q

soldering

short time overload, 400 V max.

Note

1. This stability data is valid for non-trimmed resistors. Some properties can
change after trimming because of insufficient lacquering.

ORDERING INFORMATION
Ordering code (12NC)

The resistors have a 12-digit catalogue number starting with 2322 724 9. The
subsequent 4 digits indicate the packaging and resistance value; see Table 1.

Table 1 Ordering code indicating resistor type and packaging
ORDERING CODE 2322 724 9....
TYPE CARDBOARD EMBOSSED CARRIER
TAPE ON REEL TAPE ON REEL
5000 units 5000 units
RCO2TR ON REQUEST




Philips Components

Product specification

Trimmable chip resistor
size 1206

RCO02TR

FUNCTIONAL DESCRIPTION
Product characterization

Standard values of nominal
resistance are taken from the E24
series for resistors with a tolerance of
0/-20% and 0/-30%.

Limiting values

LIMITING | LIMITING
TYPE |VOLTAGE()| POWER
(V) (W)
RCO2TR 200 0.25
Note

1. The maximum voltage that may
be continuously applied to the
resistor element, see
“IEC publication 115-8".

1995 Oct 25

DERATING

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

P MRA632
max

(%Prated)
100

501

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

function of the ambient temperature (Tamp).

Application information
TRIMMING INSTRUCTIONS WITH YAG-LASER
Typical values for:
Cutting speed = 30 to 300 mm/s
Laser power =1to 8 W
Maximum trimming length = 60% of resistor film width
Minimum distance between end termination and trimming cut = 0.20 mm
Minimum distance between cuts (double-cut) = 0.50 mm.

PROTECTION OF LASER CUT

With epoxy-phenol lacquers, epoxy resins or silicon alkyd-resins. This is
necessary for humidity tests and stability at load.
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Trimmable chip resistor
size 1206

RCO2TR

MECHANICAL DATA

Mass per 100 units

TYPE i
(9
RC02TR 1
Marking

The resistor is not marked. The
packaging is marked and includes
resistance value, tolerance, TC value,
catalogue number, quantity,
production period, batch number and
source code.

1995 Oct 25

Outlines

protective coat

resistor layer

— inner electrode

— end termination

ceramic substrate

protective coat

| MmBAs64 -2

For dimensions see Table 2.

Fig.2 Outlines.

Table 2 Chip resistor type and relevant physical dimensions; see Fig.2

L w T t; tp
TP (mm) (mm) (mm) (mm) (mm)
3.20
RCO02TR +0.10/-0.20 1.60 +0.15 | 0.55 +0.10 | 0.45 +0.25 | 0.50 +0.25
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Trimmable chip resistor
size 1206

RCO2TR

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “/EC publication 115-8”, category 55/155/56
(rated temperature range —55 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 68, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions
in accordance with “/EC 68-1", subclause 5.3.

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

“IEC publications 115-8 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.

[EC154 | 1BC B2
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
417 20 (Ta) soldering unmounted chips completely immersed | good tinning; no damage
for 2 £0.5 s in a solder bath at
235 £10 °C; flux 600; 0.2% ClI activated
flux 600
418 20 (Tb) resistance to 10 s; 260 15 °C; flux 600 AR/R max.: £1% +0.05 Q
soldering heat
4.19 14 (Na) rapid change of 30 minutes at -55 °C and AR/R max.: 1% +0.05 Q
temperature 30 minutes at +155 °C; 5 cycles
4.22 6 (Fc) vibration frequency: 10 to 500 Hz; no damage
displacement 1.5 mm or acceleration
. + O,
10 g; 3 directions; total 6 hours R RS0 B
4.20 29 (Eb) bump 3 x 1500 bumps in 3 directions; 40 g no damage
AR/R max.: +0.25% +0.05 Q
bending resistors mounted on a 90 mm glass no visual damage
epoxy resin printed-circuit board : o
(JIS-c5200): bending: 3 mm SRS
4.23 climatic sequence:
4.23.2 2 (Ba) dry heat 16 hours; 155 °C
4.23.3 30 (D) damp heat 24 hours; 55 °C; 95 to 100% RH
(accelerated)
1st cycle
4234 1 (Aa) cold 2 hours; =55 °C
4235 13 (M) low air pressure | 1 hour; 8.5 kPa; 15 to 35 °C
4.23.6 30 (D) damp heat 5 days; 55 °C; 95 to 100% RH Rins min.: 1000 MQ
(accelerated) . o
remaining cycles AR/R max.: +1.5% +0.05 Q
4.24.2 3 (Ca) damp heat 56 days; 40 °C; 90 to 95% RH; loaded | Rj,s min.: 1000 MQ
t ith 0. :
(steady state) with 0.01 P, (IEC steps: 1 to 100 V) AR/R max.: +1.5% +0.05 O
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Trimmable chip resistor

. RCO2TR
size 1206
[EC 1158 | EC 882
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.25.1 endurance 1000 hours; 70 °C; nominal dissipation; | AR/R max.: £1% +0.05 Q
1.5 hours on and 0.5 hours off
4.6.1.1 insulation 100 V (DC) after 1 minute Rins min.: 1000 MQ
resistance
413 short time overload | room temperature; AR/R max.: £1% +0.05 Q
dissipation 6.25 x Pp;
5 s (voltage not more than 2 x Vpax)
4.8.4.2 temperature between -55 °C and +155 °C 1Q<R<4.99Q:
coefficient <4250 x 10-¢/K
51Q<R<9.76 Q:
<4200 x 10-6/K
10Q<R<1MQ:
<4100 x 1079/K
4.12 noise IEC publication 195 R <1 kQ: max. 1 uV/V
(measured with Quantech - equipment) | g < 10 kQ: max. 3 pV/V
R < 100 kQ: max. 6 uV/V
4.23.2 27 (Ba) endurance at 1000 hours; 155 °C; no load no visual damage
Upfoer caieagony AR/R max.: +1% +0.05 Q
temperature
4.7 voltage proof on 200 V (RMS) during 1 minute no breakdown
insulation

1995 Oct 25
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Low-ohmic chip resistors LRCO1

size 1206
A O T e s T e e S B e e e e T R e A e T P e A G 8

FEATURES

¢ Reduced size of final equipment
e Low assembly costs

¢ Higher component and equipment
reliability

¢ Excellent performance at high
frequency.

APPLICATIONS

o Battery loaders

¢ Power supplies in small sized
equipment

e Car telephones

e Portable stereo equipment.

DESCRIPTION

The resistors are constructed on a
high grade ceramic body (aluminium
oxide). Internal metal electrodes are
added at each end and connected by
a resistive paste which is applied to
the top surface of the substrate. The
composition of the paste is adjusted
to give the approximate resistance
required and the value is trimmed to
within tolerance, by laser cutting of
this resistive layer.

The resistive layer is covered with a
protective coating and printed with the
resistance value. Finally, the two
external end terminations are added.
For ease of soldering the outer

layer of these end terminations is a
lead/tin alloy.

ORDERING INFORMATION
Ordering code (12NC)

The resistors have a 12-digit ordering
code starting with 2322. The following
8 digits are indicated in Table 1.

The resistors are packaged in
embossed carrier tape, 5000 units
per reel.

1996 Nov 18

QUICK REFERENCE DATA

DESCRIPTION

VALUE

LRCO1

Size code

1206 (3216)

Resistance range

50 mQ to 910 mQ; E24 series

Resistance tolerance

+5%

Temperature coefficient:
50 MQ <R <75 mQ
75 mQ <R <100 mQ
100 mQ <R < 150 mQ
150 mQ < R < 400 mQ
400mMmQ<R<1Q

<+2000 x 10-/K
<+1500 x 10°%/K
< 41000 x 108/K
<4700 x 10¢/K
<4250 x 10¢/K

Absolute maximum dissipation at
Tamp = 70°C

0.25W

Operating temperature range

-55t0 +125 °C

Climatic category (IEC 68) 55/125/56

Basic specification IEC 115-8

Stability after:
load, 1000 hours at Tamp = 70 °C | AR/R max.: +3% (typ. 1%)
climatic tests AR/R max.: £3% (typ. 1%)
resistance to soldering heat test | AR/R max.: £1% (typ. 0.25%)
short time overload AR/R max.: £1% (typ. 0.5%)

Table 1 Resistance values and relevant ordering code
VALUE ORDERING CODE VALUE ORDERING CODE
(mQ2) 2322724 ..... (mQ) 2322724 .....

51 96032 240 96011

56 96033 270 96012

62 96034 300 96013

68 96035 330 96014

75 96036 360 96015

82 96037 390 96016

91 96038 430 96017
100 96002 470 96018
110 96003 510 96019
120 96004 560 96027
130 96005 620 96021

150 96006 680 96022
160 96007 750 96023
180 96008 820 96024
200 96009 910 96025
220 96026
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Low-ohmic chip resistors

_ LRCO1
size 1206

FUNCTIONAL DESCRIPTION DERATING

Product characterization The power that the resistor can dissipate depends on the operating

; ) ; Fig.1.
The resistors are available in the Semperalure; se6 Fig

E24 series for resistors with a
tolerance of +5%. The values of the
E24 series are in accordance with

ol P MLB206
“IEC publication 63". oo 1
(%Prated)
Limiting values 10 |
|
LIMITING LIMITING }
TYPE | VOLTAGE() | POWER 50 |
V) (W) }
LRCO1 200 025 |
|
Note 0 T T 1 T Y
-55 0 50 70 100 125
1. The maximum voltage that may Tamb (°C)

be continuously applied to the
resistor element, see

I publication V15 Fig.1 Maximum dissipation (Pmax) in percentage of rated power

as a function of the ambient temperature (Tamp).

Temperature coefficient

Figure 2 shows the typical temperature coefficient of the resistor.

MBE239
2000

16
(x10-6/K)

r———

1500

1000 s = |

1 Rkl
50 100 200 300 500 1000
R (MQ)

Fig.2 Typical TC as a function of resistance.
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Low-ohmic chip resistors

LRCO1

size 1206
MECHANICAL DATA Outlines
Mass per 100 units
TYPE MASS protective coat
(g) resistor layer
LRCoO1 1 * inner electrode
&
Marking i end termination
Each resistor is marked with a 4-digit ty - s ceramic.substrate
code on the protective coating to protective coat
designate the nominal resistance -—

value.

— —~ e
B R BRI /
IR IRRRILIRLLR]
o0t e tetete %ot 0t e % tete e tetetetetotetotedotetodetotel:
0200000 200002020 20 %% 20%e % Le%e % 2000 %6 % Letede detedo el

marking

4

BRI
4BIRIT MARRING B
RIS ok S xS L 5 B
The R is used as a decimal point. w RIS & o Qg;;? % Soooes
P R K S o
02000502020 %0 %0 S tetetote e totetedotete ot oot teteteded
XX KK .0.0’0‘0.000.0‘0‘0.0‘0.0‘0.0.0. b XX
Magnitude indicators e
:0‘;:‘ cca
RESISTANCE INDICATOR o | =
50 mQ to 910 mQ R :
Example
MARKING RESISTANCE For dimensions see Table 2
R210 0.210 Q : :
Fig.3 Outlines.
R560 0.560 Q

The packaging is also marked and

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

includes resistance value, tolerance, L w T t ty

TC value, catalogue number, TYPE (mm) (mm) (mm) (mm) (mm)

quantity, production period, batch 3.20

number and source code. LRCO1 . 1.60+0.15 | 0.55+0.10 | 0.45£0.25 | 0.50 £0.25
+0.10/-0.20
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Low-ohmic chip resistors
size 1206

LRCO1

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “/EC publication 115-8”, category 55/125/56
(rated temperature range —55 to +125 °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 68, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions
according to “/EC 68-1", 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.
In Table 3 the tests and requirements are listed with
reference to the relevant clauses of “/EC publications
115-8 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 3 Test procedures and requirements

IEC IEC 68-2
115-8 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD
Tests in accordance with the schedule of IEC publication 115-8
4.41 visual examination no holes; clean surface;
no damage
442 dimensions gauge 0.45 mm < T <0.65 mm
(outline) 1.45mm <W < 1.75mm
3.0mm<L<3.3mm
45 resistance applied voltage (+0/-10%): 0.1 V R — Rnom: max. £5%
4.18 20 (Tb) resistance to 10 s; 260 15 °C; flux 600 AR/R max.: 1%
soldering heat
4.29 45 (Xa) | component isopropyl alcohol; H,O no visible damage
solvent resistance
417 20 (Ta) solderability unmounted chips completely immersed | good tinning (=95% covered);
for 2 0.5 s in a solder bath at 235 +5 °C; | no damage
flux 600
4.7 voltage proof on 200 V (RMS) during 1 minute no breakdown or flashover
insulation
4.13 short time overload | room temperature; AR/R max.: 1%
dissipation 6.25 x Py;
5 s (voltage not more than 2 x Vipax)
4.19 14 (Na) | rapid change of 30 minutes at -55 °C and no visible damage
temperature 30 minutes at +125 °C; 5 cycles AR/R max.: +1%

1996 Nov 18
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Low-ohmic chip resistors

: LRCO1
size 1206
IEC IEC 68-2
115-8 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD
4.23 climatic sequence:
4.23.2 2 (Ba) dry heat 16 hours; 125 °C
4.23.3 30 (D) damp heat 24 hours; 55 °C; 95 to 100% RH
(accelerated)
1st cycle
4.23.4 1 (Aa) cold 2 hours; —55 °C
4235 13 (M) low air pressure | 1 hour; 8.5 kPa; 15 to 35 °C
4.23.6 30 (D) damp heat 5 days; 55 °C; 95 to 100% RH AR/R max.: £3%
(accelerated)
remaining cycles
46.1.1 insulation 100 V (DC) after 1 minute Rins Min.: 1000 MQ
resistance
4242 3 (Ca) damp heat 56 days; 40 °C; 90 to 95% RH; loaded no visible damage
(steady state) with 0.01P,, (IEC steps: 4 to 100 V) AR/R max.: 3%
4.25.1 endurance 1000 hours; loaded with Py or Viax; no visible damage
(at 70 °C) 1.5 hours on and 0.5 hours off A v 400
4.23.2 27 (Ba) |endurance at 1000 hours; 125 °C; no load no visible damage
upper category AR/R max.: £3%
temperature
4.8.4.2 temperature at 20/-55/20 °C and 20/125/20 °C 50 MQ <R < 75 mQ:
coefficient < #2000 x 10-¢/K
75 mQ <R <100 mQ:
<+1500 x 10-8/K
100 mQ <R < 150 mQ:
<+1000 x 10-6/K
150 mQ <R < 400 mQ:
<+700 x 109/K
400mQ<R<1Q:
<4250 x 1076/K

1996 Nov 18
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Low-ohmic chip resistors

: LRCO1
size 1206
IEC IEC 68-2
115-8 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD

Other tests in accordance with IEC 115 clauses and IEC 68 test method

(mounted state)

417 20 (Tb) solderability 16 hours steam or 16 hours at 155 °C; good tinning (295% covered);
(after ageing) unmounted chips completely immersed | no damage
for 2 £0.5 s in a solder bath at 235 +5 °C;
flux 600
4.22 6 (Fc) vibration frequency: 10 to 500 Hz; no damage
(mounted state) displacement 1.5 mm or acceleration .
10 g; 3 directions; total 6 hours ARiRimax.: 1%
4.20 29 (Eb) bump 3 x 1500 bumps in 3 directions; 40 g no damage

AR/R max.: £1%

Other applicable tests

leaching unmounted chips 60 s; 250 +5 °C good tinning; no leaching
damp heat 1000 hours; +40 °C; 90 to 95% RH; AR/R max.: +3%

(steady state) loaded with Py, or Vimax;

(JIS) 1.5 hours on and 0.5 hours off

1996 Nov 18
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Fusible chip resistor
size 1206

FRCO1

FEATURES

o Overload protection without the risk
of fire

Grey coating for ease of recognition
¢ Reduced size of final equipment

Low assembly costs

Higher component and equipment
reliability.

APPLICATIONS

e Power supplies in small sized
equipment

e Car telephones

e Portable radio, CD and cassette
players.

DESCRIPTION

The resistors are constructed on a
high grade ceramic body (aluminium
oxide). Internal metal electrodes are
added at each end and connected by
a resistive paste which is applied to
the top surface of the substrate. The
composition of the paste is adjusted
to give the approximate resistance
required and the value is trimmed to
within tolerance, by laser cutting of
this resistive layer.

The resistive layer is covered witha
protective coat and printed with the
resistance value. Finally, the two
external end terminations are added.
For ease of soldering the outer layer
of these end terminations is a
lead/tin alloy.

To enable recognition of a fused
device, the resistor should be
mounted face up.

1995 Oct 25

QUICK REFERENCE DATA

DESCRIPTION

VALUE

Resistance range

1t0 240 Q; E24 series

Resistance tolerance

5%

Temperature coefficient:

11047 Q <4250 x 10°8/K
5.1t0240 Q <4200 x 109K

Absolute maximum dissipation at 0.125 W

Tamp=70"°C

Maximum permissible voltage 200 V (DC or RMS)

Operating temperature range -55°Cto +125°C

Climatic category (IEC 68) 55/125/56

Basic specification IEC 115-8

Stability after:
load, 1000 hours at Tamp = 70 °C AR/R max.: £3% +0.10 Q
climatic tests AR/R max.: £3% +0.10 Q
resistance to soldering heat test AR/R max.: £1% +0.05 Q
short time overload, 400 V max. AR/R max.: £1% +0.05 Q

ORDERING INFORMATION
Table 1

Ordering code indicating type and packaging

ORDERING CODE 2322 750 .....
TYPE EMBOSSED CARRIER TAPE ON REEL
5000 units 10000 units
FRCO1 Bicis -
Ordering code (12NC) Table 2 Last digit of 12NC

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

e The subsequent 4 digits indicate
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.

RESISTANCE
DECADE LAST DIGIT
1109.76 Q 8
1010 97.6 Q 9
100 to 240 Q 1

ORDERING EXAMPLE

The ordering code of a FRCO1
resistor, value 200 Q, packed in
blister tape and supplied on a reel of
5000 units is: 2322 750 62001.
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Product specification

Fusible chip resistor

: FRCO1
size 1206
FUNCTIONAL DESCRIPTION in accordance with resistive value of the resistor
= o “IEC publication 63”. increases at least 1000 times;
Product characterization

Standard values of nominal
resistance are taken from the E24
series for resistors with a tolerance of
15%. The values of the E24 series are

see Figs 1 and 2.

Fusing eharasterlstics The fusing characteristic is measured

The resistors will fuse without the risk ~ under constant voltage with resistors
of fire and within an indicated range of ~ mounted on a ceramic or glass epoxy

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

Fig.1 Fusing characteristic: 10 Q <R < 240 Q,
measured using ceramic board material. material.

overload. Fusing means that the (FR4) substrate; see Fig.3.
MBG604 MBG603
108 103%
t I : : = : |
© I i — — 3
102
== T i 1
[ I AL [ |
10
% AV Z, p
1 A A p
1 1
LIIII IS o —1—|
107" 10-1
= s e
I GIIISIIIIIIIS S
1072 1072
= |
1073 1073 ‘
0 2 4 6 8 10 0 2 4 6 8 10
Poverload (W) Poverload (W)

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

Fig.2 Fusing characteristic: 1 Q <R <240 Q,
measured using glass epoxy (FR4) board

resistor mount (FACE UP)

lead frame mount

Al O3
40.3 x 7.6 x 0.635 mm

MSB217 - 1

conductor:  NiCr Au 1.5 um
Ni 0.5 um
Au 0.1 um
1.7x1.0mm

Fig.3 Test substrate layout.
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Fusible chip resistor

FRCO1
size 1206
Limiting values
LIMITING LIMITING
TYPE VOLTAGE(") POWER f—
(V) W) 50 \ i

FRCO1 200; note 2 0.125 V(n\}ix |
Notes 40
1. The maximum voltage that may be continuously } /

applied to the resistor element, see “/EC publication

115-8”. -
2. The maximum voltage that may be applied after fusing /

is shown in Fig.4. w

g [P P%
20 - :
| |
10 : i
1 10 102 Rp (@) 108
Fig.4 Maximum applicable voltage after fusing.

DERATING PULSE LOADING CAPABILITIES

The power that the resistor can dissipate depends on the
operating temperature; see Fig.5.

pmax MLB206
(%Prated)
100
|
|
|
|
|
50 :
|
|
|
|
0 x — —)
-55 0 50 70 100 125
Tamb (°C)
Fig.5 Maximum dissipation (Pnax) in percentage of
rated power as a function of the ambient
temperature (Tamp)-

MBG607

102
N z
Vmax | p
V) |
I//
‘ AT "
1.2/50 usecy /1110/700 useq
/ I |
10 i |
7 7
Z T
X
7 I |
— | T
A | |
|+ | |
‘ (1]
||
1 | |
1 10 102 10°

These pulses may not be applied on a regular basis.

Fig.6 Maximum permissible peak pulse voltage
without failing to ‘open circuit’ in accordance
with DIN IEC 40 (CO) 533.
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Fusible chip resistor

size 1206
103 MBG606
A
Pmax
(W)
102
10
—~ single pulse
1 [ 11 —
; TTTTTT— tp/ti = 1000 L
H Tt
10-1 |
1@ 1075 1074 10 1072 107" t (s) 1
Fig.7 Pulse on a regular basis; maximum permissible peak pulse power (Ppay) as a
function of pulse duration, single pulse and repetitive pulse ty/t; = 1000.
600 MBG608
A
Vmax i
V)
500
400 SN
300
\\\\
\\\§
200 =
100
0
168 10" 1074 152 1072 10" (s) 1
Fig.8 Pulse on a regular basis; maximum permissible peak pulse voltage (Visaxyasa
function of pulse duration.
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Fusible chip resistor
size 1206

FRCO1

MECHANICAL DATA Outlines

Mass per 100 units
protective coat

TYPE M??S resistor layer
FRC! 9 { e inner electrode
01 1.0 T
N < — end termination

ceramic substrate

All resistors are marked with a four protective coat

digit code on the protective coat to
designate the nominal resistance
value.

marking

v
Marking J t
T

4-DIGIT MARKING w

For all values, the R is used as a

. . >
0000000000000 00 0 0s 0 0 00,0 0 0 0 0 0 000000690996 % %
d e C | m a ' p O | nt o '0‘0‘0’0.0."0.000.0.”..""..0'0."0.’.0’..0“.0‘..“0”.1
Y PRLRIIRRLRAIRRLRRAXLRLRARRKL | MBE929

Example E L |

MARKING RESISTANCE
120R 120 Q

For dimensions see Table 3.

PACKAGE MARKING

- Fig.9 Outlines.

The packaging is also marked and

includes resistance value, tolerance,

TC value, catalogue number, Table 3 Chip resistor type and relevant physical dimensions; see Fig.9

quantity, production period, batch

number and source code. TYPE L w T tt to
(mm) (mm) (mm) (mm) (mm)
3.20

FRCO1 +0.10/-0.20 1.60+0.15| 0.55+0.10 |0.45+0.25|0.50 £0.25
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Fusible chip resistor
size 1206

FRCO1

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “/EC publication 115-8”, 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 |[EC
publication 68, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions
according to “/EC 68-1", 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 “/EC publications
115-8 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.

