


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:

o 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.

¢ 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.

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

TEMP.
APPLICATION | TYPE CS(')ZDEE T&'; REf‘ﬂégCE COEFF. x/‘;\v)v(i SERIES | PAGE
(x 10°9/K)
Thick film
Standard RCO1 1206 | 50r2 [1Qto10MQ  [<+200 200/0.25 E24 30
RC11 0805 1Qto10MQ | <200 150/0.1 38
RC21 0603 1t010Q -200/+500 |50/0.063 46
11Qto910kQ |+200
110 6.8 MQ +300
Precision RCO2H 1206 | 1 [1t04.99Q <+250 200/0.125 | E24/96 56
TC100 RCO2HP 51109.76 Q <+200 200/0.25 66
10Qto1MQ  [<t100
1.02t0 10MQ | <+200
RC12H 0805 1104.99 Q <+250 150/0.1 74
5.11097.6 Q <+200
100 Qto 1 MQ | <+100
RC22H 0603 110 4.99 Q <+250 50/0.063 82
5.11097.6 Q <200
100Qto 1 MQ | <100
Precision RC02G 1206 | 1 [100Qto1MQ |[<+50 200/0.125 89
TC50 RC02GP 250 Qto 1 MQ | <t50 200/0.25 97
RC12G 0805 100 to 249 Q <+100 150/0.1 105
255 Qto 1 MQ | <t50
High precision RC03G 1206 | 0.5 [100t0249 Q <+100 200/0.125 114
255 Qto 1 MQ | <t50
Application specific | RCO2TR | 1206 | +0/—20 |10 4.99 <250 200/0.25 E24 153
trimmable or 1511t097.6Q <+200
080 0 ato 1M | <100
LRCO1 5 [01t00.147Q [<t1000 |0.125 140
low-ohmic 0.15t00.392 Q [<t700
0.4100.91 Q <4250
FRCO1 110250 Q <+200 200/0.125 146
fusible
PRC201 | 1218 | 5 [1t09.1Q <+200 200/1 130
power 10Qt01MQ  |<+100
Thin film
High precision MPCO1 | 1206 | 0.1 |100 Qto100kQ |<t25 100/0.125 | all values | 122
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Fixed Resistors

INTRODUCTION MECHANICAL DATA

The data are presented - whenever A dimensional sketch and a table of dimensions are given.
possible - according to a ‘format’, in
which the following items are stated:

o TITLE

o FEATURES

e APPLICATIONS , resistor layer

e QUICK REFERENCE DATA y— inner electrode

DESCRIPTION A

o MECHANICAL DATA ceramic substrate
- Mass protective coat

protective coat

‘4———1——>

end termination

- Mounting
— Marking
ELECTRICAL DATA

— Standard values of rated w
resistance and tolerance

COMPOSITION OF THE
CATALOGUE NUMBER

PACKAGING L
TESTS AND REQUIREMENTS.

MBC695

Fig.1 Component outline.
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 USA L w T MASS
required ohmic resistance by cutting TYPE SIZE CODE (mm) (mm) (mm) (9)

one or more grooves in the resistive

This table shows the relationship between USA case size code, sizes in
mm and mass per 100 units for various types of chip resistors.

layer. This process is completely RCO... 1206 3.2 16 0.6 1.0
computer controlled and yieldsahigh | RC1.. 0805 2.0 1.25 0.6 0.55
reliability. The terminations are RC2.. 0603 1.6 0.8 0.45 0.4

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
IEC 68-2-45.

May 1994 7
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Mounting

Chip resistors are designed for MBASO01
handling by automatic chip placement ©c)
systems.

240 20 K/s

The temperature rise in a resistor due
to power dissipation, is determined by 175
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. 45 s max 10s

200 K/s

The hot-spot temperature depends preheating soldering  cooling
on the ambient temperature and the

dissipated power. This is described in Fig-2 Infrared soldering.

the data sheets under the chapter
heading “Mechanical data”.

The hot-spot temperature is important MBAS02
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 N f
not reach the melting point of the cooling in
solder at the joints. Therefore a ” free air
maximum solder joint temperature of

110 °C is advised.

The ambient temperature on large or 5s

very dense printed-circuit boards preheating soldering cooling
(PCBs)isinfluenced by the dissipated
power. The ambient temperature will
again influence the hot-spot

(°c)
250

200 K/s

Fig.3 Wave soldering. The resistors may be soldered twice
according to this method if necessary.

temperature. Therefore, the packing
density that is allowed on the PCB is

influenced by the dissipated power.

Figures 2, 3 and 4 show the different T MBAS00
soldering methods which may be (°c)

employed when mounting chip

resistors. 215

10s 60s o
preheating soldering cooling

Fig.4 Vapour phase soldering.

May 1994 8
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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.5), this point is found by drawing the
line from point A (PCB = 95 °C) to point B (Tamp = 50 °C)

are represented depends on the tolerance: +5% requires
two digits; +2% tolerance may be marked with two or three
digits; +2% tolerance may be marked with two or three

digits; +1% and lower requires three digits.

Table 1 Resistance value indication.

and from here to the left axis. >+2% <+1%
INDICATOR
To find the maximum packing density, this horizontal line TOLERANCE TOLERANCE
is extended until it intersects with the curve, 0 0.0 Q; jumper
0.125 W (point C). The maximum packing density, R(1) 11091 Q 110976 Q
Py . .
;ii:cs /50 x 50 mm? (point D), is found on the horizontal 1 10010910 O 110976 kKO
' 2 1109.1 kQ 1010 97.6 kQ
Marking 3 10 to 91 kQ 100 to 976 kQ
Wherever possible chip resistors are provided with a 4 100 to 910 kQ 1MQ
resistance code (see Table 1). The resistance code 5 11t09.1 MQ
includes the first two or three significant digits of the 6 10 MQ
resistance value (in ohms) followed by an indicator. The
indicator denominates the power of ten by which the Note
significant value has to be multiplied to find the relevant 1. R denotes the decimal point.
resistance value. Whether two or three significant values
025W 0.125W MBC739
150
3 /
E
3 / 0.0625 W
2
5
100 / 50
/ /
/7 //
50 e B 100 2
BLATEEE g
A1~ g
A e ’d %
A o bt
/\ LA+ A .g
] “/’ <Eu
150
° 1 D 102 50 A 100 150

mounting density (pcs/50x50 mm)

PCB temperature (normally around 100 °C)

Fig.5 PCB temperature as a function of applied power, mounting density and ambient temperature.
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ELECTRICAL DATA

The electrical data 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 “/EC 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
Wait 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:
m = hot-spot temperature
Tamb = 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 RELATIONSHIP

Dimensions, conductance of heat resistance

materials and mounting determine

Heat resistance x dissipation gives |temperature rise

hot-spot
pot

temperature

CIQwmai © 11T

temperature give

Teamnaratira rise + amhiant
emp +amoient

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.

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<ikq | 1206

0805 0603

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

Inductance |2 nH 2nH 1nH 0.4 nH

MLB715

Fig.6 Equivalent circuit.

May 1994
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MLB716
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R
16 / //
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~N
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Fig.7 Impedance as a function of frequency for a chip resistor.
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100
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1
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Fig.8 Phase shift as a function of frequency for a chip resistor.
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MLB718
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Size 0805.
Fig.9 Impedance as a function of frequency for a chip resistor.
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Fig.10 Phase shift as a function of frequency for a chip resistor.
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20 MLB720
2 / / /
R
1.6
/ / /
Y
R,,=1g/ Rn=1on/ R,=100Q /
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1
|+ L~ //
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Fig.11 Impedance as a function of frequency for a chip resistor.
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Fig.12 Phase shift as a function of frequency for a chip resistor.
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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
parametier.

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

P=-n

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

ap _ 1

dT, 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
(x1075/K).

Example: If the temperature coefficient of a resistor of
Rnom = 1 kQ between -55 °C and +155 °C is

+200 x 1076/K, its resistance will be,

at 25 °C:

1000 Q (nominal = rated value)

at +155 °C:

1000 Q +(130 x 200 x 1076) x 1000 Q
=1026 Q or 974 Q

at -55 °C:

1000 © (80 x 200 x 10-6) x 1000 Q
=1016 Qor984 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.13.

+2.6%

+1.6%

Rnom

-1.6%

-2.6%

Fig.13 Temperature coefficient

May 1994
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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.14.

' 12 I MGA212
Tovel | spec, level ]
) |
v/ 8 t

t
—_— A
t
4 —t //
f
o e vl vl ol ol
1 10 100 1k 10k 100k 1M 10M
R(Q)

Fig.14 Typical noise levels as a function of rated

resistance for the RC02.

MGA205

R
th 2004
(KW) s

I T T O Y
10 5

I T T A |

10
d (mm)

Fig.15 Heatresistance as a function of distance
and material.

HEAT RESISTANCE (Ryp)

Heat resistance is the 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 (Tys) of the resistor in
relation to the ambient temperature (Tamp) and the load (P)
of the resistor, as follows:

Ths = Tamb + P X R

Due to their direct contact with the soider 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 15
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).

May 1994

15

PULSE-LOAD BEHAVIOUR

The load, due to a single pulse at which chip resistors fail
by going open circuit, is determined by shape and time.
A standard way to establish pulse load limits is shown in
Table 2.

Table 2 Pulse load limits.

PARAMETER VALUE UNIT
Exponential time constant 50 to 700 us
Repetition time 1210 25 s
Amount of pulses 5t0 10

With this test, it can be determined at which applied
voltage the resistive value changes about 0.5% of its
nominal value under the above mentioned pulse
conditions. Figure 16 shows test results for the RC02 chip
resistors. If applied regularly the load is destructive,
therefore the load must not be applied regularly during the
load life of the resistors. However, the magnitude of a
pulse at which failure occurs is of little practical value. The
maximum ‘single-pulse’ load that may be applied in a
regular way can be determined in a similar manner.
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MBC187

10*
A
Vmax
V)

50 ps
3 !
10 700 ps
e /// “
102 N
=
,
// A
10! (4
10
10 102 103 104 10% 108 Ry@ 107

Fig.16 NormstoB (German standard); maximum permissible peak pulse voltage (Vimax) Without failing to
‘open circuit’ for RC02.

MBC188
10°
N
Pmax
W)
10?
10 1t single pulse
4
”
—— tp/t; = 1000 B
~ — o el o =1 1
1 I mue Tt —~-L
repetitive pulse =
10‘1 -6 -5 -4 -3 -2 -1
10 10 10 10 10 10 t () 1

Fig.17 Pulse on aregular basis; maximum permissible peak pulse power (Ppay) as a function of pulse
duration for R <10 kQ, single pulse and repetitive pulse (ty/t) = 1000. '
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MGA209

700

<>

max
v

600

500

400 "\r

300 ™

200

0
10-© 10-8 10-4

Fig.18 Pulses on a regular basis; maximum permissible peak pulse voltage (Vmax) as a function of
pulse duration (t;) for a typical RCO2 resistor.

10-3 10-2 10-1

ti (s)

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.17 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.

May 1994

However, maximum peak pulse voltages as indicated in
Fig.18, should not be exceeded.

Determination of pulse-load

The graphs in Figs 17 and 18 may be used to determine
the maximum pulse-load for a resistor.
o For repetitive rectangular pulses:

-2

R
the solid lines of Fig.17 for the applicable value of t;
and duty cycle ty/t;.

must be lower than the value of Pmax given by

— V; must be lower than the value of Vmax given in
Fig.18 for the applicable value of t;.
o For repetitive exponential pulses:
- As for rectangular pulses, except that tj= 0.5 1.
» For single rectangular pulses:
~2

R
line of Fig.17 for the applicable value of t;.

must be lower than the P,y given by the dashed

— Vi must be lower than the value of Vyax given in
Fig.18 for the applicable value of t;.

17
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Definition of symbols used in Figs 17, 18, 19 and 20.

SYMBOL DESCRIPTION
P applied peak pulse power
Prmax maximum permissible peak pulse power
(Fig.17)
Vi applied peak pulse voltage (Figs 19 and 20)
Vinax maximum permissible peak pulse voltage
(Fig.18)
Rnom nominal resistance value
t pulse duration (rectangular pulses)
tp pulse repetition time
T time constant (exponential pulses)
Tamb ambient temperature
Tin(max) maximum hot-spot temperature of the
resistor
Examples

Determine the stability of a typical resistor for operation
under the following puise-ioad conditions.
CONTINUOUS PULSE TRAIN

A 100 Q resistor is required to operate under the following
conditions: V=10 V; tj=10"5s;t, = 102s.

Therefore:

2 -2
5 _ 40° th 107 _
P_1—00—_1Wandt—i_—_3_1000

10

Fortj=105s and % = 1000, Fig.17 gives Prax=2W
and Fig.18 gives Vpax = 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

A10kQ resistor is required to operate under the following
conditions: V;=250 V; tj= 105 s,

Therefore:
2
3 250
max = 70000 = 6.25 W

The dashed curve of Fig.17 shows thatatt;= 10-5 s, the
permissible lsmax =10 W and Fig.18 shows a permissible
Vimax of 400 V, so this resistor may be used.

May 1994
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Fig.19 Rectangular pulses.

MGA207

Fig.20 Exponential pulses.
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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 ISO 9000.

Essentially all tests on resistors are carried out 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 |EC
recommendations are made.

accordance with the schedule of “/EC publication 115-1"in

Table 3
IEC 68-2
Igf A1l1l g'Ea TEST TEST PROCEDURE
METHOD
417 20 (Ta) soldering unmounted chips completely immersed for 2 £0.5 s in a solder bath
at 235 15 °C; flux 600
solderability 16 hours steam or 16 hours at 155 °C; unmounted chips completely
immersed for 2 £0.5 s in a solder bath at 235 +5 °C;
flux 600
4.18 20 (Tb) resistance to 10 s; 260 +5 °C; flux 600
soldering heat
4.19 14 (Na) rapid change of 30 minutes at -55 °C and
temperature 30 minutes at upper category temperature; 5 cycles
4.22 6 (Fc) vibration frequency: 10 to 500 Hz; displacement 1.5 mm or acceleration 10 g;
three directions; total 6 hours
4.20 29 (Eb) bump 3 x 1500 bumps in three directions; 40 g
4.33 bending resistors mounted on a glass epoxy resin PCB;
bending 5 mm over 90 mm
4.24 humidity load 1000 hours; +40 °C; 90 to 95% RH; loaded with P, or 150 V;
Is) max 1.5 hours on and 0.5 hours off
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
4234 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
(accelerated)
remaining
cycles
4.24.2 3 (Ca) damp heat 56 days; 40 °C; 90 to 95% RH; loaded with 0.01 P,
(steady state) (IEC steps: 0 to 100 V); dissipation <1 mW
(IEC)
4.25.1 endurance 1000 hours; 70 °C; nominal dissipation

May 1994
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General Introduction
Chip resistors

IEC 68-2
s | test TEST PROCEDURE
METHOD
4.6.1.1 insulation 100 V (DC) after 1 minute
resistance
4.13 short time room temperature; dissipation 6.25 x Pp;
overload 5 s (voltage not more than 2 x Vpax)
4.8.4.2 temperature between -55 °C and +125 °C
coefficient
412 noise IEC publication 195 (measured with Quantech - equipment)
4.23.2 27 (Ba) endurance at 1000 hours; 125 °C; no load
upper category
temperature
4.7 voltage proof on | Vnax (RMS) during 1 minute
insulation

May 1994
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ixed Resistors Chip resistors

(A) MaAZID ®) MGA211
TC %0 ] ¢ O] L ___1 -]
(16°/K) 200 5] __.___j?f%.lﬂ’ﬂ L] (10%/K) 49 spec. level
o 7/
100 7 20
0 0
-100 7, -20 v 7
spec. level e
B i i e e At R B -40 spec. level
_ T I P I T I PR TP Y I I
3001 10 100 1k 10k 100k 1M 10M 60100 1k 10k 100k M
R (Q) R(Q)

(A) RC-01.
(B) RC-02G.

Fig.21 Typical temperature coefficients between the lower and upper category temperatures.
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(B) RC-02G.

Fig.22 Typical noise level as a function of
rated resistance measured using
Quantech - equipment.
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Fixed Resistors . .
Chip resistors
(A) MGA214 (B) MGA215
1.2 0.3
AR AN SRS SR, Ep U Sy S— AR e ]
R spec. level R 02 spec. level
(%) (%)
0.4 0.1 T T T
e _ 107>
0 7 0 7
e,
o4 o A 2ILIHY,
-o8 T _[spec.tevel T — 1 el I p— | m———
N R RETIT ST AT ,...J PRI BRI WA -0.3 A Lo Lo Lo
1 10 100 1k 10k 100k 1M 10M 100 1k 10k 100k M
R(Q) R(Q)
{A) RC-01.
(B) RC-02G.

Fig.23 Typical percentage change in resistance after soldering for 10 seconds at 260 °C, completely immersed.
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Fig.24 Typical percentage change in resistance after 56 days at 40 °C and 90 to 95% relative humidity
loaded with Ppom.
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Chip resistors

MGA218 MGA219
1.2 0.6
AR g e e e — A — — e AR e [N S ———
R ] spec. level R 04 spec. level
(%) (%)
04—~ 72 02
//
0 Z 0
Y
-0.4 - 0.2 55454544 A iy
O8I T [seec level T 1] [l I P spec. levell |
R ) SERTTIT EEETTITT SWETTT M S PRI AR -0.6 L Lo L L
1 10 100 1k 10k 100k 1M 10M 100 1k 10k 100k ™
R(Q) R(Q)
(A) RC-01.
(B) RC-02G.

Fig.25 Typical percentage change in resistance after 1000 hours loaded with Ppom at
70 °C ambient temperature.
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Fixed Resistors

General Introduction
Chip resistors

COMPOSITION OF THE CATALOGUE NUMBER

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

Tape and reel specifications

All tape and reel specifications are in accordance with the
first edition of “/EC 286-3", and amendments as proposed
in “IEC 40 (Secretariat) 570". Basic dimensions are given
in Figs 26, 27 and 28.

Tape leader and trailer

The leader end of the tape is at least 400 mmin length and
contains a minimum of 40 empty compartments. The
trailer end of the tape is at least 160 mm in length.

Peel-cff force

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

May 1994

24

ENVIRONMENTAL ISSUES

Philips reels are made of polystyrene which is suitable for
recycling.

Tape material is polycarbonate blister or cardboard, which
are both suitable for recycling.
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General Introduction

Fi Resist
ixed Resistors Chip resistors

PACKAGING
|<— Po —>I
DO —»‘ P2 |<— |
~ | t _
'é} é} :
T
e I
; ! i ! w
SRS RN ST NN
L s
| ! '
el
le—Py—sl MBD123
Dimensions in mm.
Cumulative tolerance over 10 holes: 0.2 mm.
Bottom fixing tape thickness: 50 £10 pm.
Top fixing tape thickness: 50 £10 um.
Carrier tape thickness:
0.75 £0.05 mm (1206; 0805)
0.6 £0.05 mm (0603).
Fig.26 Cardboard tape.
Table 4 Dimensions of cardboard tape, see Fig.26.
TOLERANCE CHIP SIZE (mm)
DIMENSION (mm) CODE CODE CODE
1206 0805 0603
Ao +0.2/-0 1.85 1.5 1.0
Bo +0.2/-0 3.45 2.25 1.8
w +0.3 8 8 8
E +0.1 1.75 1.75 1.75
F +0.05 3.5 3.5 3.5
Do +0.1/-0 15 15 1.5
Po 0.1 4 4 4
Py +0.1 4 4 4
P, 40.05 2 2 2
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Ei . . .
ixed Resistors Chip resistors

Ko+ = —— Pg ——
T | r— |« Pp >
T T *
E
4t D1
cover tape | I 1
K w
b j (I |
- - D1 Bo—-&—H— - —H-o—H—-
LA W : é
-
MEA613
Tyl -»>! Ao - »!|leD 1
-+ To le ‘4—* Py —
direction of unreeling
_—
Dimensions in mm.
Cumulative pitch error: 0.2 mm over 10 pitches.
Cumulative tolerance over 10 holes: +0.2 mm.
Fig.27 Blister tape.
Table 5 Dimensions of blister tape, see Fig.27.
TOLERANCE CHIP SIZE (mm)
DIMENSION (mm) CODE CODE CODE
1218 1206 0805
Ag +0.1 3.6 1.85 1.55
Bo +0.1 49 3.55 2.3
w +0.3 12 8 8
E +0.1 1.75 1.75 1.75
F +0.05 3.5 3.5 3.5
Do +0.1/-0 1.5 1.5 1.5
Dy - >1.5 >1 >1
Po +0.1 4 4 4
Py +0.1 8 4 4
Py +0.05 2 2 2
T4 5 pum 45 pm 45 pm 45 um
T - <0.3 <0.3 <0.3
Ko +0.05 0.7 0.7 0.7
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MBCs91

8.4 —»

Dimensions in mm.

Fig.28 Reel dimensions.
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Philips Components

Resistor chip
size 1206

FEATURES

¢ Reduced size of final equipment

¢ Low assembly costs

» Higher component and equipment
reliability

¢ Excellent performance at high
frequencies.

APPLICATIONS

o Television

Radio recorders
Telecommunication equipment
Automotive industry

Pocket calculators.

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.

May 1994

QUICK REFERENCE DATA

Product specification
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RCO1

DESCRIPTION

VALUE

Resistance range

1 Qto 10 MQ and jumper (0 Q);
E24 series

Resistance tolerance

+2%, 5%

Temperature coefficient

<4200 x 10-6/K

Absolute maximum dissipation at 0.25W

Tamp =70 °C

Maximum permissible voltage 200 V (DC or RMS)

Climatic category (IEC 68) 55/155/56

Basic specification; note 1 IEC 115-8

Stability after:
load, 1000 hours at Tamp = 70 °C | AR/R max.: £1% +0.05 Q
load, 8000 hours at Tamp = 70 °C | AR/R max.: £2% +0.10 Q
climatic tests AR/R max.: £1.5% +0.05 Q
soldering AR/R max.: 1% +0.05 Q
short time overload, 400 V max. | AR/R max.: +2% +0.10 Q

Note

1. CECC approved version available on request. Approval no. 40401-002.

MECHANICAL DATA
protective coat
resistor layer
0_25 inner electrode
1010 end termination
A \\\
l ceramic substrate
—= — 0.50 +0.25
—>$ ~<+— 0.45 £0.25 protective coat
1.6
+0.15
MBAS64 - 1

+0.10
————————— 3.20 ~0.20

Dimensions in mm.

—_— ]

Fig.1 Outlines.
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RCO1

Mass
1.00 g (per 100 units).