IEC IEC 68-2
115-8 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD
Tests in accordance with the schedule of IEC publication 115-8
4.41 visual examination no holes; clean surface;
no damage
4.42 dimensions (outline) | gauge (mm) 0.45<T<0.65
1.45<W<1.75
3.0<L<33
4.5 resistance applied voltage (+0/-10%): R — Rnom: max. £5%
R<10Q:0.1V
10Q<R<100Q:0.3V
100 Q<R<240Q:1V
418 20 (Ta) resistance to unmounted chips; 10 s; 260 5 °C no visual damage
B AR/R max.: £1% +0.05 O
4.29 45 (Xa) component solvent | isopropyl alcohol or H,O followed by no visual damage
resistance brushing in accordance with “MIL 202 F’
4.17 20 (Ta) solderability unmounted chips completely immersed | good tinning (295% covered);
for 2 £0.5 s in a solder bath at 235 +5 °C | no visual damage
4.7 voltage proof on maximum voltage (RMS) during no breakdown or flashover
insulation 1 minute metal block method
413 short time overload | room temperature; P = 6.25 x Py; AR/R max.: +1% +0.05 Q
58 (V<2 xViax)
4.33 bending resistors mounted on a 90 mm glass no visual damage
epoxy resin PCB (FR4), bending: 3 mm AR/R max.: +1% +0.05 Q
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.: 1% +0.05 Q

1995 Oct 25
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Fusible chip resistor

} FRCO1
size 1206
IEC IEC 68-2
115-8 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD
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.: 10* MQ
|acnsiarsd) AR/R max.: £3% +0.1 Q
remaining cycles
4.24.2 3 (Ca) damp heat 56 days; 40 °C; 90 to 95% RH; AR/R max.: £3% +0.1 Q
(steady state) loaded with 0.01 P, (IEC steps:
(IEC) 4 to 100 V)
4251 endurance 1000 hours; loaded with Py or Viay; AR/R max.: £3% +0.1 Q
(at 70 °C) 1.5 hours on and 0.5 hours off
4.23.2 27 (Ba) endurance at upper | 1000 hours; no load AR/R max.: £3% +0.1 Q
category
temperature
4842 temperature at 20/LCT/20 °C and 20/UCT/20 °C
coefficient (TC x 1079/K):

R<5Q
R<240Q

<+250
<+200

Other tests in accordance with IEC 115 clauses and IEC 68 test method

Quantech - equipment)

417 20 (Tb) solderability 8 hours steam or 16 hours 155 °C; good tinning (295% covered);
(after ageing) unmounted chips completely immersed | no damage
for 2 £0.5 s in a solder bath at 235 +5 °C
4.6.1.1 insulation resistance | voltage (DC) after 1 minute, metal block | Rins min.: 103 MQ
method: 100 V
412 noise IEC publication 195 (measured with max. 2 pV/V

Other applicable tests

JIS) humidity load 1000 hours; +40 °C; 90 to 95% RH AR/R max.: 5% +0.1 Q
(steady state) loaded with P, or Vinax
1.5 hours on and 0.5 hours off
leaching unmounted chips 60 s ;260 5 °C good tinning; no leaching
trio damp heat test 1000 hours; +85 °C; 85% RH loaded AR/R max.: £5% +0.1 Q
with 0.1 P, or Vijax
1995 Oct 25 84




Philips Components Product specification
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Po hi i
wer chip resistor PRC201

size 1218
_

FEATURES QUICK REFERENCE DATA

¢ Reduced size of final equipment
e Low assembly costs

Higher component and equipment
reliability

e Excellent performance at high
frequency.

APPLICATIONS

¢ Power supplies in small sized
equipment

e Camcorders

Portable radio, CD and cassette
players

Automotive.

DESCRIPTION

The resistors are constructed on a
high grade ceramic body (aluminium
oxide). Internal metal electrodes are
added at each end and connected by
a resistive paste which is applied to
the top surface of the substrate. The
composition of the paste is adjusted
to give the approximate resi‘dlstance
required and the value is trimmed to
within tolerance, by laser cutting of
this resistive layer.

The resistive layer is covered with a
protective coating and printed with
the resistance value. Finally, the two
external end terminations are added.
To guarantee optimum solderability
the outer layer consists of a lead-tin

alloy.
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DESCRIPTION

VALUE

Resistance range

0.02 Q to1 MQ

Resistance tolerance and series:
0.02Q<R<1MQ
01 Q<R<1MQ

+5%, E24 series
+1%, E24/E96 series

Temperature coefficient:
0.020 Q<R <0.033Q
0.083 Q<R <0.060 Q
0.060Q2<R<02Q
02Q<R<1Q
1Q<R<10Q
10Q<R<1MQ

< #2000 x 10-8/K
<+1000 x 107¢/K
<4700 x 10-/K
<4250 x 10-6/K
<+200 x 10-5/K
<+100 x 10°6/K

Absolute maximum dissipation at Tamp = 70 °C

1W

Maximum permissible voltage

200 V (DC or RMS)

Maximum permissible current

6 A (DC or RMS)

Operating temperature range

-55°Cto +155 °C

Basic specification IEC 115-8
Stability after:
load, 1000 hours at Tgmp = 70 °C:
0.02Q<R<0.1Q AR/R max.: 5%
0.1 Q<R<1MQ AR/R max.: +3%
climatic tests AR/R max.: £3%
resistance to soldering heat test:
0.02Q<R<0.1Q AR/R max.: 2%
0.1 Q<R<1MQ AR/R max.: 1%
short time overload AR/R max.: £1%




Philips Components

Product specification

Power chip resistor

size 1218 PRUEN
ORDERING INFORMATION
Table 1 Ordering code indicating resistor type and packaging
ORDERING CODE 2322 735 .....
TYPE TOL (%) EMBOSSED CARRIER TAPE ON REEL
1000 units 5000 units
PRC201 5%; note 1 30::: 60...
1% | 2
Jumper 0 Q
PRC201; note 2 - 90003 90006

Notes

1. Code numbers for values less than 0.1 Q are available on request.
2. The jumper has a maximum resistance Rmax = 20 mQ and a rated current Iz = 6 A.

Ordering code (12NC)

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

e The subsequent four or five digits
indicate the resistor type and
packaging; see Table 1.

e The remaining digits indicate the

resistance value:

— The first 2 digits for 5% or
3 digits for 1% tolerance

products indicate the resistance

value.

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

1996 Nov 18

Table 2 Last digit of 12NC

RE:;%KA;'ECE LAST DIGIT
0.0210 0.091 Q note 1
0110091 Q 7
110910 8
101091 Q 9

10010 910 Q 1
1109.1 kQ 2
1010 91 kQ 3
100 to 910 kQ 4
1MQ 5

Note

1. Code numbers for values less
than 0.1 Q are available on

request.

86

ORDERING EXAMPLE

The ordering code of a PRC201
resistor, value 470 Q with 5%
tolerance, supplied on embossed
carrier tape of 5000 units per reel is:
2322 735 60471.




Philips Components

Product specification

Power chip resistor

. PRC201

size 1218
FUNCTIONAL DESCRIPTION Limiting values
Product characterization LIMITING LIMITING LIMITING
Standard values of nominal TYPE VOLTAGE(" CURRENT POWER
resistance are taken from the ) (R) w)
E24 or E96 series for resistors PRC201 200 6 1
with a tolerance of £5% or +1%. Note

The values of the E24 series are in
accordance with “/EC publication 63".
DERATING

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

TEMPERATURE COEFFICIENT

Figure 2 shows the typical TC of the
low ohmic part of the resistor.
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1. The maximum voltage that may be continuously applied to the resistor

element, see “IEC publication 115-8".
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Fig.1
as a function of the ambient temperature (Tamp).
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Fig.2 Typical TC as a function of resistance for low ohmic values.
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Philips Components Product specification

Power chip resistor
PRC201
size 1218

PULSE LOADING CAPABILITIES

MLB883
10°
A
Pmax
w)
single pulse
(N
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Single pulse A: R, < 300 Q.
Single pulse B: R, > 300 Q.

Fig.3 Pulse on a regular basis; maximum permissible peak pulse power (Pmax) @s a
function of pulse duration for R < 10 kQ, single pulse and repetitive pulse ty/t;.
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Fig.4 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax) asa
function of pulse duration.
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Philips Components Product specification

Power chip resistor

size 1218
104 MBD582
~
Vmax
(V) |
1.2/50 ps
—
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These pulses may not be applied on a regular basis.

Fig.5 Maximum permissible peak pulse voltage without failing to ‘open circuit’
in accordance with DIN |IEC 40 (CO) 533.
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Philips Components

Product specification

Power chip resistor
size 1218

PRC201

Application information

MRA630
200
AT
°c)
150
100 hot-spot
" P / =
/// solder joint
0
0 0.2 0.4 0.6 0.8

1
P W)

Fig.6 Temperature rise at hot-spot and solder joint
as a function of dissipated power, for a resistor
mounted horizontally on ceramic PCB.
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Fig.7 Temperature rise at hot-spot and solder joint
as a function of dissipated power, for a
resistor mounted horizontally on a FR4 PCB.
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Fig.8 Temperature rise at hot-spot and solder
joint as a function of dissipated power,
for a resistor horizontally mounted on
the test substrate; see Fig.9.
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Philips Components Product specification

Power chip resistor

size 1218 FR201

electroplated (SnPb) Cu 35
FR4, 1.6 mm

20 o5

85 MBD096

Dimensions in mm.

Fig.9 Test substrate layout. The tracks on the substrate for values below 33 mQ are wider. With this
substrate, the resistance of the tracks becomes significant compared to the resistor tested.
Due to the current loading required for resistor testing these tracks may be damaged.
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Philips Components

Product specification

Power chip resistor

PRC201
size 1218
MECHANICAL DATA Outlines
Mass per 100 units
MASS
TYPE ©) ——————— protective coat
9 resistor layer
PRC201 3 | . /' - inner electrode
T ; ] f end termination
Marking =
ceramic substrate
Each resistor is marked with the ‘J b I“

nominal resistance value.

4-DIGIT MARKING

For values up to 910 Q the R is used
as a decimal point. For values of 1 kQ
or greater the letter K or M is used as
the decimal point for the kQ or MQ
indication.

Magnitude indicators

RESISTANCE INDICATOR

0.02t0 910 Q R

110 910 kQ K

1 MQ M
Example

MARKING RESISTANCE

120R 120 Q
4K70 4.70 kQ

protective coat

OIS
ORISR
ootetelotetatetotetetete
SRR
o RRLRRAILS

9a%a%a% %000 %% %

MRA629 - 1

For dimensions see Table 3.

Fig.10 Outlines.

The packaging is also marked and
includes resistance value, tolerance,
TC value, catalogue number,
quantity, production period, batch
number and source code.
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Table 3 Chip resistor type and relevant physical dimensions; see Fig.10

L w T t; ty
TerE (mm) (mm) (mm) (mm) (mm)
PRC201 3.05+0.15 | 4.60 £0.20 | 0.55 +0.10 | 0.45 +0.25 | 0.50 +0.25
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Philips Components

Product specification

Power chip resistor
size 1218

PRC201

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “IEC publication 115-8”, category 55/155/56
(rated temperature range —55 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 68, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions
in accordance with “/EC 68-1", 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 115-8 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.

IEC 1158 | 'EC 882
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
Tests in accordance with the schedule of IEC publication 115-8
4.41 visual no holes; clean surface;
examination no damage
4.4.2 dimensions gauge 0.45mm < T <0.65 mm
(outiine) 44mm<W<48mm
29mm<L<3.2mm
4.5 resistance applied voltage (+0/-10%): R — Rnom: max. 5% or 1%
R<10Q:0.1V
10Q<R<100Q:0.3V
100 Q<R<1kQ:1V
1kQ<R<10kQ: 3V
10 kQ <R <100 kQ: 10 V
100kQ<R<1MQ:25V
1 MQ: 50 V
4.18 20 (Tb) resistance to 10 s; 260 15 °C; flux 600 0.0202<R<0.1 Q:
soldering heat AR/R max.: 2%
0.1 Q<R<1MQ:
AR/R max.: 1%
4.29 45 (Xa) component isopropyl alcohol; H,O no visible damage
solvent
resistance
417 20 (Ta) solderability unmounted chips completely immersed | good tinning (295% covered);
for 2 £0.5 s in a solder bath at 235 +5 °C; | no damage
flux 600
4.7 voltage proof on | 200 V (RMS) during 1 minute no breakdown or flashover
insulation
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Philips Components

Product specification

Power chip resistor

h PRC201
size 1218
IEC 68-2
'gf;‘]g: TEST TEST PROCEDURE REQUIREMENTS
METHOD
413 short time room temperature; AR/R max.: +1%
overload dissipation 6.25 x Pp,;
5 s (voltage not more than 2 x Vpax)
4.33 bending resistors mounted on a 90 mm glass no damage
epoxy resin PCB (FR4), bending: 2 mm AR/R max.: +1%
4.19 14 (Na) rapid change of |30 minutes at —55 °C and no visible damage
temperature 30 minutes at +155 °C; 5 cycles AR/R max.: +1%
4.23 climatic
sequence:
4232 2 (Ba) dry heat 16 hours; 155 °C
4.23.3 30 (D) damp heat 24 hours; 55 °C; 95 to 100% RH
(accelerated)
1st cycle
4.23.4 1 (Aa) cold 2 hours; =55 °C
4235 13 (M) low air 1 hour; 8.5 kPa; 15 to 35 °C
pressure
4.23.6 30 (D) damp heat 5 days; 55 °C; 95 to 100% RH AR/R max.: £3%
(accelerated)
remaining
cycles
46.1.1 insulation 100 V (DC) after 1 minute Rins Min.: 1000 MQ
resistance
4.24.2 3 (Ca) damp heat 56 days; 40 °C; 90 to 95% RH; loaded no visible damage
(steady state) with 0.01P,, (IEC steps: 4 to 100 V) AR/R max.: +3%
4.25.1 endurance 1000 hours; loaded with P, or Vay; no visible damage
70° : X
(at 70 °C) 1.5 hours on and 0.5 hours off 0.020 Q<R <04 Q:
AR/R max.: 5%
0.1 Q<R<1MQ:
AR/R max.: +3%
4.23.2 27 (Ba) endurance at 1000 hours; 155 °C; no load no visible damage
upper category ’
temperature AR e

1996 Nov 18
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Philips Components Product specification
Power chip resistor
. PRC201
size 1218
IEC 68-2
Igf;']g: TEST TEST PROCEDURE REQUIREMENTS
METHOD
4842 temperature at 20/-55/20 °C and 20/155/20 °C 0.020 Q <R <0.033 Q:
coefficient AR/R max.: 2000 x 10-8/K

0.033 Q<R <0.060 Q:
AR/R max.: +1000 x 10-6/K
0.060 Q<R<0.2Q:

AR/R max.: 700 x 107¢/K
0.2Q<R<1Q:

AR/R max.: #250 x 10-6/K
1Q<R<10Q:

AR/R max.: 200 x 10-¢/K
10Q<R:

AR/R max.: +100 x 10-¢/K

Other tests in accordance with IEC 115 clauses and IEC 68 test method

(mounted state)

4.17 20 (Tb) solderability 16 hours steam or 16 hours at 155 °C; | good tinning (>95% covered);
(after ageing) unmounted chips completely immersed | no damage
for 2 +0.5 s in a solder bath at 235 +5 °C;
flux 600
4.22 6 (Fc) vibration frequency: 10 to 500 Hz; no damage
(mounted state) |displacement 1.5 mm or acceleration oy
10 g; 3 directions; total 6 hours AN s 1%
4.20 29 (Eb) bump 3 x 1500 bumps in 3 directions; 40 g no damage

AR/R max.: £1%

Other applicable tests

‘ I leaching

I unmounted chips 60 s; 260 +5 °C

lgood tinning; no leaching

1996 Nov 18
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Power metal film chip resistor

. PRC202
size 1218
FEATURES QUICK REFERENCE DATA
¢ Excellent pulse load performance DESCRIPTION VALUE
¢ Reduced size of final equipment Resistance range 0.47 Q to 100 Q:
E24 series

o Low assembly costs

¢ Higher component and equipment
reliability.

APPLICATIONS

e Automotive.

DESCRIPTION

A metal film (resistive) layer is
deposited on a high grade ceramic
body (aluminium oxide). The layer is
trimmed to its nominal value and
covered with a protective coat.

On each end a contact is made by
applying several layers. To guarantee
optimum solderability the outer layer
consists of a lead tin alloy.

1997 Feb 18

Resistance tolerance

+1%; £85%

Temperature coefficient:
470mQ<R<1Q
1Q<R <£100Q

<4200 x 10-6/K
< +50 x 10-8/K

Absolute maximum dissipation at T;mp =70°C |1 W

Maximum permissible voltage 200V
Operating temperature range -55°Cto+155°C
Basic specification IEC 115-8

Stability after:
load, 1000 hours at Tamp = 70 °C
climatic tests
resistance to soldering heat test
short time overload

AR/R max.: £1%
AR/R max.: £1%
AR/R max.: £0.5%
AR/R max.: £1%

ORDERING INFORMATION
Table 1

Ordering code indicating resistor type and packaging

ORDERING CODE 2322 736 .....
TYPE TOL. EMBOSSED CARRIER TAPE ON REEL
1000 units 5000 units
PRC202 5% 30... 60...
+1% 1. i
Ordering code (12NC) Table 2 Last digit of 12NC

¢ The resistors have a 12-digit
ordering code starting with
2322 736.

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

e The remaining digits indicate the
resistance value:

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

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

RESISTANCE

DECADE LAST DIGIT

0.47100.91 Q

1109.1Q

10t0 91 Q

- |||

100 Q

ORDERING EXAMPLE

The ordering code of a PRC202
resistor, value 47 Q with 1%
tolerance, supplied on embossed
carrier tape of 5000 units per reel is:
2322 736 24709.



Philips Components

Preliminary specification

Power metal film chip resistor

size 1218

PRC202

FUNCTIONAL DESCRIPTION DERATING

Product characterization The power that the resistor can dissipate depends on the operating

The resistors are available in the
E24 series for resistors with a

temperature; see Fig.1.

tolerance of +5% and +1%. The
values of the E24 series are in
accordance with “/EC publication 63".

Limiting values

LIMITING | LIMITING
TYPE |VOLTAGE() | POWER
) (W)

PRC202 | [P xR 1

Note

1. The maximum voltage that may
be continuously applied to the
resistor element, see
“IEC publication 115-8".

Fig.1

Pl MRA632

(%Prated)
100

50

T T T T
-55 0 50 70 100 5 155
Tamb( ©)

Maximum dissipation (Pmax) in percentage of rated power
as a function of the ambient temperature (Tamp)-

PULSE LOADING CAPABILITIES

Detailed design in support with respect to thermal behaviour and pulse loading capability is available on request.

CCA098
103
vmax
V)
//
1.2/50 us///
5 L~
10
T
-
10
10! 1 10 102 108
R, (Q)
These pulses may not be applied on a regular basis.
Fig.2 Maximum permissible peak pulse voltage without failing to ‘open circuit’
in accordance with DIN IEC 40 (CO) 533.
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Philips Components Preliminary specification

Power metal film chip resistor
. PRC202
size 1218
CCA099
108
Pmax - S~
W) THr~ =~ _single puise
102 S
== to/t = 1000 —
= N~~ ™ \\\
\ ~ ~d |
10 == F
e
\\\
1
1076 108 1074 10°8 102 107 1
t(s)
Fig.3 Pulse on a regular basis; maximum permissible peak pulse power (Ppay) as a
function of pulse duration, single pulse and repetitive pulse t/t;.
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Preliminary specification

Power metal film chip resistor

y PRC202
size 1218
Application information
200 MRA630 200 MRA631
AT AT
°c) (°c)
150 150 /
/ hot-spot
100 hot-spot 100 /I
// / /ld joint
50 50 solder joint
=i solder joi / /
joint
0 0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
P (W) P (W)

Fig.4 Temperature rise at hot-spot and solder
joint as a function of dissipated power,
for a PRC202 resistor mounted
horizontally on ceramic PCB.

Fig.5 Temperature rise at hot-spot and solder
joint as a function of dissipated power,
for a PRC202 resistor mounted
horizontally on a FR4 PCB.

MBD097

Fig.6 Temperature rise at hot-spot and solder
joint as a function of dissipated power,
for a PRC202 resistor horizontally

100
AT
{e]
o) hot-spot —_|

75 | / /

.
bottom side
pard
L1
50 // B
V=
) .~ solder joint
L~
/
25
yd
7
0
0 0.2 0.4 0 0.8 1.0
P (W)

mounted on the test substrate; see Fig.7.
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Philips Components Preliminary specification

Power metal film chip resistor

size 1218 PRLELE

electroplated (SnPb) Cu 35

85 MBD096

Fig.7 Test substrate layout.
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Preliminary specification

Power metal film chip resistor

size 1218

PRC202

MECHANICAL DATA

Mass per 100 units

TYPE NASS
(9)
PRC202 3
Marking

Each resistor is marked with the
nominal resistance value.

4-DIGIT MARKING

The R is used as a decimal point.

Magnitude indicators

RESISTANCE INDICATOR
0.47 to 100 Q R
Example
MARKING RESISTANCE
80R 80 Q

The packaging is also marked and
includes resistance value, tolerance,
TC value, catalogue number,
quantity, production period, batch
number and source code.

1997 Feb 18

Outlines

Dimensions in mm.

protective coat
resistor layer
inner electrode
end termination

ceramic substrate

protective coat
marking

CCA607

Fig.8 Outlines.

Table 3 Chip resistor type and relevant physical dimensions; see Fig.8

L w T t t
TYPE 1 (mm) (mm) (mm) (mm) (mm)
PRC202 | 3.05+0.15 4.60 +0.2 0.55+0.10 | 0.45 +0.25 | 0.50 +0.25
101




Philips Components

Preliminary specification

Power metal film chip resistor
size 1218

PRC202

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “/EC publication 115-8", category 55/155/56
(rated temperature range 55 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 68, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions
in accordance with “/EC 68-1", 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 “/EC publications
115-8 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.

IEC 1158 | 'EC 582
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
Tests in accordance with the schedule of IEC publication 115-8
4.41 visual no holes; clean surface;
examination no damage
442 dimensions gauge 0.45mm<T <0.65 mm
(outiine) 44mm<W<4.8mm
29mm<L<32mm
4.5 resistance applied voltage (+0/-10%):
R<10Q:0.1V R — Rnom: max. +5%
10Q<R<100Q:0.3V o
— s +19
100Q=R-1V R — Rnhom: max. 1%
4.18 20 (Tb) resistance to 10 s; 260 £5°C AR/R max.: £0.5%
soldering heat
4.29 45 (Xa) component isopropyl alcohol; H,O no visible damage
solvent
resistance
417 20 (Ta) solderability unmounted chips completely immersed | good tinning (=95% covered);
for 2 £0.5 s in a solder bath at 235 £5 °C | no damage
4.7 voltage proof on | 200 V (RMS) during 1 minute no breakdown or flashover
insulation
413 short time room temperature; AR/R max.: £1%
overload dissipation 6.25 x Pp;
5 s (voltage not more than 2 x Vimax)
4.33 bending resistors mounted on a 90 mm glass no damage
epoxy resin PCB (FR4), bending: 2 mm AR/R max.: +0.5%
419 14 (Na) rapid change of |30 minutes at —55 °C and no visible damage
temperature 30 minutes at +125 °C; 5 cycles AR/R max.: +0.5%

1997 Feb 18
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Philips Components

Preliminary specification

Power metal film chip resistor

: PRC202
size 1218
IEC 115-8 | 'EC 682
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD

4.23 climatic
sequence:

4.23.2 2 (Ba) dry heat 16 hours; 155 °C

4.23.3 30 (D) damp heat 24 hours; 55 °C; 95 to 100% RH

(accelerated)
1st cycle

4.23.4 1 (Aa) cold 2 hours; -55 °C

4.23.5 13 (M) low air 1 hour; 8.5 kPa; 15to 35 °C

pressure

4.23.6 30 (D) damp heat 5 days; 55 °C; 95 to 100% RH AR/R max.: £1%

acsslaraied) Rine min.: 1000 MQ
remaining
cycles

4.6.1.1 insulation 100 V (DC) after 1 minute Rins min.: 10000 MQ
resistance

4.24.2 3 (Ca) damp heat 56 days; 40 °C; 90 to 95% RH; loaded no visible damage
(steady state) with 0.01 Py, (IEC steps: 4 to 100 V) AR/R max.: 1%

4.25.1 endurance 1000 hours; loaded with P, or Viax; no visible damage
(at 70 °C) 1.5 hours on and 0.5 hours off AR/R max.: +1%

4.23.2 27 (Ba) endurance at 1000 hours; 155 °C; no load no visible damage
Uppercatsigaty AR/R max.: £1%
temperature

4.8.4.2 temperature at 20/-55/20 °C and 20/155/20 °C 047 Q<R<1Q:
coefficient AR/R max.: 200 x 10-8/K

1Q<R:
AR/R max.: 50 x 10-8/K

Other tests in accordance with IEC 115 clauses and IEC 68 test method

417 20 (Tb) solderability 16 hours steam or 16 hours at 155 °C; good tinning (295% covered);
(after ageing) unmounted chips completely immersed | no damage

for 2 £0.5 s in a solder bath at 235 +5 °C

4.22 6 (Fc) vibration frequency: 10 to 500 Hz; no damage

(mounted state) |displacement 1.5 mm or acceleration Al
10 g; three directions; total 6 hours SRR

4.20 29 (Eb) bump 3 x 1500 bumps in three directions; 40 g | no damage

(miunted stale) AR/R max.: £1%

Other applicable tests

|

| leaching

I unmounted chips 60 s; 260 +5 °C

Lgood tinning; no leaching

1997 Feb 18
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Metal film precision chip resistors

sizes 1206 and 0805

FEATURES

e Reduced size of final equipment
e Lower assembly costs

Excellent pulse stability for single
pulse conditions

High stability and low temperature
coefficient.

APPLICATIONS

o Computers
e Telecommunication equipment
e Test and measuring equipment.

DESCRIPTION

A metal film layer is deposited on a
high grade ceramic body (aluminium
oxide). This resistive layer is timmed
to its nominal value and on both ends
a contact is made which will
guarantee optimum solderability. This
is achieved by applying several layers
and for ease of soldering the outer
layer consists of a lead/tin alloy.

The resistive layer is covered with a
protective coat.

ORDERING INFORMATION
Ordering code (12NC)

e The resistors have a 12-digit
ordering code starting with 2322 7

The subsequent first 4 digits
indicate the resistor type and
packaging; see Table 1.

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.

1996 Nov 20

Product specification

MPCO1/11
QUICK REFERENCE DATA
VALUE
DESCRIPTION
MPCoO1 MPC11(1)
Resistance range 10 Q to 100 kQ 14 Q to 30 kQ

Resistance tolerance

1+0.1%; all values;
preferred values E24 or E96 series

Temperature coefficient

<25 x 1076/K

Absolute maximum dissipation at
Tamp= 70 °C

0.125 W 0.1 W

Maximum permissible voltage

100 V (DC or RMS)

Ry according to DIN 44050

170 K/W on epoxy

phenol PCB
Climatic category (IEC 68) 55/125/56
Basic specification IEC 115-8
Stability after:
load, 1000 hours at Tamp = 70 °C AR/R max.: £0.10%
load, 8000 hours at Tamp = 70 °C AR/R max.: +0.25%
climatic tests AR/R max.: £0.25%
soldering AR/R max.: £0.10%
short time overload, 200 V max. AR/R max.: £0.10%

Note
1. Data for MPC11 is preliminary.

Table 1 Four digits to indicate type and packaging for resistances as listed
ORDERING CODE 2322 ... .....
TYPE EMBOSSED CARRIER TAPE ON REEL
1000 units 5000 units
MPCO1 741 2.... 741 3....
MPC11 744 2.... 744 3....

Table 2 Last digit of 12NC

RESISTANCE LAST

DECADE DIGIT
10Q<R<100 Q 9
100 Q<R < 1kQ 1
1kQ<R<10kQ 2
10 kQ <R <100 kQ 3
100 kQ 4

104

ORDERING EXAMPLE

The ordering code of a MPCO1
resistor, value 50 Q, supplied on
embossed carrier tape of 5000 units
per reel is: 2322 741 350009.




Philips Components Product specification

Metal film precision chip resistors

sizes 1206 and 0805 MPCO01/11

FUNCTIONAL DESCRIPTION DERATING

Product characterization The power that the resistor can dissipate depends on the operating

Any value in the range can be TGNl R .

supplied, provided that the resistance
value may be expressed in three

significant digits and an indication of
magnitude. Values which cannot be Pmax MeB2oe
expressed in this way, are available (%Prated)
upon request. 100

Limiting values

TYPE | VOLTAGE() | POWER
V) W)

MPCO1 100 0.125 0 T \ T )
~55 0 50 70 100 125

MPC11 100 0.1 Tamb(°C)

|
|
|
LIMITING | LIMITING o0 1
|
|
|
|
|

Note

1. The maximum voltage that may
be continuously applied to the
resistor element, see
“IEC publication 115-8”.

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

PULSE LOADING CAPABILITIES

MBD555
10
A
Vmax
\ 1.2/50 s
] 107700 s
%
// L K
16° >
A
T
// /” |
=
102
= 2 3 4 J J 5 6 7
10 10 10 10 10 10 Ry@ 10
These pulses may not be applied on a regular basis.
Fig.2 Maximum permissible peak pulse voltage for MPC01 without failing to
‘open circuit’ in accordance with DIN IEC 40 (CO) 533.
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Metal film precision chip resistors

MPCO01/11
sizes 1206 and 0805
CCA431
10*
Omax
V)
R
10/700 us
108 —
L Z
L
f‘””/’
=g
L~ 1 |
102 el =al |
= |
[
|
[ |
10 !
10 102 10° 10 108 108 R, (@ 107
These pulses may not be applied on a regular basis.
Fig.3 Maximum permissible peak pulse voltage for MPC11 without failing to
‘open circuit’ in accordance with DIN IEC 40 (CO) 533.
MBD554
600
Vimax
V)
400
_____\
\\\ |
200 T <
.
L
T ——
0
1076 {02 1074 102 462 107" 1

Fig.4 Pulse on a regular basis; maximum permissible peak pulse voltage (Vs asia
function of pulse duration.
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Metal film precision chip resistors

sizes 1206 and 0805 MPCO1/11

10° MBD553
I T
Pmax T
(W)
single pulse
0] h {
10° =ip7t; =1000
B— £
100
L1 ~_[] ~_
=TT <
- \\\\~-_ \
10
= = <
—
I N T
4 \:\ \\
—
~
=
N
=,
107" b
16 1075 1074 1073 1072 107"

Fig.5 Pulse on a regular basis for MPCO01; maximum permissible peak pulse power (Pmax) as
a function of pulse duration for R < 10 kQ, single pulse and repetitive pulse ty/t;.

CCA423

10°
A
Pmax
(W)
102
1/t =1000 ey ngle pulse
~ =L
—_— Bne i -
|_ty/t =100 ] 11T ~ Sa
Ny, Sy
10 ‘ l "“\\ i
—t/t =10
=t s
1] iy Ly
\\\~~:~. =y \\\
1 R N
~
<
‘\\
1071 |
1076 1078 104 102 e p— 1

Fig.6 Pulse on aregular basis for MPC11; maximum permissible peak pulse power (Pmax) as
a function of pulse duration for R < 10 k<, single pulse and repetitive pulse ty/t;.
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Product specification

Metal film precision chip resistors
sizes 1206 and 0805

MPCO01/11

protective coat

resistor layer

MECHANICAL DATA Outlines
Mass per 100 units
TYPE MASS
(9)
MPCO1 1.0
MPC11 0.55
Marking

Resistors from the E24 or E96 series
and those with 3 significant numbers
are marked with four digits. Resistors

inner electrode

—— end termination

ceramic substrate

protective coat

marking

of other values are not marked. 1/
BRXRRILLS
0% % %% % XK
OGSO IAR KK IKERIIIRIIIRIII]
SRS
4-DIGIT MARKING B KR KR KKIKRINE XX XKL AREEES]
BRI IZERRLL
RRIIERe LR
; w BSSRess G s
For values up to 976 Q the R is used B s s s st on o L]
: - B ]
as a decimal point. For values of 1 kQ BRIRILRIELLHLLRLRHLRHILRIRHLLRAXA]
) L BB R ]
or greater the first 3 digits apply to the B ]

# ] BRI MBE929
resistance value and the fourth ‘ ‘
indicates the number of zeros to L
follow.

Example
MARKING RESISTANCE For dimensions see Table 3.
50R0 50 Q
Fig.7 Outlines.
402R 402 Q g
1502 15 kQ

Table 3 Chip resistor type and relevant physical dimensions; see Fig.7

PACKAGE MARKING e L W T 4 t
The packaging of all resistors is also (mm) (mm) (mm) (mm) (mm)
marked and includes resistance 3.20

value, tolerance, TC value, catalogue MPCO1 +0 16/_0 20 1.60+0.15 | 0.55+0.10 | 0.35 £0.25 | 0.50 £0.25
number, quantity, production period, : '

batch number and source code. MPC11 2.00£0.15 | 1.25+0.15| 0.55+0.10 | 0.30 £0.20 | 0.40 £0.20

1996 Nov 20
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Product specification

Metal film precision chip resistors

sizes 1206 and 0805

MPCO1/11

TESTS AND REQUIREMENTS

Essentially all tests are carried out in
accordance with the schedule of
“IEC publication 115-8", 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 68,

“Recommended basic climatic and
mechanical robustness testing
procedure for electronic components
and under standard atmospheric
conditions according to “/EC 68-1",
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).

Table 4 Test procedures and requirements

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

“IEC publications 115-8 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.

IEC 115-8 IEC 68-2 REQUIREMENTS
TEST TEST PROCEDURE
CLAUSE METHOD MPCO1 MPC11
Tests in accordance with the schedule of IEC publication 115-8
4.41 visual no holes; clean surface;
examination no damage
442 dimensions gauge (mm) 0.45<T<065| 045<T<0.65
(outline) 145<W< 1.7 | 11<sW<14
30<L<38 |1.856<LL215
45 resistance applied voltage (+0/-10%): R — Rnom: max. £0.1%
10Q<R<100Q:0.3V
100Q<R<1kQ:1V
1kQ<R<10kQ: 3V
10 kQ <R <100 kQ: 10V
100 kQ: 25 V
4.18 20 (Ta) resistance to unmounted chips; 10 s; 260 £5 °C no visual damage
spideringheel AR/R max.: £0.10%
4.29 45 (Xa) component isopropy! alcohol or H,O followed no visual damage
solvent resistance | by brushing in accordance with
“MIL 202 F”
417 20 (Ta) solderability unmounted chips completely good tinning (295% covered);
immersed for 2 £0.5 s in a solder no visual damage
bath at 235 £5 °C
4.7 voltage proof on maximum voltage (RMS) during no breakdown or flashover
insulation 1 minute metal block method
413 short time room temperature; P = 6.25 x Py; AR/R max.: £0.1%
overload 55 (V<2 %X Viiax)
4.33 bending resistors mounted on a 90 mm glass no visual damage
epoXxy resin PCB (FR4); AR/R max.: +0.1%
bending: 2 mm

1996 Nov 20
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Product specification

Metal film precision chip resistors

sizes 1206 and 0805

MPCO01/11

IEC 115-8 IEC 68-2 REQUIREMENTS
) TEST TEST PROCEDURE
CLAUSE | LETHOD MPCO1 MPC11
4.19 14 (Na) rapid change of 30 minutes at LCT and no visual damage
temperature 30 minutes at UCT; 5 cycles ARIR ma--£0:1%
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.: 1000 MQ
(accelarated) AR/R max.: £0.25%
remaining
cycles
4.24.2 3 (Ca) damp heat 56 days; 40 °C; 90 to 95% RH; AR/R max.: £0.25%
(steady state) loaded with 0.01 P,
(IEC) (IEC steps: 4 to 100 V)
4.25.1 endurance 1000 hours; loaded with Pp, or Vinax; AR/R max.: £0.1%
(at 70 °C) 1.5 hours on and 0.5 hours off
4.23.2 27 (Ba) endurance at 1000 hours; no load AR/R max.: £0.1%
upper category
temperature
4842 temperature at 20/LCT/20 °C and 20/UCT/20 °C <£25
coefficient (TC x 1078/K)

Other tests in accordance with IEC 115 clauses and IEC 68 test method

Quantech - equipment)

417 20 (Tb) solderability 8 hours steam or 16 hours 155 °C; good tinning (>95% covered);
(after ageing) unmounted chips completely no damage
immersed for 2 £0.5 s in a solder
bath at 235 +5 °C
46.1.1 insulation voltage (DC) after 1 minute metal Rins mMin.: 1000 MQ
resistance block method: 100 V
4.12 noise IEC publication 195 (measured with max. 0.10 uV/V

Other applicable tests

humidity load 1000 hours; +40 °C; 90 to 95% RH; AR/R max.: £0.25%
(steady state) loaded with Pp, or Vijax;

(JIS) 1.5 hours on and 0.5 hours off

leaching unmounted chips 60 s; 260 5 °C good tinning; no leaching
trio damp heat 1000 hours; +85 °C; 85% RH; AR/R max.: £0.25%
test loaded with 0.1 P, or Vpax

pulse test 2.5 x rated voltage or max. overload; AR/R max.: £0.5%
(JIS) 1 s on and 25 s off; 104 cycles

1996 Nov 20
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Leaded resistors

Selection guide

DISSIPATION
APPLICATION TYPE TOLEE‘ANCE HESISTANCE PAGE
(/O) RANGE (at Oc) 1 (W)
Metal film
SFR16 1Qto3MQ 0.50
tandard SFR25 5 70 0.40 134
R 1Qto 10 MQ
SFR25H 0.50
MRS16T 4.99 Qto 1 MQ 0.40
Metal film 1 70 147
MRS25 1 Qto 10 MQ 0.60
. NFR25 0.33
Fusible 5 1 Qto 15 kQ 70 159
NFR25H 0.50
MPR24 0.125
0.05; 0.02; 0.01 24 Q to 100 kQ
. MPR34 0.25
Precision 70 169
MPR24 0.25
0.5;0.25; 0.1 4.99 Qto 1 MQ
MPR34 0.40
022Qto1Q 0.6
PRO1
1Qto 1 MQ 1
0.33Qto1Q 1.2
Power PR02 5 70 183
1Qto 1 MQ 2
068Qto1Q 1.6
PRO3
1Qto1MQ 3
Metal glaze
VR25 1; 5; 10 100 kQ to 22 MQ 0.25
High voltage VR37 - 100 kQ to 33 MQ 70 0.50 176
VR68 ’ 100 kQ to 68 MQ 1.0
Wirewound
ACO1 0.1 Qto 1.5kQ 1
ACO3 0.1 Qto 3kQ 3
AC04 0.1 Qt06.8kQ 4
ACO05 0.1 Qto 8.2kQ 5
Cemented 5 40 203
ACO07 0.1 Qto 15 kQ 7
AC10 0.68 Q to 15 kQ 10
AC15 0.82 Q to 22 kQ 15
AC20 1.2 Qto 33 kQ 20
PACO1 0.22 Qto 2.2 kQ 1
PACO02 0.1 Q1o 3.6 kQ 2
- PACO3 0.1 Q10 4.7 kQ 3
Precision 1 25 213
PACO04 0.1 Q10 8.2 kQ 4
PACO5 0.68 Q to 10 kQ 5
PACO06 0.68 Qto 12 kQ 6
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Leaded resistors

Selection guide

DISSIPATION
APPLICATION TYPE TOLE?ANCE RESISTANGE PAGE
(%) RANGE (at °C) ’ (W)
Stand up
SMWO02; SMF02 2
Miniature power SMWO03; SMF03 5 0.1 Q to 47 kQ 70 3 219
SMWO05; SMF05 5
Radial
RMWO03; RMF03 0.22 Q to 39 kQ 3
RMWO05; RMF05 0.47 Q to 51 kQ 5
Power 5 70 225
RMWO07; RMF07 0.68 Q to 100 kQ 7
RMW10; RMF10 1 Qto 150 kQ 10
Maintenance types; not for new designs
MR25 0.40
; 0.5 1Qto1 MQ
Metal film MR30 70 0.50 234
MR52 1 4.99 Qto 1 MQ 1.0
MR24D 0.125
MR34D 1 10 Qto 1 MQ 70 0.25
) MR54D 0.5
MIL metal film 242
MR24E/C 0.1
MR34E/C 0.1;0.25; 0.5; 1 49.9 Qto 1 MQ 125 0.125
MRB54E/C 0.25
1 Qto 27 kQ 1.6
PR37 247
3 30 kQ to 1 MQ 1.2
Power metal film 5 70
1 Qto 51 kQ 2.5
PR52 255
56 kQ to 1 MQ 2.0
WRO0617E 4.00
. WRO0825E 7.00
Enamelled wirewound 5 4.7 Q to 100 kQ 70 263
WRO0842E 11.0
WRO0865E 17.0
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Leaded resistors

General Introduction

INTRODUCTION

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

o TITLE

e FEATURES

» APPLICATIONS
DESCRIPTION

QUICK REFERENCE DATA
ORDERING INFORMATION
FUNCTIONAL DESCRIPTION
— Product characterization

— Limiting values
MECHANICAL DATA
Outlines

— Mass

Marking

Mounting
o TESTS AND REQUIREMENTS

The chapters listed above are explained in this section
“General Introduction Leaded 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.

All 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 68-2-45".

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.

1996 Nov 15

FUNCTIONAL DESCRIPTION

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

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

“IEC publications 115-1 and 115-2”. 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:

Tin= Tamp + 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,

RELATIONSHIP dap _ 1

at, A

is the reciprocal of the heat resistance and is the
characteristic for the resistor.

DESCRIPTION
Dimensions and conductance
of materials determine

Heat resistance x dissipation
gives

Temperature rise + ambient
temperature give

heat resistance

temperature rise

The stability i can be determined experimentally, for
hot-spot temperature R
instance after 1000 h, as a function of the hot-spot
temperature with the resistance value as a parameter.
It has been found that the resistance changes
exponentially with temperature, giving a straight line

Hot-spot temperature and
resistance value determine

stability

Performance when log AWR is plotted against Tp,.

When specifying the performance of a resistor, the
dissipation is given as a function of the hot-spot
temperature, with the ambient temperature as a
parameter.

A combination of the graphs of P and ATRR_ against T, gives

a nomogram from which the values of several variables
: . can be determined for a resistor of a given size under
FIGTR AT b P T = Tt AT 1EDIG98 W different working conditions. An example of such a
Tea= Tamn nomogram with fictitious values is given in Fig.1. The

A intersection of the broken line with the horizontal axis gives
the hot-spot temperature under chosen conditions.

P=

If P is plotted against T, for a constant value of A, parallel
straight lines are obtained for different values of the
ambient temperature.
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0.8 4

l 140 °C

| o
o 10/1/150 c

MBC679

Fig.1
the performance of film resistors.

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

| 150 Tm(°C)
|
| |
| |
| |
|

100 Q@

10 kQ

1MQ

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.

1996 Nov 15

Extend line BC into the lower half of the nomogram until it
intersects the 10 kQ 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 (x10-/K).

Example: If the temperature coefficient of a resistor of
Rnom = 1 MQ between —55 °C and +155 °C is
+100 x 10-9/K its resistance will be,

at 25 °C:

1000000 Q (nominal = rated value)

at +155 °C:

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

at -55 °C:

1000000 Q +(80 x 100 x 10-6) x 1000000 Q
=1008000 2 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%

Fig.2 Temperature coefficient.
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THERMAL RESISTANCE (Rin)

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

Ths = Tamb + P x Ry

The thermal resistance given in the specification is
determined in accordance with DIN 44050
(Tamp 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 ( Pax) and pulse duration (t);
the straight line in Fig.4 is a typical example for a film
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
point

copper 35 um
not tinned

V e

Dimensions in mm.

T
I\ hole © 1.2

MLB380

Fig.3 Mounting dimensions.
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Fig.4 Maximum permissible peak pulse power (P 4y 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

e——tp—s

— b

Fig.6 Rectangular pulses.

MGA207

re——tp—y

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
. (Fig.4)

Vi applied peak pulse voltage (Figs 6 and 7)

v maximum permissible peak pulse voltage
e (Fig.5)

Rnom nominal resistance value

i pulse duration (rectangular pulses)

tp pulse repetition time

T time constant (exponential pulses)

Tatip ambient temperature

T ma_ximum 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.

1996 Nov 15

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
T 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.

e For repetitive rectangular pulses:
B
- ﬁ' must be lower than the value of Py 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 Vimax given in
Fig.5 for the applicable value of t;.
e For repetitive exponential pulses:
— As for rectangular pulses, except that tj = 0.5 1.
* For single rectangular pulses:
52

V, A
= F] must be lower than the Ppax given by the

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

— V; must be lower than the value of Vimax 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: V=40 V;t=105s;t,=1073s.

Therefore:

,\ 2 t -3

p=20 _iswand =19 _ 100
700 P

t .
Fortj=105s and t—P = 100, Fig.4 gives Ppax=19 W

and Fig.5 givesh\"/max =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
- 200
Pria = 1000 = 40 W

The dashed curve of Fig.4 shows that at tj = 10 s, the
permissible Pmax =70 W and Fig.5 shows a permissible
Vmax Of 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 Ly and Lp; L4 is the
body length, L, is the body length plus lacquer on the
leads. By specifying L1/Ly, 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 (“IEC publication 194”).

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

- ;
‘ 1
‘ F A MBC684
@D

Lo

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

Ly

gauge plate

od

TT*

7 o
A MBC673

Fig.9 Measurement of dimension L.

2 2.5 max

Y05
max

o

@ 0.8

23 £1

@ 0.6

mBecess U

Dimensions in mm.

Fig.10 SFR25 and VR25A are available as
‘stand-up’ types and shown in the
‘mounted’ position.
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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.

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 62:
“Colour code for fixed resistors”. See also “IEC 115-17,

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.g. if the products are too small.
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NNAANY

Y]

N
NN\
N

|

%b‘z
_

figures multiplier tolerance  temp. coeff.

(T) (107k)

001}—10% |— silver

01 —{5% | gold
|0 F— 1 I 200 black
1 —10 +—1% }—100 brown
|2 —100 }—{2% |— 50 red
3 — 1K JI 15 orange
| 4 —1{ 10K 1 25 yellow
| 5 100K [—1 0.5% green
|6 — 1M — 025% — 10 blue
L 7 —110M — 0d4% |—| 5 violet
1 8 | 1 rey
L9 | white

MLB747

Fig.11 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 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 63” 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, MR34E/C/D,
MR54E/C/D and MR74E/C/D, as well as PR37 and PR52.
Resistors outside the standard “/EC 63" series of types
MPR24 and MPR34, are stamped. All wirewound resistors
are stamped.

Body colours

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

COLOUR TYPE
Tan CR25
Light green | SFR25/SFR16
Grey NFR25, NFR25H
Green MR25, MR30, MR52, MR24E/C/D,

MR34E/C/D, MR54E/C/D, MR74E/C/D,
MPR24, MPR34, MRS16T, MRS25, AC04,
ACO05, AC07, AC10, AC15, AC20

Light blue | VR25, VR37, VR68, SFR16S

Red PR37, PR52, PRO1, PR02, PRO3
Brown WRO0167E, WR0842E, WRO0825E,
WRO0865E

Red-brown | SFR25H

Mounting

Most types with straight axial leads and most in the
‘stand-up’ version (radial leads; see Fig.10) 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 115-1"

in the specified climatic category and in accordance with IEC publication 68, “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

S~ \J

Fig.1 Bandolier in ammopack.

For dimensions see Table 1.

22030' (16x)
\4'—

- .- 22.5

MBC687

- \/ —
-—— R —>

220 mm leader at
beginning and end

 J—

Dimensions in mm.
For dimensions see Table 2.

Fig.2 Bandolier on reel.
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MLB802

Dimensions in mm.
For dimensions see Table 5.

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

S 0.8 max displacement between any AN
| two resistors

+1.6

MBA504

Dimensions in mm.

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

Fig.4 Axial style on tape.

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

PACKAGING DIMENSIONS
PRTOY['):‘I.IJECT QUANTITY AXIAL TAPED ON BANDOLIER AMMOPACK
a A |B1 = Bz| S M N P
(mm) (mm) (mm) (mm) (mm) (mm) (mm)

SFR16 1000 6 £0.5 52.5+1.5 £1.2 5 75 30 140

5000 6 +0.5 52,5 %15 +1.2 5 75 73 270

1000 6 +0.5 52 +1.5/-0 +,:2 5 82 28 262
SFR25

5000 6 0.5 52 +1.5/-0 +4.2 5 78 98 270

1000 610.5 52 +1.5/-0 1.2 5 82 28 262
SFR25H

5000 6105 52 +1.5/-0 +1.2 5 78 98 270
NER25 1000 6+0.5 52 +1.5/-0 1.2 5 82 28 262

5000 6 +0.5 52 +1.5/-0 4 2 5 78 98 270

1000 6 0.5 52 +1.5/-0 #1.2 5 82 28 262
NFR25H

5000 6+0.5 52 +1.5/-0 +1.2 5 78 98 270

1000 +0. 2 +1.5/- +0. 5 7 30 140
MRS16T 6 +0.5 52 +1.5/-0 0.5 5

5000 6 0.5 52 +1.5/-0 +0.5 5 75 73 270
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PACKAGING DIMENSIONS
PR1(')Y[|):’L|IECT QUANTITY AXIAL TAPED ON BANDOLIER AMMOPACK
a A IB1— Bal S M N P
(mm) (mm) (mm) (mm) (mm) (mm) (mm)
1000 6405 52 +1.5/-0 #1.2 5 82 28 262
MRS25
5000 610.5 52 +1.5/-0 1.2 5 78 107 270
MR25 1000 6 +0.5 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
MR52 1000 6 +0.5 66.7 £1.5 +1.2 10 97 95 260
MPR24 500 or 1000 6 0.2 63.5+1.5 1.2 5 97 29 262
MPR34 500 or 1000 6 £0:2 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 1+0.5 52 +1.5/-0 1.2 5 78 98 270
VR37 1000 6 0.5 52 +1.5/-0 312 5 83 60 262
VR68 500 5 0.5 66.7 £1.5 +1.2 10 85 2 258
PRO1 1000 6 0.5 73%1.5 1.2 5 97 28 262
PRO2 1000 6 +0.5 73£1.5 +1.2 5 97 59 262
PRO3 500 6 +0.5 80 £1.5 +1.2 10 99 77 259
PR37 1000 6 0.5 13115 +1.2 5 97 59 262
PR52 500 6 +0.5 80 £1.5 $1.2 10 97 77 259
ACO1 1000 610.5 63 +4 +1.2 10 85 60 263
ACO3 500 6+0.5 63 +4 #1.2 10 85 w“w 259
ACO04 500 6+0.5 63 +4 +1.2 10 85 77 259
ACO05 500 610.5 63 +4 #1.2 10 85 112 259
ACO7 500 6 +0.5 74 £4 +1.2 10 93 115 259
WRO0617E 500 5105 66.7 +1.6 1.2 10 85 77 259
WRO0825E 500 610.5 74 +1.6 49,2 10 93 115 259
WRO0842E 100 6 +0.5 88 £1.6 1.2 10 132 56 160
WRO0865E 100 610.5 110 +1.6 +1.2 10 132 56 160
PACO2 500 610.5 63 +1 1.2 10 85 60 263
PACO03 500 610.5 63 *1 +12 10 85 60 263
PACO04 500 6 +0.5 71 +1.2 10 97 120 273
PACO05 500 6 0.5 71+ 1.2 10 97 120 273
PACO06 500 610.5 7 Bt +1.2 10 97 120 273
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Table 2 Resistor type, quantities and packaging dimensions for axial taped on reel; see Figs 2 and 4

PACKAGING DIMENSIONS

PRTC_)\{I:;%CT QUANTITY AXIAL TAPED ON BANDOLIER REEL
a A IB1 - Bal S Q v R
(mm) (mm) (mm) (mm) (mm) (mm) (mm)

SFR16 5000 6+0.5 52.5+1.5 +1.2 5 265 75 86
SFR25 5000 610.5 52 +1.5/-0 1.2 5 305 75 86
SFR25H 5000 6 0.5 52 +1.5/-0 +1.2 5 305 75 86
NFR25 5000 6 +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
MRS16T 5000 610.5 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 6+0.2 63.5+1.5 +1.2 5 305 90 =
MPR34 5000 6 10.2 63:5:+1.5 +1.2 5 356 90 -
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
PRO1 5000 6 +0.5 73 £1:5 +1.2 5 305 90 -
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Products with radial leads

= P, ‘<iP—>‘ '\Agr‘
) .
A
¥
] Ly .
I L1 | [l

|
/JI [t_:{ L\ o = 30° to 40° 4
ale a a=>1.3mm @_‘I

detail A

For dimensions see Tables 3 and 4.