Mounting

Due to their rectangular shape and
small tolerances on the dimensions,
Surface Mounted Resistors are
suitable for handling by automatic
placement systems. Chip placement
can be done 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 robust construction of the device
allows it 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).

Soldering conditions

Surface Mounted Resistors RC01 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 2, 3 and 4.
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MBAS501

(°c)

240 20 K/s

175

200 K/s

45 s max 10s o
preheating soldering cooling

Fig.2 Infrared soldering.

MBAS02
(©c)
250

200 K/s
~a f
cooling in
free air

80

5s
preheating soldering  cooling

Fig.3 Wave soldering. The resistors may be soldered twice
according to this method if necessary.

MBA500

(°c)

215

10s 60s e
preheating soldering cooling

Fig.4 Vapour phase soldering.
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Marking

Each resistor is marked with a three
or four digit code on the protective
coating to designate the nominal
resistance value.

3-DIGIT MARKING

Forvalues up to 91 Qthe Risused as
a decimal point. For values of 100 Q
or greater the first 2 digits are
significant, the third indicates the
number of zeros to follow.

ELECTRICAL DATA

Standard values of resistance and
tolerance

The resistors are available in the
E24 series for resistors with a
tolerance of +5% and +2%. The
values of the E24 series are in
accordance with “/EC publication 63”.

The limiting voltage (DC or RMS) is
200 V. This is the maximum voltage
that may be continuously applied to
the resistor element, see

“IEC publication 115-8".

Dissipation

The rated power that the resistor can
dissipate depends on the operating
temperature (see Fig.5).

Pulse load behaviour

The pulse load behaviour is
determined in accordance with the
method outlined in “General
Introduction”in Section “Chip
resistors” of handbook PAOS; the
results are shown in Figs 6, 7 and 8.

Example.
MARKING RESISTANCE
12R i2Q
471 470 Q
823 82 kQ

4-DIGIT MARKING

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 are
significant, the fourth indicates the

100

MBA578

Pmax
(% Prated)

number of zeros to follow.

Example.

MARKING RESISTANCE
12R0 12Q
470R 470 Q
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.

May 1994
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Fig.5 Maximum dissipation (Pnax) in percentage of rated power
as a function of the ambient temperature (Tamp)-
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MLB383

A
Pmax
w)

102

10 T =t single pulse.
=

1 rep. pulse

107!
1076 1078 1074 1073 1072 107! tj(s) 1

Fig.6 Pulse on aregular basis; maximum permissible peak pulse power ( Pmax) as a function of pulse
duration for R < 10 kQ, single pulse and repetitive pulse ty/t = 1000.

MGA209

700
max

V)
600

<>

500

400 <

300

200 =

100

0
10-5 10-5 10-4 10-3 10-2 1071
ti (s)

Fig.7 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax) as a function of pulse duration.
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10 MBDS83
V)
10° 50 ps
~ i
1
— T 7 i 700 s
A
H
Fagitt
102 o
— >,
i L~
1 2l
=i

10 2 3 4 5 6 7

10 10 10 10 10 10 Rp(@ 10

These pulees may not be applied on a regular basis.
Fig.8 NormstoB (German standard); maximum permissible peak pulse voltage (Vimax)
without failing to ‘open circuit’ for RCO1.
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COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2322. The subsequent 8 digits indicate the packaging and
resistance value (see Tables 1 and 2).

Table 1 First 5 digits to indicate packaging for resistances as listed.

CATALOGUE NUMBER 2322... .....
RESISTANCE RANGE TOLEEANCE SERIES CARDBOARD TAPE ON REEL | BLISTER TAPE ON REEL
(%) 711 ... 712 .....
5000 units 10000 units | 5000 units | 10000 units

1Qto 10 MQ 15 E24 61... 51... 61... 71...
1Qto 10 MQ +2 - 41... 71... 83... 23...
jumper 0 Q; note 1 - - 91032 91005 91024 91004
Note

1. The jumper has a maximum resistance Ryax = 50 mQ and a rated current Ig = 2 A.

To complete the catalogue number (see Table 1), replace the first two dots of the remaining 3-digit code by the first two
digits of the resistance value. Replace the third dot (last digit) by a figure according to Table 2.

Table 2 Last digit of 12 NC.

RESISTANCE LAST DIGIT
1109.1Q
10t091 Q
100 t0 910 Q
110 9.1kQ
10 to 91 kQ
100 to 910 kQ
1109.1 MQ
10 MQ

Ol iOIN|={O|®©

Ordering example

The catalogue number of a RCO1
resistor, value 3300 Q, supplied on
cardboard tape of 5000 units per reel
is: 2322 711 61332.

May 1994 35



Philips Components

Product specification

Resistor chip
size 1206
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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 according to “/EC 68-1”
subclause 5.3, unless otherwise
specified.

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 “/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.

Table 3
IEC 68-2
'g&‘&g: 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 5 °C; flux 600
4.18 20 (Tb) resistance to 10 s; 260 15 °C; flux 600 AR/R max.: 1% +0.05 Q
soldering heat
leaching unmounted chips 60 s ; 260 +£5 °C good tinning; no leaching
419 14 (Na) rapid change of 30 minutes at -55 °C and AR/R max.: £1.5% +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 AR/R max.: +0.5% +0.05 Q
10 g; three directions; total 6 hours
4.20 29 (Eb) bump 3 x 1500 bumps in three directions; no damage
409 AR/R max.: +0.5% +0.05 Q
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 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) AR/R max.: £0.10% +0.05 Q
remaining cycles
4.24.2 3 (Ca) damp heat (steady |56 days; 40 °C; 90 to 95% RH; loaded | Rj,s min.: 1000 MQ
state) (IEC) with 0.01 P,, (IEC steps: 0 to 100 V) AR/R max.: +1.5% +0.05 Q
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 V-block method
May 1994 36



Philips Components Product specification

Resistor chip

. RCO1
size 1206
IEC 68-2
Caber | TEST TEST PROCEDURE REQUIREMENTS
METHOD
413 short time overload | room temperature; AR/R max.: 2% +0.1 Q
dissipation 6.25 x Pp;
5 s (voltage not more than 2 x Vmax)
4.84.2 temperature between 55 °C and +155 °C <4200 x 10°8/K
4.12 noise IEC publication 195 R <1 kQ: max. 1 pV/V
(measured with Quantech - equipment) | g < 10 kQ: max. 3 pVA
R <100 kQ: max. 6 pV/V
R <1 MQ: max. 10 pV/V
4.23.2 27 (Ba) endurance at 1000 hours; 155 °C; no load no visual damage
upper category AR/R max.: 1% +0.05 Q
temperature
4.7 voltage proof on 200 V (RMS) during 1 minute no breakdown
insulation
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Resistor chip
_size 0805

FEATURES

e Reduced size of final equipment

e Low assembly costs

e Higher component and equipment
reliability

o Excellent performance at high
frequency.

APPLICATIONS

¢ Hand held measuring equipment
e Car telephones
e Camcorders

o 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 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.
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RC11

DESCRIPTION

VALUE

Resistance range

1 Q to 10 MQ and jumper (0 Q);
E24 series

Resistance tolerance

+2%; 5%

Temperature coefficient

<4200 x 10-6/K

Absolute maximum dissipation at 0.10 W

Tamb =70°C

Maximum permissible voltage 150 V (DC or RMS)
Climatic category (IEC 68) 55/125/56

Basic specification IEC 115-8

Stability after:

forR<1MQ

forR>1MQ

climatic tests:

forR< 1 MQ

for R > 1 M2

soldering

short time overload, 300 V max.

load, 1000 hours at Tamp = 70 °C:

AR/R max.: +1.5% +0.05 Q
AR/R max.: 3% +0.10 Q

AR/R max.: +1.5% +0.05 Q
AR/R max.: £3% +0.10 &
AR/R max.: £0.5% +0.05 Q
AR/R max.: £1% +0.05 Q

MECHANICAL DATA

protective coat (overglaze)

resistor layer

inner electrode

end termination

= |<— 0.40+0.20

->| ‘4— 0.40+0.20

ceramic substrate

protective coat

Dimensions in mm.

l-———————— 2.0%0.16 —————

Fig.1 Outlines.
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Mass
0.55 g (per 100 units).

Mounting

Due to their rectangular shape and
small tolerances on the dimensions,
Surface Mounted Resistors are
suitable for handling by automatic
placement systems. Chip placement
can be done 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 robust construction of the device
allows it 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).

Soldering conditions

Surface Mounted Resistors RC11 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 2, 3 and 4.
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240
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MBA501

200 K/s

20 K/s

45 s max 10s

preheating

Fig.2 Infrared soldering.

soldering cooling

(°c)
250

80

Fig.3 Wave soldering. The resistors may be soldered twice

MBA502

200 K/s ~ /‘

cooling in
free air

5s

preheating soldering cooﬁng

according to this method if necessary.

(°C)

215

MBA500

10s 60 s

preheating soldering

Fig.4 Vapour phase soldering.

cooling
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Marking

Each resistor is marked with a three
or four digit code on the protective
coating to designate the nominal
resistance value.

3-DIGIT MARKING

Forvaluesupto 91 Qthe Risused as
a decimal point. For values of 100 Q
or greater the first 2 digits are
significant, the third indicates the
number of zeros to follow.

Example.
MARKING RESISTANCE
12R 12Q
471 470 Q
823 82 kQ

4-DIGIT MARKING

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 are
significant, the fourth indicates the

number of zeros to follow.

Example.

MARKING RESISTANCE
12R0 12Q
470R 470 Q
8202 82 kQ

ELECTRICAL DATA

Standard values of resistance and
tolerance

The resistors are available in the
E24 series for resistors with a
tolerance of 5% and +2%. The
values of the E24 series are in

accordance with “/EC publication 63”.

The limiting voltage (DC or RMS)
s 150 V. This is the maximum
voltage that may be continuously

applied to the resistor element, see
“IEC publication 115-8".

Dissipation

The rated power that the resistor can
dissipate depends on the operating
temperature (see Fig.5).

100

MBA577

Pmax
(% Prated) |

50

Fig.5 Maximum dissipation (Pnyax) in percentage of rated power
as a function of the ambient temperature (Tamp).

70 1(‘)0 1‘25
Tamb C)

The packing is also marked and
includes resistance value, tolerance,
TC value, catalogue number,
quantity, production period, batch
number and source code.
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10° MBD588
A
Pmax
W)
102
10 single pulse
ip/t; =1000 i ]|
L R ——A
1 A
N\_.
107" I
1078 1075 1074 1073 1072 107! 1

tj (s)

Fig.6 Pulse on a regular basis; maximum permissible peak pulse power ( Prax) as a function of pulse
duration for R < 10 kQ, single pulse and repetitive pulse ty/t; = 1000.

MLB722

600

A
Vmax

V)

400

200 \

- -5 -4 -3 -2 -1
10 10 10 10 10 10 Y () 1

Fig.7 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax) as a function of pulse duration.
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MBD587

A
v
vYmax

W

1.2/50 ps

~ = 10/700 ps

102

10
2 3 4 5 8 7
10 10 10 10 10 10 Ry (@) 10

These puises may not be applied on a regiilar basis.

Fig.8 NormstoB (German standard); maximum permissible peak pulse voltage without
failing to ‘open circuit' for RC11.
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Resistor chip

size 0805 RCT1

COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2322. The subsequent 8 digits indicate the packaging and
resistance value (see Tables 1 and 2).

Table 1 First 5 digits to indicate packaging for resistances as listed.

CATALOGUE NUMBER 2322... .....
RESISTANCE RANGE TOLEI:!ANCE SERIES CARDBOARD TAPE ON REEL | BLISTER TAPE ON REEL
(%) 730 ..... 731 ...
5000 units 10000 units 5000 units | 10000 units

1Qto 10 MQ +5 E24 61... 71... 61... 71..
1Qto10 MQ +2 E24 31... 41... 21... 41...
jumper 0 Q; note 1 - - 91002 91005 91003 91002
Note

1. The jumper has a maximum resistance Rmax = 50 mQ and a rated current Ig = 2 A.

To complete the catalogue number (see Table 1), replace the first two dots of the remaining 3-digit code by the first two
digits of the resistance value. Replace the third dot (last digit) by a figure according to Table 2.

Table 2 Last digit of 12 NC.

RESISTANCE LAST DIGIT
1109.1Q
10010 976 Q
10010 910 Q
110 9.1 kQ
10 to 91 kQ
100 to 910 kQ
110 9.1 MQ
10 MQ

olo|l_|lW|IN]|=]O©]00

Ordering example

The catalogue number of a RC11
resistor, value 3300 , supplied on
cardboard tape of 5000 units per reel
is: 2322 730 61332.
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Resistor chip RC11
size 0805

TESTS AND REQUIREMENTS “Recommended basic climatic and In Table 3 the 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 and EIAJ.

The tests are carried out in
accordance with |IEC publication 68,

mechanical robustness lesting
procedure for electronic components”
and under standard atmospheric
conditions according to “/EC 68-1,
subclause 5.3, unless otherwise
specified.

Temperature: 15 °C to 35 °C

Relative humidity: 45% to 75%

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

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.

Table 3
IEC IEC 68-2
115-8 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD
417 20 (Ta) soldering unmounted chips completely immersed | good tinning; no damage
for 2 £0.5 s in a solder bath at 235 5 °C;
flux 600
solderability 16 hours steam or 16 hours at +155 °C; | good tinning
unmounted chips completely immersed
for 2 £0.5 s in a solder bath at 235 +5 °C
4.18 20 (Tb) resistance to 10 s; 260 5 °C; flux 600 AR/R max.: £0.5% +0.05 Q
soldering heat
leaching unmounted chips 60 s; 260 +5 °C good tinning; no leaching
4.33 bending test resistors mounted on a glass epoxy resin | no visual damage
PCB: bending 5 mm over 90 mm AR/R max.: +0.5% +0.05 Q
pull strength 30 s; 500 g on terminations no visual damage
AR/R max.: 1% +0.05 Q
4.19 14 (Na) |rapid change of 30 minutes at -55 °C and AR/R max.: +0.5% +0.05 Q
temperature 30 minutes at +125 °C; 5 cycles
temperature cycling | 30 minutes at -55 °C; AR/R max.: £0.5% +0.05 Q
(JIS) 10 minutes at 20 °C;
30 minutes at 125 °C and
10 minutes at 20 °C; 5 cycles
4.22 6 (Fc) vibration frequency: 10 to 500 Hz; no damage
displacement 1.5 mm or acceleration AR/R max.: +0.5% +0.05 Q
10 g; three directions; total 6 hours
4.20 29 (Eb) |bump 3 x 1500 bumps in three directions; 40 g | no damage
AR/R max.: £0.5% +0.05 Q
humidity load 1000 hours at 60 °C; 90 to 95% RH; R<1MQ:
(JI1S) nominal dissipation AR/R max.: +3% +0.1 Q
R>1MQ:
AR/R max.: 5% +0.1 Q
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Resistor chip

size 0805 RC11
IEC IEC 68-2
115-8 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD
423 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 Rins min.: 1000 MQ
(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 R<1MQ:
AR/R max.: +1.5% +0.05 Q
4.23.6 30 (D) damp heat 5 days; 55 °C; 95 to 100% RH R>1MQ:
(accelerated) AR/R max.: 3% +0.1 Q
remaining cycles
4.24.2 3 (Ca) damp heat 56 days; 40 °C; 90 to 95% RH; loaded Rins min.: 1000 MQ
(steady state) with 0.01 P, (IEC steps: 0 to 100 V); R<1MQ:
(IEC) dissipation <1 mW AR/R max.: +1.5% +0.05 Q
R>1MQ:
AR/R max.: £3% +0.05 Q
damp heat 56 days; 40 °C; 90 to 95% RH; R <1 MQ:
(steady state) loaded with Ppom OF Vinax; AR/R max.: 3% +0.1 Q
(J1S) 1.5 hours on and 0.5 hours off R>1MQ:
AR/R max.: £5% +0.1 Q
4.25.1 endurance 1000 hours; 70 °C; nominal dissipation; R<1MQ:
1.5 hours on and 0.5 hours off AR/R max.: +1.5% +0.05 Q
R>1MQ:
AR/R max.: 3% +0.1 Q
4.6.1.1 insulation 100 V (DC) after 1 minute Rins min.: 1000 MQ
resistance
413 short time overload | room temperature; dissipation 6.25 x P,; | AR/R max.: 1% +0.05 Q
5 s (voltage not more than 2 X Viay)
4842 temperature between -55 °C and +125 °C <4200 x 10-8/K
coefficient
412 noise |IEC publication 195 R < 1 kQ: max. 1 uV/V
(measured with Quantech - equipment) R < 10 kQ: max. 3 pV/V
R < 100 kQ: max. 6 pV/V
R <1 MQ: max. 10 pV/V
4.23.2 27 (Ba) endurance at 1000 hours; 125 °C; no load no visual damage
upper category
temperature
4.7 voltage proof on 150 V (RMS) during 1 minute no breakdown or flashover
insulation
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Resistor chip
size 0603 RC21

FEATURES QUICK REFERENCE DATA
¢ Reduced size of final equipment DESCRIPTION VALUE
* Low assembly costs Resistance range 1 Q to 6.8 MQ and jumper (0 Q);
o Higher component and equipment E24 series
reliability Resistance tolerance +2%; 5%
o Excellent performance at high Temperature coefficient:
frequency. R<10Q <200 x 10-8/K to +500 x 10-6/K
10Q<R<1MQ <4200 x 10-8/K
APPLICATIONS 1MQ<R<6.8MQ <4300 x 10-6/K
¢ Hand held measuring equipment Absolute maximum dissipation at 0.063 W
e Car telephones Tamb =70 °C
e Camcorders. Maximum permissible voltage 50 V (DC or RMS)
Climatic category (IEC 68) 55/125/56
DESCRIPTION Basic specification IEC 115-8
The resistors are constructed on a Stability after: .
high grade ceramic body (aluminium load, 1000 hours at Tamp = 70 °C:
oxide). Internal metal electrodes are for10Q<R<1MQ AR/R max.: £3% +0.10 Q
added at each end and connected by for R< 10 Q; R>1 MQ AR/R max.: 5% +0.10 Q
a resistive paste which is applied to N X . . 119
the top surface of the substrate. The chmgtlc tests: te:nperature cycling | AR/R max.: £1% +0.05 Q
- . I -55°C to +125 °C
composition of the paste is adjusted j .
to give the approximate resistance soldering AR/R max.: £1% +0.05 Q
required and the value is trimmed to short time overload, 100 V max. AR/R max.: £1% +0.05 Q
within tolerance, by laser cutting of bending test, min. 5 mm AR/R max.: 1% +0.05 Q

this resistive layer.

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

protective coat (overglaze)

resistor layer

layer of these end terminations is a 025 N inner electrode
lead/tin alloy. +0.10 _—
v N end termination
o < 0.30+0.20 ceramic substrate

+‘ ~e—0.30 £0.20 protective coat

+0.15

08 _0.05

1.6+0.10
Dimensions in mm.

Fig.1 Outlines.
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Product specification

Resistor chip
size 0603

RC21

Mass
0.21 g (per 100 units).

Mounting

Due to their rectangular shape and
small tolerances on the dimensions,
Surface Mounted Resistors are
suitable for handling by automatic
placement systems. Chip placement
can be done 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 robust construction of the device
allows it to be completelyimmersed 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).

Soldering conditions

Surface Mounted Resistors RC21 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 2, 3 and 4.

May 1994

MBAS01
(°c)

240 20K/s

175 200 K/s

45 s max 10s o
preheating soldering cooling

Fig.2 Infrared soldering.

MBAS02
(°c)
250

200 K/s
~a f
cooling in
free air

80

5s
preheating soldering  cooling

Fig.3 Wave soldering. The resistors may be soldered twice
according to this method if necessary.

( OC) MBAS500

215

o

10s 60s e
preheating soldering cooling

Fig.4 Vapour phase soldering.
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Product specification

Resistor chip
size 0603

RC21

Marking

Each resistor is marked with a three
digit code on the protective coating to
designate the nominal resistance
value.

3-DIGIT MARKING

For values upto 91 Qthe Ris used as
a decimal point. For values of 100 Q
or greater the first 2 digits apply to the
resistance value and the third is an
indication of magnitude.

Magnitude indicators.

RESISTANCE INDICATOR
11091 Q R
100t0 910 Q 1
1t09.1kQ 2
10 to 91 kQ 3
100 to 910 kQ 4
110 6.8 MQ 5

Example.

MARKING RESISTANCE
12R 12Q
471 470 Q
823 82 kQ

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

May 1994

ELECTRICAL DATA

Standard values of resistance and
tolerance

The resistors are available in the
E24 series for resistors with a
tolerance of +5% and +2%. The
values of the E24 series are in

accordance with “/EC publication 63”.

The limiting voltage (DC or RMS)
is 50 V. This is the maximum
voltage that may be continuously

applied to the resistor element, see
“IEC publications 115-8".

Dissipation

The rated power that the resistor can
dissipate depends on the operating
temperature (see Fig.5).

MBAS77
100
Prmax :
(% Prated ) I
|
50 -| |
|
|
|
|
|
0 T } T T
0 50 70 100 125
Tamb °C)

Fig.5 Maximum dissipation (Pmax) in percentage of rated power
as a function of the ambient temperature (Tamb)-
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Resistor chip
size 0603 RC21

2 MBD591
10

A
Pmax
(W)

10

single pulse
Ll 1l

00

S
n
-y
o 11

107! =

1072
1078 1078 1074 1073 1072 1071

tj (s)

Fig.6 Pulse on a regular basis; maximum permissible peak pulse power ( Pmax) as a function of pulse
duration for R < 10 kQ, single pulse and repetitive pulse tp/t; = 1000.

MBDS92
300
A
Vimax
V)
200
A
™~
NN
100 I
\
r\\~~~
~--\~.—__
0
1078 1075 1074 1073 1072 1071

tj (s)

Fig.7 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmay) as a function of pulse duration.
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Resistor chip RC21
size 0603
104 MBD590
(‘\'max
V)
10° =1.2/50 us
—
L~ i 10/700 ps
W T
L1 L1
102 < o
e
»
P
7
10
10 102 108 104 105 10 Ro@ 107

These puilses may not be applied on a regular basis.

Fig.8 Normsto3 (German standard); maximum permissible peak pulse voltage without
failing to ‘open circuit’ for RC21.
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Product specification

Resistor chip
size 0603

RC21

COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2322 702. The subsequent 5 digits indicate the packaging
and resistance value (see Tables 1 and 2).

Table 1 First 2 digits to indicate packaging for resistances as listed.

CATALOGUE NUMBER 2322 702 .....
RESISTANCE RANGE TOLE(,',X‘NCE SERIES CARDBOARD TAPE ON REEL®
5000 units 10000 units
101068 MQ 5 E24 60... 70...
101068 MQ 2 E24 65... 75..
jumper 0 ; note 1 Z Z 96001 97001
Notes

1. The jumper has a maximum resistance Rmax = 50 mQ and a rated current Ig = 1 A.
2. 20000 units on reel with 2 mm pitch, is available on request.

To complete the catalogue number (see Table 1), replace the first two dots of the remaining 3-digit code by the first two
digits of the resistance value. Replace the third dot (last digit) by a figure according to Table 2.

Table 2 Last digit of 12 NC.

RESISTANCE LAST DIGIT
1109.1Q
10091 Q
1000 910 Q
1109.1kQ
10 to 91 kQ
100 to 910 kQ
110 6.8 MQ

GH|OIN|=]O|®

Ordering example

The catalogue number of a RC21
resistor, value 3300 Q, supplied on
cardboard tape of 5000 units per reel
is: 2322 702 60332.
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Product specification

Resistor chip
size 0603

RC21

TESTS AND REQUIREMENTS

Essentially all tests are carried out in
accordance with the schedule of
“IEC publication 115-8”, category
55/125/56 (raied 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.

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
|EC recommendations were
necessary for our method of

specifying.

Table 3
IEC IEC 68-2
115-8 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD
417 20 (Ta) soldering unmounted chips completely good tinning; no damage
immersed for 2 +0.5 s in a solder bath
at 235 15 °C; flux 600
4.18 20 (Tb) |resistance to 10 s; 260 +5 °C; flux 600 AR/R max.: +1% +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.: £1% +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 | AR/R max.: +1% +0.05 Q
10 g; three directions; total 6 hours
4.20 29 (Eb) |bump 3 x 1500 bumps in three directions; no damage
409 AR/R max.: +1% +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 Rins min.: 1000 MQ
(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 R<1MQ:
AR/R max.: £1% +0.1 Q
4.23.6 30 (D) damp heat 5 days; 55 °C; 95 to 100% RH R>1MQ:
(accelerated) AR/R max.: 1% +0.1 Q
remaining cycles
damp heat 1000 hours; +40 °C; 90 to 95% RH; 10Q<R<1 MQ:
(steady state) nominal dissipation; AR/R max.: #3% +0.1 Q
JIS) 1.5 hours on and 0.5 hours off R<10Q;R>1MQ:
AR/R max.: 5% +0.1 Q
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Resistor chip

size 0603 RC21
IEC IEC 68-2
115-8 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD
4.25.1 endurance 1000 hours; 70 °C; nominal dissipation; | 10 <R <1 MQ:
1.5 hours on and 0.5 hours off AR/R max.: £3% +0.1 Q
R<10Q;R> 1 MQ:
AR/R max.: +5% +0.1 Q
4.6.1.1 insulation 10 V (DC) after 1 minute Rins min.: 1000 MQ
resistance
4.13 short time overload | room temperature; AR/R max.: 1% +0.05 Q
dissipation 6.25 x Py;
5 s (voltage not more than 2 x Vimax)
4.8.4.2 temperature between -55 °C and +155 °C R<10Q:
—200 x 1078/K to +500 x 10-6/K
10Q<R<1MQ:
+200 x 10-6/K
R > 1 MQ: +300 x 10¢/K
412 noise IEC publication 195 R <1 kQ: max. 1 pVNV
(measured with Quantech - equipment) | B < 10 kQ: max. 3 v
R < 100 kQ: max. 6 pV/V
R <1 MQ: max. 10 pV/V
4.23.2 27 (Ba) |endurance at 1000 hours; 125 °C; no load no visual damage
upper category AR/R max.: £3% +0.1 Q
temperature
4.7 voltage proof on 50 V (RMS) during 1 minute no breakdown or flashover
insulation
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Precision resistor chip
size 1206 RCO2H

FEATURES QUICK REFERENCE DATA

Reduced size of final equipment
Low assembly costs

Higher component and equipment
reliability

Excellent performance at high

DESCRIPTION

VALUE

Resistance range

1 Q to 10 MQ; E24/E96 series

Resistance tolerance

+1%

Temperature coefficient:

Fxcelen 1Q<R<4.990Q <4250 x 10-6/K
auency. 51Q<R<9.76Q <4200 x 10-9/K
10Q<R<1MQ <+100 x 10-6/K

APPLICATIONS

Television (tuners)

1.02MQ<R<10 MQ <4200 x 10-¢/K

Absolute maximum dissipation at 0.125 W
¢ Radio (hi-fi, slim-line and portabie) Tamb =70 °C
e Radio recorders Maximum permissible voltage 200 V (DC or RMS)
¢ Watches Operating temperature range -55 to +125°C
o Video cameras Climatic category (IEC 68) 55/125/56

Basic specification EIA 575/IEC 115-8
Stability after:
load, 1000 hours at Tamp = 70 °C

climatic tests:

Electric shavers
Pocket calculators

AR/R max.: £0.5% +0.05 Q

Measuring instruments

Telecommunication equipment

e Medical equipment R<10Q AR/R max.: +1% +0.05 Q
- ()
o Military equipment 10Q<R<1MQ AR/R max.: £0.5% +0.05 Q
R>1MQ AR/R max.: £1.5% +0.05 Q

Automotive industry.
resistance to soldering heat AR/R max.: £0.25% +0.05 Q
short time overload:
10Q<R<1MQ

R<10Q;R>1MQ

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.

AR/R max.: £0.25% +0.05 Q
AR/R max.: £0.5% +0.05 Q

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.
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Precision resistor chip
size 1206

RCO2H

MECHANICAL DATA
Mass
1.00 g (per 100 units).

Mounting

Due to their rectangular shape and
small tolerances on the dimensions,
Surface Mounted Resistors are
suitable for handling by automatic
placement systems. Chip placement
can be done 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 robust construction of the device
allows it 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).

Soldering conditions

Surface Mounted Resistors RC02H
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 2, 3 and 4.

Marking

Each resistor is marked with a four
digit code on the protective coating
to designate the nominal resistance
value.

4-DIGIT MARKING

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 is an
indication of magnitude.
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— - 0.50+0.25

N
N
N

7

protective coat

resistor layer
inner electrode
end termination
ceramic substrate

protective coat

j<—0.45+0.25 .
_>| marking
SRS 3 2K
1.6 SRR S % % RIS
+0.15 2 3 R
. :
1 mBasss- 1
+0.10
-
820_020
Dimensions in mm.
Fig.1 Outlines.
T MBAS501
(°c)
240 20 K/s
175 200 Kis
45 s max 10s e
preheating soldering cooling

Fig.2 Infrared soldering.
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Precision resistor chip

size 1206 RCO2H

Magnitude indicators.

MBA502

RESISTANCE INDICATOR OT
C
110 9.76 kQ 1 o
250
10 t0 97.6 kQ 2
100 to 976 kQ 3 200Ks- f
110 9.76 MQ 4 cooling in
free air
10 MQ 5 80
Example.

MARKING RESISTANCE 58 —_———
121R 1210 preheating soldering  cooling
4021 4.02 kQ Fig.3 Wave soldering. The resistors may be soldered twice
1503 150 kQ according to this method if necessary.

The packaging is also marked and

includes resistance value, tolerance,
TC value, catalogue number, T
quantity, production period, batch (°c)

number and source code.

MBA500

215

ELECTRICAL DATA

Standard values of resistance and
tolerance

Standard values of nominal a
resistance are taken from the 10s 60s
E24/E96 series for resistors with a
tolerance of +1%. The values of the
E24 series are in accordance with

“IEC publication 63"

The limiting voltage (DC or RMS)
is 200 V. This is the maximum
voltage that may be continuously
applied to the resistor element, see
“IEC publication 115-8".

preheating soldering cooling

Fig.4 Vapour phase soldering.

MBA577

100

Pmax :
(% Prated )

Dissipation rated :
The rated power that the resistor can 50 !
dissipate depends on the operating :
temperature (see Fig.5). |
|

|

}

0 T T Y
0 50 70 100 125

Tamb ©C)
Fig.5 Maximum dissipation (Pnay) in percentage of rated power
as a function of the ambient temperature (Tamp)-
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Precision resistor chip

. RCO2H
size 1206
10° MBDS85
A
Pmax
w)
102
‘siiqlepulse
10 ==
p/ti =1000 T— =
e “—_____
e — D e L L]
1 I T L\<
10-10"6 1078 1074 1078 1072 107! 1
tj (s)

Fig.6 Pulse on aregular basis; maximum permissible peak pulse power ( Pmay) as a function of pulse
duration for R < 10 kQ, single pulse and repetitive pulse tp/t; = 1000. -

MBD586

600

A
Vmax

V)

400 S

200

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

Fig.7 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax) as a function of pulse duration.
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Precision resistor chip
size 1206

RCO2H

MBD641

A
Vmax

v

1.2/50 us

> 10/700 ps

10
10 102 103

These puises may not be applied on a regular basis.

Fig.8 NormstofB (German standard); maximum permissible peak puise voltage
without failing to ‘open circuit’ for RCO2H.

4 5 6 7
10 10 10 Rp(@ 10
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Precision resistor chip

size 1206 RCO2H

COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2322 724. The subsequent 5 digits indicate the packaging
and resistance value (see Tables 1 and 3).

Table 1 First digit to indicate packaging for resistances as listed.

CATALOGUE NUMBER 2322724 .....
TOLERANCE
RESISTANCE RANGE (%) SERIES | CARDBOARD TAPE ON REEL | BLISTER TAPE ON REEL
5000 units 10000 units 5000 units | 10000 units
1Qto 10 MQ +1 E24/E96 6.... 7.... 2. 4.
jumper 0 Q; note 1 - - 92006 92007 92002 92004
Note

1. The jumper has a maximum resistance Rmax = 50 mQ and a rated current Ig = 2 A.

Table 2 For code technical reasons the catalogue numbers for R = 49.9 Q are as listed.

CATALOGUE NUMBER 2322 724 .....
RESISTANCE TOL'E(%\NCE CARDBOARD TAPE ON REEL BLISTER TAPE ON REEL
5000 units 10000 units 5000 units 10000 units
49.9 Q +1 90102 90103 90098 90101

To complete the catalogue number (see Table 1), replace the first three dots of the remaining 4-digit code by the first
three digits of the resistance value. Replace the fourth dot (last digit) by a figure according to Table 3.

Table 3 Last digit of 12 NC.

RESISTANCE LAST DIGIT
1109.76 Q 8
10t097.6 Q 9
100 to 976 Q 1
1109.76 kQ 2
10 t0 97.6 kQ 3
100 to 976 kQ 4
110 9.76 MQ 5
10 MQ 6

Note
1. Forvalue of R =49.9 Q see
Table 2.

Ordering example

The catalogue number of a RC02H
resistor, value 4750 Q, supplied on
cardboard tape of 5000 units per reel
is: 2322 724 64752.
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Product specification

Precision resistor chip
size 1206

RCO2H

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 and EIAJ.

The tests are carried out in

“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.

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 “/EC publications
115-8 and 68", a short description of
the test procedure is aiso given. in
some instances deviations from the
IEC recommendations were
necessary for our method of

specifying.

accordance with IEC publication 68, (860 mbar to 1060 mbar).
Table 4
IEC 115-8 | 'EC 68-2
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
Tests in accordance with the schedule of IEC publication 115-8
441 visual examination no holes; clean surface;
no damage
442 dimensions gauge 045mm<T<0.65mm
(outline) 1.45 mm < W <1.75 mm
3.0mm<L<3.3mm
45 resistance applied voltage (+0/-10%): R - Rnom: max. 1%
R<10Q: 01V
10Q<R<100Q:0.3V
100 Q<R<1kQ:1V
1kQ<R<10kQ:3V
10kQ<R<100kQ: 10V
100kQ<R<1MQ:25V
R>1MQ:50V
4.18 20 (Tb) resistance to 10 s; 260 %5 °C; flux 600 AR/R max.: £0.25% +0.05 Q
soldering heat
4.29 45 (Xa) component isopropy! 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 no damage
235 15 °C; flux 600
4.7 voltage proofon |200V (RMS) during 1 minute no breakdown or flashover
insulation
413 short time room temperature; dissipation 6.25 x P,; | 10 Q <R <1 MQ:
overload 5 s (voltage not more than 2 x Vi) AR/R max.: £0.25% +0.05 Q
R>1MQ;R<10Q:
AR/R max.: £0.5% +0.05 Q
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
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Precision resistor chip

. RCO2H
size 1206
IEC 68-2
Igf ;JZ'EB TEST TEST PROCEDURE REQUIREMENTS
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 R<10Q:
AR/R max.: £1% +0.05 Q
4.23.5 13 (M) low air pressure | 1 hour; 8.5 kPa; 15 to 35 °C 10Q<R<1MQ:
AR/R max.: £0.5% +0.05 Q
4.23.6 30 (D) damp heat 5 days; 55 °C; 95 to 100% RH R>1MQ:
(accelerated) AR/R max.: £1.5% +0.05 Q
remaining
cycles
4.6.1.1 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 | AR/R max.: +1% +0.05 Q
(steady state) with 0.01 P, (IEC steps: 0 to 100 V)
(IEC)
4.25.1 endurance 1000 hours; loaded with P, or Vimax; AR/R max.: £0.5% +0.05 Q
(at 70 °C) 1.5 hours on and 0.5 hours off
4.23.2 27 (Ba) endurance at 1000 hours; 125 °C; no load AR/R max.: £0.5% +0.05 Q
upper category
temperature
4842 temperature at 20/-55/20 °C and 20/125/20 °C 1Q1t04.99 Q:
coefficient AR/R max.: £250 x 10-6/K
51Q1t09.75 Q:
AR/R max.: £200 x 10-6/K
10 Q to 1 MQ:
AR/R max.: £100 x 10-6/K
1.02 MQ to 10 MQ:
AR/R max.: £200 x 10-6/K
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 15 °C; flux 600
4.22 6 (Fc) vibration frequency: 10 to 500 Hz; no damage
(mounted state) | displacement 1.5 mm or acceleration AR/R max.: +0.25% +0.05 Q
10 g; three directions; total 6 hours
4.20 29 (Eb) bump 3 x 1500 bumps in three directions; 40 g | no damage
(mounted state) AR/R max.: +0.25% +0.05 Q
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Precision resistor chip
. RCO2H
size 1206
IEC 68-2
Igf;&g: TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.12 noise IEC publication 195 R<1kQ1uVNV
(measured with Quantech - equipment) | R < 10 kQ: max. 3 pvNV
R < 100 kQ: max. 6 pv/V
R < 1 MQ: max. 10 uV/V
Other applicable tests
leaching unmounted chips 60 s ;260 +5 °C good tinning; no leaching
damp heat 1000 hours; +40 °C; 90 to 95% RH AR/R max.: 1% + 0.05 Q
(steady state) loaded with Pp, or Vipax;
(IS) 1.5 hours on and 0.5 hours off
component method 215 no visual damage
solvent resistance
according to
MIL-STD-202

ADDITIONAL TESTS AND REQUYIREMENTS

All tests in accordance with the schedule ElA-standard 575 (August 1990) are carried out on a iimited part of the
RCO2H series (10 Q to 1 MQ).

In Table 5 the tests and requirements for RCO2H resistors within the range 10 Q to 1 MQ are listed with reference to the
relevant clauses. A short description of the test procedure is also given.

It should be noted that the dimensions of the RC02H resistor do not entirely fulfil EIA specifications as the aliowable
minimum length 3.2 +0.1/-0.2 mm is less than the EIA requirement (3.2 £0.15 mm).

Table 5
GROUP TEST TEST TEST DESCRIPTION REQUIREMENTS
METHOD
| visual and mechanical 33 magnification 5x within specification
DC resistance 34 measuring equipment better than | AR/R max.: +1%
0.02% on lowest scale
Il resistor mounted on
FR4/1.5 mm with
non-activated paste:
resistance temperature | 3.11 15 minutes at +25/-55/+25 °C AR/R max.: +100 x 10-6/K
characteristics
thermal shock 3.5 500 cycles of: AR/R max.: £0.25% +0.05 Q
30 minutes at -55 °C;
5 minutes at 25 °C;
30 minutes at 155 °C and
5 minutes at 25 °C
short time overload 3.6 dissipation 6.25 X Pmax; 5 s AR/R max.: £0.25% +0.05 Q

(voltage not more than 2 x Vpax)
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Precision resistor chip

; RCO2H
size 1206
GROUP TEST TEST TEST DESCRIPTION REQUIREMENTS
METHOD
1] mounted as group ll; 3.10 10 cycles; 25/65/25/65/25 °C; AR/R max.: £0.5% +0.05 Q
moisture resistance 90 to 98% RH; no load;
no initial conditioning
(MIL-STD-202, 106E)
v mounted as group I; 3.14 100/500/1000 hours; AR/R max.: +1% +0.05 Q
life 70 °C; 1.5 hours on and 0.5 hours off no damage
loaded with Ppom
\ solderability 3.12 3 X 4 units; 2 s; 235 °C; each face >95% new SnPb;
3 x 4 units; 3 s; 215 °C; no damage
3 x 4 units; 5 s; 260 °C;
MIL-STD-202, method 215
Vi leaching 3.13 30 s; 260 °C each face >95% new SnPb;
no leaching
Vii effects of bonding 3.8 10 s; 260 °C with ‘R’ flux AR/R max.: £0.3% +0.05 Q
Vil terminal strength 3.9 75 mm wire; 20 g; 90°; 30 s; AR/R max.: £0.5% +0.05 Q
one top and one bottom
IX high temperature 3.7 100 hours at +125 °C; no load AR/R max.: £0.5% +0.05 Q

exposure
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Precision resistor chip
size 1206

Product specification

RCO2HP

FEATURES

o Reduced size of final equipment

e Low assembly costs

¢ Higher component and equipment
reliability

¢ Excellent performance at high
frequency.

APPLICATIONS

o Television (tuners)

¢ Radio (hi-fi, slim-line and portable)
¢ Radio recorders

e Watches

¢ Video cameras

o Electric shavers

e Pocket calculators

e Measuring instruments

e Teiecommunication equipment
¢ Medical equipment

¢ Military equipment

e 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.

May 1994

QUICK REFERENCE DATA

< 0.45 +0.25

DESCRIPTION VALUE
Resistance range 1 Qto 10 MQ; E24/E96 series
Resistance tolerance +1%
Temperature coefficient:
1Q<R<4.99Q <4250 x 106/K
51Q<R<9.76Q <4200 x 106/K
10Q<R<1MQ <+100 x 108/K
R 21.01 MQ <4200 x 10-6/K
Absolute max. dissipation at Tgqmp=70°C |0.25W
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/R max.: £1% +0.05 Q
load, 8000 hours at Tamp = 70 °C AR/R max.: £2% +0.05 Q
climatic tests:
R<1MQ AR/R max.: £1% +0.05 Q
R>1MQ AR/R max.: +1.5% +0.05 Q
soldering AR/R max.: +0.5% +0.05 Q
short time overload, 400 V max.:
1Q<R<150kQ AR/R max.: £0.5% +0.05 Q
150 kQ <R <10 MQ AR/R max.: +1% +0.05 Q
MECHANICAL DATA
protective coat
resistor layer
o.gs § inner electrode
* 0"10 end termination
_»mL; 0.50+0.25 ceramic substrate

protective coat
marking

XX
XXX

300N

AN

MBA645 - 1

Dimensions in mm.

320"

+0.10

0.20

Fig.1 Outiines.
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Precision resistor chip
size 1206

RCO2HP

Mass
1.00 g (per 100 units).

Bl nsndlon o
muuiniiny

Due to their rectangular shape and
small tolerances on the dimensions;
Surface Mounted Resistors are
suitable for handling by automatic
placement systems. Chip placement
can be done 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 robust construction of the device
allows it 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).

Soldering conditions

Surface Mounted Resistors RC02HP
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 2, 3 and 4.
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(°c)

240

175

MBAS01

200 Kis

20 K/s

45 s max 10s

preheating

Fig.2 Infrared soldering.

soldering

<ooling

(o)
250

80

Fig.3 Wave soldering. The resistors may be soldered twice

200 K
S\ f
cooling in
free air

MBAs02

5s

preheating soldering  cooling

according to this method if necessary.

(°c)

215

7

MBAS500

7/

10s 60s

preheating soldering

Fig.4 Vapour phase soldering.

cooling
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Product specification

Precision resistor chip
size 1206

RCO2HP

Marking

Each resistor is marked with a four
digit code on the protective coating
to designate the nominal resistance
value.

4-DIGIT MARKING

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 is an
indication of magnitude.

Magnitude indicators.

RESISTANCE INDICATOR
110976 Q R
1109.76 kQ 1
10 to 97.6 kQ 2
100 to 976 kQ 3
110 9.76 MQ 4
10 MQ 5

Example.

MARKING RESISTANCE
121R 121 Q
4021 4.02 kQ
1503 150 kQ

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

May 1994

ELECTRICAL DATA

Standard values of resistance and
tolerance

Qinndard unliina af naminal
Qidlivuaiu vaiuco Ui niviiniiai

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

The limiting voltage (DC or RMS)
is 200 V. This is the maximum

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

The rated power that the resistor can
dissipate depends on the operating
temperature (see Fig.5).

MBA577
100

Pmax }
(% Prated ) |
|
50 |
|
|
|
|
|

0 —} T T

0 70 100 125
Tamb (C)

Fig.5 Maximum dissipation (Pnax) in percentage of rated power
as a function of the ambient temperature (T ampb)-
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Precision resistor chip RCO2HP

size 1206

MBDS85

ﬁmax
W)

102

single pulse

— b

10 ~—
p/ti =1000 mas
=ttt ] ]
‘~—~-.¢ Tt

1 E—

107 5 -4 3 2 1
10~ 10 10~ 10™ 10”7 1
tj (s)

1076

Fig.6 Pulse on a regular basis; maximum permissible peak pulse power (Pmax) as a function of pulse
duration for R < 10 kQ, single pulse and repetitive pulse ty/t; = 1000.

MBD585
600
A
Vmax
v)
400 \\
\\
N
N
\
\\\
200 -
0 % 5 4 3 2 1
10 107 10~ - - 1
10 10 10 t (s)

Fig.7 Pulse on a regular basis; maximum permissible peak pulse voitage (Vmax) as a function of pulse duration
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Precision resistor chip

size 1206 RCO2HP

MBD641

A
Vmax
v)

1.2/50 ps

A 10/700 ps

102

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

These puises may not be appiied on a reguiar basis.

Fig.8 Normsto3 (German standard); maximum permissible peak pulse voltage
without failing to ‘open circuit’ for RCO2HP.
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Precision resistor chip

size 1206 RCO2HP

COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2322 726. The subsequent 5 digits indicate the packaging
and resistance value (see Tables 1 and 3).