Fig.5 Bandolier for types with radial leads.

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
H component height
PRO1 29 max mm
PRO2 29 +3.0 mm
ACO1 29 +3.0 mm
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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
P2 feed-hole centre to body centre 6.35 +1.0 mm
F lead-to-lead distance 4.8 +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
Wi hole position 9.0 +0.5 mm
W» 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 11.0 - mm
L4 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
PRTS)Y[;léCT QUANTITY AMMOPACK
M N P
(mm) (mm) (mm)
SFR25 4000 45 262 330
NFR25 4000 45 262 330
NFR25H 4000 45 262 330
PRO1 4000 45 262 330
PR02 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‘)::CT 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
PR37 500 or 1000 105 70 205
PR52 500 105 70 205
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Standard metal film resistors
—

FEATURES

e Low cost
o Low noise
e Small size (SFR16).

APPLICATIONS

e General purpose resistors.

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 leads of electrolytic
copper are welded to the end-caps.

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

Product specification

SFR16/25

type SFR16; 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 68-2-45".

VALUE
DESCRIPTION
SFR16 SFR25 SFR25H
Resistance range 1Qto3 MQ 1 Qto 10 MQ and jumper (0 Q)

Resistance tolerance

+5%, E24 series

Temperature coefficient:

R<4.7Q <4250 x 1079/K <+100 x 10-8/K <4100 x 107¢/K
4.7 Q<R <100 kQ <+100 x 10-8/K <+100 x 10-%/K <+100 x 10-8/K
100 kQ <R <1 MQ <+250 x 1076/K <+100 x 10°9/K <+100 x 108/K
R>1MQ <4250 x 109K <4250 x 1076/K <+250 x 108/K
Absolute maximum dissipation 05W 0.4 W 05W
at Tump =70 °C
Thermal resistance, Ry, 170 K/W 200 K'W 150 KW
Maximum permissible voltage 200V 250V 350V
Noise:
R < 68 kQ max. 0.1 uV/v max. 0.1 uV/v max. 0.1 uV/v
68 kQ <R <100 kQ max. 0.5 uV/V max. 0.1 uV/V max. 0.1 uV/V
100 kQ <R <1 MQ max. 1.5 uv/v max. 0.1 uV/V max. 0.1 uV/vV
R>1MQ max. 1.5 uv/v max. 1.5 uV/V max. 1.5 uV/V

Basic specifications

IEC 115-1 and 115-2

Climatic category (IEC 68)

55/155/56

Stability, AR/R max., after:
load:
R<1MQ
R>1MQ
climatic tests:
R<1MQ
R>1MQ
soldering
short time overload

+1% +0.05 Q
+1% +0.05 Q

+1% +0.05 Q
+1% +0.05 Q
+0.25% +0.05 Q
+0.25% +0.05 Q

+1% +0.05 Q
+1% +0.05 Q

+1% +0.05 Q
+1% +0.05 Q
+0.25% +0.05 Q
1+0.25% +0.05 Q

+1% +0.05 Q
2% +0.1 Q

+1% +0.05 Q

2% +0.1 Q
+0.25% +0.05 Q

+1% +0.05 Q
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SFR16/25

ORDERING INFORMATION

Table 1 Ordering code indicating resistor type and packaging

ORDERING

CODE 2306 ... ..... ORDERING CODE 2322 ... .....
TYPE BANDOLIER IN AMMOPACK BANDOLIER ON REEL
RADIAL TAPED STRAIGHT LEADS STRAIGHT LEADS

4000 units 1000 units 5000 units 5000 units
SFR16 - 187 73... 187 53..: 187 83...
SFR25 184 03... 181 53... 181 43... 181 63...
SFR25 jumper(") - - 181 90019 -
SFR25H - 186 16... 186 76... 186 26...
Note

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

Ordering code (12NC)

e The resistors have a 12-digit

ordering code.

The first 9 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.

1996 Nov 20

Table 2 Last digit of 12NC

RESISTANCE
DECADE

LAST DIGIT

1109.76 Q

10 t0 97.6 Q

100 to 976 Q

110 9.76 kQ

10 t0 97.6 kQ

100 to 976 kQ

110 9.76 MQ

10 MQ

o|lO|lh|lWO|IN|=|O©|
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ORDERING EXAMPLE

The ordering code of a SFR25
resistor, value 5600 Q 5%, taped
on a bandolier of 5000 units in
ammopack is: 2322 181 43562.
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Standard metal film resistors SFR16/25

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 63”.

Tamb = 40 °C 70°C
05
P
(W)
0.4
0,
s 100°C
02 1 125°C
0.1
155 °C
)
\0000
&
15 10 07 05 03 02 01%  AR/Rfor R<100kQ
20 15 10 07 05 0.3 02%  AR/RforR>100kQ AR
SFR16
Fig.1 Drift nomogram.
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Tamb = 40 °C 70 °C

100

P

(%)
7804 100 °C
50 A 125°C
25

155 °C
™
\°°°°
S
&
20 15 10 07 05 03 02%  AR/RforR<1MQ
30 2.0 10 07 05 03%  AR/RforR>1MQ —

SFR25(H)
P,= 0.4 W (SFR25) or 0.5 W (SFR25H).

Fig.2 Drift nomogram.
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SFR16/25

Limiting values

TYPE LIMITING VOLTAGE(") LIMITING POWER
V) (W)
SFR16 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 “IEC publication 115-1".

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 4 MLB650
Pmax |
(%Frated) :
75 |
|
|
|
50 |
|
|
25 | | T
’ R>1MQ | S,
| | ~
| | N
| | s
0 T t T T T T Y
40 60 70 80 100 120 140 155
Tamb (

Fig.3 Maximum dissipation (Pmax) in percentage of rated power as a function of the ambient temperature (Tamp)-

1996 Nov 20

138




Philips Components Product specification
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PULSE LOADING CAPABILITIES

102 MEAB8S5 - 1
A
Pmax
(W)
N~
~
102 =
= = =
i ~
<
— ~N
~N
H ~
5 - i N
e — ~
1 2 ———— ™
10—1 |
1076 107> 1074 1073 1072 107" ti (o) 1
SFR16
Fig.4 Pulse on a regular basis; maximum permissible peak pulse power (Pmax) @s a
function of pulse duration (t;).
MEA689
600
A
Vmax
V)
500 my
H— -
\\\
400 N
\\
\\
N,
300 N
\\
\\
200
100
010‘6 1075 16‘4 1078 1072 105 1
ti(s)
SFR16
Fig.5 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax) as a
function of pulse duration (t;).
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MLB389
103
A
Pmax -
(W)
~
|
102 =
— tp/t j=1000
-
) ~— 500 ~
L]
F——] == 200 =
—— | ]] 100 T T —
10 =50 =
20 f
—_—— B!
10 — <
P~ TTTY
5 o~
1 11
2 FH
Ny
107"
1076 1078 1074 1073 107% 107! t; () 1
SFR25
Fig.6 Pulse on a regular basis; maximum permissible peak pulse power (Pmay) as a
function of pulse duration (t;).
MEA678
600
A
Vmax
V)
500 S
NN
NG
\\
-
400 — Sy
\~~~
300
200
100
o 6 5 4 3 2 |
10 10” 10 K E P
0 10 10 10 t ) 1
SFR25
Fig.7 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax) asa
function of pulse duration (t;).
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103 MLB653
A
Pmax
(W) == —
, tp/t {=1000 = L
10 225 £ 500
20 = <
100 — cSa—
- ,: e
0 ’__,__--E << 1
10 20 ™~ g
10 ~
-
5 T N
\N_fi\
1 2 ~h~\; L
107"
1076 1075 1074 1078 1072 107 (e 1
SFR25H
Fig.8 Pulse on a regular basis; maximum permissible peak pulse power (Pmax) @s a
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Application information
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Fig.10 Hot-spot temperature rise (AT) as a
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Fig.11 Hot-spot temperature rise (AT) as a
function of dissipated power.
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power at various lead lengths after mounting.
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Standard metal film resistors SFR16/25
MECHANICAL DATA
5 MEA687 Mass per 100 units
AT MASS
40
~ J SFR16 12.5
/ SFR25 25
5
30 48 mm LA /// -
s >< Pl Marking
) < //
20 ///, b The nominal resistance and tolerance are marked on the
N 1 resistor using four or five coloured bands in accordance
7 with IEC publication 62 “Colour codes for fixed resistors”.
10 /o
| Outlines
0 / The length of the body (L+) is measured by inserting the
0 0.2 04 pw 06 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 294”).
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.

v
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For dimensions see Table 3.
Fig.15 Outline.
Table 3 Resistor type and relevant physical dimensions; see Fig.15
@D L4 L, od
TYPE MAX. MAX. MAX. (mm)
(mm) (mm) (mm)
SFR16 1.9 3.2 3.4 0.45 +0.05
SFR25 2.5 6.5 7.0 0.55 +0.05
SFR25H 25 6.5 7.0 0.6 £0.03
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SFR16/25

Standard metal film resistors
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SFR16/25

Standard metal film resistors
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SFR16/25

Standard metal film resistors
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Philips Components

Product specification

Metal film resistors

MRS16/25

FEATURES

e Precision resistors in small outlines
e Low noise.

APPLICATIONS

¢ All general purpose 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 iron are welded to the
end-caps.

The resistors are coated with a green
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 68-2-45".

VALUE
DESCRIPTION
MRS16T MRS25
Resistance range 499 Qto 1 MQ 1 Qto 10 MQ
Resistance tolerance and series +1%; E24/E96 series
Maximum dissipation at Tomp = 70 °C 04 W 0.6 W
Thermal resistance (Ryn) 170 K/IW 150 K/'W
Temperature coefficient <450 x 10°6/K
Maximum permissible voltage (DC or RMS) 200V 350V
Basic specifications IEC 115-1 and 115-2
Climatic category (IEC 68) 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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Metal film resistors

MRS16/25

ORDERING INFORMATION
Table 1

Ordering code indicating resistor type and packaging

ORDERING CODE 2322 ... .....
TYPE BANDOLIER IN AMMOPACK BANDOLIER ON REEL
1000 units 5000 units 5000 units
MRS16T 157 1 187 2.:-. 157 8.
MRS25 156 Tsus 156:2... 156 Biuis
Ordering code (12NC) Table 2 Last digit of 12NC ORDERING EXAMPLE

e The resistors have a 12-digit
ordering code.

e The first 8 digits indicate 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.

1996 Nov 20

RESISTANCE
DECADE

LAST DIGIT

1t09.76 Q

1010 97.6 Q

100 to 976 Q

110 9.76 kQ

10 t0 97.6 kQ

100 to 976 kQ

110 9.76 MQ

10 MQ

OB |WIN|—=|©|
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The ordering code of a MRS16

resistor, value 750 Q, on a bandolier

of 1000 units in ammopack is:
2322 157 17501.




Philips Components Product specification

Metal film resistors MRS16/25

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 63"

Tamb= 40 °C 70 °C
05
P = |
(W)
04
0,
- 100 °C
2= 125 °C
0.1
155 °C
AN
o
&
B
\UQQ
15 10 07 05 03 02 01%  AR/Rfor R< 220 kQ
20 15 10 07 05 0.3 02%  AR/Rfor R> 220 kQ S
MRS16T
Fig.1 Drift nomogram.
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Metal film resistors MRS16/25
Tamb = 40 °C 70 °C
0.6
P
w)
944 100 °C
G 125 °C

155 °C

1.5 1.0 07 05 0.3 0.2 0.1 % AR/RforR<1MQ MBGS44

MRS25

Fig.2 Drift nomogram.
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Metal film resistors MRS16/25
Limiting values
LIMITING LIMITING Prigz MRAG32
TYPE VOLTAGE(") POWER (%Prated)
V) (W) 100
MRS16T 200 0.4 l
|
MRS25 350 0.6 !
Note i 1‘
1. The maximum voltage that may be continuously ;
applied to the resistor element, see }
“IEC publication 115-1". 0755 A e i
Tamb(oc)

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.

1996 Nov 20

Fig.3 Maximum dissipation (Pmax) in percentage
of rated power as a function of the ambient
temperature (Tamb)-
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Metal film resistors MRS16/25

PULSE LOADING CAPABILITIES
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S — 5 s Ny ———— NN
| _:v\ e
1 2 = T
B _)
[
10—1 |
1078 1075 1074 1073 1072 107" t; (s) 1
MRS16T
Fig.4 Pulse on a regular basis; maximum permissible peak pulse power (Pmax) s a
function of pulse duration (t;).
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300 N
N
N
\\
N
200 >
100
0 e -5 -4 -3 -2 =
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MRS16T
Fig.5 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmay) as a
function of pulse duration (t;).
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103 MLB653
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Fig.6 Pulse on a regular basis; maximum permissible peak pulse power (Pay) as a
function of pulse duration (t;).
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Fig.7 Pulse on a regular basis; maximum permissible peak pulse voltage Vs asa
function of pulse duration (t;).
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Metal film resistors MRS16/25
Application information
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Fig.8 Hot-spottemperature rise (AT) as a
function of dissipated power.

MRS25

Fig.9 Hot-spottemperaturerise (AT) asa
function of dissipated power.
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Fig.10 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.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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Metal film resistors MRS16/25
MECHANICAL DATA
Mass per 100 units
Ly —
TYPE MASS
(9) - I
e ‘ | l ‘ ] _*ﬂ d
MRS16T 12\5 ol En— ] —
MRS25 25 M.8er
oD
Lo

Marking
The nominal resistance and tolerance o
are marked on the resistor using five AR R
coloured bands in accordance with Fig.12 Outli

IEC publication 62 “Colour codes for 8- WS

fixed resistors”.

Table 3 Resistor type and relevant physical dimensions; see Fig.12

Outlines

: 2D L4 L,
The length of .the bgdy (Lq) is . TYPE MAX. TYP. MAX. ad
measured by inserting the leads into (mm)
holes of two identical gauge plates i) i) unm)
and moving these plates parallel to MRS16T 1.9 3.2 3.7 0.5
each other until the resistor body is MRS25 25 6.5 7.0 0.6
clamped without deformation
(“IEC publication 294”).

1996 Nov 20 155



Philips Components

Product specification

Metal film resistors

MRS16/25

TESTS AND REQUIREMENTS

Essentially all tests are carried out in
accordance with the schedule of
“IEC publication 115-1", 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 68,

“Recommended basic climatic and
mechanical robustness testing
procedure for electronic components
and under standard atmospheric
conditions according to “/EC 68-1",
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).

Table 4 Test procedures and requirements

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

“IEC publications 115-1 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.

IEC 115-8 IEC 68-2 REQUIREMENTS
USE TEST TEST PROCEDURE
CLA METHOD MRS16T MRS25
Tests in accordance with the schedule of IEC publication 115-8
441 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. £1%
R<10Q:01V
10Q<R<100Q:0.3V
100Q<R<1kQ: 1V
1kQ<R<10kQ: 3V
10kQ <R <100 kQ: 10V
100 kQ<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.:
10.25% +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”
417 Ta solderability 25;235°C good tinning; no damage
4.7 voltage proof on voltage (RMS) during no breakdown or flashover
insulation 1 minute,
metal block method:
400 V for MRS16T,
700 V for MRS25
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Metal film resistors

MRS16/25

IEC 115-8 IEC 68-2 REQUIREMENTS
CLAUSE TEST TEST PROCEDURE
METHOD MRS16T MRS25
4.13 short time overload room temperature; AR/R max.: +0.25% +0.05 Q
P =6.25 x P, (MRS25) or
6.25 x 0.25 W (MRS16T);
(V £2 X% Vmax); 5 s on 45 s off,
10 cycles
4.16 U robustness of
terminations:
4.16.2 Ua tensile all samples |load 10N; 10 s number of failures <10 x 10-8
4.16.3 Ub bending half load 5 N; 4 x 90° number of failures <10 x 108
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% +0.05 Q
4.20 Eb bump 3 x 1500 bumps in no damage
3directions: 40.9 AR/R max.: £0.1% +0.05 Q
422 Fc vibration frequency 10 to 500 Hz; no damage
dlsplancimant 1.5 M BF AR/R max.: £0.1% +0.05 Q
acceleration 10 g; 3 directions;
total 6 hours (3 x 2 hours)
419 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.: 103 MQ
(accelerated) R <100 kQ AR/R max.: +0.5% +0.05 Q
s s L R > 100 kQ AR/R max.: AR/R max.:
+1% +0.05 Q +0.5% +0.05 Q
4242 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% +0.05 Q +0.5% +0.05 Q
4.25.1 endurance (at 70 °C) | 1000 hours;
loaded with P, or Vinax;
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% +0.05 Q 10.5% +0.05 Q
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Metal film resistors

MRS16/25

IEC 115-8 IEC 68-2 REQUIREMENTS
TEST TEST PROCEDURE

CLAUSE | \\erHoD MRS16T MRS25
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% +0.05 Q +0.5% +0.05 Q

4.8.4.2 temperature at 20/LCT/20 °C and <450 x 106/K

coefficient 20/UCT/20 °C (TC x 10-8/K)

Other tests in accordance with IEC 115 clauses and IEC 68 test method

“IEC 115-1", Jan.'87

417 20 (Tb) solderability 8 hours steam or 16 hours good tinning (>95% covered);
(after ageing) 155 °C; leads immersed no damage
6 mm for 2 +0.5 s in a solder
bath at 235 £5 °C
4.6.1.1 insulation resistance | voltage (DC) after 1 minute, Rins min.: 104 MQ
metal block method:
100 V for MRS16T,
500 V for MRS25
4.12 noise IEC publication 195
(measured with
Quantech - equipment):
R <68 kQ max. 0.1 uvV/vV max. 0.1 uV/v
R <100 kQ max. 0.5 uV/v max. 0.1 uV/Vv
R<1MQ max. 1.5 uV/Vv max. 0.1 uV/V
R>1MQ max. 1.5 uvV/v max. 1.5 uVv/V
see 2"damendment to | pulse load see Figs 4 and 5 | see Figs 6 and 7
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Fusible resistors

NFR25/25H

FEATURES

o 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 iron 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 68-2-45".

ORDERING INFORMATION
Ordering code (12NC)

The resistors have a 12-digit
ordering code.

The first 9 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.
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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 (Ryn) 240 KW 150 KW
Temperature coefficient:

1Q<R<47Q <+200x 1076/K | <+200 x 10-6/K

47Q<R<15Q <+200x 108/K | <+100 x 10-¢/K

15Q<R<15kQ <+100x1076/K | <+100 x 10-9/K
z\llljaglcr:;u;Mpse)rmlssmle voltage 250 V 350 V

Basic specifications

IEC 115-1 and 115-2

Climatic category (IEC 68)

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

e RADIAL STRAIGHT

TAPED STRAIGHT LEADS LEADS

4000 units 1000 units 5000 units 5000 units
NFR25 2306 204 03... | 2322 205 13... | 2322 205 33... | 2322 205 23...
NFR25H | 2306 207 03... | 2322 207 13... | 2322 207 33... | 2322 207 23...

Table 2 Last digit of 12NC
RESISTANCE
DECADE
1t09.1Q
10t0 91 Q
100t0 910 Q

110 9.1 kQ
10 to 15 kQ

LAST DIGIT

W Nn|—=|©|0

159

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.
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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

“IEC publication 63”.

Limiting values

LIMITING LIMITING

TYPE VOLTAGE(" 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
“IEC publication 115-1".

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

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

Pmax MRA632
(%Prated)
100
\
|
|
|
|
50 :
|
|
|
|
0 T T 1 T Y
-55 0 50 70 100 o0 155
Tamb ( ©)
Fig.1 Maximum dissipation (Pmax) in percentage

of rated power as a function of the ambient
temperature (Tamp)-
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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 1000 times; see Figs 2, 3 and 4.

The fusing characteristic is measured under constant voltage.

A MEA675
10
t
(s)
102
N
o 2
T N
107" <
0 4 8 12
Poverload (W)
NFR25

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

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

MEA674

103

(s)
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S
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!
X
; &
‘/&
1071
0 4 8 12
Poverload (W)
NFR25

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

Fig.3 Fusing characteristic: 1 Q<R <15 Q.

MEA680

103
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(s)
102
X
10 & o~
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X o
i
107"
0 4 8 12 16 20 24
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NFR25H

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

Fig.4 Fusing characteristic.
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PULSE LOADING CAPABILITIES

103 MBG610
A
Pmax
W)
~
102 >
O |
- tp/ti = 10‘0|(|) 288 <~
N~ N~ —
. NS 100! ~ =~
50 = =
P20
10 —
, I \\._‘::: -
1
2
107!
1076 10> 1074 078 1072 107" t(s) 1
NFR25
Fig.5 Pulse on a regular basis; maximum permissible peak pulse power (Pyax) as
a function of pulse duration (t), 1 Q<R <15 Q.
108 MBG611
A
Pmax
(W)
102
]
10 —=
tp/ti = 1000 H
i 5 ~
NN - >~
T 100 3 T T —— ~
\,\’§~ \5.“- L] N
1 20
2
1071
1076 1075 1074 1078 1072 1071 t (s) 1
NFR25
Fig.6 Pulse on a regular basis; maximum permissible peak pulse power (If’max) asa
function of pulse duration (t), 15 Q < R < 15 kQ.
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MEA678
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NFR25

Fig.7 Pulse on a regular basis; maximum permissible peak pulse voltage (Vay) as a
function of pulse duration (t;).
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Fig.8 Pulse on a regular basis; maximum permissible peak pulse power {Piriax) asa
function of pulse duration (t;).
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1500 MGB738
Omax
V) N 4
800 ™
N
400 N
T ——
0
1076 1075 074 1073 1072 107" 1
t (s)
NFR25H
Fig.9 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax) @s a
function of pulse duration (t;).
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Application information
100 MGB741 100 MGB739
el AT
K (K)
80 80 ///
/
"4
60 60
//
40 40 A
74 7
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V
/
4
0 0
0 0.2 04 pw 06 0 0.2 04 pw 06
NFR25 NFR25H

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

Fig.11 Hot-spottemperature rise (AT) as a
function of dissipated power.

&5 MGB742
AT
(K)
40
5mm
30 A
10 mm
ol s
L~ 15 mm
20 /1/////
Y / L~
7
10 %
0
0 0.2 0.4 P (W) 0.6
NFR25

Minimum distance from resistor body to PCB = 1 mm.

Fig.12 Temperature rise (AT) at the lead end
(soldering point) as a function of dissipated

power at various lead lengths after mounting.

MGB740
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AT /
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30 /!
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" e LT =
s // L~
10 %¢
0
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NFR25H

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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MECHANICAL DATA

Mass per 100 units

TYPE MASS S
(9)
NFR25 o ,W_,‘—l\—* E
=== ] ad
NFR25H NL— I}
‘ MLB675 j
Marking ” oD

The nominal resistance and tolerance
are marked on the resistor using four
coloured bands in accordance with

IEC publication 62 “Colour codes for
fixed resistors”. For dimensions see Table 3.

For ease of recognition a fifth ring is . :

Fig.14 Outline.
added, which is violet for type NFR25 g% ‘ot
and white for type NFR25H.