Table 1 First digit to indicate packaging for resistances as listed.

CATALOGUE NUMBER 2322 726 .....
TOLERANCE
RESISTANCE RANGE %) SERIES | CARDBOARD TAPE ON REEL | BLISTER TAPE ON REEL
5000 units 10000 units 5000 units | 10000 units
1Qto 10 MQ +1 E24/E96 2. 3.... 1.... 4....

Table 2 For code technical reasons the catalogue numbers for R = 49.9 Q are as listed.

CATALOGUE NUMBER 2322 726 .....

RESISTANCE TOLE(,';‘;‘NCE CARDBOARD TAPE ON REEL BLISTER TAPE ON REEL
5000 units 10000 units 5000 units 10000 units
2990 +1 90003 90045 90092 90044

To complete the catalogue number (see Table 1), replace the first three dots of the remaining 4-digit code by the first
three digits of the resistance value. Replace the fourth dot (last digit) by a figure according to Table 3.

Table 3 Last digit of 12 NC.

RESISTANCE LAST DIGIT
1109.76 Q 8
1010 97.6 Q 9(1)
100 to 976 Q 1
110 9.76 kQ 2
10 to 97.6 kQ 3
100 to 976 kQ 4
5
6

110 9.76 MQ
10 MQ

Note

1. Forvalue of R=49.9 Q see
Table 2.

Ordering example

The catalogue number of a RC02HP

resistor, value 4750 Q, supplied on

cardboard tape of 5000 units per reel
- is: 2322 726 24752.
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Precision resistor chip
size 1206

RCO2HP

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 and EIAJ.

The tests are carried out in

“Recommended basic climatic and
mechanical robustness testing
procedure for electronic components”
and under standard atmospheric
conditions according to YEC 68-17,
subclause 5.3, unless otherwise
specified.

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 “/EC publications
115-8 and 68", a short description of
the iest procedure is also given. in
some instances deviations from the
IEC recommendations were
necessary for our method of

specifying.

accordance with IEC publication 68, (860 mbar to 1060 mbar).
Table 4
o ST TEST PROCEDURE REQUIREMENTS
METHOD
4.17 20 (Ta) soldering unmounted chips completely immersed | good tinning (295% covered);
for 2 £0.5 s in a solder bath at no damage
235 15 °C; flux 600
4.17 20 (Tb) soiderability 16 hours steam or 16 hours at 155 °C; | good tinning (=85% 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 +5 °C; flux 600 AR/R max.: £0.05% +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.: £0.5% +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 AR/R max.: +0.5% +0.05 Q
10 g; three directions; total 6 hours
4.20 29 (Eb) bump 3 x 1500 bumps in three directions; 40 g | no damage
AR/R max.: £0.5% +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
(accelerated) R<1MQ:
remaining AR/R max.: +1% +0.05 Q
cycles R>1MQ:
AR/R max.: £1.5% +0.05 Q
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Eremswn resistor Chlp RCO2HP
size 1206

IEC 68-2
o | TEST TEST PROCEDURE REQUIREMENTS
METHOD
4242 3 (Ca) damp heat 56 days; 40 °C; 90 to 95% RH; loaded | Rjps min.: 1000 MQ
(steady state) with 0.01 Py, (IEC steps: 1 to 100 V); AR/R max.: +1% +0.05 Q
dissipation <1 mW
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
4.13 short time room temperature; dissipation 6.25 x Pp,; |1 Q <R < 150 kQ:
overload 5 s (voltage not more than 2 x Vmax) AR/R max.: £0.5% +0.05 Q
150 kQ < R <10 MQ:
AR/R max.: +1% +0.05 Q
48.4.2 temperature between -55 °C and +125 °C 1Q<R<4.99Q:
coefficient <4250 x 10-6/K
51Q<R<9.76 Q:
<4200 x 10-6/K
10Q<R<1MQ:
<100 x 10-6/K
R 21.01 MQ:
<4200 x 10-8/K
4.12 noise IEC publication 195 R < 1 kQ: max. 1 pV/V
(measured with Quantech - equipment) | R < 10 kQ: max. 3 pV/V
R < 100 kQ: max. 6 pV/V
R < 1 MQ: max. 10 pvV/V
4.23.2 27 (Ba) endurance at 1000 hours; 125 °C; no load no visual damage
upper category AR/R max.: £0.5% +0.05 Q
temperature
4.7 voltage proof on {200 V (RMS) during 1 minute no breakdown or flashover
insulation
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Product specification

Precision resistor chip

. RC12H
size 0805
FEATURES QUICK REFERENCE DATA
¢ Reduced size of final equipment DESCRIPTION VALUE
° Low assembly costs Resistance range 1 Q to 1 MQ; E24/E96 series

o Higher component and equipment Resistance tolerance

+1%

reliability Temperature coefficient:

¢ Excellent performance at high

frequency. 1Q1t04.99 Q <4250 x 106/K
51Q1t097.6 Q <4200 x 10-6/K
APPLICATIONS 100 Qto 1 MQ <100 x 1076/K
Absolute maximum dissipation at 0.1 W
e Hand held measuring equipment Tamp=70°C
e Car telephones Maximum permissible voltage 150 V (DC or RMS)
e Camcorders. Operating temperature range -55 °C to +125 °C
Climatic category (IEC 68) 55/125/56
DESCRIPTION Basic specification IEC 115-8
The resistors are constructed on a Stability after:
high grade ceramic body (aluminium load, 1000 hours at Tamp = 70 °C AR/R max.: £1% +0.05 Q
oxide). Internal metal eléctrodes are climatic tests AR/R max.: +1% +0.05 Q
added at each end and connected by soldering AR/R max.: +0.5% +0.05 Q

a resistive paste which is applied to .
the top surface of the substrate. The short time overload, 300 V max.

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

composition of the paste is adjusted

to give the approximate resistance MECHANICAL DATA
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

protective coat

resistor layer

inner electrode

~ end termination

resistance value. Finally, the two 0.55 ”"&‘ :
external end terminations are added. * %10

For ease of soldering the outer &\ﬁ‘

layer of these end terminations is a ! 0.40£0.20
lead/tin alloy.

—>' <+ 0.40 +0.20

ceramic substrate
protective coat

marking

XXKKAKEL

X

+0.15

| 290E

Dimensions in mm.

——— 2,00+ 0.15 ——"l

Fig.1 Outlines.
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Precision resistor chip

size 0805 RC12H

0.55 g (per 100 units). MBAS501

. (°c)
Mounting
240 20 KIs

Due to their rectangular shape and
small tolerances on the dimensions, 175
Surface Mounted Resistors are
suitable for handling by automatic
placement systems. Chip placement
can be done on ceramic substrates
and printed-circuit boards (PCBs).
Electrical connection to the circuit is 45 s max 10s

by wave, vapour phase or infrared preheating soldering _ cooling
soldering. The end terminations
guarantee a reliable contact and the Fig.2 Infrared soldering.
protective coating enables ‘face
down’ mounting.

200 K/s

The robust construction of the device
allows it to be completely immersedin T

a solder bath of 260 °C for one )
minute. Therefore, it is possible to 250
mount Surface Mounted Resistors
on one side of a PCB and other 200K /4

discrete components on the reverse cooling in

(mixed PCBs). free air
80

MBAS02

Soldering conditions

Surface Mounted Resistors RC12H 5s
are_tested for solderability at 23§ f’C preheating soldering_codling

during 2 seconds. The test condition

for no leaching is 260 °C for Fig.3 Wave soldering. The resistors may be soldered twice
60 seconds. Typical examples of according to this method if necessary.

soldering processes that provide
reliable joints without any damage,
are given in Figs 2, 3 and 4.

MBA500

(°c)

215

]

10s 60s e
preheating soldering cooling

Fig.4 Vapour phase soldering.
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Precision resistor chip
size 0805

RC12H

Marking

Each resistor is marked with a four
digit code on the protective coating to
designate the nominal resistance
value.

4-DIGIT MARKING

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 third is an
indication of magnitude.

Magnitude indicators.

RESISTANCE INDICATOR
110976 Q R
1109.76 kQ 1
10 t0 97.6 kQ 2
100 to 976 kQ 3
1 MQ 4

Example.

MARKING RESISTANCE
121R 121 Q
4021 4.02 kQ
7503 750 kQ

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

May 1994

ELECTRICAL DATA

Standard values of resistance and
tolerance

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

“IEC publication 63"

The limiting voltage (DC or RMS)
is 150 V. This is the maximum

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

Dissipation

The rated power that the resistor can
dissipate depends on the operating
temperature (see Fig.5).

100

MBA577

Pmax
{% Prated )

50

Fig.5 Maximum dissipation (Pmax) in percentage of rated power
as a function of the ambient temperature (Tamb)-

T T
70 100 125
Tamb (°C)
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Philips Components

Product specification
Precision resistor chip ‘ RC12H
size 0805
103 MBD588
ﬁmax
w)
102
10 single pulse
T
I ma
tp/tj =1000 ]
=~ L] \______q HEl
1
S
107! [
1078 108 107 1073 1072

107" 1 ) 1
Fig.6 Pulse on a regular basis; maximum permissible peak pulse power (Ppax) as a function of pulse
duration for R < 10 kQ, single pulse and repetitive pulse ty/t; = 1000.

MLB722
600
A
Vmax
v)
400
N
™N
\\\
200
\\
0
1078 1075 1074 1078 1072

107"

i !

Fig.7 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmay) as a function of pulse duration.
May 1994
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Precision resistor chip

size 0805
MBD587
104
A
Vimax
V)
1.2/50 ps
10°
L 10/700 ps
] L~
/ Lt~
102 s
|
1
10
10 102 103 10 10° 108 Ry 107

These pulses may not be applied on a regular basis.

Fig.8 Normsto3 (German standard); maximum permissible peak pulse voltage without
failing to ‘open circuit' for RC12H.
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Precision resistor chip

size 0805 RC12H

COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2322 734. The subsequent 5 digits indicate the packaging
and resistance value (see Tables 1 and 2).

Table 1 First digit to indicate packaging for resistances as listed.

CATALOGUE NUMBER 2322 734 .....
TOLERANCE
RESISTANCE RANGE (%) SERIES | CARDBOARD TAPE ON REEL | BLISTER TAPE ON REEL
5000 units 10000 units 5000 units | 10000 units
1Qto1MQ +1 E24/E96 6.... 7.... 2... 4....
jumper 0 Q; note 1 - - 92006 92007 92002 92004

Note
1. The jumper has a maximum resistance Rmax = 50 mQ and a rated current Ig = 2 A.

To complete the catalogue number (see Table 1), replace the first three dots of the remaining 4-digit code by the first
three digits of the resistance value. Replace the fourth dot (last digit) by a figure according to Table 2.

Table 2 Last digit of 12 NC.

RESISTANCE LAST DIGIT
1109.76 Q
1010 97.6 Q
100 to 976 Q
110 9.76 kQ
10 to 97.6 kQ
100 to 976 kQ
10 MQ

i jOiN|=]©O©|®0

Ordering example

The catalogue number of a RC12H
resistor, value 4750 Q, supplied on
cardboard tape of 5000 units per reel
is: 2322 734 64752.
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Product specification

Precision resistor chip
size 0805

RC12H

TESTS AND REQUIREMENTS

Essentially all tests are carried out in
accordance with the schedule of
“IEC publication 115-8”, category
55/125/56 (rated temperaiire 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

“Recommended basic climatic and
mechanical robustness testing
procedure for electronic components
and under standard atmospheric
conditions according to “/EC 68-1",
subclause 5.3, uniess otherwise
specified.

Temperature: 15 °C to 35 °C

”

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.

Relative humidity: 45% to 75%
Air pressure: 86 kPa to 106 kPa

accordance with IEC publication 68, (860 mbar to 1060 mbar).
Table 3
IEC 68-2
e TEST TEST PROCEDURE REQUIREMENTS
METHOD
417 20 (Ta) soldering 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
solderability 16 hours steam or 16 hours at 155 °C; good tinning (285% 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 5 °C; flux 600 AR/R max.: £0.05% +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.: £0.5% +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 AR/R max.: +0.5% +0.05 Q
10 g; three directions; total 6 hours
4.20 29 (Eb) |bump 3 x 1500 bumps in three directions; 40 g | no damage
AR/R max.: £0.5% +0.05 Q
bending resistors mounted on a glass epoxy resin | no visual damage
printed-circuit board; AR/R max.: +0.5% +0.05 Q
bending 5 mm over 90 mm
humidity load 1000 hours; +40 °C; 90 to 95% RH; AR/R max.: £3% +0.1 Q
JIS) loaded with P, or 100 V;
B max 1.5 hours on and 0.5 hours off B
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Precision resistor chip RC12H
size 0805

IEC 115-8 | 'EC 68-2

CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD

423 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)
st 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

(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; loaded Rins min.: 1000 MQ

(steady state) with 0.01 P, (IEC steps: 0 to 100 V); AR/R max.: £1% +0.05 Q
dissipation <1 mW

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

4.13 short time overload | room temperature; dissipation 6.25 x P,; | AR/R max.: +1% +0.05 Q

5 s (voltage not more than 2 x Vnay)
4842 temperature between -55 °C and +125 °C 1Q104.99 Q:
coefficient <4250 x 106/K
5.1 Q10 97.6 Q:
<4200 x 10§/K
100 Q to 1 MQ:
<+100 x 10¢/K
4.12 noise IEC publication 195 R < 1 kQ: max. 1 pV/V
(measured with Quantech - equipment) | R < 10 kQ: max. 3 PV
R < 100 kQ: max. 6 uV/V
R <1 MQ: max. 10 pV/V
4.23.2 27 (Ba) |endurance at 1000 hours; 125 °C; no load no visual damage
upper category AR/R max.: £0.5% +0.05 Q
temperature

4.7 voltage proof on 150 V (RMS) during 1 minute no breakdown or flashover

insulation
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Precision resistor chip
size 0603 RC22H

FEATURES QUICK REFERENCE DATA
o Reduced size of final equipment DESCRIPTION VALUE
* Low assembly costs Resistance range 1 Q to 1 MQ; E24/E96 series
o Higher component and equipment [ Resistance tolerance +1%

reliability Temperature coefficient:
o Excellent performance at high 10Q104.99 Q < +250 x 10-6/K

frequency. : -

5Q1t097.6 Q <200 x 10-6/K
APPLICATIONS 100 Q to 1 MQ <+100 x 10-6/K
Absolute maximum dissipation at 0.063 W

* Hand held measuring equipment Tamb =70 °C
e Car telephones Maximum permissible voltage 50 V (DC or RMS)
e Camcorders Operating temperature range -55°C to +125 °C
e Portable radio, CD and cassette Climatic category (IEC 68) 55/125/56

players. Basic specification IEC 115-8

Stability after:

DESCRIPTION . load, 1000 hours at Tamp = 70 °C AR/R max.: +1% +0.05 Q
The resistors are constructed on a climatic tests AR/R max.: 1% +0.05 Q
high grade ceramic body (aluminium soldering AR/R max.: +0.5% +0.05 Q
oxide). Intemal metal electrodes are short time overload, 100 V max. AR/R max.: £1% +0.05 Q
added at each end and connected by

a resistive paste which is applied to
the top surface of the substrate. The MECHANICAL DATA
composition of the paste is adjusted
to give the approximate resistance

required and the value is trimmed to
within tolerance, by laser cutting of protective coat
this resistive layer.

resistor layer

The resistive layer is covered with a A - inner electrode

. . . . 0.45
protective coating and printed with the £010 N —
resistance value. Finally, the two N end termination
external end terminations are added. o ]__ 0.30+0.15 ceramic substrate

For ease of soldering the outer
layer of these end terminations is a
lead/tin alloy.

protective coat
—>| <—0.30+0.15

2

%
o
X
X
X

Klél g

MLAS514

S 1.60£0.10 —

Dimensions in mm.

Fig.1 Outlines.

May 1994 82



Philips Components

Product specification

Precision resistor chip
size 0603

RC22H

Mass
0.25 g (per 100 units).

Mounting

Due to their rectangular shape and
small tolerances on the dimensions,
Surface Mounted Resistors are
suitable for handling by automatic
placement systems. Chip placement
can be done 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 robust construction of the device
allows it 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).

Soldering conditions

Surface Mounted Resistors RC22H
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 2, 3 and 4.

Marking

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

May 1994

(°c)

240

175

MBA501

200 K/s

20 Kis

45 s max 10s

preheating soldering

Fig.2 Infrared soldering.

cooling

(°c)
250

80

Fig.3 Wave soldering. The resistors may be soldered twice

MBA502

200 K/s ~ f

cooling in
free air

5s

preheating soldering  cooling

according to this method if necessary.

(°c)

215

/-

MBA500

7/

10s 60s

preheating soldering

Fig.4 Vapour phase soldering.

cooling
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Product specification

Precision resistor chip
size 0603

RC22H

ELECTRICAL DATA

Standard values of resistance and
tolerance

Standard values of nominal
resistance are taken from the
E24/E96 series for resistors with a
tolerance of £1%. The values of the
E24 series are in accordance with
“IEC publication 63”.

The limiting voltage (DC or RMS)
is 50 V. This is the maximum
voltage that may be continuously
applied to the resistor element, see
“IEC publication 115-8".

Dissipation

The rated power that the resistor can
dissipate depends on the operating
temperature (see Fig.5).

MBA577
100

Pmax
(% Prated)

50

0 5 70 100 125
Tamb C)

Fig.5 Maximum dissipation (Pmayx) in percentage of rated power
as a function of the ambient temperature (Tamp)-

MBD591
102
A
Pmax
w)
10 -
single pulse
e S | 1
I -
—H =TT
tp/ti =1000 = S
\.\§~-~ -\.‘5___
; L L
— o
~]
107" ==
1072
107 1075 1074 1073 1072 10
t; (s)
Fig.6 Pulse on a regular basis; maximum permissible peak pulse power ( Prmax) as a function of pulse
duration for R < 10 kQ, single pulse and repetitive pulse ty/tj = 1000.
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Precision resistor chip
size 0603 RC22H

MBD592
300

A
Vmax

W)

200

100

1076 1078 1074 1078 1072 1071
tj (s)

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

MBD590
104
A
Vimax
(]
3
10 1.2/50 us
—
— ja— 10/700 s
A1 /”
LA >
LA L~
102 —
- -
L7
pd
10
10 102 108 10% 105 10°  R,@ 107

These pulses may not be applied on a regular basis.

Fig.8 NormstoB (German standard); maximum permissible peak pulse voltage without
failing to ‘open circuit’ for RC22H.
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Precision resistor chip

size 0603 RC22H

COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2322 704. The subsequent 5 digits indicate the packaging
and resistance value (see Tables 1 and 2).

Table 1 First digit to indicate packaging for resistances as listed.

CATALOGUE NUMBER 2322 704 .....
RESISTANCE RANGE TOLE(;‘)‘NCE SERIES CARDBOARD TAPE ON REEL
5000 units 10000 units
10t 1 MO ” E24/E96 6... 7.
jumper 0 Q; note 1 - - 92006 92007
Note

1. The jumper has a maximum resistance Ryax = 50 mQ and a rated current Ig = 1 A.

To complete the catalogue number (see Table 1), replace the first three dots of the remaining 4-digit code by the first
three digits of the resistance value. Replace the fourth dot (last digit) by a figure according to Table 2.

Table 2 Last digit of 12 NC.

RESISTANCE LAST DIGIT
1109.76 Q
10t097.6 Q
100 to 976 Q
1109.76 kQ
1010 97.6 kQ
100 to 976 kQ
1 MQ

alh|lOIN]|=]|O|®

Ordering example

The catalogue number of a RC22H
resistor, value 4.75 kQ, supplied on
cardboard tape of 5000 units per reel
is: 2322 704 64752.
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Product specification

Precision resistor chip
size 0603

RC22H

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 and EIAJ.

The tests are carried out in

“Recommended basic climatic and
mechanical robustness testing
procedure for electronic components”
and under standard atmospheric
conditions according to “/EC 686-17,
subclause 5.3, unless otherwise

specified.
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
tne iest procedure is aiso given. in
some instances deviations from the
IEC recommendations were

necessary for our method of
specifying.

accordance with IEC publication 68, (860 mbar to 1060 mbar).
Table 3
IEC 68-2
Igf A1L1lg-Es 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 235 5 °C; | no damage
flux 600
solderability 16 hours steam or 16 hours at 155 °C; good tinning (295% 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 +5 °C; flux 600 AR/R max.: £0.5% +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.: £0.5% +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 AR/R max.: +0.5% +0.05 Q
10 g; three directions; total 6 hours
4.20 29 (Eb) bump 3 x 1500 bumps in three directions; 40 g | no damage
AR/R max.: £0.5% +0.05 Q
bending resistors mounted on a glass epoxy resin | no visual damage
printed-circuit board; AR/R max.: 0.5% +0.05 Q
bending 5 mm over 80 mm
humidity load 1000 hours; +40 °C; 90 to 95% RH; AR/R max.: 1% +0.05 Q
IS) loaded with P, or 100 V;
max 1.5 hours on and 0.5 hours off
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Product specification

Precision resistor chip

size 0603 RC22H
| -
paA et TEST PROCEDURE REQUIREMENTS
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
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
(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; loaded Rins min.: 1000 MQ
(steady state) with 0.01 Py, (IEC steps: 0 to 100 V); AR/R max.: £1% +0.05 Q
dissipation <1 mW
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 10 V (DC) after 1 minute Rins min.: 1000 MQ
resistance
413 short time overload | room temperature; dissipation 6.25 x P,; | AR/R max.: 1% +0.05 Q
5 s (voltage not more than 2 x Viax)
4.8.4.2 temperature between -55 °C and +125 °C 1Q104.99 Q:
coefficient <4250 x 10-6/K
5.1 Q10 97.6 Q:
<#200 x 10-6/K
100 Qto 1 MQ:
<+100 x 10-6/K
412 noise IEC publication 195 R <1 kQ: max. 1 pV/V
(measured with Quantech - equipment) | g < 10 kQ: max. 3 pVV
R < 100 kQ: max. 6 uV/V
R <1 MQ: max. 10 pvV
4.23.2 27 (Ba) endurance at 1000 hours; 125 °C; no load no visual damage
upper category AR/R max.: 1% +0.05 Q
temperature
4.7 voltage proof on 50 V (RMS) during 1 minute no breakdown or flashover
insulation
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N S 7 s

Precision resistor chip
size 1206 RC02G

FEATURES QUICK REFERENCE DATA
¢ Reduced size of final equipment DESCRIPTION VALUE
* Low assembly costs Resistance range 100 Q to 1 MQ; E24/E96 series
* Higher component and equipment | Resistance tolerance 1%
reliability _ Temperature coefficient <450 x 10-6/K
* Excellent performance at high Absolute maximum dissipation at 0.125 W
frequency. Tamb = 70 °C
APPLICATIONS Maximum permissible voltage 200 V (DC or RMS)
Television (tuners) Climatic category (IEC 68) 55/125/56
elevision (tuners Basic specification IEC 115-8
¢ Radio (hi-fi, slim-line and portable) Stabilfty after:

Radio recorders
e Watches

load, 1000 hours at Tamp = 70 °C AR/R max.: £0.5% +0.05 Q
load, 8000 hours at Ty, = 70 °C AR/R max.: £1% +0.05 Q

Video cameras

climatic tests AR/R max.: +1% +0.05 Q
* Electric shavers soldering AR/R max.: +0.25% +0.05 Q
* Pocket calculators short time overload, 400 V max. AR/R max.: +0.25% +0.05 Q
o Measuring instruments
¢ Telecommunication equipment MECHANICAL DATA

e Medical equipment
¢ Military equipment

P rotective coat
e Automotive industry. P

resistor layer

A .
inner electrode
DESCRIPTION 2ot
. - t g end termination
The resistors are constructed on a S )
. . .. ceramic substrate
high grade ceramic body (aluminium - |<— 0.50+0.25

oxide). Internal metal electrodes are protective coat
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 e 4
required and the value is trimmed to o ' Q
within tolerance, by laser cutting of :

i
this resistive layer. . o s b mBAsss - 1

—>| r<—0.45+0.25 marking

s
Po
’.‘-
13004

+
o

&

»

NS
X
KRR

% 5({

The resistive layer is covered with a | agot 010
protective coating and printed with the
resistance value. Finally, the two

external end terminations are added. Dimensions in mm.
For ease of soldering the outer
layer of these end terminations is a Fig.1 Outlines.
lead/tin alloy.
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Precision resistor chip

size 1206 RC02G

Mass

1.00 g (per 100 units). MBAS01

0
Mounting

240 20 K/s

Due to their rectangular shape and
small tolerances on the dimensions, 175
Surface Mounted Resistors are
suitable for handling by automatic
placement systems. Chip placement
can be done on ceramic substrates
and printed-circuit boards (PCBs).
Electrical connection to the circuit is 45 s max 10s _

by wave, vapour phase or infrared preheating soldering  cooling
soldering. The end terminations
guarantee a reliable contact and the Fig.2 Infrared soldering.
protective coating enables ‘face
down’ mounting.

200 K/s

The robust construction of the device
allows it to be completely immersed in OT

a solder bath of 260 °C for one 0
minute. Therefore, it is possible to 250
mount Surface Mounted Resistors
on one side of a PCB and other 200K /

discrete components on the reverse cooling in

(mixed PCBs). " free air

MBA502

Soldering conditions

Surface Mounted Resistors RC02G 5s
are tested for solderability at 235 °C preheating soldering _cooling

during 2 seconds. The test condition

for no leaching is 260 °C for Fig.3 Wave soldering. The resistors may be soldered twice
60 seconds. Typical examples of according to this method if necessary.

soldering processes that provide
reliable joints without any damage,
are given in Figs 2, 3 and 4.

MBA500

(°c)

215

1

10s 60s e
preheating soldering cooling

Fig.4 Vapour phase soldering.
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Product specification

Precision resistor chip
size 1206

RC02G

Marking

Each resistor is marked with a four
digit code on the protective coating to

designate the nominai resistance
value.

4-DIGIT MARKING

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 third is an

indication of magnitude.
Magnitude indicators.
RESISTANCE INDICATOR

100 to 976 Q R

110 9.76 kQ 1

10 to 97.6 kQ 2

100 to 976 kQ 3

10 MQ 4
Example.

MARKING RESISTANCE
121R 121 Q
4021 4.02 kQ
1503 150 kQ

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

May 1994

ELECTRICAL DATA

Standard values of resistance and
tolerance

Standard values of nominal
resistance are taken from the
E24/E96 series for resistors with a
tolerance of £1%. The values of the
E24 series are in accordance with
“IEC publication 63”.

The limiting voltage (DC or RMS)
is 200 V. This is the maximum

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

Dissipation

The rated power that the resistor can
dissipate depends on the operating
temperature (see Fig.5).

MBAS77
100

|
Pmax |
(% Prated) |
|
50 |
|
|
|
|
|

0 T ‘ T T

0 50 70 100 125
Tamb (°C)

Fig.5 Maximum dissipation (Pmax) in percentage of rated power
as a function of the ambient temperature (Tamp)-
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Precision resistor chip

. RC02G
size 1206
103 MBD585
A
Pmax
w)
102
~si-nqlepulse
10 e
p/ti =100 — =
] ]
i - .
1 M
1
1071
1076 1078 1074 1078 1072 107 1

t; (s)

Fig.6 Pulse on aregular basis; maximum permissible peak pulse power ( Prmax) as a function of pulse
duration for R < 10 k<, single pulse and repetitive pulse i/t = 1000.

MBD586

600
A
Vmax
v)
400 2N
Ny 1]
\
\‘\\
200 P
0
1078 1075 1074 1078 1072 107! 1

Fig.7 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax) as a function of pulse duration.
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Precision resistor chip

size 1206 RC02G

MBD641

10*

Umax
W)

1.2/50 ps

% 10/700 ps

10?

10
2 3 4 5 6 7
10 10 10 10 10 10 Rp (Q) 10

These puises may not be applied on a regular basis.

Fig.8 Normstof3 (German standard); maximum permissible peak pulse voltage
without failing to ‘open circuit’ for RC02G.
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Precision resistor chip

size 1206 RC02G

COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2322. The subsequent 8 digits indicate the packaging and
resistance value (see Tables 1 and 2).

Table 1 First 4 digits to indicate packaging for resistances as listed.

CATALOGUE NUMBER 2322 ... .....
RESISTANCE RANGE TOLERANCE SERIES CARDBOARD TAPE ON REEL | BLISTER TAPE ON REEL
(%) 722 ..... 723 .....
5000 units 10000 units 5000 units | 10000 units
100 Q2 to 1 MQ +1 E24/E96 2. 3. 6.... 7.

To complete the catalogue number (see Table 1), replace the first three dots of the remaining 4-digit code by the first
three digits of the resistance value. Replace the fourth dot (last digit) by a figure according to Table 2.

Table 2 Last digit of 12 NC.

RESISTANCE LAST DIGIT
100 t0 976 Q
1109.76 kQ
10 10 97.6 kQ
100 to 976 kQ2

1 MQ

NI} -

Ordering example
The catalogue number of a RC02G

ragictar ualiia 47680 O cunnliad on
18SISIOF, Vaiue & 7/0V ae, SUppPnSG ON

cardboard tape of 5000 units per reel
is: 2322 723 64752.
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Product specification

Precision resistor chip
size 1206

RC02G

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 and EIAJ.

“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.

Temperature: 15 °C to 35 °C

Relative humidity: 45% to 75%

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
|EC recommendations were
necessary for our method of

specifying.

The tests are carried out in

Air pressure: 86 kPa to 106 kPa

accordance with IEC publication 68, (860 mbar to 1060 mbar).
Table 3
IEC 68-2
'gf A1L1Jg-E8 TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.17 20 (Ta) soldéring unmounted chips completely immersed | good tinning (=95% covered);
for 2 0.5 s in a solder bath at no damage
23515 °C; flux 600
417 20 (Tb) solderability 16 hours steam or 16 hours at 155 °C; | good tinning (295% 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 5 °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 AR/R max.: +0.25% +0.05 Q
10 g; three directions; total 6 hours
4.20 29 (Eb) bump 3 x 1500 bumps in three directions; 40 g | no damage
AR/R max.: £0.25% +0.05 Q
4.23 climatic sequence:
4232 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
4234 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
(accelerated) AR/R max.: 1% +0.05 Q
remaining cycles
4.24.2 3 (Ca) damp heat 56 days; 40 °C; 90 t0 95% RH; loaded | Rj;s min.: 1000 MQ
(steady state) with 0.01 P,, (IEC steps: 0 to 100 V); AR/R max.: 1% +0.05 Q
dissipation <1 mW
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Precision resistor chip

size 1206 RC02G
IEC 68-2
lgf A?lgg TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.25.1 endurance 1000 hours; 70 °C; nominal dissipation; | AR/R max.: £0.5% +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
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 Vinax)
48.4.2 temperature between -55 °C and +125 °C <+50 x 1075/K
coefficient
412 noise IEC publication 195 R < 1 kQ: max. 1 yV/V
(measured with Quantech - equipment) | g < 10 kQ: max. 3 pV/V
R < 100 kQ: max. 6 uvV/V
R < 1 MQ: max. 10 pV/V
4.23.2 27 (Ba) endurance atupper | 1000 hours; 125 °C; no load no visual damage
category AR/R max.: +0.5% +0.05 Q
temperature
4.7 voltage proof on 200 V (RMS) during 1 minute no breakdown
insulation
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Precision resistor chip
size 1206 RCO2GP

FEATURES QUICK REFERENCE DATA
¢ Reduced size of final equipment DESCRIPTION VALUE
* Low assembly costs Resistance range 250 Q to 1 MQ; E24/E96 series
o Higher component and equipment [ Resistance tolerance 1%
reliability Temperature coefficient:
e Excellent performance at high 250Q<R<1MQ <450 % 10-6/K
frequency. -
Absolute maximum dissipation at 0.125 W
Tamb =70°C
APPLICATIONS Maximum permissible voltage 200 V (DC or RMS)
e Television (tuners) Climatic category (IEC 68) 55/125/56
e Radio (hi-fi, slim-line and portable) Basic specification IEC 115-8
e Radio recorders Stability after:
o Watches load, 1000 hours at Tyymp = 70 °C AR/R max.: £1% +0.05 Q
e Video cameras load, 8000 hours at Tamp = 70 °C AR/R max.: £2% +0.05 Q
o Electric shavers climatic tests AR/R max.: +1% +0.05 Q
e Pocket calculators soldering AR/R max.: £0.5% +0.05 Q
o Measuring instruments short time overload, 400 V max. AR/R max.: £0.5% +0.05 Q

e Telecommunication equipment
Medical equipment MECHANICAL DATA

Military equipment
e Automotive industry. protective coat

resistor layer

DESCRIPTION os inner electrode
. +0.10 .
The resistors are constructed on a ¥ end termination
high grade ceramic body (aluminium | ceramic substrate
- l<— 0.50 +0.25

oxide). Internal metal electrodes are
added at each end and connected by — ~— 0.45+0.25
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.

protective coat
marking

R
XX

MBA645 - 1

The resistive layer is covered with a
protective coating and printed with the =T 32049
resistance value. Finally, the two
external end terminations are added. Dimensions in mm.
For ease of soldering the outer
layer of these end terminations is a Fig.1 Outlines.
lead/tin alloy.
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Precision resistor chi
. P RCO2GP

size 1206
Mass
1.00 g (per 100 units). T MBAS01

(°c)
Mounting
240 20 K/s

Due to their rectangular shape and e
small tolerances on the dimensions, 175 200 Kis

Surface Mounted Resistors are
suitable for handling by automatic
placement systems. Chip placement
can be done on ceramic substrates
and printed-circuit boards (PCBs).

Electrical connection to the circuit is 45 s max 10s

by wave, vapour phase or infrared preheating soldering  cooling
soldering. The end terminations

guarantee a reliable contact and the Fig.2 Infrared soldering.

protective coating enables ‘face
down’ mounting.

The robust construction of the device
allows it to be completely immersed in T

a solder bath of 260 °C for one (©c)
minute. Therefore, it is possibie to 250
mount Surface Mounted Resistors
on one side of a PCB and other 200 K/s\ f

discrete components on the reverse cooling in

(mixed PCBs). free air
80

MBA502

Soldering conditions
Surface Mounted Resistors RC02GP

are tested for soiderabiiity at 235 °C - 2 s it

during 2 seconds. The test condition preneating soldering - cooling

for no leaching is 260 °C for Fig.3 Wave soldering. The resistors may be soldered twice
60 seconds. Typical examples of according to this method if necessary.

soldering processes that provide
reliable joints without any damage,
are given in Figs 2, 3 and 4.

T MBAS500
(°c)

215

/L

10s 60s o
preheating soldering cooling

Fig.4 Vapour phase soldering.
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Precision resistor chip
size 1206

RC02GP

Marking

Each resistor is marked with a four
digit code on the protective coating to

daginnata tha naminal racictanna
UToiyiiaie uic niviinniai icoisa ive

value.

4-DIGIT MARKING

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 is an
indication of magnitude.

Magnitude indicators.

ELECTRICAL DATA

Standard values of resistance and
tolerance

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

The limiting voltage (DC or RMS)
is 200 V. This is the maximum

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

Dissipation

The rated power that the resistor can
dissipate depends on the operating
temperature (see Fig.5).

RESISTANCE INDICATOR
250 to 976 Q R
1109.76 kQ 1
10 t0 97.6 kQ 2
100 to 976 kQ 3
1 MQ 4

Example.

MARKING RESISTANCE
4751 4.75 kQ
1472 14.7 kQ
1373 137 kQ

The packing is also marked and
includes resistance value, tolerance,
TC value, catalogue number,
quantity, production period, batch
number and source code.
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MBAS77
100
|
Pmax i
(% Prated ) |
|
50 |
|
|
|
|
|
0 T t T T
0 50 70 100 125
Tamb CC)

Fig.5 Maximum dissipation (Pmax) in percentage of rated power
as a function of the ambient temperature (Tamp)-
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Precision resistor chi
_ P RC02GP
size 1206
10° MBD585
ﬁmax
W)
102
single pulse
10 ——1
——— tp/tj =1000 — L
I o o Y N
T T
1
107! — = ” 3 -2 -1
10 10 10 10 10 10 ‘i © 1

duration for R < 10 kQ, single pulse and repetitive pulse ty/tj = 1000.

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

MBDs86

600
A
Vmax
v)
400 W
NN
\\J
200 =
0 5 4 3 2 1
10 107 10~ 107 ' -
10 10 Y ) 1

Fig.7 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax) as a function of puise duration.
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Precision resistor chip

size 1206 RC02GP

MBDé41

A
Vmax

v)

1.2/50 ps

A 10/700 ps

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.8 NormstoB (German standard); maximum permissible peak pulse voltage
without failing to ‘open circuit’ for RCO2GP.
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Precision resistor chip

size 1206 RC02GP

COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2322 727. The subsequent 5 digits indicate the packaging
and resistance value (see Tables 1 and 2).

Table 1 First digit to indicate packaging for resistances as listed.

CATALOGUE NUMBER 2322 727 .....
TOLERANCE
RESISTANCE RANGE (%) SERIES | CARDBOARD TAPE ON REEL | BLISTER TAPE ON REEL
()
5000 units 10000 units | 5000 units | 10000 units
250 Q to 1 MQ +1 E24/E96 2. 3... 1. q4....

To complete the catalogue number (see Table 1), replace the first three dots of the remaining 4-digit code by the first
three digits of the resistance value. Replace the fourth dot (last digit) by a figure according to Table 2.

Table 2 Last digit of 12 NC.

RESISTANCE LAST DIGIT
100 to 976 Q
1109.76 kQ
10 t0 97.6 kQ
100 to 976 kQ
1MQ

ORI =

Ordering example

The catalogue number of a RC02GP
resistor, value 4750 Q, supplied on

Anrdihaavd fama ~AF ENNN inida nar ran
Laiubuaiu l.ape Ul OUUU Uiiilie pol 1oo

is: 2322 727 64752.
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TESTS AND REQUiREMENTs G 'Nded p, InTable 3 the tests and requirements
[ i e to the

. Procedyre fore/ectronic Components» relevant Clausgg of IeCc Publicationg
accon IZ'}I‘.:G ;”th 7”7' 5_sc’hedtuleoof and under Standarg atmospheric 1158 ang 68", a short description of
55/1 2§ /5 6?: :Z Z to, e’ract?iree range Conditiong according 1EC 681 5 the test Procedyre js also given, I,

5510 +12 §C' dam P eat, long Subclaysg 5.3, Uniess otherwisg Some instanceg deviationg from the
term, 56 gave: '1-._'é igstmg also Specifieq, IEC recommendations were
y <SS/ 0T
covers the reqluirements Specified by Temperatur; 15°Cto 35 o¢ necessary for our methoq of
ElA ang ElAJ. Relative humidity: 45% to 75% Specifying.
The tests are carrigq outin Air Pressure: gg kPa to 106 kpg
accordance wiy, IEC Publication, 68, (860 mbar ¢, 1060 Mmbar),

Table 3

Unmounteq chips compieteiy immersed good tinning (2959
2+05¢ ina Solder bath at23s5 +5 °C; Covereq); ng damage

at 155 °C; good tinning (2959
OMpletely immersed Covereq); no damage
10.5sing Solder bath at23s 45 °C;
0 :

10s; 269 15 °C; fiux 600
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REQU\REMENTS

imatic sequence:

A
11

2

16 hours; 125 °C

24 hours; 55 °C; 9510 100% RH

dry heat

damp heat
(acce\erated)

istcycle
cold
low air pressure

damp heat
(acce\erated)

remaining

1000 hours; 70 °C; nominal dissipation;
1.5 hours o0 and 0.5 hours o

insulation 100V (DC) after
resistance
short time
overioad
4842 temperature
coefficient

dissip!
re than 2 X Vmax

on 195
qu'\pment)

\EC pubﬁcat'\
ith Quantech - &

(measured Wi

no preakdown

104
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Precision resistor chip

size 0805

FEATURES

¢ Reduced size of final equipment

RC12G
R S e e s o e
QUICK REFERENCE DATA
DESCRIPTION VALUE

e Low assembly costs

e Higher component and equipment
reliability

Excellent performance at high
frequency.

APPLICATIONS

e Hand held measuring equipment
o Car telephones
e Camcorders.

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.

May 1994

Resistance range

100 Q to 1 MQ; E24/E96 series

Resistance tolerance

+1%

Temperature coefficient:

100 Q10249 Q <+100 x 1078/K
250 Qto 1 MQ <450 x 107¢/K
Absolute maximum dissipation at 0.063 W
Tamb =70 °C
Maximum permissible voltage 150 V (DC or RMS)
Operating temperature range -55 °C to +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.: £1% +0.05 Q
climatic tests AR/R max.: £1% +0.05 Q
soldering AR/R max.: £0.25% +0.05 Q
short time overload, 300 V max. AR/R max.: £0.5% +0.05 Q
MECHANICAL DATA
protective coat
resistor layer
0.25 inner electrode
*010 end termination
—_> L__ 0.40+0.20 ceramic substrate
protective coat
<—0.40£0.20

marking

tetedeteteted

X AKK

DORAHRK

MBC406

Dimensions in mm.

- 2,00£0.15 ——————»

Fig.1 Outlines.
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Precision resistor chip
size 0805

RC12G

Mass
0.55 g (per 100 units).

Mounting

Due to their rectangular shape and
small tolerances on the dimensions,
Surface Mounted Resistors are
suitable for handling by automatic
placement systems. Chip placement
can be done 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 robust construction of the device
allows it 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).

Soldering conditions

Surface Mounted Resistors RC12G
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 2, 3 and 4.

May 1994

(°c)
240

175

MBAS501

200 K/s

45 s max

10s o

preheating

Fig.2 Infrared soldering.

soldering cooling

(°c)
250

80

Fig.3 Wave soldering. The resistors may be soldered twice
according to this method if necessary.

MBAS502

200 K/s
~ \f
cooling in
free air
5s o
preheating soldering  cooling

T MBAS00
(°c)
215
10s 60s e
preheating soldering cooling
Fig.4 Vapour phase soldering.
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Precision resistor chip
size 0805

RC12G

Marking

Each resistor is marked with a four
digit code on the protective coating to
designate the nominal resistance
value.

4-DIGIT MARKING

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 is an
indication of magnitude.

Magnitude indicators.

RESISTANCE INDICATOR
100 to 976 Q R
110 9.76 kQ 1
10 t0 97.6 kQ 2
100 to 976 kQ 3
1 MQ 4
Example.

MARKING RESISTANCE
121R 121 Q
4021 4.02 kQ
7503 750 kQ

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

May 1994

ELECTRICAL DATA

Standard values of resistance and
tolerance

Standard vaiues of nominal

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

The limiting voltage (DC or RMS)
is 150 V. This is the maximum

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

Dissipation
The rated power that the resistor can

dissipate depends on the operating
temperature (see Fig.5).

100

MBA577

Pmax
(% Prated )

50J

70 160 1‘25
Tamb (°C)

Fig.5 Maximum dissipation (Pmax) in percentage of rated power
as a function of the ambient temperature (Tamp)-
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Precision resistor chip
. RC12G
size 0805
10° MBDS588
'Gmax
W)
102
10 single pulse
157/ =1000 T
1 T I — _T__‘--J-- I
1071 T
107 1075 1074 1078 1072 1071 4 ) 1

Fig.6 Pulse on a regular basis; maximum permissible peak pulse power ( Pmax) as a function of pulse
duration for R < 10 k€, single pulse and repetitive pulse ty/t; = 1000.

MLB722
600
A
Vmax
V)
400
\\
™NN
N W
200
\\
0 -5 -4 -3 2 -1
10 10 10 10 10 10 Y (s) 1

Fig.7 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax) as a function of pulse duration.
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Precision resistor chip

. RC12G
size 0805
10t MBD587
Omax
V)
1.2/50 ps
108 -
TH i 10/700 ps
L1 L~
A =
102 gl
1010 102 103 104 105 108 107
Rp (©Q)
These pulses may not be applied on a regular basis.
Fig.8 Normsto3 (German standard); maximum permissible peak pulse voltage without
failing to ‘open circuit’ for RC12G.
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Precision resistor chip

size 0805 RC12G

COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2322. The subsequent 8 digits indicate the packaging and
resistance value (see Tables 1 and 2).

Table 1 First 4 digits to indicate packaging for resistances as listed.

CATALOGUE NUMBER 2322... .....
RESISTANCE RANGE TOLERANCE SERIES CARDBOARD TAPE ON REEL. | BLISTER TAPE ON REEL
(%) 732 ..... 733.....
5000 units 10000 units 5000 units 10000 units
100 Q to 1 MQ +1 E24/E96 6.... 7. 6.... 7.

To compiete the catalogue number (see Table 1), replace the first three dots of the remaining 4-digit code by the first
three digits of the resistance value. Replace the fourth dot (last digit) by a figure according to Table 2.

Table 2 Last digit of 12 NC.