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

Outlines
y @D L4 Lo
The length of .the bt?dy (Lq) is . TYPE MAX. MAX. MAX. ad
measured by inserting the leads into (mm)
. - (mm) (mm) (mm)
holes of two identical gauge plates
i NFR25
and moving thc:ase platgs parallel t.o 55 6.5 75 0.6
each other until the resistor body is NFR25H
clamped without deformation
(“IEC publication 294").
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NFR25/25H

TESTS AND REQUIREMENTS

Essentially all tests are carried out in
accordance with the schedule of
“IEC publication 115-1", 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 68,
“Recommended basic climatic and

mechanical robustness testing
procedure for electronic components”
and under standard atmospheric
conditions according to “/EC 68-17,
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.

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

Table 4 Test procedures and requirements

relevant clauses of “/EC publications
115-1 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. For inflammability
requirements reference is made to
“IEC 115-1"and to “CECC 40000,
appendix D”.

All soldering tests are performed with
mildly activated flux.

IEC 115-1 IEC 68-2 REQUIREMENTS
A TEST TEST PROCEDURE
CLAUSE | 1ETHOD NFR25 NFR25H
Tests in accordance with the schedule of IEC publication 115-8
4.41 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 - Rpom: max. 5%
R<10Q:0.1V
10 Q<R<100Q: 0.3V
100 Q<R<1kQ:1V
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’
417 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 10 N; 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 106
number of samples
4.16.4 Uc torsion other half of | 3 x 360° in opposite directions no damage
samples AR/R max.: £0.25% +0.05 Q
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IEC 115-1 IEC 68-2 REQUIREMENTS
CLAUSE TEST TEST PROCEDURE

METHOD NFR25 NFR25H
4.20 Eb bump 3 x 1500 bumps in 3 directions; no damage
0y AR/R max.: £0.25% +0.05 Q
4.22 Fc vibration frequency 10 to 500 Hz; no damage
displasement 1.5 mmar AR/R max.: £0.25% +0.05 O
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.: 103 MQ
(accelerated) AR/R max.: +1% +0.05 Q
remaining cycles
4.24.2 3 (Ca) damp heat 56 days; 40 °C; 90 to 95% RH; Rins max.: 1000 MQ
(steady state) (IEC) |loaded with 0.01 P, . 410
(IEC steps: 4 to 100 V) AR/R max.: £1% +0.05 Q
4.251 endurance (at 70 °C) | 1000 hours; AR/R max.: +1% +0.05 Q
loaded with P, or Vimax;
1.5 hours on and 0.5 hours off
4.23.2 27 (Ba) endurance at upper | 1000 hours; no load AR/R max.: £1% +0.05 Q
category temperature
48.4.2 temperature at 20/LCT/20 °C and
coefficient 20/UCT/20 °C (TC x 10-9/K):
1Q<R<47Q <4200 x 106/K | <+200 x 10-6/K
47Q<R<15Q <+200 x 10%/K | <+100 x 10-6/K
15Q<R<15kQ <4100 x 10°9/K | <+100 x 10-8/K
4.12 noise “IEC publication 195" <0.1 uvNv
4.26 accidental overload | cheese-cloth nonflammable
Other tests in accordance with IEC 115 clauses and IEC 68 test method
4.17 20 (Tb) solderability 8 hours steam or 16 hours good tinning (=95% covered);
(after ageing) 155 °C; leads immersed 6 mm no damage
for 2 £0.5 s in a solder bath at
235145°C
4.6.1.1 insulation resistance | maximum voltage 500 V (DC) Rins min.: 104 MQ
after 1 minute;
metal block method
see 2"d amendment | pulse load see Figs 5,6,7,8and 9
to IEC 115-1, Jan.'87
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Metal film precision resistors
B A R R 0 B . A LT o e B e A T P I A AT SR P

FEATURES

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

APPLICATIONS

e Test and measurement
e Telecom.

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 iron are welded to the
end-caps. The resistors are coated
with a green lacquer which provides
electrical, mechanical, and climatic

MPR24/34

protection. The encapsulation is
resistant to all cleaning solvents in
accordance with “MIL-STD 202E”
method 215 and “IEC 68-2-45".

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

QUICK REFERENCE DATA

DESCRIPTION

VALUE

MPR24 MPR34

Resistance range

4.99 Qto 1 MQ

Resistance tolerance and series:
24 Q to 100 kQ
499 Qto 1 MQ

+0.05%; £0.02%; +£0.01%; all values
10.5%; £0.25%; +0.1%; all values

Maximum dissipation at Tymp = 70 °C:

1+0.05%; £0.02%; £0.01% 0.125 W 0.25 W
+0.5%; £0.25%; £0.1% 0.25W 04 W
<425 x 1076/K
Temperature coefficient characteristic <#15x 1079/K
between +20 and +70 °C <+10 x 10-6/K
<45 x1076/K
Failure level:
24 Q to 100 kQ S
4,99 Qto 1 MQ R
Maximum permissible voltage (DC or RMS) 250 V 350 V

Basic specifications

CECC 403000; MIL-R-10509; MIL-R-55182; DIN 44061; IEC 115-5

Climatic category (IEC 68):

+0.05%; £0.02%; £0.01% 55/125/56

+0.5%; £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/m2

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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MPR24/34

ORDERING INFORMATION
Ordering code (12NC)

e The resistors have a 12-digit

ordering code starting with 2322 14

o The 7! digit indicates product type
and packaging quantity;
see Table 2.

¢ The subsequent 2 digits (8 and 9)
indicate temperature coefficient,
tolerance, marking and packaging
quantity:

— Table 3refers to £0.5%, £0.25%

and £0.1% tolerance products.

— Table 4 refers to £0.05%,
+0.02% and +£0.01% tolerance
products.

e The remaining 3 digits indicate the
resistance value. The number is

Table 3 8! and 9t digit; tol. £0.5%; +0.25%; iO.1°/;: range 4.99 Q to1 MQ

ORDERING CODE 8th and 9th DIGIT

TC TOL. £0.5% TOL. +0.25% TOL. £0.1% PACKAGING
colour colour colour QUANTITY
—-—" marked cadad marked coded marked

e 00... 04... 20... 24... 40... 44... 100 or 500

10... 14... 30... 34... 50... 54... 1000 or 5000

- (o] - 05... 21.. 25... 41.. 45... 100 or 500

11... 15... 31... 35... 51... 55... 1000 or 5000
10 02, 06... 22... 26... 42... 46... 100 or 500

12.. 16... 32... 86 52 56 1000 or 5000
55 08:.. 07... 23... 27 <. 43... 47... 100 or 500

18:... 1o 33.. 37... 58... 57... 1000 or 5000

Table 4 8! and 9t digit; tol. £0.05%; +0.02%; +0.01%; range 24 Q to100 kQ

ORDERING CODE 8th and 9th DIGIT

available upon request and is fixed PACKAGING
i} i EABGIEF. TC | TOL.+0.05% | TOL.+0.02% TOL. £0.01% | " v nmiTy
marked
Table 1 Quantity per package - 60, 70 80, 20 or 500
PACKAGE QUANTITY i 64... 74... 84... 100 or 1000
Cassette including 615 74 B 81 20 or 500
list with individual 20 15 65, 75 5. 160 or 1600
measuring details
2... 2...
Bandolier in 10 i 2 8 e
cardboard box 100 66... 785 86... 100 or 1000
Bandolier in 500 or 5 63... 73... 83... 20 or 500
ammopack 1000 67... 2T s 87 100 or 1000
Bandolier on reel 5000

Table 2 7' digit; type and quantity

QUANTITY
7th TOL. TOL.
TYPE pIGIT | 10.5% | £0.05%
+0.25% | £0.02%
+0.1% | £0.01%
1 100 or 20 or
1000
MPR24 104
3 500 or | 500 or
5000 1000
5 100 or 20 or
1000 10
MPR34 .
n 500 or | 500 or
5000 1000
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Ordering example

The ordering code of an MPR24 resistor with tolerance of £0.02%,
TC =5 x 107/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.
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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.1) 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
Rth (KW) 240 200 Tamb =
limiting voltage (V) 250 350 MBC689 -2 26/9C
: 25 °C
i V 0
r 0.6 1 07 /| | 40°C
W) //
05+ 06 4 | | 6o °c
1 // 70 °C
| & '/ 80 °C
04 // .
1 | i
O v | |100°C
034 /// %
_ 120
T o0s / /1 Lt 125 oc
025 74 /1] 140 °c
I 88 / 7
01q o1 2 dl x | 1e0cc
] % . // %
i // / |
9; 1/ // / 40 so\Q\:to\\mo\ 140 | 160 T (°C)
//// / \§\ \\ ﬁj ‘100
7 N/ ) \\i\
/| N
Y/ RN o
W /i NN
woon| |/ S/ NN
so0on XA/ NN | ;1(9
) P4 NN
A2/ Z NN I
P& 4 N 1= 10
/, 4 /A \\‘ kQ
;/ // /] >¥ 3000 h A
2000 h
/ / // 1000 h | T
AN £ | \ L
02 0.1 005 ARy, 002 001 0.005 0002  0.001
R
Fig.1 Drift nomogram.
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Limiting values
LIMITING POWER
w
n—— LIMITING VOLTAGE(") (W)
V) TOL. (%) TOL. (%)
+0.5; +0.25; +0.1 +0.05; +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 “/EC publication 115-1".

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

DERATING

The power that the resistor can dissipate depends on the operating temperature; see Figs 2 and 3.

Pmax
(%Prated)

MRA632

100

50+

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

-55

T T L
50 70 100 o0~ 155
Tamb ("C)

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

Fig.2 Maximum dissipation (Pmax) in percentage
of rated power as a function of the ambient
temperature (Tamp)-

P, MLB206
max
(%Prated)
100
|
|
|
|
|
50 }
|
|
|
|
0 T 4‘ T Y
-55 0 50 70 100 125
Tamb(oc)

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

Fig.3 Maximum dissipation (Pmax) 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 Mf\?s resistor body is clamped without deformation (/EC publication 294”).
9
MPR24 25
MPR34 30
) Ly ——
Marking
The resistors are either colour coded /_\—,_\‘* v
or marked. — ‘ | | ‘_::QJ d
Any value within the range can be ,;D R
supplied colour coded, provided the Lo
resistance can be expressed in
3 coloured bands.
For dimensions see Table 5.
All other resistors are marked
including those in cassette Fig.4 Outline.
packaging.
COLOUR CODING Table 5 Resistor type and relevant physical dimensions; see Fig.4
Colour coding is in accordance with @D L4 Lo 2d
IEC publication 62 “Colour codes for TYPE MAX. MAX. MAX.
fixed resistors”. (mm) (mm) (mm) {eruon)
MPR24 2.5 6.5 7.5 0.6
MARKING
MPR34 3.0 10.0 11.0 0.6

When marked, the following details
are printed on the resistors:

¢ Manufacturers symbol

e Tolerance code (in accordance
with “IEC 62”)

e Temperature coefficient code TC:
- +25=1
- #156=2
- +10=3
- #5=4

* Resistance value code (in
accordance with “/EC 62”), with a
maximum of nine positions.
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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 “CECC 40000".
“Recommended basic climatic and
mechanical robustness testing
procedure for electronic
components”.

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 6 the tests and requirements
are listed with reference to the
relevant clauses of

“CECC publications 40000 and

IEC publication 68” a short

Table 6 Test procedures and requirements

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

All soldering tests are performed with
mildly activated flux.

f: &% IEC 68-2
TEST TEST PROCEDURE REQUIREMENTS
TEST | METHOD
METHOD
4.5 insulation voltage (DC) after 1 minute; Rins min.: 10% MQ
resistance metal block method:
500 V for MPR24,
700 V for MPR34
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 <#25 x 10°6/K: < +15 x 1079/K;
coefficient <+10x 109/K; <5 x 10-9/K
at 20/LCT/20 °C and 20/UCT/20 °C <425 x 1076/K
(TC x 1079/K)
4.10 noise IEC publication 195 (measured with
Quantech - equipment)
R <100 kQ max. 0.25 uV/V
R > 100 kQ max. 0.5 uv/V
4.1 short time overload | room temperature; P = 6.25 x Pp; AR/R max.: £0.01% +0.01 Q
5 si(V'< 2% Vinax)
4.16 u robustness of
terminations:
Ua tensile all load 10N; 10 s number of failures <10 x 106
samples
Ub bending half load 5 N; 4 x 90° number of failures <10 x 106
number of
samples
Uc torsion other half | 3 x 360° in opposite directions no damage
BlEEES AR/R max.: £0.01% +0.01 ©
4.15 Ta solderability 2 §;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
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oo | IEC 68-2
TEST TEST PROCEDURE REQUIREMENTS
TEAT METHOD
METHOD
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
4.17 Eb bump 3 x 1500 bumps in 3 directions; 40 g no damage
AR/R max.: £0.01% +0.01 Q
4.19 F¢ vibration frequency 10 to 500 Hz; displacement | no damage
1.5 mm or acceleration 10 g; . s
3 directions; total 6 hours (3 x 2 hours) SAEER gt 0O &
441 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.: 103 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 Q
term exposure)
4251 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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High-ohmic/high-voltage resistors

FEATURES

e Types VR37 and VR68 meet the
safety requirements of:

“UL1676’ (range 510 kQ to 11 MQ)

"EN60065”

APPLICATIONS

* Where high resistance, high
stability and high reliability at high
voltage are required.

VR25/37/68

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

“ » DESCRIPTION “MIL-STD 202E” method 215 and
BaRc06" (LK) e ) “IEC 68-2-45".
“NFC 92-130” (France) A metal glazed film is deposited on a
P ” high grade ceramic body. After a
YDE o (Gejrmany) o helical groove has been cut in the

¢ High pulse loading capability resistive layer, tinned electrolytic

e Small size. copper wires copper are welded to

QUICK REFERENCE DATA

VALUE
DESCRIPTION
VR25 VR37 VR68

Resistance range 100 kQ to 22 MQ 100 kQ to 33 MQ 100 kQ to 68 MQ(1)

Resistance tolerance and +1%: E24/E96 series; +1%: E24/E96 series;

series: +5%: E24 series +5%; E24 series
100 kQ to 15 MQ +5%: E24 series = =
15 MQ to 22 MQ +10%: E12 series = =
220 kQ to 15 MQ +1%: E24/E96 series - -

Maximum dissipation at

Tomp = 70 °C 0.25W 0.5W 1W

Thermal resistance, Ry, 200 K/'W 120 K'W 70 KW

Temperature coefficient <+200 x 10-%/K

Maximum permissible voltage:
DC 1600 V 3500V 10000 V
RMS 1150 V 2500 V 7000 V

Dielectric withstanding voltage

: " - 700V
of the insulation for 1 minute
Basic specifications IEC 115-1B

Safety requirements

UL1676 (510 kQ to 11 MQ); EN60065; BS60065;
VDE 0860; NFC 92-130

Climatic category (IEC 68)

Stability after:
load (1000 hours)

accelerated damp heat test
(6 days)

long term damp heat test
(56 days)

55/155/56
AR/R max.: £1.5% +0.1 Q | AR/R max.: £1.5% +0.1 Q | AR/R max.: £1.5% +0.1 Q
- typ. 0.5% typ. 1%
AR/R max.: £1.5% +0.1 Q | AR/R max.: £1.5% +0.1 Q | AR/R max.: £1.5% +0.1 Q
= typ. 0.5% typ. 1%
AR/R max.: £1.5% +0.1 Q | AR/R max.: £1.5% +0.1 Q | AR/R max.: +1.5% +0.1 Q
typ. 0.5% typ. 0.5%

Noise

max. 5 uV/V

max. 2.5 uV/V; typ. 0.5

Note

1. Values up to 220 MQ are available upon request.
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High-ohmic/high-voltage resistors VR25/37/68

ORDERING INFORMATION

Table 1 Ordering code indicating resistor type and packaging

ORDERING CODE 2322 ... .....
TAPE BANDOLIER
TYPE WIDTH 'I;gl; BANDOLIER IN AMMOPACK ON REEL
(<]
{prumd 500 1000 2000 5000 5000
units units units units units
| - 241 8.... - - -
52 5 - 241 13... - 241 53... 241 283...
VR25 +10 - 24112... - 241 52... 241 22...
5 = = 241 43... = =
26
+10 = — 241 42... = —
41 - 242 8.... - = -
VR37 52
5 = 242 13... - — 242 283...
+1 244 8.... - - - =
VR68 66.7
15 244 13... - - - =
Ordering code (12NC) Table 2 Last digit of 12NC ORDERING EXAMPLE
e The resistors have a 12-digit RESISTANCE LAST DIG The ordering code for a VR37,
ordering code staring with 2322. DECADE " resistor value 7.5 MQ, 5% tolerance,
e The subsequent: supplied on a bandolier of 1000 units
iy 159400 #id A e in ammopack, is: 2322 242 13755.
— 4 digits for 1% tolerance 1t0 9.76 MQ 5
products (E24 and E96 series). >10 MQ

— or 5 digits for
5% (E24 series) and
10% (E12 series) indicate the
resistor type and packaging;
see Table 1.

e 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.
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High-ohmic/high-voltage resistors VR25/37/68

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 63".

Limiting values

LIMITING VOLTAGE(")
TYPE v) LIMITIN?N POWER
DC RMS o
VR25 1600 1150 0.25
VR37 3500 2500 0.5
VR68 10000 7000 1.0

Note
1. The maximum voltage that may be continuously applied to the resistor element, see “/EC publication 115-1".

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 MBG609
Vmax
(kv)
Phiax MRA632
(%Prated) 10 Ll
100
[ /1 Jvraz
I ; /
! /
I VR25
50 1 | 6 / ‘
| /|
I y
|
|
0 - — - 4
~55 0 50 70 100 155 1072 107! 1 10 102
Tamb(°C) Rp (MQ)
Fig.2 Maximum allowed peak pulse voltage in
accordance with “/EC 65 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 chargedto V. ; 12 discharges/minute
temperature (Tamp)- (drift AR/R £ 1%).
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High-ohmic/high-voltage resistors VR25/37/68
Application information
100 MBG545 80 MBG547
AT
(K) (AKT)
80
60 //
VR37 / VR68
60 L/
40 //
40
/
20
20 //
/A
0 0
0 0.2 04 5w 06 0 0.4 08 oy 12
VR25 VR37/VR68
Fig.3 Hot-spot temperature rise (AT) as Fig.4 Hot-spot temperature rise (AT) as
a function of dissipated power. a function of dissipated power.
50 MBG546 50 MBG548
AT AT
(K) (K) 10mm 4
40 40 &
5mm A L
5mm // 10 mm ,/ (15 mm
30 10 mm 30 /
15 mm ></ L~ 15 mm >/ ,'///
e } %
20 v
A %%
1 /5
10 7Z 10 / -
%
) 0 1
(0] 0.2 0.4 P (W) 0.6 o] 0.4 0.8 P (W) 2
VR25 VR37/VR68

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

Fig.6 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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High-ohmic/high-voltage resistors VR25/37/68
MECHANICAL DATA
Mass per 100 units
TYPE MASS -~ L —
(9) '
VR25 25 q ) S
VR37 48 \_,—_[._4 A
MLB675
VR68 148 2D
L2
Marking
The nominal resistance and tolerance
are marked on the resistor using four
or five coloured bands in accordance For dimensions see Table 3.
with IEC publication 62 “Colour codes )
for fixed resistors”. Fig.7 Outline.
Yellow and grey are used instead of
gold and silver because metal Table 3 Resistor type and relevant physical dimensions; see Fig.7
particles in the lacquer could affect
high-voltage properties. 2D L4 Ly od
TYPE MAX. MAX. MAX.
. (mm)
Outlines (mm) (mm) (mm)
The length of the body (L1) is VR25 2.5 6.5 7.5 06
measured by inserting the leads into VR37 4.0 9.0 10.0 0.7
holes of two identical gauge plates VR68 6.8 18.0 19.0 0.8

and moving these plates parallel to
each other until the resistor body is
clamped without deformation

(“IEC publication 294").
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High-ohmic/high-voltage resistors

VR25/37/68

TESTS AND REQUIREMENTS

Essentially all tests are carried out in
accordance with the schedule of
“IEC publication 115-1", 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 68,

“Recommended basic climatic and
mechanical robustness testing
procedure for electronic components”
and under standard atmospheric
conditions according to “/EC 68-17,
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).

Table 4 Test procedures and requirements

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

“IEC publications 115-1 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.

IEC IEC 68 REQUIREMENTS
115-1 TEST TEST PROCEDURE
CLAUSE | METHOD VR25 VR37 | VR68
4.16 u robustness of
terminations:
4.16.2 Ua tensile all samples 0.5 mm; load 10 N; 10 s number of failures <10 x 108
4.16.3 Ub bending half number of | ©@0.5 mm; load 5 N; 4 x 90° number of failures <10 x 10-6
samples
4.16.4 Uc torsion other half of 3 x 360° in opposite directions no 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 soldering thermal shock: 3 s; 350 °C; AR/R max.: £0.5% +0.05 Q
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
displasament 1.5 mmer AR/R max.: +0.5% +0.05
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;
1st cycle 90 to 100% RH
4234 Aa cold 2 hours; -55 °C
4235 M low air pressure 2 hours; 8.5 kPa; 15t0 35 °C
4.23.6 Db damp heat (accelerated) | 5 days; 55 °C; 95 to 100% RH Rins Min.: 103 MQ
Femaling geles AR/R max.: £1.5% +0.1 Q
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VR25/37/68

IEC IEC 68 REQUIREMENTS
115-1 TEST TEST PROCEDURE
CLAUSE | METHOD VR25 VR37 VR68
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 Pp;
limiting voltage 16 V (DC)
4251 endurance 1000 hours at 70 °C; Pp, or Vimax AR/R max.: £1.5% +0.1 Q
4.8.4 temperature coefficient between -55 °C and +155 °C <1200
(TC x 10-8/K)
4.7 voltage proof on insulation | 700 V (RMS) during 1 minute; no breakdown
V-block method
4.12 noise IEC publication 195 max. 5 WV [ max. 2.5 uV/V
46.1.1 insulation resistance 500 V (DC or RMS) during Rins min.: 10 MQ
1 minute; V-block method
4.13 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
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Power metal film resistors

PR01/02/03

FEATURES

e High power in small package

o Different lead materials for different
applications

o Defined interruption behaviour.

APPLICATIONS

¢ All general purpose power
applications.

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,

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 “/EC 68-2-45".

QUICK REFERENCE DATA
VALUE
DESCRIPTION PRO1 PR02 PRO3
0.6 mm 0.8 mm 0.6 mm 0.8 mm 0.6 mm
Cu-lead Cu-lead FeCu-lead Cu-lead FeCu-lead
Resistance range 022Qt01MQ|0.33Qto1MQ| 1Qto1MQ |068Qto1MQ| 1Qto1MQ
SR::;sétance tolerance and 15%: E24 seties
Maximum dissipation at
Tamb = 70 °C:
R<1Q 0.6 W 1.2W - 16 W -
1Q<R 1W 2W 1.3W 3w 25W
Thermal resistance (Ry) 135 K/W 75 K/W 115 K/W 60 K/W 75 K/IW
Temperature coefficient <4250 x 10-6/K
X)%lgug‘nanse)rm|SS|ble voltage 350 V 500 V 750 V
Basic specifications IEC 115-1 and 115-4
Approval CECC 40101
Climatic category (IEC 68) 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
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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 BANDOLIER CROPPED AND FORMED
IN AMMOPACK ON REEL LOOSE IN BOX
TYPE | LEAD | RANGE RADIAL STRAIGHT | STRAIGHT H=8mm H=15mm
TAPED LEADS LEADS (note 1) (note 1)
4000 | 3000 | 1000 500 5000 1000 500 500 250
units | units | units | units units units units units units
R<1Q | note2 - note 2 - note 2 - - - -
PRO1 | Cu 2306 2322 2322 2322
1Q<R 197 - 193 = 193 193 - - =
03... 185 28 885
R:<1Q note 2 | note 2 — - note 2 - note 2 -
Cii 2306 2322 2322 - 2322 -
1Q<R - 198 194 - - 194 194
PR02 03 13 38... 43...
2322 2322
FeCu |1Q<R - 194 - - 194 - - -
53... 73...
R<1Q - - note 2 - - note 2 - note 2
Cu 2322 2322 2322
1Q<R - - 195 - - 195 - 195
PRO03 13... 33... 43...
2322 2322
FeCu |1Q<R - - 195 - - 195 - -
53... 78...
Notes
1. H = height.

2. Available on request.

Ordering code (12NC)

¢ The resistors have a 12-digit
ordering code.

The first 9 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.

1996 Nov 18

Table 2 Last digit of 12 NC

RESISTANCE
DECADE

LAST DIGIT

1109.1Q

10t0 91 Q

100 t0 910 Q

1109.1kQ

10 to 91 kQ

100 to 910 kQ

1 MQ

|h|WON|—=]|]O©|00

184

ORDERING EXAMPLE

The ordering code for resistor type
PRO2 with Cu leads and a value of
750 Q, supplied on a bandolier of
1000 units in ammopack, is:

2322 194 13751.
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Power metal film resistors PR01/02/03

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 63”.