RESISTANCE LAST DIGIT
100 t0 976 Q
110 9.76 kQ
10 t0 97.6 kQ
100 to 976 kQ
1 MQ

NEHRIWIN| -

Ordering example

The catalogue number of a RC12G
resistor, value 4750 Q, supplied on
cardboard tape of 5000 units per reel
is: 2322 732 64752.
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Product specification

Precision resistor chip
size 0805

RC12G

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 and EIAJ.

The tests are carried out in

“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.

Temperature: 15 °C to 35 °C

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.

Relative humidity: 45% to 75%
Air pressure: 86 kPa to 106 kPa

accordance with IEC publication 68, (860 mbar to 1060 mbar).
Table 3
IEC 68-2
Igf ;L}g: TEST TEST PROCEDURE REQUIREMENTS
METHOD
417 20 (Ta) soldering unmounted chips completely immersed | good tinning (=95% covered);
for 2 0.5 sin a solder bath at 235 +5 °C; | no damage
flux 600
solderability 16 hours steam or 16 hours at 155 °C; good tinning (=95% covered);
unmounted chips completely immersed | no damage
for 2 £0.5 sin a solder bath at 235 +5 °C; -
flux 600
4.18 20 (Tb) resistance to 10 s; 260 £5 °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 AR/R max.: £0.25% +0.05 Q
10 g; three directions; total 6 hours
4.20 29 (Eb) |bump 3 x 1500 bumps in three directions; 40 g | no damage
AR/R max.: £0.25% +0.05 Q
bending resistors mounted on a glass epoxy resin | no visual damage
printed-circuit board; AR/R max.: +0.5% +0.05 Q
bending 5 mm over 90 mm
4.24. humidity load 1000 hours; +40 °C; 90 to 95% RH; AR/R max.: £3% +0.1 Q
(J1S) loaded with P, or 150 V;
max. 1.5 hours on and 0.5 hours off
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Precision resistor chip
size 0805

RC12G

IEC 1158 | EC 88-2
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
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 Rins min.: 1000 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; loaded | Rj,s min.: 1000 MQ
(steady state) with 0.01 P, (IEC steps: 1 to 100 V); AR/R max.: £1% +0.05 Q
dissipation <1 mW
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 (BC) after 1 minute Rins min.: 1000 MQ
resistance
413 short time room temperature; dissipation 6.25 x Pp,; | AR/R max.: £0.5% +0.05 Q
overioad 5 s (voltage not more than 2 X Vmax)
4.84.2 temperature between -55 °C and +125 °C 100 Q to 249 Q:
coefficient <+100 x 1078/K
250 Qto 1 MQ:
<+50 x 1078/K
4.12 noise IEC publication 195 R <1 kQ: max. 1 uyV/\V
(measured with Quantech - equipment) |R < 10 kQ: max. 3 PV
R < 100 kQ: max. 6 uV/V
R <1 MQ: max. 10 pV/V
4.23.2 27 (Ba) endurance at 1000 hours; 125 °C; no load AR/R max.: £0.5% +0.05 Q
upper category
temperature
4.7 voltage proof on 150 V (RMS) during 1 minute no breakdown or flashover
insulation
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High precision resistor chip

size 1206

FEATURES

Product specification
B S b i i s T i i

RCO03G
B o o s e e i S b R e e s g ]
QUICK REFERENCE DATA
DESCRIPTION VALUE

» Reduced size of final equipment
e Low assembly costs

e Higher component and equipment
reliability.

APPLICATIONS

o Power supply in small sized
equipment

e Telecommunication
o Automotive industry
o Medical and military 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.

May 1994

Resistance range

100 Q to 1 MQ; E24/E96 series

Reasistance tolerance

WOSISIANLT WiCianie

Temperature coefficient:

load, 1000 hours at Tamp = 70 °C
load, 8000 hours at Tamp = 70 °C
climatic tests

soldering

short time overload, 400 V max.

100 Qt0 249 Q <+100 x 1078/K
250 Qto 1 MQ <450 x 10-6/K
Absolute maximum dissipation at 0.125 W
Tamb =70 °C
Maximum permissible voltage 200 V (RMS)
Climatic category (IEC 68) 55/125/56
Basic specification IEC 115-8
Stability after:

AR/R max.: £0.5% +0.05 Q
AR/R max.: 1% +0.05 Q
AR/R max.: £1% +0.05 Q
AR/R max.: £0.25% +0.05 Q
AR/R max.: £0.25% +0.05 Q

MECHANICAL DATA
protective coat
resistor layer
0.25 N : inner electrode
+0.10 N )
end termination
|
ceramic substrate
— 0.50£0.25
protective coat
—>| < 0.45 +0.25 marking
B 8
B So%e s
it R
1 6 X 9 % S X XK
015 | ‘x?’fé. 2 5
st
MBAG645 - 1

Dimensions in mm.

Fig.1 Outlines.
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Philips Components

Product specification

High precision resistor chip

size 1206

RC03G

Mass
1.0 g (per 100 units).

Mounting

Due to their rectangular shape and
small tolerances on the dimensions,
Surface Mounted Resistors are
suitable for handling by automatic
placement systems. Chip placement
can be done 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 robust construction of the device
allows it 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).

Soldering conditions

Surface Mounted Resistors RC03G
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 2, 3 and 4.

May 1994

MBA501
(°c)

240 20 K/s

175 200 KIs

45 s max 10s o
preheating soldering cooling

Fig.2 Infrared soldering.

MBAS02
(°c)
250

200 K/s
~a f
cooling in
free air

80

58
preheating soldering  cooling

Fig.3 Wave soldering. The resistors may be soldered twice
according to this method if necessary.

T
MBA500
(°c)
215
10s 60s R
preheating soldering cooling

Fig.4 Vapour phase soldering.
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High precision resistor chip
) RCO03G
size 1206
Marking ELECTRICAL DATA be continuousiy appiied to the resistor

Each resistor is marked with a four
digit code on the protective coating to
designate the nominal resistance
value. '

4-DIGIT MARKING

For values up to 976 Q/t/he Ris used
as a decimal point. For values of 1 kQ
or greater the first 3 digits apply to the
resistance value and the fourth is an
indication of magnitude.

Magnitude indicators.

RESISTANCE INDICATOR

100 to 976 Q R

110 9.76 kQ 1

10 to 97.6 kQ 2

100 to 976 kQ 3

1 MQ 4

Example.
MARKING RESISTANCE

121R 121 Q
4021 4.02 kQ

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

May 1994

Standard values of resistance and
tolerance

Standard values of nominal
resistance are taken from the
E24/E96 series for resistors with a
tolerance of £0.5%. The values of the
E24 series are in accordance with
“IEC publication 63”.

The limiting voltage (RMS) is 200 V.
This is the maximum voltage that may

element, see “/EC publication 115-8".

Dissipation

The rated power that the resistor can
dissipate depends on the operating
temperature (see Fig.5).

100

MBA577

Pmax
(% Prated )

50

Fig.5 Maximum dissipation (Pmayx) in percentage of rated power
as a function of the ambient temperature (Tamp)-

1o

70 100 125
Tamb C)
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High precision resistor chip RCO3G
size 1206
103 MBD585
amax
W)
102
single pulse
10 E——c
e
pti =1000 Sy
1 11 BRI
10—10-5 1075 1074 1073 1072 107! !
t; (s)

Fig.6 Pulse on a regular basis; maximum permissible peak pulse power ( Pnay) as a function of pulse
duration for R < 10 kQ, single pulse and repetitive pulse tp/t; = 1000.

MBD586

600
A
Vmax
V)
400 Sy
N
N\~~
’\\\§
200 =
0 -6 5 -4 3 2 1
1 - 1 . n . 1
0 10 0 10 10 10 tj (s)

Fig.7 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax) as a function of pulse duration.
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High precision resistor chip

size 1206
MBD641
104
A
Vmax
v)
1.2/50 ps
10° g
,4
= i 10/700 ps
G
'4/’ //
] 1/‘
A1
102
“
10 > 3 4 5 6 7
10 10 10 10 10 10 Rp@ 10

These pulses may not be applied on a regular basis.

Fig.8 Normsto3 (German standard); maximum permissible peak pulse voltage
without failing to ‘open circuit’ for RC03G.
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High precision resistor chip

size 1206 RC03G

COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2322 725. The subsequent 5 digits indicate the packaging
and resistance value (see Tables 1 and 2).

Table 1 First digit to indicate packaging for resistances as listed.

CATALOGUE NUMBER 2322 725 .....
RESISTANCE RANGE TOLFZ%\NCE SERIES BLISTER TAPE ON REEL
5000 units
100 Q to 1 MQ 0.5 E24/E96 1.

To complete the catalogue number (see Table 1), replace the first three dots of the remaining 4-digit code by the first
three digits of the resistance value. Replace the fourth dot (last digit) by a figure according to Table 2.

Table 2 Last digit of 12 NC.

RESISTANCE LAST DIGIT
100 to 976 Q
110 9.76 kQ
10 t0 97.6 kQ
100 to 976 kQ
1MQ

alplOIN|=

Ordering example

The catalogue number of a RC03G
resistor, value 4750 Q, supplied on
cardboard tape of 5000 units per reel
is: 2322 734 64752.
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Product specification

High precision resistor chip

size 1206

RCO3G

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 and EIAJ.

The tests are carried out in
accordance with IEC publication 68,

“Recommended basic ciimaiic and
mechanical robustness testing
procedure for electronic components”
and under standard atmospheric
conditions according to “/EC 68-17,
subclause 5.3, unless otherwise
specified.

Temperature: 15 °C to 35 °C

Relative humidity: 45% to 75%

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

in Tabie 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.

Table 3
IEC 68-2
oaues | 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
235 110 °C; flux 600; 0.2% CI activated
4.18 20 (Tb) resistance to 10 s; 260 15 °C; flux 600 AR/R max.: 20.25% +0.05 Q
soldering heat
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 AR/R max.: +0.25% +0.05 Q
10 g; three directions; total 6 hours
4.20 29 (Eb) |bump 3 x 1500 bumps in three 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)
st cycle
4.23.4 1 (Aa) coid 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) 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 min.: 1000 MQ
(steady state) dissipation <1.25 mW AR/R max.: 1% +0.05 Q
4.25.1 endurance 1000 hours; 70 °C; nominal dissipation; | AR/R max.: £0.5% +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
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High precision resistor chip
! RCO03G
size 1206
IEC 68-2
'5'&1533 TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.13 short time room temperature; dissipation 6.25 x P,; | AR/R max.: £0.25% +0.05 Q
overload 5 s (voltage not more than 2 x Vax)
4842 temperature between -55 °C and +125 °C 100 Q to 249 Q:
coefficient <+100 x 1075/K
250 Q to 1 MQ:
<+50 x 10-8/K
4.12 noise IEC publication 195 R < 1kQ: max. 1 pVNV
(measured with Quantech - equipment) | R < 10 kQ: max. 3 pV/V
R < 100 kQ: max. 6 pV/V
4.23.2 27 (Ba) |endurance at 1000 hours; 125 °C; no load no visual damage
upper category AR/R max.: £0.5% + 0.05 Q
temperature
4.7 voltage proof on | 200 V (RMS) during 1 minute no breakdown
insulation
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o RN L e S s T )
Metal film precision resistor chip
size 1206

FEATURES

¢ Reduced size of final equipment
e Lower assembly costs

Excellent pulse stability for single
pulse conditions, typical value:
100 W, 1 us

High stability and low temperature
coefficient.

APPLICATIONS

e Computers
¢ Telecommunication equipment
¢ Test and measuring equipment.

DESCRIPTION

A metal film layer is deposited on a
high grade ceramic body (aluminium
oxide). This resistive layer is trimmed
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.

MPCO1
R S B B P T A e S S
QUICK REFERENCE DATA
DESCRIPTION VALUE
Resistance range 10 Q to 100 kQ; preferred values
E24 or E96 series
Resistance tolerance +0.1%
Temperature coefficient <25 x 1076/K
Absolute maximum dissipation at 0.125 W
Tamp=70°C
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% +0.05 Q
load, 8000 hours at Tamp =70 °C | AR/R max.: £0.25% +0.05 Q
climatic tests AR/R max.: £0.10% +0.05 Q
soldering AR/R max.: £0.10% +0.05 Q
short time overload, 200 V max. | AR/R max.: £0.10% +0.05 Q
MECHANICAL DATA
protective coat
resistor layer
0.25 inner electrode
* 0v.10 end termination
o le— 0.50 +0.25 ceramic substrate
protective coat
—>‘ < 0.35+0.25 marking
+1o 15 -%%&.ﬁ E: % B
4 MLB522
R 320" g:;g .
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Dimensions in mm.

Fig.1 Outlines.
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Product specification

Metal film precision resistor chip

size 1206

MPCO1

Mass
1.00 g (per 100 units).

Mounting

Due to their rectangular shape and
small tolerances on the dimensions,
Surface Mounted Resistors are
suitable for handling by automatic
placement systems. Chip placement
can be done on ceramic substrates
and printed-circuit boards (PCBs).
Electrical connection to the circuit can
be made by wave, vapour phase or
infrared soldering. The end
terminations guarantee a reliable
contact.

The robust construction of the device
allows it 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).

Soldering conditions

Surface Mounted Resistors MPCO01
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 2, 3 and 4.
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(°c)

240

175

MBAs01

20 K/s

200 K/s

45 s max

10s o

preheating

soldering cooling

Fig.2 Infrared soldering.

(°c)
250

80

200 K/s

MBAs02

f

cooling in
free air

5s

preheating

soldering cooﬁng

Fig.3 Wave soldering. The resistors may be soldered twice
according to this method if necessary.

(°c)

215

MBAS00

7

7/

10s 60s e
preheating soldering cooling
Fig.4 Vapour phase soldering.
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Product specification

Metal film precision resistor chip

size 1206

MPCO1

Marking(!

Each resistor is marked with a four
digit code on the protective coating to
designate the nominal resistance
value.

For values up to 976 Q the R is used
as a decimal point.

For values of 1 kQ and upwards the
first three digits are significant, the
fourth being an indication of
magnitude.

(1) Only resistors that can be marked with
3 significant numbers are marked.

Magnitude indicators.

RESISTANCE INDICATOR
1010976 Q R
110 9.76 kQ 1
10 t0 97.6 kQ 2
100 kQ 3
Example.

MARKING RESISTANCE
121R 121 Q
4021 4.02 kQ
1003 100 kQ

May 1994

ELECTRICAL DATA

Standard values of resistance and
tolerance

Any vaiue in the range can be
supplied, provided that the resistance
value may be expressed in three
significant digits and an indication of
magnitude. Values which cannot be
expressed in this way, are available
upon request.

Resistors from the E24 or E96 series
and those with 3 significant numbers
are marked with four digits. Resistors
with different values are not marked.

The limiting voltage (DC or RMS)
is 100 V. This is the maximum
voltage that may be continuously
applied to the resistor element, see

LY s shalimmdlmun 4 4 2_OF
= puviieation 119-0 .

Dissipation

The rated power that the resistor can
dissipate depends on the operating
temperature (see Fig.5).

MBA577

100

Pmax
(% Prated )

50

Fig.5 Maximum dissipation (Pmay) in percentage of rated power
as a function of the ambient temperature (Tamp)-

S AP .

160 1é5
Tamb °C)
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Metal film precision resistor chip

size 1206

10° MBD553
A
Pmax
w)

single pulse
10" 000
—p i &
— 100 —
pdend L] | [~~~ I~
mmey e~ T
10 \ﬂu-__ \‘\
10 =
<
— B
I I~ I ™~
s N N
1 Y ———
\’\‘Q
1071 [T
1078 1075 1074 1073 1072 101

tj (s)

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

MBD554

600
A
Vmax
v)
400
]
s
'\
\\
™~
200 <t
\\
=t
\\~~4
1
0
1076 1078 1074 1073 102 107"

tj (s)

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

May 1994 125



Philips Components Product specification

Metal film precision resistor chip

: MPCO1
size 1206
104 MBDS55
Qmax
i\ » 1.2150 us,
/4// L 10/700 p
10° >
l//"”
2 —
10
10
10 102 103 104 108 10 i@ 10
Thess puises may not be applied on a regular basis.
Fig.8 NormstoB (German standard); maximum permissible peak pulse voltage (Vmax)
without failing to ‘open circuit’ for MPCO1.

COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2322 741. The subsequent 5 digits indicate the packaging
and resistance value (see Tables 1 and 2).

Table 1 First digit to indicate packaging for resistances as listed.

CATALOGUE NUMBER 2322 741 .....
RESISTANCE RANGE TOLE;;I;NCE (;_c,) BLISTER TAPE ON REEL
1000 units 5000 units
10 Q to 100 kQ +0.1 <25 x 1076 2.... 3.

To complete the catalogue number, replace the first three dots of the remaining 4-digit code by the first three digits of the
resistance value. Replace the fourth dot (last digit) by a figure according to Table 2.

Table 2 Lastdigitof 12 NC.

RESISTANCE LAST DIGIT
10 t0 97.6 Q 9
100 to0 976 Q 1
1109.76 kQ 2
10 t0 97.6 kQ 3
100 kQ 4
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Product specification

Metal film precision resistor chip

size 1206

MPCO1

TESTS AND REQUIREMENTS

Essentially all tests are carried out in

accordance with the schedule of

[7] = o W N TPy e

ko e

1EC 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

ElIA and EIAJ.

The tests are carried out in

“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.

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.

accordance with IEC publication 68, (860 mbar to 1060 mbar).
Table 3
IEC 68-2
R niee| 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 15 °C; flux 600
4.18 20 (Tb) resistance to 10 s; 260 15 °C; flux 600 AR/R max.: +0.10% +0.05 Q
soldering heat
4.19 14 (Na) | rapid change of 30 minutes at -55 °C and AR/R max.: £0.10% +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 AR/R max.: +0.10% +0.05 Q
10 g; three directions; total 6 hours
4.20 29 (Eb) bump 3 x 1500 bumps in three directions; 40 g | no damage
AR/R max.: £0.10% +0.05 Q
4.23 climatic sequence:
4232 2 (Ba) dry heat 16 hours; 125 °C
4.23.3 30 (D) damp heat 24 hours; 55 °C; 95 to 100% RH
(accelerated)
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
(accelerated) AR/R max.: 0.10% +0.05 Q
remaining cycles
4242 3 (Ca) damp heat 56 days; 40 °C; 90 10 85% RH; Rins min.: 1000 MQ
(steady state) dissipation <1.25 mW AR/R max.: 0.25% +0.05 Q
4.25.1 endurance 1000 hours; 70 °C; nominal dissipation; | AR/R max.: 0.10% +0.05 Q
1.5 hours on and 0.5 hours off
4.6.1.1 insulation resistance | 100 V (DC) after 1 minute Rins mMin.: 1000 MQ
413 short time overload | room temperature; dissipation 6.25 x Py,; | AR/R max.: 0.10% +0.05 Q
5 s (voltage not more than 2 x Vmax)
4842 temperature between -55 °C and +125 °C <25 x 10-6/K
coefficient
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Product specification

Metal film precision resistor chip

size 1206 MPCo1
IEC 68-2
'gf;l]g'g TEST TEST PROCEDURE REQUIREMENTS
METHOD
412 noise |IEC publication 195 <0.10 pV/V
4232 27 (Ba) endurance at upper | 1000 hours; 125 °C; no load no visual damage
category AR/R max.: 0.10% +0.05 Q
temperature
4.7 voltage proof on 100 V (DC or RMS) during 1 minute no breakdown
insulation
JIS-pulse test 2.5 x rated voltage or max. overload; AR/R max.: 0.5% +0.05 Q
1 sonand 25 s off; 104 cycles
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LT L B R e i i T B i S i b P

Power resistor chip
size 1218 PRC201

FEATURES QUICK REFERENCE DATA
¢ Reduced size of final equipment DESCRIPTION VALUE
¢ Low assembly costs Resistance range 1 Qto 1 MQ; E24 series
 Higher component and equipment Resistance tolerance +5%
reliability . Temperature coefficient:
o Excellent performance at high 1Qt010Q <4200 x 10-6/K
frequency.
11 Qto 1 MQ <+100 x 10-6/K
APPLICATIONS Absolute maximum dissipation at 1w
p lies i il sized Tamp =70 °C
e Power supplies in small size - —
equipment MaX|mx.Jm permissible voltage 200 V (DC or RMS)
e Camcorders Ope.ratlng t.e.mp.erature range -55 °C to +155 °C
e Portable radio, CD and cassette Basic specification IEC 115-8
players. Stability after:
load, 1000 hours at Tgmp = 70 °C AR/R max.: 3% +0.10 Q
DESCRIPTION climatic tests AR/R max.: 3% +0.10 Q
. resistance to soldering heat test AR/R max.: +1% +0.05 Q
The resistors are constructed on a . o
high grade ceramic body (aluminium short time overload AR/R max.: +1% +0.05 Q
oxide). Internal metal eiectrodes are
added at each end and connected by  (MECHANICAL DATA
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 protective coat
required and the value is trimmed to ‘ ,’es'sm’l 'a{‘;
within tolerance, by laser cutting of fnner electrode
this resistive |a.yer. 10 end termination
The resistive layer is covered with a ? _>| l e 0.50£0.25 ceramic substrate
protective coating and printed with the
resistance value. Finally, the two —’l |‘— 0.45£0.25 protective coat
external end terminations are added. - W 202
For ease of soldering the outer layer 3
of these end terminations is a
lead/tin alloy. %5
46
+02 o
. B 4
_— m— - MRA629

<+— 3.05%0.15 —J

Dimensions in mm.

Fig.1 Outlines.
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Product specification

Power resistor chip
size 1218

PRC201

3 g (per 100 units).

Mounting

Due to their rectangular shape and
small tolerances on the dimensions,
Surface Mounted Resistors are
suitable for handling by automatic
placement systems. Chip placement
can be done 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.

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

The hot-spot temperature and the
solder joint temperature rise of the
resistor body, are dependent on both
the PCB material and mounting
position. Figures 5, 6 and 7 show the
hot-spot temperature and the solder
joint temperature rise of the resistor
body, horizontally mounted, as a
function of dissipated power.

The robust construction of the device
allows it 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).

Soldering conditions

Surface Mounted Resistors PRC201
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 2, 3 and 4.
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(°c)

240

175

MBAS01

20K/s

200 K/s

45 s max

10s

preheating

soldering

Fig.2 Infrared soldering.

cooling

(°c)
250

80

Fig.3 Wave soldering. The resistors may be soldered twice

200 K/s

MBAS02

f

cooling in
free air

&
oS

preheating soldering

cooling

according to this method if necessary.

T
MBA500
(°c)
215
10s 60 s o
preheating soldering cooling
Fig.4 Vapour phase soldering.
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Product specification

Power resistor chip
size 1218

PRC201

Temperature rise

MRA630

on0
2U0

temperature
rise
(°c)
150

100 hot-spot

50 /// _—
solder joint
T T

0 0.2 0.4 0.6 08 1
dissipated power (W)

Fig.5 Temperature rise at hot-spot and soider
joint as a function of dissipated power,
for a PRC201 resistor mounted
horizontally on ceramic PCB.

200 MRA631

temperature
rise

(OC) 150 /

v
/ hot-spot

100 A

7

/] T
50 solder joint|
7
0
0 0.2 0.4 0.6 0.8 1

dissipated power (W)

Fig.6 Temperature rise athot-spotand solder
joint as a function of dissipated power,
for a PRC201 resistor mounted

horizontally on a FR4 PCB.

MBD097

100
AT
0
e hot-spot —_| /
| /]
75 }
bottom sid7é,
V A
/
// ol
s0 g
) |~ solder joint
25 /
pd
!
0
0 0.2 0.4 0.6 0.8 1.0
load power (W)

Fig.7 Temperature rise at hot-spotand solder
joint as a function of dissipated power,
for a PRC201 resistor horizontally
mounted on the test substrate.
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Power resistor chi
. P PRC201
size 1218
electroplated (SnPb) Cu 35
FR4, 1.6 mm
2.0
20 25
—>| |<— 1.0 20 ——»
85 | mMBDo9&

Dimensions in mm.

Fig.8 Test substrate layout.

Marking Example.

Each resistor is marked with the MARKING RESISTANCE
nominal resistance value. 120R 120 O
3-DIGIT MARKING 4K70 4.70 kQ

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.

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

Magnitude indicators.

RESISTANCE INDICATOR
1t0910Q R
1to 910 kQ K
1 MQ M
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Power resistor chif
. P PRC201
size 1218
ELECTRICAL DATA
Standard values of resistance and
tolerance
pmax MRA632
The resistors are available in the E24 (%Prated)
series for resistors with a tolerance of 100
+5%. The values of the E24 series are }
in accordance with ;
“IEC publication 63". 0 :
5 -
The limiting voltage (DC or RMS) is {
200 V. This is the maximum voltage !
that may be continuously applied to !
H 0 T T T T T
the resistor element, see L85 Y 50 70 100 155
“IEC publication 115-8". Tamb(°C)
Dissipation
The rated power that the resistor can Fig.9 Maximum dissipation (Pmax) in percentage of rated power
dissipate depends on the operating as a function of the ambient temperature (Tamp).
temperature (see Fig.9).

10 4 MBD582
A
Vmax
7
1.2/50 ps
f//
’ﬂ
3 1
10 b e -10/700 ps
i w..
P '/'
A
1”7
W
|
102 =
2
P
A
10 2 3 4 5 6 7
10 10 10 10 10 10 Ry (@ 10
These pulses may not be applied on a regular basis.
Fig.10 Normstof (German standard); maximum permissible peak pulse voltage
without failing to ‘open circuit’ for PRC201.
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Philips Components Product specification

Power resistor chip

size 1218 PRC201

COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2322 735. The subsequent 5 digits indicate the packaging
and resistance value (see Tables 1 and 2).

Table 1 First 2 digits to indicate packaging for resistances as listed.

CATALOGUE NUMBER 2322 735 .....
RESISTANCE RANGE TOLE(;‘)\NCE SERIES BLISTER TAPE ON REEL
1000 units 5000 units
1Qto1MQ +5 E24 30... 60...

To complete the catalogue number (see Table 1), replace the first two dots of the remaining 3-digit code by the first two
digits of the resistance value. Replace the third dot (last digit) by a figure according to Table 2.

Table 2 Last digit of 12 NC.

RESISTANCE LAST DIGIT
1109.1Q
10t091 Q
100t0 910 Q
110 9.1 kQ
10 to 91 kQ
100 to 910 kQ
1MQ

O|ld|OIN]|=]O|

Ordering example

The catalogue number of a PRC201
resistor, value 470 Q, supplied on
cardboard tape of 5000 units per reel
is: 2322 735 60471.
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Product specification

Power resistor chip
size 1218

PRC201

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 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.

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 “/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.

Table 3
IEC 68-2
e aee | TEST TEST PROCEDURE REQUIREMENTS
METHOD
Tests in accordance with the schedule of IEC publication 115-8
4.4.1 visual no holes; clean surface;
examination no damage
442 dimensions gauge 0.45 mm < T < 0.65 mm
(outline) 44mm<W<4.8mm
29mm<L<3.2mm
4.5 resistance applied voltage (+0/-10%): R — Rpom: max. £5%
R<10Q:0.1V
10Q<R<100Q:0.3V
100Q<R<1kX1V
1kQ<R<10kQ:3V
10kQ<R<100kQ: 10V
100kQ<R<1MQ: 25V
1 MQ: 50 V
4.18 20 (Tb) resistance to 10 s; 260 5 °C; flux 600 AR/R max.: +1% +0.05 Q
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
nux ouu
4.7 voltage proof on | 200 V (RMS) during 1 minute no breakdown or flashover
insulation
4.13 short time room temperature; AR/R max.: 1% +0.05 Q
overload dissipation 6.25 x Pp;
5 s (voltage not more than 2 X Viay)
4.33 bending resistors mounted on a glass epoxy resin | no damage
printed-circuit board (FR4): bending AR/R max.: +1% +0.05 Q
2 mm over 90 mm
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Philips Components

Product specification

Power resistor chip

. PRC201
size 1218
IEC 1158 | 'EC 68-2
CLAUSE | TEST TEST PROCEDURE REQUIREMENTS
METHOD
Tests in accordance with the schedule of IEC publication 115-8
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.: +0.1% +0.05 Q
4.23 climatic
sequence:
4.23.2 2 (Ba) dry heat 16 hours; 155 °C
4233 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; 15 to 35 °C
pressure
4.23.6 30 (D) damp heat 5 days; 55 °C; 95 to 100% RH AR/R max.: £3% +0.1 Q
(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 0.01 Py, (IEC steps: 4 to 100 V) AR/R max.: +3% +0.1 Q
4.25.1 endurance 1000 hours; loaded with Pp, or Vipax; no visible damage
(at 70 °C) 1.5 hours on and 0.5 hours off AR/R max.: +3% +0.1 Q
4.23.2 27 (Ba) endurance at 1000 hours; 155 °C; no load no visible damage
upper category AR/R max.: +3% +0.1 Q
temperature
4.8.4.2 temperature at 20/-55/20 °C and 20/155/20 °C 1Q<R<10Q:
coefficient AR/R max.: 200 x 10¢/K
11Q<R:
AR/R max.: £100 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 15 °C;
flux 600
4.22 6 (Fc) vibration frequency: 10 to 500 Hz; no damage
(mounted state) | displacement 1.5 mm or acceleration AR/R max.: +1% +0.05 Q
10 g; three directions; total 6 hours
4.20 29 (Eb) bump 3 x 1500 bumps in three directions; 40 g | no damage
(mounted state) AR/R max.: 1% +0.05 Q

Other applicable tests

I leaching

I unmounted chips 60 s; 260 +5 °C

good tinning; no leaching
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Philips Components

Low-ohmic resistor chip

size 1206

FEATURES

Reduced size of final equipment
Low assembly costs

Liimbaaw mmevm s e A + AnA Ac i Aant
FIyiiern LUITIPUIITIIL aliu cyuipiniciit

reliability

Excellent performance at high
frequency.

L

APPLICATIONS

o Power supplies in small sized
equipment

o Car telephones
o Battery loaders
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.
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QUICK REFERENCE DATA

Product specification

LRCO1

DESCRIPTION

VALUE

Resistance range

100 mQ to 910 mQ; E24 series

Resistance ioierance

5%

Temperature coefficient:

100 mQ <R < 150 mQ < #1000 x 10-6/K
150 mQ <R < 400 mQ <700 x 10-¢/K
400mQ<R<1Q <4250 x 1076/K

Absolute maximum dissipationat |0.25W

Tamb=70°C

Operating temperature range -55to +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 (typ. 1%)
climatic tests AR/R max.: £3% +0.10 Q (typ. 1%)
resistance to soldering heat test { AR/R max.: £1% +0.05 Q (typ. 0.25%)
short time overioad AR/R max.: 1% +0.05 Q (typ. 0.5%)

MECHANICAL DATA

protective coat

resistor layer

inner electrode

end termination

N
—o —0.50 £0.25

—-»1 < 0.45 +0.25

ceramic substrate
protective coat

marking

S 52

&
i3
B
RS X 5K
&0

XXX
X

2
2030,

MLB598

Dimensions in mm.

Fig.1 Outlines.
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Philips Components

Product specification

Low-ohmic resistor chip
size 1206

LRCO1

Mass
1.00 g (per 100 units).

Mounting

Due to their rectangular shape and
small tolerances on the dimensions,
Surface Mounted Resistors are
suitable for handling by automatic
placement systems. Chip placement
can be done 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 robust construction of the device
allows itto 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).

Soldering conditions
Surface Mounted Resistors LRC01

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 2, 3 and 4.
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(°c)

240

MBA501

20 K/s

175

200 K/s

45 s max

10s o

preheating

soldering cooling

Fig.2 Infrared soldering.

(°c)

250

200 K/s

MBA502

/

cooling in
free air

5s

preheating

soldering  cooling

Fig.3 Wave soldering. The resistors may be soldered twice
according to this method if necessary.

(°c)

215

MBA500

60s

10s o
preheating soldering cooling
Fig.4 Vapour phase soldering.
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Philips Components

Product specification

Low-ohmic resistor chip
size 1206

LRCO1

Marking

Each resistor is marked with a four
digit code on the protective coating to
designate the nominal resistance
value.

4-DIGIT MARKING

For values up from 100 mQ to
910 mQ, the R is used as a decimal
point.

Magnitude indicators.

RESISTANCE INDICATOR
100 mQ to 910 mQ R

Example.

MARKING
R210
R560

RESISTANCE
0.210Q
0.560 Q

MBA577
100

Pmax
(% Prated )

50

160 1‘25
Tamb (°C)

0 50 70

Fig.5 Maximum dissipation (Pmax) in percentage of rated power
as a function of the ambient temperature (Tamb)-

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

ELECTRICAL DATA

Standard values of resistance and
tolerance

The resistors are available in the
E24 series for resistors with a
tolerance of +5%. The values of the
E24 series are in accordance with
“IEC publication 63"

The limiting voltage (DC or RMS) is
determined by the maximum
applicable power. This is the
maximum rated power that the
resistor may dissipate.

Dissipation

The rated power that the resistor can
dissipate depends on the operating
temperature (see Fig.5).
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Temperature coefficient

Figure 6 shows the typical temperature coefficient of the resistor.

MR
1000 _I A972
TC | I
~ specification limits
x107®) L—a==9—
501
0
I
|
-500 I
=== .
[
-1000 bm—1
100 200 300 500 700 1000
R (mQ)
Fig.6 Typical TC as a function of resistance.
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Philips Components Product specification

Low-ohmic resistor chip

size 1206 LRCO1
CATALOGUE NUMBERS
CATALOGUE NUMBER 2322724 .....
RESISTI::?; VALUE TO LE(;?NCE SERIES BLISTER TAPE ON REEL
5000 units
100 5 E24 96002
110 96003
120 96004
130 96005
150 96006
160 96007
180 96008
200 96009
220 96026
240 96011
270 96012
300 96013
330 96014
360 96015
390 96016
430 96017
470 96018
510 96019
560 96027
620 96021
680 96022
750 96023
820 96024
910 96025
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Philips Components

Product specification

Low-ohmic resistor chip
size 1206

LRCO1

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

ElA and EIAJ.

The tests are carried out in

“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.

Temperature: 15 °C to 35 °C

Relative humidity: 45% to 75%

Air pressure: 86 kPa to 106 kPa

In Table 1 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.

accordance with IEC publication 68, (860 mbar to 1060 mbar).
Table 1
IEC IEC 68-2
115-8 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE [ METHOD
Tests in accordance with the schedule of IEC publication 115-8
4.4.1 visual examination no holes; clean surface;
no damage
442 dimensions gauge 0.45 mm<T<0.65mm
(outline) 1.40 mm <W < 1.80 mm
3.0mm<L<3.3mm
4.5 resistance applied voltage (+0/-10%): 0.1 V R - Rpom: max. +5%
4.18 20 (Tb) resistance to 10 s; 260 +5 °C; flux 600 AR/R max.: +1% +0.05 Q
soldering heat
4.29 45 (Xa) |component isopropyl alcohol; HoO 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% +0.05 Q
dissipation 6.25 x Pp;
5 s (voltage not more than 2 x Vinax)
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.: +1% +0.05 Q
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Philips Components

Product specification

Low-ohmic resistor chip

. 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)
ist 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 AR/R max.: £3% +0.1 Q
(accelerated)
remaining cycles
4.6.1.1 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 visibie damage
(steady state) with 0.01 Py, (IEC steps: 4 to 100 V) AR/R max.: +3% +0.1 O
4.25.1 endurance 1000 hours; loaded with Py, or Vimax; no visible damage
(at 70 °C) 1.5 hours on and 0.5 hours off AR/R max.: +3% +0.1 Q
4.23.2 27 (Ba) |endurance at 1000 hours; 125 °C; no load no visible damage
upper category AR/R max.: 3% +0.1 Q
temperature
4842 temperature at 20/-55/20 °C and 20/125/20 °C 100 mQ < R < 150 mQ:
coefficient <+1000 x 10-8/K
150 mQ < R < 400 mQ:
< +700 x 10-8/K

400MQ<R<1Q:
< 250 x 10-6/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 (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 AR/R max.: +1% +0.05 Q
10 g; three directions; total 6 hours
4.20 29 (Eb) |bump 3 x 1500 bumps in three directions; 40 g | no damage

AR/R max.: £1% +0.05 Q

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% +0.1 Q
(steady state) loaded with Py, or Viax;

J18) 1.5 hours on and 0.5 hours off
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Philips Components

Fusible resistor chip
size 1206

FEATURES

e Overload protection without the risk
of fire

o Grey coating for ease of recognition

Reduced size of final equipment

Low assembly costs

e Higher component and equipment
reliability.

APPLICATIONS

o Power supplies in small sized
equipment

e Car telephones

o Portable radio, CD and cassette
players.

DESCRIPTION

The resistors are constructed on a
high grade ceramic body (aiuminium
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.
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Product specification
B T e T e e R i e L

FRCO1

QUICK REFERENCE DATA
DESCRIPTION VALUE
Resistance range 1 Q to 240 Q; E24 series
Resistance tolerance 8%
Temperature coefficient:
1Qt047Q <250 x 1076/K
5.1 Q10240 Q <+200 x 10-6/K
Absolute maximum dissipation at 0.125 W
Tamp =70 °C
Maximum permissible voltage 200 V (DC or RMS)
Operating temperature range -55°C to +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
MECHANICAL DATA
protective coat
resistor layer
o.gs inner electrode
* O*E_ NN AN end termination
- L_ 0.50+0.25 ceramic substrate
protective coat
(< 0.45 +0.25

marking

200X RH8X

2%
R

Dimensions in mm.

Fig.1

Outlines.
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Philips Components

Product specification

Fusible resistor chip
size 1206

FRCO1

Mass
1.0 g (per 100 units).

Due to their rectangular shape and
small tolerances on the dimensions,
Surface Mounted Resistors are
suitable for handling by automatic
placement systems. Chip placement
can be done 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.

The robust construction of the device
allows it 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).

Soldering conditions

Surface Mounted Resistors FRCO1
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 2, 3 and 4.

May 1994

(°c)

240

176

MBASO01

20 K/s

200 K/s

45 s max

10s

preheating

soldering

Fig.2 Infrared soldering.

cooling

(°c)
250

80

Fig.3 Wave soldering. The resistors may be soldered twice

200 K/s

MBA502

f

cooling in
free air

5s

preheating soldering

cooling

according to this method if necessary.

T MBAS500
(°c)

215

~—_
10s 60s e
preheating soldering cooling
Fig.4 Vapour phase soldering. -
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Product specification

Fusible resistor chip

. FRCO1
size 1206
Marking
Each resistor is marked with a four
digit code on the protective coating to .
designate the nominal resistance MLB206
value. 100
I
4-DIGIT MARKING | Fmex l
(% Prateq) |
The R is used as a decimal point. |
50 |
Magnitude indicators. l
|
RESISTANCE INDICATOR |
1Q10240 Q R }
0 T T } T T
Example. -55 0 50 70 100 125
Tamb ©C)
MARKING RESISTANCE
1R20 1.2Q
25R0 25 O Fig.5 Maximum dissipation (Pnax) in percentage of rated power
as a function of the ambient temperature (Tamp)-
200R 200 Q

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

ELECTRICAL DATA

Standard values of resistance and
tolerance

The resistors are available in the
E24 series for resistors with a
tolerance of £5%. The values of the
E24 series are in accordance with
“IEC publication 63”.

The limiting voltage (DC or RMS)
is 200 V. This is the maximum
voltage that may be continuously
applied to the resistor element, see
“IEC publication 115-8".
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Dissipation

The rated power that the resistor can
dissipate depends on the operating
temperature (see Fig.5).

Fusing characteristics

The resistors wiii 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 6, 7 and 8).

The fusing characteristic is measured
with mounted resistors on a ceramic
substrate (see Fig.9).
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Product specification

Fusible resistor chip

FRCO1

size 1206
100 MsB218 100 MSB219
t t
) 49 ) 49
10 10
3 3
1 1
0.3 0.3
0.1 0.1
0.03 0.03
0.01 0.01
3 4 5 6 7 8 2 3
P overload (W) P overload (W)

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

Fig.6 Fusing characteristic: 1 Q<R < 4.7 Q.

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

Fig.7 Fusing characteristic: 4.7 Q <R <100 Q.

MSB220

P overload (W)

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

Fig.8 Fusing characteristic: 100 Q < R < 240 Q.
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Philips Components Product specification

Fusible resistor chip

size 1206 FRCO1

resistor mount (FACE UP)

A RN

MsB217
conductor:  NiCr Au 1.5 pm

Ni 0.5 um
Au 0.1 pm
ceramic: Alp O3 1.7x 1.0 mm

40.3 x 7.6 x 0.635 mm

lead frame mount

Fig.9 Test substrate layout.

COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2322 750. The subsequent 5 digits indicate the packaging -
and resistance value (see Tables 1 and 2).

Table 1 First digit to indicate packaging for resistances as listed.

CATALOGUE NUMBER 2322 750 ......
RESISTANCE RANGE T°"E(;‘)‘N°E SERIES BLISTER TAPE ON REEL
5000 units 10000 units
1002400 5 E24 6... 7.

To complete the catalogue number (see Table 1), replace the first three dots of the remaining 4-digit code by the first
three digits of the resistance value. Replace the fourth dot (last digit) by a figure according to Table 2.

Table 2 Last digit of 12 NC. Ordering example
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110910 8 re§|stor, value 200 Q,'packed in
blister tape and supplied on a reel of
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Philips Components

Product specification

Fusible resistor chip
size 1206

FRCO1

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 and EIAJ.

The tests are carried out in

“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.

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.

accordance with |EC publication 68, (860 mbar to 1060 mbar).
Table 3
IEC IEC 68-2
115-8 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD
Tests in accordance with the schedule of IEC publication 115-8
441 visual examination no holes; clean surface;
no damage
4.4.2 dimensions gauge 0.45mm<T<0.65 mm
(outline) 1.40 mm < W < 1.80 mm
3.0mm<L<33mm
4.5 resistance applied voltage (+0/~10%): R - Rpom: max. £5%
R<10Q: 0.1V
10Q<R<100Q:0.3V
4.18 20 (Tb) resistance to 10 s; 260 15 °C; flux 600 AR/R max.: + 1% +0.05 Q
soldering heat
4.29 45 (Xa) | component isopropy! 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
413 short time overload | room temperature; AR/R max.: £1% +0.05 Q
dissipation 6.25 x Py,
5 s (voltage not more than 2 X Vmax)
4.19 14 (Na) |rapid change of 30 minutes at -55 °C and AR/R max.: +1% +0.05 Q
temperature 30 minutes at +125 °C; 5 cycles
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Product specification

Fusible resistor chip

. FRCO1
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)
st cycle
4.23.4 1 (Aa) cold 2 hours; -85 °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 AR/R max.: £3% +0.1 Q
(accelerated)
remaining cycles
4.6.1.1 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 0.01 P,, (IEC steps: 4 to 100 V) AR/R max.: +3% +0.1 Q
4.25.1 endurance 1000 hours; loaded with Py, or Vinax; no visible damage
(at 70 °C) 1.5 hours on and 0.5 hours off AR/R max.: +3% +0.1 Q
4.23.2 27 (Ba) endurance at 1000 hours; 125 °C; no load no visible damage
upper category AR/R max.: 3% +0.1 Q
temperature
4.8.4.2 temperature at 20/-55/20 °C and 20/125/20 °C 1Q< R 47Q:
coefficient <4250 x 106/K
51Q< R<240Q:
<4200 x 106/K

Tests in accordance with IEC publication 115-1

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 15 °C;
flux 600
4.22 6 (Fc) vibration frequency: 10 to 500 Hz; no damage
(mounted state) displacement 1.5 mm or acceleration AR/R max.: +1% +0.05 Q
10 g; three directions; total 6 hours
4.20 29 (Eb) |bump 3 x 1500 bumps in three directions; 40 g | no damage
(mounted state) AR/R max.: +1% +0.05 Q
4.12 noise IEC publication 195 R <240 Q: max. 1 pv/V
(measured with Quantech equipment)
Other applicable tests
leaching unmounted chips 60 s; 260 5 °C good tinning; no leaching
damp heat 1000 hours; +40 °C; 90 to 95% RH; AR/R max.: £5% +0.10 Q
(steady state) loaded with P,, or 200 V;
(J1S) max. 1.5 hours on and 0.5 hours off
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Product specification
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Trimmable resistor chip

RCO2TR

FEATURES

¢ Reduced size of final equipment
e Low assembly costs

o 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.

Trimming instructions with
YAG-laser showing 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.
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QUICK REFERENCE DATA

DESCRIPTION

VALUE

Resistance range

1 Qto 1 MQ; E24 series

Resistance tolerance

0/-20% and 0/-30%

Maximum trimming factor 2.0x

Temperature coefficient:
1Q<R<499Q <4250 x 106/K
51Q<R<9.76 Q <4200 x 1076/K
10Q<R<1MQ <4100 x 10-6/K

Absolute maximum dissipation at 0.25 W

Tamb=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 AR/R max.: +1% +0.05 Q
load, 8000 hours at Tamp = 70 °C AR/R max.: +2% +0.10 Q
climatic tests AR/R max.: +1.5% +0.05 Q
soldering AR/R max.: 1% +0.05 Q
short time overload, 400 V max. AR/R max.: +1% +0.10 Q

Note

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

MECHANICAL DATA

— l<— 0.50 £0.25
-‘>‘ <+—0.45 £0.25

Dimensions in mm.