Tamb = 40°C 70°C
1.00
P
(W) .| 100°C
0.75 2
L 125°%C
050 ——————— — ——— i
,
155°C
0.25 1
205°C
T
10 AR MLB660

PRO1

Fig.1 Drift nomogram.
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Power metal film resistors PR01/02/03
Tamb= 40°C 70°C
2.00
P
L 100°C
B e e e
125°%C
1.00 -
155°C
0.50 -
220°C
01% AR MLBESS

PR02

Fig.2 Drift nomogram.
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Tamb= 40°C 70°C

250°C

MLB693

PRO3

Fig.3 Drift nomogram.
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Power metal film resistors PR01/02/03

Limiting values

(1)
TYPE LEAD MATERIAL RANGE LIMITING VOLTAGE LIMITING POWER
V) (W)
R<1Q 0.6
PRO1 Cu 350

1Q<R 1.0
R<1Q 1.2

Cu
PR02 1Q<R 500 2.0
FeCu 1Q<R 13
R<1Q 1.6

Cu
PRO3 1Q<R 750 3.0
FeCu 1G<R 25

Note

1. The maximum voltage that may be continuously applied to the resistor element, see “/EC publication 115-1".

The maximum permissible hot-spot temperature is 205 °C for PR01, 220 °C for PR02 and 250 °C for PR03.

DERATING
The power that the resistor can
dissipate depends on the operating Pmax Ll
temperature; see Fig.4. (%Prated)
100
1
\
|
|
50 4 |
|
|
|
|
0 . . ; \
-55 0 50 70 100 156

Fig.4 Maximum dissipation (Pmax) in percentage of rated power
as a function of the ambient temperature (Tamp).
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PULSE LOADING CAPABILITIES
10° MLB738
A
Pmax — _
W) tpht = 1000— T~
S NN WAL: [T
102 = 20!
=
=100 === <
:g = — \ S
“\ ~
5 10 L N -
5 =
-
2 =
----\~-—.-—___
i | T h5--
107"
1076 107° 1074 1073 1072 107" ti (s) 1
PRO1
Fig.5 Pulse on a regular basis; maximum permissible peak pulse power (P pax) as a
function of pulse duration (t;).
MLB737
1200
A
Vmax
v)
1000
\\
™
800 AN
N
600
N
\\
N
400 N
200
9% =5 -4 =8 =2 4
10 10 10 10 10 10 1) 1
PRO1
Fig.6 Pulse on a regular basis; maximum permissible peak pulse voltage (Vimax) @s @
function of pulse duration (t;).
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103 MLB685
A ™~
Pmax ~—
(W) tp/t;=1000_] || T
T — =~
102 = o0 Tl
100 === =
50 = == =3
20 — -
10 T - =
Tl e ]
10 5 Emass R N =
> L
I e =ﬁ=---
1
107"
1078 1075 1074 1073 167% 107" t (s 1
PRO2
Fig.7 Pulse on a regular basis; maximum permissible peak pulse power (Pmax) @s a
function of pulse duration (t;).
1700 MLB684
A
Vmax
V)
1500
~
\\
\\\
1300 S
N
N
1100 \
900 \
A
700 \
N
500 6 5 4 3 2 1 \
10~ 10~ 3 10 % -
10 0 10 10 t(9) 1
PR02
Fig.8 Pulse on a regular basis; maximum permissible peak pulse voltage (Vay) as a
function of pulse duration (t;).
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104 MLB695
A
Pmax
w) ~ .
T
108 [TT 4~
tp/t = 1000
=3 500
~—— §~~::~ <] 20 Ty
=100 T - <
50, R ——— N T
102 ——
20 —~
—~
= =S
10 1 ~
T~ =
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M ——l
10 —
2
o
1
1076 107° 1074 1073 1072 107t (9 1
PR03
Fig.9 Pulse on a regular basis; maximum permissible peak pulse power (P payx) as a
function of pulse duration (t;).
MLB694
2400
A
Vmax
V)
2000
I
N
N
™
1600 \\
A
1200 \
N
800 ]
400
20‘6 1075 1074 1073 1072 107" 1
ti(s)
PR03
Fig.10 Pulse on a regular basis; maximum permissible peak pulse voltage (Virax)asa
function of pulse duration (t;).
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INTERRUPTION CHARACTERISTICS

MLBE61 MLB662
102 102
AY
t A t
(s) (s) 7N
. D\ " _
> o=
2:N
%
; 2 y
R4
i
R
s
/%
107! 101
10 20 30 40 50 0 10 20 30 40 50
Poverload (W) Poverioad (W)
PRO1 PRO1
The graph is based on measured data under constant voltage The graph is based on measured data under constant voltage
conditions; these data may deviate according to the application. conditions; these data may deviate according to the application.
Fig.11 Time to interruption as a function of overload Fig.12 Time to interruption as a function of overload
power for range: OR22 < R, < 1R. power for range: 1R < R, < 15R.

MLB663

102
P
t
" %
POy
10 >
~.
1
~
<
K7
T
107"
0 10 20 30 40 50
Poverioad (W)
PRO1

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

Fig.13 Time to interruption as a function of overload
power for range: 16R < R, < 560R.
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102 MLB766 102 MLB767
t ;¢
(s) (s)
7 e
10 ? vz 10
1 1
0 V7 7Y,
R 21
107" 101
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Poverload (W) Poverload (W)
PR02 PR02

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

Fig.14 Time to interruption as a function of overload
power for range: 0.33R < R;, < 5R.

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

Fig.15 Time to interruption as a function of overload
power for range: 5R < R, < 68R.

MLB768
102
t
(s)
10
o,
1 Z
o
=
107"
0 20 40 60 80 100 120
Poverload (W)
PR02

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

Fig.16 Time to interruption as a function of overload
power for range: 68R < R, < 560R.

MLB773
102
t
(s) >
10 ~
K V4
o>
1 Z
&
107"
0 50 100 150 200 250
Poverload (W)
PRO3

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

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
200 100
AT AT
(K) (K)
160 80
120 60
A
4
%5 15 mm
80 t
20
// - / // 25 m2
P
40 20 //
/ =
e
0 0
0 0.4 08 pyy 12 0 0.4 08 py 12
PRO1 PRO1

Fig.18 Hot-spot temperature rise (AT) asa
function of dissipated power.

Minimum distance from resistor body to PCB = 1 mm.

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

MLB679

200
AT
(K)
160
/
4
120
//
80 //
40 /
/
74
0
0 0.8 1.6 P (W) 2.4
PR02

0.8 mm Cu-leads.

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

MLB680

100
AT
(K)
80
15 mm
60 ’//
B /,// 20 mlm/
40 ,?/ 25 mm
/"é
" éé
0
0 1 P (W) 2
PR02

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

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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240 MLB681 166 MLB682
Al AT
160 /
/ g 15 mm
7 60
120 F // /~/:
T _~£20mm
- / e 40 L~ /// /fj_
A / = // 25 mm
40 4/ 20 r/
/ / 1
0 0
0 0.8 1.6 P (W) 2.4 0 1 P (W) 2
PR02 PRO2

0.6 mm FeCu-leads.

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

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

Fig.23 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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74
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0.8 mm Cu-leads.

Fig.24 Hot-spot temperature rise (AT) as a function
of dissipated power.
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PRO3

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

Fig.25 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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MLB691 MLB692
240 100
AT AT
(K) (K)
200
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120 v /| J/!/
// 20 mm__
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p / ~_+—T 25mm
/ 20 //7/ ///
40
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0 0
0 1 2 pw 8 0 1 2 puw 3
PRO3 PRO3
0.6 mm FeCu-leads. 0.6 mm FeCu-leads.
Minimum distance from resistor body to PCB = 1 mm.
Fig.27 Temperature rise (AT) at the lead end
Fig.26 Hot-spottemperaturerise (AT) asa (soldering point) as a function of dissipated
function of dissipated power. power at various lead lengths after mounting.
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MLB659
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Fig.28 Impedance as a function of applied frequency.
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Fig.29 Phase angle as a function of applied frequency.
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5 MLB769
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Fig.30 Impedance as a function of applied frequency.
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Fig.31 Phase angle as a function of applied frequency.
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102 MLB771
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Fig.32 Impedance as a function of applied frequency.
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Fig.33 Phase angle as a function of applied frequency.
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Power metal film resistors PR01/02/03

MECHANICAL DATA

Mass per 100 units

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
Type | LEAD MASS resistor body is clamped without deformation (“/EC publication 294”). Resistors
MATERIAL (9) with lead lengths of 73, 52 or 26 mm are available on request.
PRO1 | Cu 29
Cu 63
PR02 -~ —
FeCu 45 ‘
PRO3 Cu 110 ‘ IR .
FeCu 100 ‘ ‘ ‘ ‘7:|:‘® d
! * MLB675
Markin 2D
g Li Lo —»
The nominal resistance and tolerance
are marked on the resistor using four For dimensions see Table 3.
coloured bands in accordance with
IEC publication 62, “Colour codes for Fig.34 Type with straight leads.
fixed resistors”.
‘ P+0.5 ‘ -19D T
{47 I _J h+2
0
ad P _
{ ¢ { DT 2 5+1
2 min [‘J [‘];__ 0
i A
P14 flp*01 e |
> 3 L ‘ P | MLB677
Dimensions in mm. MLB676
For dimensions see Table 3.
Fig.35 Type with cropped and formed leads.
Table 3 Resistor type and relevant physical dimensions; see Figs 34 and 35
@D Ly L, s 2B
TYPE MAX. MAX. MAX. (If:]) (mbm) (mhm) (mpm) MAX. MAX.
(mm) (mm) (mm) (mm) (mm)
PRO1 2.5 6.5 85 0.6 1.1 8 2 1.0
0.8 138 8 178 2 1.2
PRO2 3.9 10 12 0.8 1.8 15 ’ 3 1.2
0.6 1.1 8 2 1.0
0.8 1.3 8 2 1.2
PRO3 52 16.7 19.5 0.8 1.3 15 254 3 1.2
0.6 1.1 8 2 1.0
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Power metal film resistors

PR01/02/03

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “IEC publication 115-1", 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 68, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components”and under standard atmospheric conditions
according to “IEC 68-1”, 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 115-1 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.

IEC IEC 68-2
115-8 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD
Tests in accordance with the schedule of IEC publication 115-8
4.41 visual examination no holes; clean surface;
no damage
4.4.2 dimensions gauge (mm) see Table 3
(outline)
4.5 resistance applied voltage (+0/~10%): R — Rnom: max. £5%
R<10Q:0.1V
10Q<R<100Q:0.3V
100 Q<R<1kQ:1V
1kQ<R<10kQ: 3V
10 kQ<R <100 kQ: 10V
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 H,O followed by | no visual damage
resistance brushing in accordance with
‘MIL 202 F”
4.17 Ta solderability 2s;235°C good tinning; no damage
4.7 voltage proof on maximum voltage 500 V (RMS) during | no breakdown or flashover
insulation 1 minute; metal block method
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Power metal film resistors

PR01/02/03

to IEC115-1, Jan. 87

IEC IEC 68-2
115-8 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD
4.16 U robustness of
terminations:
4.16.2 Ua tensile all 0.8 mm; load 5N; 10 s number of failures <1 x 10-6
samples 0.6 mm; load 10 N; 10's
4.16.3 Ub bending half 0.8 mm; load 2.5 N; 4 x 90° number of failures <1 x 10-8
number of 0.6 mm; load 5 N; 4 x 90°
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
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
dlsplacemenF 1.5lmm or acceleration AR/R max.: 40.5% +0.05 Q
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
PRO03: 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
\egslorated) 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 | Ri;s min.: 1000 MQ
(steady state) (IEC) | with 0.01 P, (IEC steps: 4 to 100 V) AR/R max.: +3% +0.1 Q
4.25.1 endurance 1000 hours; loaded with P, or Vipay; | 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 107-9/K)
Other tests in accordance with IEC 115 clauses and IEC 68 test method
417 20 (Tb) solderability 8 hours steam or 16 hours 155 °C; good tinning (=95% covered);
(after ageing) leads immersed 6 mm for 2 £0.5 sina | no damage
solder bath at 235 5 °C
4.6.1.1 insulation maximum voltage (DC) after 1 minute; | Ri,s min.: 104 MQ
resistance metal block method
see 2"d amendment | pulse load see Figs 5, 6, 7, 8, 9and 10
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Product specification

Cemented wirewound resistors

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

FEATURES

e High power dissipation in small
volume

¢ High pulse load handling
capabilities.

APPLICATIONS

e Ballast switching
e Shunt in small electric motors
e Power supplies.

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.

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
“MIL-STD202E” method 215 and
“IEC 68-2-45".

VALUE
DESCRIPTION
ACO01 | AC03 | AC0O4 | ACO5 | ACO7 | AC10 | AC15 | AC20
Resistance range 01Q | 01Q | 01Q | 01Q | 01Q [068Q|082Q]| 1.2Q
to to to to to to to to
1.5kQ | 3.0kQ | 6.8kQ | 82kQ | 15kQ | 15kQ | 22kQ | 33kQ
Resistance tolerance +5%; E24 series
Maximum permissible body temperature 350 °C
Rated dissipation at Tamp = 40 °C 1w 3W 4 W 5W 7W 10w 15W | 20W
Rated dissipation at Tamp = 70 °C 09W | 25W | 35W | 47W | 58W | 84W |125W | 16 W
Climatic category (IEC 68) 40/200/56
Basic specification IEC 115-1
Stability after:
load, 1000 hours AR/R max.: t5% +0.1 Q
climatic tests AR/R max.: 1% +0.05 Q
short time overload AR/R max.: £2% +0.1 Q
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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 .... ... .....
S LOOSE IN BOX BANDOLIER IN AMMOPACK
STRAIGHT LEADS RADIAL STRAIGHT LEADS
500 units 2500 units 500 units 1000 units

ACO1 - 2306 328 90...; note 2 - 2306 328 33...
AC03(") - - 2322 329 03... -
AC04(") - - 2322 329 04... -
AC05(1) - - 2322 329 05... -
ACO07() - - 232232907 -
AC10 - - 2322 329 10... -
AC15 2322 329 15... - - -
AC20 2322 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)

e The resistors have a 12-digit
ordering code.

The first 9 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.

1996 Nov 20

Table 2 Last digit of 12NC

ORDERING EXAMPLE

RESISTANCE The ordering code of an ACO1
DECADE LAST DIGIT resistor, value 47 Q, supplied in
ammopack of 1000 units is:
0.1t00.91 Q 7
° 2306 328 33479.
1t09.1Q 8 o o
10t091 O 9 Product specifications dewa‘tmg from
the standard values are available on
100 t0 910 Q 1 request.
110 9.1 kQ 2
10 to 33 kQ 3
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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 “/IEC publication 63”.

Limiting values

LIMITING POWER
TYPE LIMITING(z)OLTAGE(‘) W)
Tamb = 40 °C Tamb =70 °C
ACO1 1 0.9
ACO03 3 2.5
AC04 4 35
ACO5 5 4.7
V = JP.XR

ACO07 n 7 58
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 “/EC publication 266”.

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

DERATING PULSE LOADING CAPABILITY
The power that the resistor can dissipate depends on the operating Detailed pulse loading information is
temperature; see Fig.1. available on request.
100 — MRA574
P 90

50

-40 0 40 70 Tl °c) 200

Fig.1 Maximum dissipation (Pmax) as a function of the
ambient temperature (Tamp)-
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Application information

MGB730

350
AT at
hot spot L T
® 300 A
ACO04 P T
ACO05— v
AC03 /A /| Acor_A acto _~TActs |~ AC20
250 / 7 /‘ =
A S AV.ARy D=
500 / 7 // ,/ L~ /,/
Nmvizi7a
4
/ /;/
[V
50
[Aco
oL
0 4 8 12 16 20 24
P (W)
Fig.2 Temperature rise of the resistor body as a function of the dissipation.
MRA573 MGB731

25 25 ‘ |

lead lead AT =40 K/ 50K /60 K

i i / /
i Vv
w AR

0 02 0.4 0.6 08 10 0 1 2 pw @
P (W)
Aco1 AC03
Fig.3 Leadlength as a function of the dissipation Fig.4 Lead length as a function of the dissipation
with the temperature rise at the end of the with the temperature rise at the end of the
lead (soldering spot) as a parameter. lead (soldering spot) as a parameter.
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ACO01/03/04/05/07/10/15/20

MGB732

2 1 / 71 /
AT =40K 50K/ 60K
lead
length
(mm)
20
70K
15 / / /
80 K
0 1 2 3 4
P (W)
AC04
Fig.5 Leadlengthas afunction of the dissipation

with the temperature rise at the end of the
lead (soldering spot) as a parameter.

MGB733
25 ‘ ‘

AT =40K 50K/ 60K/ | 70K

lead

length
(mm) /
20

90 K

100 K

ACO05

Fig.6 Leadlength as afunction of the dissipation
with the temperature rise at the end of the
lead (soldering spot) as a parameter.

T | |
lead AT =40 K/ /SOK/(\WK 70K
length |
" [ / /

20

LI

P (W)

ACO07

Fig.7 Leadlength as a function of the dissipation
with the temperature rise at the end of the
lead (soldering spot) as a parameter.

MGB735

® Mar=aok] 11/
lead 50K
length 60 K
(mm) ] I 1] 70k
80 K|
20 I /
/
/
mA
" / /
/
I/
o LI
0 5 10 15 P W) 20
AC10

Fig.8 Lead length as afunction of the dissipation
with the temperature rise at the end of the
lead (soldering spot) as a parameter.
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MGB736

25 / /
lead
length aT=40K[| 50K| BOK[ 70K
(mm) l /
20
[
/
15 I / / /
[ 1]
/
10 [ /
0 5 10 15 20
P (W)
AC15

Fig.9 Lead length as a function of the dissipation
with the temperature rise at the end of the
lead (soldering spot) as a parameter.

MGB737

25 7
lead
length / /
(mm) / /
aT=40K/ [50K/| 0K/ 70K
20
[INRV/ERY,
/
15
/ /
[T,
10
0 5 10 15 20

AC20

Fig.10 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 2 shows
the hot spot temperature rise of the resistor body as a function of dissipated power. Figures 3 to 10 show the lead length

as a function of dissipated power and temperature rise.
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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 11 and 12
MASS @D L S 2B
TFFE @ TYPE | MAX. | max. | 294 | B | 0 1 P yax | max.
(mm) | (mm) | (mm) | (mm)
ACO1 55 (mm) | (mm) (mm) | (mm)
ACO3 10 ACO1 4.3 10 - - - - -
AC04 5.7 17 10e
e 220 ACO5 | 75 | 17 18 i z .
ACO07 300 . 0.8
AC10 530 ACO7 7T 25 13e
AC15 840 AC10 | 8 44 - - - - -
AC20 1090 AC15 | 10 51 - - - - -
AC20 | 10 67 - - - - -
Marking
The resistor is marked with the L
nominal resistance value, the
tolerance on the resistance and the
rated dissipation at Tqmp = 40 °C. T
For values up to 910 Q, the R is used == j: g—_Ly @D
as the decimal point. ﬁ od i
For values of 1 kQ and upwards, the e
letter K is used as the decimal point For dimensions see Table 3.
for the kQ indication.
Fig.11 Type with straight leads.
‘ P£0.5 i T 0D
Li L 4.1 h+2
ad o
Y v
* { L ZI)(T 2 5+1
2 min 'T‘ 0
) }
P+4 ; b+0.1 -l QB |

Dimensions in mm.
For dimensions see Table 3.
Available on request for types: AC03, AC04, AC05 and ACO7.

MLB677

MLBE76

Fig.12 Type with cropped and formed leads.
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AC01/03/04/05/07/10/15/20

TESTS AND REQUIREMENTS

Essentially all tests are carried out in
accordance with the schedule of
“IEC publications 115-1 and 115-4”,
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 68,

“Recommended basic climatic and
mechanical robustness testing
procedure for electronic components”
and under standard atmospheric
conditions according to “/EC 68-17,
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).

Table 4 Test procedures and requirements

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

“IEC publications 115-1, 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.

IEC 115-1 IEC 88
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
Tests in accordance with the schedule of IEC publication 115-1
4.15 robustness of load 200 +10 N no visible damage
Feslatat bedy - AR/R max.: £0.5% +0.05 Q
R=6mm
v
MBB179
4.16 U robustness of
terminations:
Ua tensiie all samples |load 10 N; 10 s
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
418 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 O
4.22 Fe vibration frequency 10 to 500 Hz; displacement | no damage
0.75 mm or acceleration 10 g; . -
3 directions; total 6 hours (3 x 2 hours) AR TR 0504505 &
4.20 Eb bump 4000 +10 bumps; 390 m/s? no damage
AR/R max.: £0.5% +0.05 Q
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ACO01/03/04/05/07/10/15/20

IEC 115-1 e 6l
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
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; -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
4242 3 (Ca) damp heat 56 days; 40 °C; 90 to 95% RH; no visible damage
(steady state) dissipation <0.01P, AR/R max.: +1% +0.05 Q
4842 temperature at 20/-40/20 °C, 20/200/20 °C:
coefficient R<10Q TC < +600 x 10-6/K
R>10Q -80x108< TC
TC < +140 x 10°%/K
temperature rise horizontally mounted, loaded with P, | 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.: +5% +0.1 Q
4.23.2 27 (Ba) endurance at upper | 1000 hours; 200 °C; no load no visible damage

category temperature

AR/R max.: £5% +0.1 Q
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IEC 115-1 | 'EC 68
CLAUSE | TEST
METHOD

TEST

PROCEDURE

REQUIREMENTS

Other tests in accordance with IEC 115 clauses and IEC 68 test method

resistance

4.29 45 (Xa) component solvent 70% 1.1.2 trichlorotrifluoroethane and | no visible damage
resistance 30% isopropyl alcohol; H20

4.18 20 (Tb) resistance to 10 s; 260 15 °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% covered);
(after ageing) 2 +0.5 s in solder at 235 5 °C; no damage

flux 600
4.5 tolerance on applied voltage (+10%): R - Rnom: £5% max.

R<10Q:0.1V
10Q<R<100Q: 0.3V
100Q<R<1kQ1V
1kQ<R<10kQ:3V
10kQ<R<33kQ:10V

Other applicable tests

solvent resistance in
accordance with
“MIL-STD-202”

method 215:
freon TMC
trichloroethane

no visual damage
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FEATURES
e High power dissipation in small
volume

¢ High pulse load handling
capabilities.

e TC100.

APPLICATIONS

« 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.

PAC01/02/03/04/05/06

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 68-2-45".

VALUE
DESCRIPTION
PACO1 PACO02 PACO3 PACO04 PACO05 PACO06
Resistance range 0.22Qto 0.10Qto 0.10Qto 0.10Qto 0.68 Q to 0.68 Q to
2.2kQ 3.6 kQ 4.7 kQ 8.2 kQ 10 kQ 12 kQ
Resistance tolerance +1%; E24/E96 series
Maximum permissible body 27516
temperature
Rated dissipation at Tamp = 25 °C 1TW 2W 3W 4W 5W 6W

Temperature coefficient; note 1

<+100 x 1076/K

Climatic category

55/200/56

Specification based on

IEC 115-1; 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.
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Philips Components

Product specification

Cemented wirewound precision resistors

PACO01/02/03/04/05/06

ORDERING INFORMATION

Table 1 Ordering code indicating type and packaging

ORDERING CODE 2306 327 .....
TYPE BANDOLIER IN AMMOPACK
500 units
PACO1 5....
PAC02 0-i:
PACO03 o
PACO04 2.
PACO05 B
PAC06 4.
Ordering code (12NC) Table 2 Last digit of 12NC ORDERING EXAMPLE

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.

¢ 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.

1996 Nov 20

RESISTANCE
DECADE

LAST DIGIT

0.10t0 0.976 Q

1109.76 Q

10t0 97.6 Q

100 to 976 Q

110 9.76 kQ

10to 12 kQ

WIN|=|O|0|
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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.



Philips Components

Product specification

Cemented wirewound precision resistors

PAC01/02/03/04/05/06

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 63”.

Limiting values

TYPE LIMITING VOLTAGE(") LIMITING POWER

v) (W)
PACO1 1
PAC02 2
PACO03 3
V = /P. ¥R
PACO4 n 4
PACO05 5
PAC06 6
Note

1. The maximum voltage that may be continuously applied to the resistor
element, see “IEC publication 115-1".

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

SRS (SRR S [ NI S SR —| S -

0 25 100 20 300

0
Tamb (°c)

Fig.1 Maximum dissipation (Pmax) as a function of the
ambient temperature (Tamp)-
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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.



Philips Components

Product specification

Cemented wirewound precision resistors

PACO01/02/03/04/05/06

MECHANICAL DATA

Mass per 100 units

TYPE WRAGS

(9)
PACO1 55
PACO2 80
PACO3 100
PAC04 175
PACO05 215
PACO06 225

Marking

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

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

For values of 1 kQ2 and upwards, the
letter K is used as the decimal point
for the kQ indication.

1996 Nov 20

Outline

For dimensions see Table 3.

Fig.2 Component outline.

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 56 17 e
PACO4 75 17
PACO5 75 23
PACO6 75 25
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Philips Components

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 115-1 and 115-4”,
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 68,

“Recommended basic climatic and
mechanical robustness testing

procedure for electronic components”
and under standard atmospheric
conditions according to “/EC 68-1",

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).

Table 4 Test procedures and requirements

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

“IEC publications 115-1, 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.

IEC 115-1 [EC55
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
Tests in accordance with the schedule of IEC publication 115-1
4.15 robustness of load 200 £10 N no visible damage
teisior ity o AR/R max. £0.1% +0.05 Q
R=6mm
7 4
MBB179
4.16 U robustness of
terminations:
Ua tensile all samples |load 10 N; 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
saniples 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; X &
3 directions; total 6 hours (3 x 2 hours) AR k0. 1% 0008
4.20 Eb bump 4000 +10 bumps; 390 m/s? no damage
AR/R max.: £0.1% +0.05 Q
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Philips Components

Product specification

Cemented wirewound precision resistors

PACO01/02/03/04/05/06

IEC 115-1 EL 5
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
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
4.84.2 temperature at 20/-55/20 °C, 20/200/20 °C TC <+100 x 106/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 Pp; no visible damage
1.5 hours on and 0.5 hours off AR/R max.: +0.5% +0.05 O
4.23.2 27 (Ba) endurance at upper | 1000 hours; 200 °C; no load no visible damage
AR BRI AR/R max.: +1% +0.05 Q
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Philips Components

Product specification

Stand-up miniature power resistors

FEATURES

¢ High power dissipation in small
volume

High pulse load handling
capabilities

2e pitch mounting

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

APPLICATIONS

« Ballast switching
¢ 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 68-2-45".

VALUE
DESCRIPTION
SMWO02 SMF02 SMWo03 SMF03 SMWO05 SMF05
Resistance range 0.1to 220 Qto 0.1to 560 Qto 0.1to 560 Q to
200 Q 47 kQ 560 Q 47 kQ 560 Q 47 kQ
Resistance tolerance +5%; E24 series
marz(gzrizgermlssmle body 300 °C
Rated dissipation at Tomp = 70 °C 2W 3W 5W
Climatic category (IEC 68) 40/200/56
Basic specification IEC 115-1
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
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Product specification

Stand-up miniature power resistors EMNEROHRCR
-u niatu W
P P SMF02/03/05
ORDERING INFORMATION
Table 1 Ordering code indicating resistor type and packaging
ORDERING CODE 2306 ... .....
TYPE LOOSE IN BOX
500 units
SMwWo02 340 03...
SMF02 340 90...
SMWO03 341 08...
SMF03 341 90...
SMWO05 342 03...
SMF05 342 90...
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 an SMW02
ordering code starting with 2306 DECADE resistor, value 47 Q, supplied loose in
o The subsequent 5 digits indicate 0110091 Q 7 box of 500 units is: 2306 340 03479.
the resistor type; see Table 1. 110910 8
o SMW: The remaining 3 digits 101091 Q 9
indicate the resistance value:
} o 100 t0 910 Q 1
— The first 2 digits indicate the
resistance value. 1109.1 k2 2
— The last digit indicates the Wiio47 k& 8

resistance decade in
accordance with Table 2.

e SMF: The remaining 3 digits
indicate the resistance value. The
number is available upon request
and is fixed by the supplier.
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Philips Components

Product specification

Stand-up miniature power resistors

SMW02/03/05
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 63”.

Limiting values

Type | LIMITING VOLTAGE(™ | LIMITING POWER
(V) (W)

SMW02 V= ,P,xR .

SMF02 350

SMW03 V= P xR .

SMF03 350

SMW05 V= [P xR 5

SMFO05 600

Note

1. The maximum voltage that may be continuously
applied to the resistor element, see
“IEC publication 266”".

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

DERATING

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

) Pmax MBG629
(/"Prated)
100
|
|
|
|
50 !
}
|
|
0 T — T T ,
-40 0 50 70 100 150 200
Tamb( C)
Fig.1 Maximum dissipation (Pmax) as a function of
the ambient temperature (Tamp)-
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PULSE LOADING CAPABILITY

Detailed pulse loading information is available on request.

Application information

MBG543

160
AT
(K) /
120 =
A
3W
80 // /2'|w/ //‘
/ /// j/
40 ///
L~
A
“
0
0 40 80 op om 120

Fig.2 Solder spottemperature rise (AT) asa
function of dissipated power.

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.
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Product specification

Stand-up miniature power resistors

SMW02/03/05
SMF02/03/05

MECHANICAL DATA
Mass per 100 units
TYPE MASS
(9)
SMW02
370
SMF02
SMWO03
530
SMF03
SMWO05
640
SMFO05
Marking

The resistor is marked with the resistor type designation,
the production week, nominal resistance value, the
tolerance on the resistance and the rated dissipation at
Tampi= 70 °C.

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

Outlines

¢Dj

H
SR

MSA011

For dimensions see Table 3.

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

w D H L P ad
T¥PE (mm) (mm) (mm) (mm) (mm) (mm)

e 11 1 7'+ 20.5+1.5

SMF02 - - =

Nt 12 +1 8 £1 25.0£1.5 45+15 5 &l 0.8
SMF03 e = e - B '
S 13 £1 91 255 £1.5

SMF05 - i R
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Product specification

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 115-1 and 115-47,
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 68,

“Recommended basic climatic and
mechanical robustness testing
procedure for electronic components”
and under standard atmospheric
conditions according to “/IEC 68-17,
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).

Table 4 Test procedures and requirements

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

“IEC publications 115-1, 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.

IEC 115-1 IEG 53
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
Tests in accordance with the schedule of IEC publication 115-1
4.15 robustness of load 200 £10 N no visible damage
rESlStar biody 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
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 Fe vibration frequency 10 to 500 Hz; displacement | no damage
0.75 mm or acceleration 10 g;
’ © -+ o,
3 directions; total 6 hours (3 x 2 hours) ARIR ez +0:5%+0.05.Q
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)
1st cycle
4.23.4 Aa cold 2 hours; —-40 °C
4.235 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.: £3% +0.05 Q
(accelerated)
remaining cycles
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Stand-up miniature power resistors Sh02,05/ 08
P P SMF02/03/05
IEC 115-1 IeG a8
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
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
4842 temperature at 20/-40/20 °C, 20/200/20 °C:
coefficient SMW:R<10Q TC < +600 x 10-8/K
SMW: R>10Q -80x106<TC
TC <+140 x 10°8/K
SMF: TC < +250 x 10-6/K
413 short time overload | room temperature; dissipation 10 x P,; | AR/R max.: £2% +0.1 Q
5 s (voltage not more than
1000 V/25 mm)
4251 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.: 45% +0.1 Q
4.23.2 Ba endurance at upper | 1000 hours; 200 °C; no load no visible damage
calegory lamparatume AR/R max.: £5% +0.1 Q
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Product specification

Radial mounted power resistors

RMW03/05/07/10
RMF03/05/07/10

FEATURES

¢ High power dissipation in small
volume

¢ Low solder spot temperature

* Very stable mounting.

APPLICATIONS

¢ These resistors have been
designed to dissipate high powers
in a small volume, to be used in
applications where low solder spot
temperature and very stable
mounting are essential.

QUICK REFERENCE DATA

DESCRIPTION

RMW: The resistor element is a
resistive wire which is wound in a
single layer on a fibre glass core.

RMF: 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.

RMW/RMF: The mounting
terminations are crimped to the
resistive body to assure a good
mechanical and electrical contact.

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
“IEC 68-2-45".

VALUE
DESCRIPTION
RMWO03 | RMF03 | RMWO05 | RMF05 | RMW07 | RMFO7 | RMW10 | RMF10
Resistance tolerance, type and
range (E24 series):
+10% 0.22 to B 0.47 to _ 0.68 to 1to 1.0to 1to
1.5Q 1.5Q 1.5 100 kQ 15Q 150 kQ
5% 1.6Qto |100Qto| 1.6Qto [100Qto| 1.6 Qto . 1.6 Qto .
3.9kQ 39kQ | 47kQ | 51kQ | 7.5kQ 10 kQ
Maximum permissible body 575 °C
temperature
Rated dissipation at Tymp = 70 °C 3W 5W 7W 0w
Climatic category (IEC 68) 25/155/56
Basic specification IEC 115-1
Stability after:
load, 1000 hours AR/R max.: £5% +0.1 Q
climatic tests AR/R max.: £1% +0.1 Q
short time overload AR/R max.: £2% +0.1 Q
Insulation voltage >2000 V
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Product specification

Radial mounted power resistors RMVOSID5/07/10
aal |
P RMF03/05/07/10
ORDERING INFORMATION
Table 1 Ordering code indicating resistor type; style and length of termination
ORDERING CODE 2322 25. .....
TERMINATION STYLE 1 TERMINATION STYLE 2
TYPE
LEAD LENGTH
10 mm 25 mm 10 mm 25 mm
RMWO03 0 11 0 12 021, 0.22...
RMFO03 6 11... 612... 621 622...
RMWO05 1 1. 1 12... 121... 122...
RMFO05 7 AT one 712 721 722...
RMWO07 2 115 212... 221.. 222..
RMF07 8 11... 812.. 821.. 822
RMW10 3 M 312.: 321 322..
RMF10 9! 11, 912... 921.. 922..
Ordering code (12NC) Table 2 Last digit of 12NC ORDERING EXAMPLE
e The resistors have a 12-digit RESISTANCE LAST T The ordering code of an RMWO03
ordering code starting with DECADE DiG resistor, value 47 Q, with standard
2322 25 02210091 Q 7 terminations, §ty|e 1 anq length
e The subsequent 3 digits indicate 110910 8 10 mm, supplied loose in box of
the resistor type, termination style ¢ 500 units is: 2322 250 11479.
and length; see Table 1. 10to91Q 9
e The remaining 3 digits indicate the 10010910 Q 1
resistance value: 110 9.1 kQ 2
— The first 2 digits indicate the 10 to 91 kQ 3
resistance value. 100 to 150 kQ 4

— The last digit indicates the
resistance decade in
accordance with Table 2.
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i Product specification
Radial mounted power resistors RMW03/05/07/10
RMF03/05/07/10

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 63”.

Limiting values

TYPE LIMITING VOLTAGE(") | LIMITING POWER
V) w)
RMWO03 3
RMFO03
RMWO05 5
RMFO05
V= [P xR
RMWO07 L 7
RMF07
RMW10
10
RMF10
Note

1. The maximum voltage that may be continuously
applied to the resistor element, see
“IEC publication 266"

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

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.
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DERATING

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

P i CCA096
<%Praled)
100 -

50

Fig.1 Maximum dissipation (Pnax) as a function

of the ambient temperature (Tamp)-

PULSE LOADING CAPABILITY

Detailed pulse loading information is available on request.

STYLE 1 STYLE 2

i B

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
RMF03/05/07/10

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

CCA100

150
AT
(K)
120
} w
7W
90 /j w.
| e W
/
: =
7
30

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

Termination length: 10 mm.

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

CCA101
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(K)
120
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90 —
L—T 7w
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Termination length: 25 mm.

Fig.4 Solder spottemperature rise (AT) asa
function of dissipated power.
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Termination length: 10 mm.

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

CCA103

(AKT)eso ;::VV
200 //5 r
150 % / /3 W-
100 ///

50 %/
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80 100 120 140
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Termination length: 25 mm.

Fig.6 Hot-spot temperature rise (AT) as
a function of dissipated power.
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Product specification

Radial mounted power resistors

RMWO03/05/07/10
RMF03/05/07/10

MECHANICAL DATA

Mass per 100 units

Marking

The resistor is marked with the resistor type designation,

the production week, nominal resistance value, the
TYPE MASS (g) tolerance on the resistance and the rated dissipation at
10 mm LEAD 25 mm LEAD Tamp =70 °C.
RMWO03 700 750 For values up to 910 Q the R is used as a decimal point.
p
RMF03 800 850 For values of 1 kQ or greater the letter K is used as the
RMWO5 700 750 decimal point for the kQ indication.
RMF05 800 850
RMWO07 800 900
RMFO07 900 1000
RMW10 1100 1150
RMF10 1200 1250
Outlines
BENT LEADS STYLE 1 STYLE 2
f t
H1 H1
f 11— . -
: P
¥ ===
H2 H2
0.8
0 0
0.4 i
+0.1 T* i—l: 45 —HN 45—
V = 02 . | 0.2 __ |
—R=07 =0.
T 1 e e
- |- ol 1.440.1 4 -] 1.4 £0.1 - fe
1+0.1 0.50 +0.02 1.540.1 a+‘ L' 1.5 t0.1-" ‘ L—‘
s |l 5201 = |-
+0.3 ‘ 73 L
For dimensions see Table 3. 103 G
Fig.7 Outlines.
Table 3 Resistor type and relevant physical dimensions; see Fig.7
w L H1 H2 P
e (mm) (mm) (mm) (mm) (mm)
gmxf’ 9.0 +1 24 +1 9.0 £1 125 #1
RMWO05
9.5 +1 27 +1 9.5 +1 1041.5 15.0 +1
RRo? "
~ 9.5 +1 35 +1 9.5 +1 25+1.5 22.5 +1
RMW10
RMF10 9.5 +1 48 +1 9.5 +1 35.0 +1
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Product specification

Radial mounted power resistors

RMWO03/05/07/10
RMF03/05/07/10

TESTS AND REQUIREMENTS

Essentially all tests are carried out in
accordance with the schedule of
“IEC publications 115-1 and 115-4”,
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 68,

“Recommended basic climatic and
mechanical robustness testing
procedure for electronic components”
and under standard atmospheric
conditions according to “/EC 68-1",
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).

Table 4 Test procedures and requirements

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

“IEC publications 115-1, 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.

IEC 115-1 USG5
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
Tests in accordance with the schedule of IEC publication 115-1
4.15 robustness of load 200 +10 N no visible damage
e AR/R max.: £1% +0.05 Q
4.16 U robustness of
terminations:
Ua tensile all samples |load 45 N; 10 s no visible damage
417 Ta solderability 2 s; 235 °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 Fe vibration frequency 10 to 55 Hz; displacement | no damage
0.75 mm or acceleration 10 g; e
3 directions; total 6 hours (3 x 2 hours) R TG P
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
4235 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 P,
(accelerated) e
remaining cycles AR/R max.: £1% +0.05 Q
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

1996 Nov 20
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Product specification

Radial mounted power resistors ki ks
RMFQ03/05/07/10
IEC 68
Igf;l]gg TEST TEST PROCEDURE REQUIREMENTS
METHOD
4842 temperature at 20/-25/20 °C, 20/155/20 °C:
coefficient R<1Q TC < +600 x 10-6/K
R>1Q TC < +200 x 1078/K
4.13 short time overload | room temperature; AR/R max.: £2% +0.1 Q
dissipation 10 x Py,; 5 s
4.25.1 endurance (at 70 °C) | 1000 hours loaded with Pp; 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; 155 °C; no load no visible damage
i s 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

1996 Nov 20
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Metal film resistors

MR25 and MR30 are maintenance types
Y T P S e e g QP s S R o T S e R T W T o L

MR25/30/52

APPLICATIONS

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

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 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 “/EC 68-2-45".

DESCRIPTION

VALUE

MR25

MR30

MR52

Resistance range

1Qto1MQ

4.99 Qto 1 MQ

Resistance tolerance

+0.5%, E192 series

+1%, E24; E96 series

Temperature coefficient:

climatic tests
soldering
short time overload

1Q<R<499Q 100 x 10-6/K

499 Q<R<1MQ 50 x 10-6/K
:tb'|s':::’ti r;g)ignum dissipation 0.4 W 05W 1w
Maximum permissible voltage 250 V 350V 500 V
Basic specifications IEC 115-1
Approval CECC 40101
Climatic category (IEC 68) 55/155/56
Stability after:

load see Fig.1

AR/R max.: £0.5% +0.05 Q
AR/R max.: £0.1% +0.01 Q
AR/R max.: £0.25% +0.05 Q

1997 Mar 10
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MR25 and MR30 are maintenance types

Metal film resistors

MR25/30/52

ORDERING INFORMATION

Table 1 Ordering code indicating resistor type and packaging

ORDERING CODE 2322 ... .....

TYPE BANDOLIER IN AMMOPACK
1000 units
MR25 151 7....
MR30 152 7
MR52 163:5....
Ordering code (12NC) Table 2 Last digit of 12NC ORDERING EXAMPLE

e The resistors have a 12-digit
ordering code.

e The first 8 digits indicate the
resistor type and packaging;
see Table 1.

¢ 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.

1997 Mar 10

RESISTANCE
DECADE

LAST DIGIT

1109.76 Q

10to0 97.6 QM

100 to 976 Q

110 9.76 kQ

10 to 97.6 kQ

100 to 976 kQ

1 MQ

g|lh|lwW(NM|—=]|O|0

Note

1. The composition of the catalogue

number is not applicable for
R =49.9 Q; the relevant
catalogue numbers will be
indicated on request.

235

The ordering code of a MR52 resistor,
value 3650 Q +£0.5%, taped

on a bandolier of 1000 units in
ammopack is: 2322 153 53652.



Philips Components MR25 and MR30 are maintenance types

Metal film resistors MR25/30/52

FUNCTIONAL DESCRIPTION
Product characterization

Standard values of nominal resistance are taken from the E24/E96 series for +1% and E192 for £0.5%.
The values of the series are in accordance with “/EC publication 63"

style| MR25 | MR30 | MRs2
Rin (KW) | 240 200 133 Tams =
limiting voltage (V) 250 350 500 ccasss , 20 °C
] 17],25°C
] [ [ ] |
0.6 i | /1 | 40°c
P Foo7
W) 1 11 A
05+ 061 09 | | soc
1 1 70°C
- 937 ‘| s0c
047 1 o7 4 .
1 l 100 °C
+ o4t 086 }
034 1 i
, 05 || 120C
T 037 7 125°C
1 0.4 - ;
02 1 — Y11 140°c
T o2 03 :
0.1 S 0.2 [ 160 °C
" AT T
014 4 A (|
o i T
' & v 1
40 | 60 \\Q\co\\\ua\ 140 | 160 T, (°C)
1 \ N \\\ | =
d¢ | \\ \\ \j\ 100
// N N+ 1000
7 NN !
|
\\ v
N
L 10000 h i g " 1k
| 7000 h i
[ 5000h ; X
/ L \j 10 kQ
3000 h
g 2 2000 h | N [ 100kR
/ /] 1000 h [ pime
V1 | Il
2 1 05 AR o) 02 01 0.05 0.02
R
Fig.1 Drift nomogram.

NOTES ON NOMOGRAM

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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Metal film resistors MR25/30/52

Limiting values

TYPE LIMITING VOLTAGE(") LIMITING POWER
V) W)
MR25 250 0.4
MR30 350 0.5
MR52 500 1

Note
1. The maximum voltage that may be applied continuously to the resistor element, see “IEC publication 115-1".

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

Application information

100 CCA632 " C‘CA635
b 5 mm
AT
O e b s s e B 4 )
10
/ o vad
16
Y A/

A 1° ///

0 0.1 02 0.3 04 05 0 0.1 02 0.3 0.4 0.5
P (W) P (W)

MR25 MR25

Fig.3 Temperature rise (AT) at the end of the lead
Fig.2 Hot-spot temperature rise (AT) as a (soldering point) as a function of dissipated
function of dissipated power. power at various lead lengths after mounting.
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MR25 and MR30 are maintenance types

Metal film resistors MR25/30/52
150 CCA633 40 CCA636
aT / )
(K) 74
// 30 /5 rm
80 // ,/ 10
// e d f 1Js
/ 20 // //’
40 Vv = //é/
/ B Vs

0 01 02 03 04 05 06
P (W)

MR30

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

0.4 0.5 0.6

0 01 02 03 !
P (W)

MR30

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.

CCA634
100
AT //
(K)
80 /
4
//
60 /
4
/
ol A
20 /
0

0 02 04 06 08 10 12
P-W)

MR52

Fig.6 Hot-spot temperature rise (AT) as a
function of dissipated power.

CCA837

80
AT
(K) 5 |rnm
60 10 mm
L.
15 mm
V
40
//,/
20 Z
v
0 0.2 0.4 0.6 0.8 1.0 1.2
P (W)
MR52

Fig.7 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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MR25 and MR30 are maintenance types

Metal film resistors

MR25/30/52

MECHANICAL DATA

Mass per 100 units

TYPE MASS
(9)
MR25 25
MR30 32
MR52 92
Marking

The nominal resistance and tolerance
are marked on the resistor using five
or six coloured bands in accordance

with IEC publication 62 “Colour codes
for fixed resistors”.

Five bands are used for the MR52
type; 3 for the resistance value, 1 for
multiplier and 1 brown for tolerance.

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.

1997 Mar 10

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 294”).

For dimensions see Table 3.

Y
N — Tl
1
2D
Lo
Fig.8 Outline.

H Hr‘:—x:*@d

E

MLB675

Table 3 Resistor type and relevant physical dimensions; see Fig.8

@D L4 Lo od
TYPE MAX. MAX. MAX. (mm)
(mm) (mm) (mm)
MR25 25 6.5 7.5
MR30 3.0 10.0 11.0 0.6
MR52 52 16.5 17.5
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MR25 and MR30 are maintenance types

Metal film resistors

MR25/30/52

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “/EC publication 115-1", 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 68, “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 115-1 and 68”; a short description of the
test procedure is also given. In some instances deviations
from the IEC recommendations were necessary for our

according to “/EC 68-1", subclause 5.3.

Table 4 Test procedures and requirements

method of specifying.

IEC 115-1 | 'EC68
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.16 u robustness of
terminations:
4.16.2 Ua tensile all samples |load 10 N; 10 s number of failures <10 x 108
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 Fe vibration frequency 10 to 500 Hz; no damage
displacement 1.5 mm or . :
acceleration 10 g; 3 directions; bl i
total 6 hours (3 x 2 hours)
4.23 climatic sequence:
4232 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; 15to 35 °C
4.23.6 D damp heat 5 days; 55 °C; 95 to 100% RH Rins Min.: 1000 MQ
(accelerated) . o
remaining cycles AR/R max.: £0.5% +0.05 Q

1997 Mar 10
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MR25 and MR30 are maintenance types

Metal film resistors

MR25/30/52

IEC 115-1 IEC 68
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.24.2 Ca damp heat 56 days; 40 °C; 90 to 95% RH; | Rjhs 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
MR52: <5 mW
4.25.1 endurance 1000 hours at 70 °C; Py or Vmax | AR/R max.: £0.5% +0.05 Q
MR25: 0.25 W or Vpnax
MR30: 0.3 W or Vijax
MR52: 0.45 W or Vpax
4842 temperature between -55 °C and +155 °C R <4.99 Q: +100 x 10-8/K
- 5
coefficient (TC x 1079/K) R>4.99 Q: +50 x 10-6/K
4.7 voltage proof on 2 x limiting voltage (AC) with no breakdown
insulation 750 Vmax (RMS)
412 noise IEC publication 195 R <100 kQ: max. 0.25 pV/V
R > 100 kQ: max. 0.5 pVv/V
46.11 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 Pp; AR/R max.: £0.25% +0.05 Q
V&2 X Vi
5 s on, 45 s off; 10 cycles

1997 Mar 10
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Lacquered metal film resistors MR24/34/54, E/C/D
e e S T L B R A e A PP PR R e O R i B

APPLICATIONS QUICK REFERENCE DATA

o 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 “/EC 68-2-45".

1997 Mar 10

DESCRIPTION VALUE
Resistance range:
MR24/34/54, E/C 49.9 Qto 1 MQ

MR24/34/54, D

10 Qto 1 MQ

Resistance tolerance:
MR24/34/54, E/C

MR24/34/54, D

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

1%, E96 series
1%, E96 series

Temperature coefficient:
MR24/34/54, E
MR24/34/54, C
MR24/34/54, D

+25 x 1075/K
150 x 10-6/K
+100 x 107¢/K

Rated dissipation
at Tamp = 70 °C:

MR24D 0.125 W
MR34D 025 W
MR54D 05W
at Tamp = 125 °C:
MR24E/C 0.1 W
MRB34E/C 0.125 W
MR54E/C 0.25 W
Basic specifications MIL-R-10509F
Stability after:
load AR/R max.: £0.5% +0.05 Q
climatic tests AR/R max.: £0.5% +0.05 Q
soldering AR/R max.: £0.1% +0.05 Q

short time overload

AR/R max.: +0.25% +0.05 Q
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Lacquered metal film resistors MR24/34/54, E/C/D

ORDERING INFORMATION

Table 2 8th digit of 12NC

Table 1 Ordering code indicating resistor type, MIL style and packaging TOLERANCE CODE
(-
ORDERING CODE 2322 ... ..... %)
1 1
TYPE MIL STYLE BULK IN BOX 05 5
100 units 0.25 3
MR24E RN55E 160..... 01 4
MR24C RN55C 161.....
MR24D RN55D 162..... Table 3 Last digit of 12NC
MR34E RN60E 168::::: RESISTANCE
MR34C RN60C 164..... DECADE ke, kgl
MR34D RN60D 165..... 1010 98.8 Q 9
MR54E RN65E 166 100 to 988 Q 1
MR54C RN65C 167:s:5: 110 9.88 kQ 2
MR54D RN65D 168..... 10 t0 98.8 kQ 3
100 to 988 kQ 4
Ordering code (12NC)(") 1T MQ 5

o The resistors have a 12-digit ordering code.
ORDERING EXAMPLE

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

o The first 7 digits indicate 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

RESISTANCE
VALUE 0.1% 0.25% 0.5% 1%

Q)

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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Product specification

Lacquered metal film resistors

MR24/34/54, E/C/D

FUNCTIONAL DESCRIPTION

Product characterization

The standard values 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(" eal L
TYPE W) (W)
Tamb =70 °C Tamb = 125 °C
MR24D 200 0.125 =
MR34D 300 0.25 —
MR54D 350 0.5 -
MR24E/C 200 — 0.1
MR34E/C 250 > 0.125
MR54E/C 300 = 0.25
Note

1. The maximum voltage that may be applied continuously to the resistor element, see “/EC publication 115-1".

1997 Mar 10
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Lacquered metal film resistors

MR24/34/54, E/C/D

MECHANICAL DATA

Mass per 100 units

TYPE M
(9)
MR24E/C/D 25
MR34E/C/D 32
MR54E/C/D 92
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:

o MIL style

e Value and tolerance in MIL code

e 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%

e 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.

1997 Mar 10

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 294”).

+——38 +3— : ~—— 308 18—
ay Ay || -
T — y |
i [l o
i
@D CCA648

For dimensions see Table 5.

Fig.1 Outline.

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

en L ag, a ad
TYPE MAX. MAX. & "+ : (mm)
(mm) (mm) 1552
MR24E/C/D 2.4 6.5 <1
MR34E/C/D 3.1 10.5 <1 0.6
MR54E/C/D 5.2 16.5 <1
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Lacquered metal film resistors MR24/34/54, 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-R-10509F".

Table 6 Test procedures and requirements

MIL-R-10509F | MIL-STD-202E MIL-R-10509F
CLAUSE METHOD TEST PARAGRAPH| FEQUIREMENTS()
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 3.1 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
46.9 302 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 AR £0.5% +0.05 Q
Rins = 100 MQ
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 10-6/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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Maintenance type - not for new designs
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Power metal film resistors

PR37

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 copper-clad iron are welded
to the end-caps. The resistors are
coated with a red, inflammable
protective silicon lacquer which can
withstand 500 V (RMS). 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 68-2-45".

MECHANICAL DATA
Mass
40 g (per 100 units).

Mounting

The resistors must be mounted stress
free so as to allow thermal expansion
over the wide permissible
temperature range.

The minimum pitch for this type with
cropped and formed leads is 7e.

Marking

The resistor is marked with the
nominal resistance value and the
tolerance on the resistance.

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.

For the value of 1 MQ the letter M is
used as the decimal point for the MQ
indication.

1995 Oct 31

QUICK REFERENCE DATA

DESCRIPTION VALUE
Resistance range 1 Qto 1 MQ; E24 series
Resistance tolerance +5%
Maximum body temperature 300 °C
(hot-spot)

Absolute maximum dissipation at
Tamb = 70 °C (P70); see Fig.3:
R <27 kQ 1.6 W
R > 27 kQ 1.2W
Maximum permissible voltage 500 V
Basic specifications IEC 115-4 and MIL-R-11804/2, char. G
Climatic category (IEC 68) 55/200/56

Stability after:
load, 1000 hours
climatic tests

AR/R max.: £5% +0.1 Q
AR/R max.: £3% +0.1 Q

soldering AR/R max.: £1% +0.05 Q
Ly ——
v
~—
* MLB675
oD

For dimensions see Table 1.

Fig.1 Type with straight leads.
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Maintenance type - not for new designs

Power metal film resistors

PR37

od

2 min

+2

N

L —

p | MLB677

MLB686
Dimensions in mm.
For dimensions see Table 1.
Fig.2 Type with cropped and formed leads.
Table 1 Lead type and physical dimensions; see Figs 1 and 2
@D L4 L, S B
LEADS MAX. MAX. MAX. (2:1) (mbm) (mhm) (um) MAX. MAX.
(mm) (mm) (mm) (mm) (mm)
8 2
Copper-clad iron 3.9 10 12 0.6 11 16 17.8 3 1.0
8 2
Copper 3.9 10 12 0.8 1.3 17.8 1.2
15 3
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Maintenance type - not for new designs

Power metal film resistors

PR37

ELECTRICAL DATA

Standard values of rated
resistance and tolerance

Standard values of rated (nominal)
resistance are taken from the E24
series within the range 1 Q to 1 MQ.
The values of the E24 series are in
accordance with “/EC publication 63”.

100

Pmax

|

|

(% F'rz-m'ed ) :

The tolerance on the rated resistance :
|

MLB734

is +5%. 5

The limiting voltage (RMS) is 500 V.
This is the maximum voltage that may
be applied continuously to the resistor
element, see “IEC publications
115-1 and 115-4”.

The maximum permissible hot-spot
temperature is 300 °C.

300
Tamb (°0)

Fig.3 Rated power dissipation (P ateq) in percentage of rated
power as a function of the ambient temperature (Tamp)-

Table 2 Electrical data

DESCRIPTION

VALUE

Temperature coefficient

R <10 Q: <4350 x 10°6/K

R>10 Q: <4250 x 10°6/K

Maximum body temperature (hot-spot) 300 °C
Absolute maximum dissipation at Tamp = 70 °C:
R <27 kQ 16W
R > 27 kQ 1.2W
Limiting voltage 500 V
Dielectric withstanding minimum RMS voltage of the insulation for 1 min | 500 V

Basic specifications

IEC 115-4 and MIL-R-11804/2, char. G

Climatic category (IEC 68)

55/200/56

Temperature rise (AT) of the resistor body as a function of dissipation

see Figs 4 and 5

Lead length (I) as a function of dissipation with temperature rise at end of
lead (soldering point) as parameter

see Figs 6 and 7
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PR37

MLB702

300 | |
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/
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/
/
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P W)

Copper-clad iron leads & = 0.6 mm.

Fig.4 Hot-spot temperature rise (AT) as
a function of dissipated power at
different lead lengths (1).
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Copper leads @ = 0.8 mm.

Fig.5 Hot-spottemperature rise (AT) asa
function of dissipated power (P).
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Copper-clad iron leads & = 0.6 mm.

Fig.6 Lead length (I) as a function of dissipated
power with AT as a parameter.
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Copper leads @ = 0.8 mm.

Fig.7 Lead length (I) as a function of dissipated
power with AT as a parameter.
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Fig.8 Pulse on a regular basis; maximum permissible peak pulse power (Pay) as a
function of pulse duration (t;).
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Fig.9 Pulse on a regular basis; maximum permissible peak pulse voltage (Vnmax) as a
function of pulse duration (t;).
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PR37

COMPOSITION OF THE CATALOGUE NUMBER
2322191 . . .

style code:
3 = straight formed copper-clad iron leads, £0.6 mm
4 = cropped and formed copper-clad iron leads, ©@0.6 mm
5 = straight copper leads, @0.8 mm
6 = cropped and formed copper leads, £0.8 mm

1995 Oct 31 252

[ LeforR=1Qt09.1Q
9forR=10Q1t0 91 Q
1forR=100Q1t0 910 Q
2forR=1kQt0 9.1 kQ
3forR=10 kQ to 91 kQ
4 for R =100 kQ to 910 kQ
5forR=1MQ

L— mounting height (h), see Fig.2:

0 = 8 mm; cropped and formed version
1 =15 mm; cropped and formed version
0 = straight lead version

first two digits of the resistance value
(E24 series)
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Power metal film resistors PR37
TESTS AND REQUIREMENTS Unless otherwise specified the following values apply:
Essentially all tests are carried out in accordance with the Temperature: 15 °C to 35 °C
schedule of “/IEC publication 115-1", category 55/200/56 Relative humidity: 45% to 75%

(rated temperature range —55 °C to +200 °C; damp heat,

3 Air pressure: 86 kPa to 106 kPa
long term, 56 days). The testing also covers the (860 mbar to 1060 mbar).

requirements specified by EIA and EIAJ.

In Table 3 the tests and requirements are listed with
reference to the relevant clauses of “/EC publications
115-1 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

The tests are carried out in accordance with

|IEC publication 68, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions
according to “/EC 68-1", subclause 5.3.

specifying.
Table 3 Test procedures and requirements
IEC115-1 IRe 5%
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.16 U robustness of
terminations:
4.16.2 Ua tensile all samples |load 10N; 10s number of failures <1 x 106
4.16.3 Ub bending half load 5 N; 4 x 90° number of failures <1 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.: 0.5% +0.05 Q
4.17 Ta solderability 2 s; 235 °C; flux 600 good tinning; no damage
418 Th 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 no damage
temperature 30 minutes at +155 °C; 5 cycles AR/R max.: +2% +0.1 Q
4.20 Eb bump 3 x 1500 bumps in three directions; no damage
<0l AR/R max.: $0.5% +0.05 Q
4.22 Fo vibration frequency 10 to 500 Hz; displacement | no damage
1.5 fhim or Acesisttion 10 g1 AR/R max.: +0.5% +0.05 Q
3 directions;
total 6 hours (3 x 2 hours)
4.23 climatic sequence:
4232 Ba dry heat 16 hours; 155 °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 Rins min.: 1000 MQ
eamml) AR/R max.: £3% +0.1 ©
remaining cycles
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PR37

IEC115.1 | 'EC68
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
4242 Ca damp heat 56 days; 40 °C; 90 to 95% RH; Rins min.: 1000 MQ
(steady state) dissipation 0.01 x Pz AR/R max.: +3% +0.1 Q
4251 endurance 1000 hours; 70 °C; P7g or Viax AR/R max.: £5% +0.1 Q
4842 temperature between -55 °C and +155 °C R <10 Q: <4350 x 106/K
coefficient R>10 Q: <4250 x 10/K
4.7 voltage proof on 500 V (RMS) for 1 minute; no breakdown
insulation V-block method
412 noise |IEC publication 195
46.1.1 insulation resistance | 500 V (DC) for 1 minute; Rins min.: 1000 MQ
V-block method
see 2nd amendment | pulse load see Figs8and 9
to IEC 115-1, Jan. '87
and present 40
central office
532 & 533
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Power metal film 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 wires of electrolytic
copper or copper-clad iron are welded
to the end-caps. The resistors are
coated with a red, inflammable
protective silicon lacquer which can
withstand 500 V (RMS). 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 68-2-45".

MECHANICAL DATA
Mass

92 g (per 100 units).

Mounting

The resistors must be mounted stress
free so as to allow thermal expansion
over the wide permissible
temperature range.

The minimum pitch for this type with
cropped and formed leads is 10e.

Marking

The resistor is marked with the
nominal resistance value and the
tolerance on the resistance.

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.

For the value of 1 MQ the letter M is
used as the decimal point for the MQ
indication.

1995 Oct 31

QUICK REFERENCE DATA

PR52

DESCRIPTION VALUE
Resistance range 1 Qto 1 MQ; E24 series
Resistance tolerance 5%
Maximum body temperature 300 °C
(hot-spot)

Absolute maximum dissipation at
Tamb = 70 °C (P70); see Fig.3:
R <51 kQ 25W
R > 51 kQ 20W
Maximum permissible voltage 750 V
Basic specifications IEC 115-4 and MIL-R-11804/2, char. G
Climatic category (IEC 68) 55/200/56

Stability after:
load, 1000 hours
climatic tests

AR/R max.: £5% +0.1 Q
AR/R max.: £3% +0.1 Q

soldering AR/R max.: 1% +0.05 Q
——Ly ——
| L
(———————— ] 2d
{ I =
; MLB675
2D
Lo

For dimensions see Table 1.

Fig.1 Type with straight leads.
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Power metal film resistors PR52
T
h+(2)
Y v
:2 min ‘ f (1)
|
} 0.1 —>‘w -0
Eb+o o ;
s | P (10e) | MLB687
MLB686
Dimensions in mm.
For dimensions see Table 1.
Fig.2 Type with cropped and formed leads.
Table 1 Lead type and physical dimensions; see Figs 1 and 2
@D L4 L, S 2B
LEADS MAX. | MAX. | MAX. (2:1) (mbm) (mhm) (mpm) MAX. | MAX.
(mm) (mm) (mm) (mm) (mm)
8 2
Copper-clad iron 5.2 16.7 19.5 0.6 1.1 P 254 3 1.0
8 2
Copper 5.2 16.7 19.5 0.8 1.3 = 25.4 3 1.2
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PR52

ELECTRICAL DATA

Standard values of rated
resistance and tolerance

Standard values of rated (nominal)
resistance are taken from the E24
series within the range 1 Q to 1 MQ.
The values of the E24 series are in
accordance with “/EC publication 63”.

100
Pmax

(% Prated )
The tolerance on the rated resistance

MLB734

is £5%. 0

The limiting voltage (RMS) is 750 V.
This is the maximum voltage that may
be applied continuously to the resistor
element, see “/EC publications
115-1 and 115-4".

70

The maximum permissible hot-spot
temperature is 300 °C.

& 300
Tamb("C)

Fig.3 Rated power dissipation (Prateq) in percentage of rated
power as a function of the ambient temperature (Tamp)-

Table 2 Electrical data

DESCRIPTION

VALUE

Temperature coefficient

R <10 Q: <+350 x 10-6/K

R>10 Q: <+250 x 10%/K

Maximum body temperature (hot-spot) 300 °C
Absolute maximum dissipation at Tamp = 70 °C:
R <51 kQ 25W
R > 51 kQ 2.0W
Limiting voltage 750V
Dielectric withstanding minimum RMS voltage of the insulation for 1 min | 500 V

Basic specifications

IEC 115-4 and MIL-R-11804/2, char. G

Climatic category (IEC 68)

55/200/56

Temperature rise (AT) of the resistor body as a function of dissipation

see Figs 4 and 5

Lead length (I) as a function of dissipation with temperature rise at end of

lead (soldering point) as parameter

see Figs6 and 7
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MLB708 MLB709
300 300
AT AT
(K) (K)
//
200 A 200 A
L4
/ LA
/1
)
100 7 100 v
// W //
///
/
0 0
0 1 2 pw 3 0 1 9 3

Copper-clad iron leads & = 0.6 mm. Copper leads @ = 0.8 mm.
Fig.4 Hot-spot temperature rise (AT) as a

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

function of dissipated power.

& [ [T VI]/ I T I T T TR
| AT=50K/| 60K | AT=20K | 30K[40K[ 50K/ 60K/
(mm) / (mm) / / /
/] 70K/ [ 11/
g AT < /I ama 7
/| 80 K / AN ANVA
/ A / / /L
i / /% N / ///
/ [ [ /A1 1]
avi AV .4
/ J/ 100K” A
. / 71 .
0 1 2 pw 3 0 1 2 puw 3

Copper-clad iron leads & = 0.6 mm. Copper leads & = 0.8 mm.
Fig.6 Lead length (I) as a function of dissipated

Fig.7 Lead length (I) as a function of dissipated
power with AT as a parameter.

power with AT as a parameter.
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MLB713
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Fig.8 Pulse on a regular basis; maximum permissible peak pulse power (Pmax) asa
function of pulse duration (t;).
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Fig.9 Pulse on a regular basis; maximum permissible peak pulse voltage (Vimax) as a
function of pulse duration (t;).
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COMPOSITION OF THE CATALOGUE NUMBER

2322192 . . . . .
T—8forFl= 1Q109.1.Q
9forR=10Q1t0 91 Q
1forR=100 Q10 910 Q
2forR=1kQto 9.1 kQ
style code: 3 for R=10 kQ to 91 kQ
3 = straight formed copper-clad iron leads, &0.6 mm 4 for R =100 kQ to 910 kQ
4 = cropped and formed copper-clad iron leads, £0.6 mm 5forR=1MQ
5 = straight copper leads, ©0.8 mm
6 = cropped and formed copper leads, 0.8 mm L— mounting height (h), see Fig.2:
0 = 8 mm,; cropped and formed version
1 =15 mm; cropped and formed version
0 = straight lead version

first two digits of the resistance value
(E24 series)
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Power metal film resistors PR52
TESTS AND REQUIREMENTS Unless otherwise specified the following values apply:
Essentially all tests are carried out in accordance with the Temperature: 15 °C to 35 °C
schedule of “/IEC publication 115-1”, category 55/200/56 Relative humidity: 45% to 75%

(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.

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 “/EC publications
115-1 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

The tests are carried out in accordance with

IEC publication 68, “Recommended basic climatic and
mechanical robustness testing procedure for electronic
components” and under standard atmospheric conditions
according to “/EC 68-1", subclause 5.3.

specifying.
Table 3 Test procedures and requirements
IEC1151 | 'EC 8
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
416 U robustness of
terminations:
4.16.2 Ua tensile all samples |load 10N; 10s number of failures <1 x 10-6
4.16.3 Ub bending half load 5 N; 4 x 90° number of failures <1 x 106
number of samples
416.4 Uc torsion other half 3 x 360° in opposite directions no damage
I B AR/R max.: £0.5% +0.05 Q
4.17 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.: £0.5% +0.05 Q
soldering heat 6 mm from body
4.19 Na rapid change of 30 minutes at —55 °C and no damage
temperature 30 minutes at +155 °C; 5 cycles AR/R max.: +2% +0.1 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 Fe vibration frequency 10 to 500 Hz; displacement | no damage
1.5_mm.or acceleration 10 g; AR/R max.: +0.5% +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
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 Rins min.: 1000 MQ
(accglgrated) AR/R max.: £3% +0.1 Q
remaining cycles
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PR52

IEC115-1 IEG 65
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.24.2 Ca damp heat 56 days; 40 °C; 90 to 95% RH; Rins min.: 1000 MQ
(steady state) dissipation 0.01 x P7q AR/R max.: 3% +0.1 Q
4.25.1 endurance 1000 hours; 70 °C; P7g or Vimax AR/R max.: £5% +0.1 Q
4.84.2 temperature between —55 °C and +155 °C R < 10 Q: <+350 x 10°6/K
coefficient R>10 Q: <+250 x 10°¢/K
4.7 voltage proof on 500 V (RMS) for 1 minute; no breakdown
insulation V-block method
4.12 noise IEC publication 195
4.6.1.1 insulation resistance | 500 V (DC) for 1 minute; Rins min.: 1000 MQ
V-block method
see 2nd amendment | pulse load see Figs 8 and 9
to IEC 115-1, Jan. '87
and present 40
central office
532 & 533
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Enamelled wirewound resistors

WRO0617E; WR0825E
WRO0842E; WR0865E

APPLICATION

o As power resistors in electrical and electronic circuitry.

QUICK REFERENCE DATA

DESCRIPTION

These resistors have a single layer of resistance wire
wound on a ceramic body. Leads of solder-coated
copper-clad wire are secured to caps which are force-fitted
on to the ends of the ceramic body. The resistor is coated
with brown enamel.

VALUE
DESCRIPTION
WRO0617E WRO0825E WRO0842E WRO0865E

Resistance range 4.7 Qt04.7kQ | 6.8 Qto27 kQ 10 Q to 56 kQ 15 Q to 100 kQ
Rated dissipation at Tamp = 70 °C 4 W 7W 11w 17W
Resistance tolerance 15%, E24 series
Temperature coefficient -80 to +140 x 10-5/K
Ambient temperature range -55to +200 °C
Maximum body temperature (hot-spot) 400 °C
Basic specifications IEC 115-1
Climatic category (IEC 68) 55/200/56
Stability after:

load, 1000 hours AR/R max.: 5%

climatic tests AR/R max.: 1%

soldering AR/R max.: 0.5%

short time overload AR/R max.: 2%
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WRO0617E; WR0825E

Enamelled wirewound resistors WRO842E: WR0865E

ORDERING INFORMATION

Table 1 Ordering code indicating resistor type and packaging

ORDERING CODE 2322 ... .....
TYPE BANDOLIER IN AMMOPACK
100 units 500 units
WRO0617E - 330 22...
WRO0825E = 330 32...
WRO0842E 330 42... =
WRO0865E 330 52... -
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 WR0842E
ordering code. DECADE G resistor, value 15 Q +5%, taped
« The first 9 digits indicate the 4710910 8 on a bandolier of 100 units in
resistor type and packaging; T 5 ammopack is: 2322 330 42159.
see Table 1.
- S 100 to 910 Q 1
e The remaining 3 digits indicate the
resistance value: 1t09.1kQ 2
— The first 2 digits indicate the 1070 91 kO 3
resistance value. 100 kQ 4

— The last digit indicates the
resistance decade in
accordance with Table 2.
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WRO0617E; WR0825E
WRO0842E; WR0865E

Enamelled wirewound resistors

FUNCTIONAL DESCRIPTION
Product characterization

Standard values of nominal resistance are taken from the E24 series for resistors with a tolerance of +1%.
The values of the E24 series are in accordance with “/EC publication 63”.

Limiting values

TYPE LIMITING VOLTAGE(" LIMITING POWER
v) W)
WR0617E 4
WRO0825E 7
V= /[P.xXR
WRO0842E n 11
WRO0865E 17

Note
1. The maximum voltage that may be applied continuously to the resistor element, see “IEC publication 115-1".

The maximum permissible hot-spot temperature is 400 °C.

Application information

CCA639
400 i I I
AT at WR0617E WR0825E WR0842E [
hot-spot / WRO0865E
® = 7 =
300
/ ¥ / L—
/]
z =
// / iz
200 %
A |~
Vi
(X
5/ // L~
100 A
i/
/4
/4
/4
? 15 20
0 5 10 5.
Fig.1 Hot-spot temperature rise (AT) as a function of dissipated power.
Distance between cap and solder joint is 10 mm.
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Enamelled wirewound resistors

WRO0617E; WR0825E
WR0842E; WR0865E

MECHANICAL DATA

Mass per 100 units

TYPE MA=S
(9)
WRO0617E 115
WRO0825E 210
WRO0842E 335
WRO0865E 450
Mounting

The resistors must be mounted in
such a way that:

No stress is exerted on the leads,
s0 as to allow thermal expansion
over the wide temperature range.

Nearby components and materials
are not affected by the dissipated
heat.

Marking
Each resistor is marked with:

¢ Resistance value (R for Q,
K for kQ), e.g. 27 Q = 27R and
27 kQ = 27K

e Tolerance on resistance in %
e Rated dissipation at Tmp = 70 °C.

EXAMPLE
27R 5% 4W

1997 Mar 10

Outlines

The length of the resistor 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 294”).

The diameter of the holes in the gauge plate is 1.0 mm.

For dimensions see Table 3.

MLB675

Fig.2 Outline.

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

@D L4 Lo od
TYPE MAX. MAX. MAX. (mm)
(mm) (mm) (mm)
WRO0617E 6 17 23 0.7
WRO0825E 8 26 32 0.8
WRO0842E 8 44 50 0.8
WRO0865E 8 67 73 0.8
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Enamelled wirewound resistors

WRO0617E; WR0825E
WRO0842E; WR0865E

TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the
schedule of “IEC publication 115-17, 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 68, “Recommended basic climatic and

Table 4 Test procedures and requirements

mechanical robustness testing procedure for electronic
components”.

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

“IEC publications 115-1 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 266 IEC 63
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
14 robustness of load 200 £10 N no visible damage
neleler kdy load AR/R max.: £0.5% or 0.05 Q
R=6mm
4
MBB179
15 u robustness of
terminations:
Ua tensile all samples |load 10 N; 10 s
Ub bending half load 5 N; 4 x 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
16 T solderability 2 s; 230 °C; flux 600 good tinning; no damage
resistance to thermal shock: 3 s; 350 °C; AR/R max.: £0.5% +0.05 Q
soldering heat 6 mm from body
17 Na rapid change of 30 minutes at -55 °C and no visible damage
temperature 30 minutes at +200 °C; 5 cycles AR/R max.: 1% +0.05 Q
18 Fc vibration frequency 10 to 500 Hz; displacement | no visible damage
0.75 mm or acceleration 10 g; -
3 directions; total 6 hours (3 x 2 hours) AR ik H16%-H].08.0
19 Eb bump 4000 +£10 bumps; 390 m/s? no damage
AR/R max.: £0.5% +0.05Q

1997 Mar 10
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