3_20+0.10 »

-0.20

Fig.1 Outlines.

protective coat

resistor layer
inner electrode

end termination
ceramic substrate

protective coat

MBAS564 - 1
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Trimmable resistor chip
size 1206

RCO2TR

Mass
1.0 g (per 100 units).

Protection of laser cut

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

Mounting

Due to their rectangular shape and
small tolerances on the dimensions,
Surface Mounted Resistors are
suitable for handling by automatic
placement systems. Chip placement
can be done 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 robust construction of the device
allows it to be completely immersed in
a solder bath of 260 °C for up to 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).

Soldering conditions

Surface Mounted Resistors RC02TR
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 2, 3 and 4.

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.
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MBAS01
(°c)

240 20 K/s

175

200 K/s

45 s max 10s e
preheating soldering cooling

Fig.2 Infrared soldering.

MBAS02
(©c)
250

200 K/s
~a f
cooling in
free air

80

5s

preheating soldering cooﬁng

Fig.3 Wave soldering. The resistors may be soldered twice
according to this method if necessary.

MBA500
(°c)

215

10s 60s e
preheating soldering cooling

Fig.4 Vapour phase soldering.
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Product specification

Trimmable resistor chip
size 1206

RCO2TR

ELECTRICAL DATA

Standard values of resistance and
tolerance

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

The limiting voltage (RMS) is 200 V.
This is the maximum voltage that may
be continuously applied to the resistor
element or the insulation, see

“IEC publication 115-8".

Dissipation

The rated power that the resistor can
dissipate depends on the operating
temperature (see Fig.5).

100

Pmax
(% Prated )

50

MBAS78

Fig.5 Maximum dissipation (Pnax) in percentage of rated power
as a function of the ambient temperature (Tamp)-

T
100

T
155
Tamb (°C)

COMPOSITION OF THE CATALOGUE NUMBER
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 First digit to indicate packaging for resistances as listed.

CATALOGUE NUMBER 2322 724 9....
TOLERANCE CARDBOARD TAPE BLISTER TAPE
RESISTANCE RANGE %) SERIES ON REEL ON REEL
5000 units 5000 units
1Qto 1 MQ 0/~20 E24 ON REQUEST
0/~30 E24
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Trimmable resistor chip
size 1206

RCO2TR

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

“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.

Temperature: 15 °C to 35 °C

In Table 2 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

EIA and EIAJ.

The tests are carried out in
accordance with IEC publication 68,

Relative humidity: 45% to 75%

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

our method of specifying.

Table 2
IEC 68-2
'5&1&;: TEST TEST PROCEDURE REQUIREMENTS
METHOD
417 20 (Ta) soldering unmounted chips completely immersed | good tinning
for 2 £0.5 s in a solder bath at no damage
235 £10 °C; flux 600; 0.2% Cl activated
flux 600
4.18 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 +125 °C; 5 cycles
4.22 6 (Fc) vibration frequency: 10 to 500 Hz; no damage
displacement 1.5 mm or acceleration | AR/R max.: +0.5% +0.05 Q
10 g; three directions; total 6 hours
4.20 29 (Eb) bump 3 x 1500 bumps in three directions; no damage
40g AR/R max.: £0.25% +0.05 Q
bending resistors mounted on a glass epoxy no visual damage
resin printed-circuit board (JIS-c5200); | AR/R max.: +1% +0.05 Q
bending 5 mm over 90 mm
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
(accelerated) AR/R max.: £1.5% +0.05 Q
remaining cycles
4.24.2 3(Ca) damp heat 56 days; 40 °C; 90 to 95% RH; loaded | Rj,s min.: 1000 MQ
(steady state) with 0.01 P,, (IEC steps: 1 to 100 V) AR/R max.: +1.5% +0.05 Q
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
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Trimmable resistor chip

. RCO2TR
size 1206
IEC 68-2
I(E:f AE:'ES TEST TEST PROCEDURE REQUIREMENTS
METHOD
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 ©
dissipation 6.25 x Pp;
5 s (voltage not more than 2 x Vipay)
4842 temperature between —55 °C and +155°C 1Q<R<4.99Q:
coefficient <1250 x 108/K
51Q<R<9.76 Q:
<+200 x 106/K
10Q<R<1MQ:
<+100 x 10°8/K
412 noise IEC publication 195 R < 1kQ: 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
upper category AR/R max.: +1% +0.05 Q
temperature
4.7 voltage proof on 200 V (RMS) during 1 minute no breakdown
insulation
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. . Selection Guide
Fixed Resistors .
Leaded resistors

APPLICATION RESISTANCE T?L' DISSIPATION TYPE PAGE
RANGE (%) (at °C) W)
Carbon film 1 Qto 10 MQ 5 70 0.33 |CR25 178
Standard film 1Qto3MQ 5 70 0.50 |SFR16 188
1Qto 10 MQ 0.40 |SFR25 196
0.50 |SFR25H CECC
Fusible 1Qto 15kQ 5 70 0.33 NFR25 211
0.50 |NFR25H 221
Metal film 4.99 Qto 1 MQ 1 70 0.40 |MRS16T 231
1Qto 10 MQ 0.60 MRS25 239
1Qto1MQ 0.5 0.40 MR25 247
0.50 |MR30
4.99 Qto 1 MQ 1 1.0 MR52
MIL metal film 10Qto 1 MQ 1 70 0.125 | MR24D 257
0.25 |MR34D
0.5 MR54D
0.75 MR74D

4.99 Qto 1 MQ 0.1;0.25; 0.5; 1 125 0.1 MR24E/C
0.125 | MR34E/C
0.25 |MRS4E/C

249 Qto 1 MQ 0.5 MR74E/C
Precision metal film 24 Q to 100 kQ 0.05; 0.02; 0.01 70 0.125 | MPR24 261
0.25 |MPR34
498 Qo1 MQ 0.5;0.25; 0.1 0.25 [MPR24
040 |MPR34
High voltage 100 kQ to 22 MQ 1;5;10 70 0.25 VR25 273
100 kQ to 33 MQ 1;5 0.50 |VR37 281
100 kQ to 68 MQ 1.0 VR68
Power metal film 022Qto1Q 5 70 0.6 PRO1 290
1Qto1MQ 1
033Qto1Q 1.3 PR02 303
1Qto1MQ 2
0.68 Qto1Q 1.6 PRO3 317
1Qto1MQ 3
1 Q1027 kQ 1.60 PR37 329
30 kQ to 1 MQ 1.20
1Qto51kQ 2.50 PR52 338
56 kQ to 1 MQ 2.00
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Leaded resistors

APPLICATION REEISTANCE TOL. DISSIPATION TYPE PAGE
ANGE (%) (at°C) w)
Cemented wirewound 0.1 Qto 1.5kQ 5 40 1.00 |ACO1 348
0.1 Qto 33kQ 40 3.00 |ACO03 357
4.00 |AC04
5.00 |ACO5
7.00 |[ACOQ7
10.0 AC10
15.0 AC15
20.0 AC20
Enamelled wirewound 4.7 Q to 100 kQ 5 70 4.00 |WR0617E 367
7.00 |WRO0825E
11.0 WRO0842E
17.0 WRO0865E
'| Stand-up miniature 0.1 Qto 560 Q 5 70 2.00 [SMWO02 373
power wirewound 3.00 |SMWo03
5.00 |[SMWO05
Precision wirewound 0.22 Qto 12 kQ +1 25 2.0 PACO02 380
3.0 PAC03
4.0 PAC04
5.0 PACO05
6.0 PACO06
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Fixed Resistors

General Introduction
Leaded resistors

INTRODUCTION
The data are presented - whenever possible - according to
a ‘format’, in which the following items are stated:
e TITLE
e FEATURES
o APPLICATION
e QUICK REFERENCE DATA
DESCRIPTION
MECHANICAL DATA
— Mass
— Mounting
— Marking
» ELECTRICAL DATA
— Standard values of rated resistance and tolerance
¢ COMPOSITION OF THE CATALOGUE NUMBER
o TESTS AND REQUIREMENTS
o PACKAGING.

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.

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.1) does include however, length (L),
diameter of the body (D) and the lead diameter (d). For
certain types, the length is stated as L1 and Ly; L1 is the
body length, L; is the body length plus lacquer on the
leads. By specifying L4/Lp, 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.2) and moving these plates parallel to each
other, until the resistor body is clamped without
deformation (“/EC publication 194%).

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

terminations.

4—-——L1—>

\
— od
* MBCé84
@D

Fig.1 Component outline.
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~—— 28%2 o

Dimensions in mm.

I | 2812
7 7
& ¥
v ’ | ' ;/_ZL : QQ d
% . % gD MBCE73
gauge plate

Fig.2 Measurement of dimension L.

2 2.5 max
>

0.5
max

MBCess U ————»

Dimensions in mm.

Fig.3 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.

d 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.

Mounting

Most types with straight axial leads and most in the
‘stand-up’ version (radial leads; see Fig.3) are suitable for
processing on automatic insertion equipment, cutting and
bending machines.

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 “/EC 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.qg. if the products are too small.
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o

=

_

—

figures  muiltiplier tolerance  temp. coeff.

(KI‘A) (-107%K)

0.01 10% | silver

0.1 5% | — gold
[0 1 f 200 —{ black
| 1 —1{ 10— 1% |—{ 100 —{ brown
2 —100 +——{2% |—1 501 —red
| 3 1 1K 15 |— orange
| 4 —1 10K 25 — yellow
| § 100K —1 05% green
| 6 —1 1M _|—1 0.25% (—1 10 blue
| 7 —(IOM — 01% jJ—1 5 violet
| 8 | 1 grey
KN white

Fig.4 Marking.

MLB747

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 book.

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,
MRS54E/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/SFR16T

Grey NFR25, NFR25H

Green MR25, MR30, MR52, MR24E/C/D,
MRB34E/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, PR0O1, PR02, PRO3

Brown WRO0167E, WR0842E, WR0825E,

WRO0865E

Red-brown

SFR25H
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ELECTRICAL DATA

The electrical data 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:

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

The stability of a film resistor during endurance tests is
mainly determined by the hot-spot temperature and the
resistance. The lower the resistance - other conditions
remaining constant - the higher the stability due to greater
film thickness.

May 1994

Summarizing.

DESCRIPTION

Dimensions and conductance
of materials determine

RELATIONSHIP
heat resistance

Heat resistance x dissipation
gives

temperature rise

Temperature rise + ambient
temperature give

hot-spot temperature

Hot-spot temperature and stability

resistance value determine

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 Tpy = Tamp + AT it follows that:

Tm_Ta

P = mb

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,
dap _ 1
dT, A
is the reciprocal of the heat resistance and is the
characteristic for the resistor.

The stability AFR can be determined experimentally, for

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

when log éRB is plotted against Tp,.

A combination of the graphs of P and AFH against Tn, gives

a nomogram from which the values of several variables
can be determined for a resistor of a given size under
different working conditions. An example of such a.
nomogram with fictitious values is given in Fig.5. The
intersection of the broken line with the horizontal axis gives
the hot-spot temperature under chosen conditions.
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Fig.5
the performance of film resistors.

| Tamb=
08 7 200C
P
W) 60°C
70°C
04 4= ———— ——
100°C
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02 -
éR—R (%) 01 | I 1400¢
a o 10/1/15°°C
T T T T T
1 05 0.1 | 150 Tm (°C)

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

T
50 100 :

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.
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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
1100 x 10-8/K its resistance will be,

at25 °C:

1000000 Q (nominal = rated value)

at +155 °C:

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

at -55 °C:

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

If the temperature coefficient is specified as <100 x 106/K
the resistance will be within the shaded area as shown in
Fig.6

+1.3%

+0.8%

Rnom

-0.8%

-1.3%

MBC796

Fig.6 Temperature coefficient.
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HEAT RESISTANCE (Ri,)

Heat resistance is the 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 (Tys) of the resistor in
relation to the ambient temperature (Tamp) 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
(Tamb between 20 and 25 °C).

The resistor is mounted on a PCB (see Fig.7) which is set
up vertically, with the resistor horizontal. Using an infrared
camera, a thermal image is made of the resistor, thus
defining the hot-spot and solder-spot temperatures.

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

PULSE-LOAD BEHAVIOUR

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

which will cause a resistor to fail by going open circuit. This
theoretical maximum can be expressed in terms of
maximum peak pulse power ( Pmax) and pulse duration (t;);
the straight line in Fig.8 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.8 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.8 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.9 should not be
exceeded.

connecting

copper 35 ym
not tinned

I e

l}
I\ hole © 1.2

Dimensions in mm.

MLB380

Fig.7 Mounting dimensions.
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103 MBC677
i
A
Pmax N i i
v) ~ 1 N A
< 3 P for single pulsetH
™~ NN (theoretical)
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A
— 10{\30 TIH-<*T Tl P for single pulse =
i Cso0 ! = H (experimental) 4
T~ ™~ : F
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Fig.8 Maximum permissible peak pulse power (Ppnay) as a function of pulse duration (t;) for a typical resistor.
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Fig.9 Maximum permissible peak pulse voltage (Vmax) as a function of pulse duration (t) for a typical resistor.
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MGA206

Fig.10 Rectangular pulses.

MGA207

Fig.11 Exponential pulses.

Definition of symbols used in Figs 8, 9, 10 and 11.

SYMBOL DESCRIPTION

p applied peak pulse power

Pmax maximum permissible peak pulse power
(Fig.8)

Vi applied peak pulse voltage (Figs 10 and 11)

Vinax maximum permissible peak pulse voltage
(Fig.9)

Rnom nominal resistance value

ti pulse duration (rectangular pulses)

tp pulse repetition time

T time constant (exponential pulses)

Tamb ambient temperature

Tm(max) maximum 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.

May 1994

Determination of pulse-load

The graphs in Figs 8 and 9 may be used to determine the
maximum pulse-load for a resistor. The calculations
assume:

Tamb =70 °C
Thsp is the maximum permissible hot-spot temperature
for the relevant resistor family

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

o For repetitive rectangular pulses:
.2
- -ﬁ- must be lower than the value of Ppay given by the
solid lines of Fig.8 for the applicable value of tj and
duty cycle t/t;.
— V;must be lower than the value of Viax given in Fig.9
for the applicable value of t;.
e For repetitive exponential pulses:
— As for rectangular pulses, except that tj= 0.5 1.
e For single rectangular pulses:
-2

V; L
- ﬁl must be lower than the P, given by the dashed

line of Fig.8 for the applicable value of t;.

— V;must be lower than the value of Vmax givenin Fig.9
for the applicable value of t;.
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Examples

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

CONTINUOUS PULSE TRAIN

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

Therefore:

. 2 t -3

p=30 _4ewand 2 =19 - 100
100 t; 10—5

t .
Fort;=105sand t—p = 100, Fig.8 gives Prax=19W

and Fig.9 gives A\"lmax =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
5 _ 200
Pmax = Tgg5 = 40 W

The dashed curve of Fig.8 shows that att;= 104 s, the

permissible Prax =70 W and Fig.9 shows a permissible
Vmax Of 480 V, so this resistor may be used.

May 1994

COMPOSITION OF THE CATALOGUE NUMBER

Resistors are ordered by their catalogue number, a
12-digit number. The packaging method is an integral part
of this number, and so is the resistance code.

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.

STANDARD PACKAGING

Most types may be processed automatically and are
supplied on tape on a bandolier which fits most commonly
used automatic mounting machines. Not all bandolier
configurations are identical, the deviating parameters are
given in Figs 12 and 14.

For specific details refer to the relevant data sheet.
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P 0.8 max displacement between any NS
| % two resistors

A
Dimensions in mm.
S = spacing
T = maximum deviation of spacing: 1 mm per 10 spacings or 0.5 mm per 5 spacings
a = tape width

A = tape distance
B1 - B2 = eccentricity
0.5 mm is the maximum displacement between any two resistors for types SFR16T, MRS16T and MRS16Tli.

Fig.12 Axial on tape.
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MBCs80

\M

T~

Bandoliers may be supplied concertinaed in a cardboard box (‘ammopack’).
Extraction force for components in the tape plane, vertically to the direction of unreeling: 25 N.

Fig.13 Bandolier in ammopack.

Table 3 Taping dimensions (see Figs 13 and 14).

SYMBOL PARAMETER
D body diameter
A body length
d lead wire diameter
P pitch of components
Po feed-hole pitch
T cumulative pitch error
Py feed-hole centre to lead at top side of the tape
Ps feed-hole centre to body centre
F lead-to-lead
Ah component alignment
Ag component alignment
w tape width
Wo hold down tape
Wi hole position
Wp hold down tape pusition
Ho lead wire clinch height
Hq component height
Do feed-hole diameter
t total tape thickness
L length of snipped lead
L4 lead wire (tape portion) shortest lead

May 1994
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Ah-sr4qw-Ah

Dimensions in mm.

a=2 O.QVg'2 mm

Fig.14 Radial on bandolier.

Hy W2 i
1 W 1] 1l I [ IJ th? -
R R R S
4L~
o eiRI—
[N ol F e la— Pg—ulPyle ->l DoL- MBC576
‘ ’ o =30° to 40°

detail A
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253 MLB8o2

\332 +2 ﬁ
\)/45;2

Dimensions in mm.

Fig.15 Dimensions of ammopack (radial taped).
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22030' (16x)

F1o

30 77 85.6

mERy

- - 22,5

Q

4
MBCss7
V —

—— §—

220 mm leader at
beginning and end

A

Dimensions in mm.

Fig.16 Bandolier on reel.
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Carbon film resistor

FEATURE

o Low cost.

APPLICATIONS

* Low cost and low performance
e Commodity products.

DESCRIPTION

Resistors of 10  to 1 MQ have a
homogeneous film of pure carbon
deposited on a high grade ceramic
body. Resistors with R < 10 Q have
an electroless-deposited nickel film;
resistors with R > 1 MQ have a film of
chrome-silicon. 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 tan
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.

MECHANICAL DATA
Mass
23 g (per 100 units).

Mounting

The resistors are suitable for
processing on automatic insertion
equipment in addition to cutting and
bending machines.

Marking

The nominai resistance, toierance
and temperature coefficient are
marked on the resistors by four
coloured bands in accordance with
IEC publication 62 “Colour code for
fixed resistors”.
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QUICK REFERENCE DATA

CR25

Product specification

DESCRIPTION

VALUE

Resistance range

1 Qto 10 MQ, E24 series

LEO/
) /0

Absolute maximum dissipation at
Tamb = 70 °C; note 1

0.33 W

Basic specifications

IEC 115-1 and 115-2

Climatic category 55/155/56

Stability after:
load see Fig.2
climatic tests:
for R <220 kQ AR/R max.: £1.5% +0.1 Q
for R > 220 kQ AR/R max.: +3%
soldering AR/R max.: £0.5% +0.05 Q
short time overload AR/R max.: +1% +0.05 Q

Note

1. Dissipation at Tamp = 70 °C which causes the maximum permissible

hot-spot temperature of 155 °C to occur, irrespective of the resistance drift

provoked by this condition.

e——— Ly ——
v
——— ’ ] i@ d
— A
+ MBCs84
L oD
Dimensions in mm.
Fig.1 Component outline.
Table 1 Resistor dimensions (see Fig.1).
D Ly Ly d
TYPE MAX. TYP. MAX. TYP.
CR25 25 6.5 7.5 0.6

The length of the body L4 (see Fig. 1) is measured by inserting the leads into
the holes of two identical gauge plates and moving these plates parallel to each

other until the resistor body is clamped without deformation, see

‘IEC publication 294”".
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ELECTRICAL DATA
Standard values of rated resistance MEwsr? Tamb =
(nominal resistance) are taken from 0.6 | |20
the E24 series within the range P .
1 Q to 10 MQ. The tolerance on the W) 20°C
rated resistance is £5%. 05
The limiting voltage (DC or RMS) is 60°C
250 V. This is the maximum voltage 04 ] f
that may be continuously applied to
the resistor element, see 1 80 °C
“IEC publication 115-1”. 03
Figure 2 is a performance nomogram i 100°C
showing the relationship between i
power dissipation (P), ambient 027 120 °C
temperature (Tamp), hot-spot E
temperature (T,), resistance value o1 140 °C
(R), and maximum resistance drift ’
(AR/R) after 1000 hours of operation. : H 455 °c
For continuous operation longer or L |
shorter than 1000 hours (t,), the 2 40 & 80 190 | 120 | 140 Tm ()
stability can be approximated by 05 | 10(?0
multiplying the drift (AR/R) after AR ESES ~ — ——
1000 hours, with the square root of R = S ‘i

i i i i fter 1000 ~+ 1kQ
the tm_xe -ratlo as in the following a ﬁg i, \\ \\\\ \\l
equation: (%) 2 AN ~ |7 10 ke
(AR/R after x h) = R~ C [
(AR/R after 1000 h) x (t¢/1000)"2, 5 N - BN 3 100 kO

~ =1 ma

Notes on nomogram (Fig.2) 10 = N f
1. The nomogram should not be 20 \\:

extended beyond the maximum i 10MQ

permissible hot-spot temperature i

of 155 °C.
2. The resistance change given by

the nomogram for P=0 ata Fia.2 Drift

particular ambient temperature is 19.2 Drift nomogram.

indicative of the shelf life stability

of aresistor at that temperature. g g0 publication 115-1”is still bridge the gap between the

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

4. Inthe nomogram the limiting
voltage of the resistors has not
been taken into consideration.

May 1994

based on the conventional
method of rating resistors by a
fixed ‘rated dissipation’ at 70 °C
requiring at that dissipation a
fixed maximum permissible drift.
In our specification, however, the
rated dissipation is no longer
specified and also the guaranteed
resistance drift is made
dependent on the working
conditions. Figure 3 is added to
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system of IEC 115-1 and our
system. In Fig.3 the permissible
dissipation at 70 °C for a
resistance drift of maximum 1.5%
after 1000 hours is given, taking
into consideration that the
hot-spot temperature should not
rise above 155 °C (horizontal part
of the curve). In our specification
the curve of Fig.3 replaces the
rated dissipation.
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Carbon film resistor CR25
10 MEA588
P
W)

1

]
= L CR25
\\\
107"
\\
~

102 N

<102 108 104 108 108 R (@) 107

Fig.3 Maximum permissible dissipation at Tamp = 70 °C as a function of the resistance value for a resistance drift
of 1.5% after 1000 hours, or for a maximum temperature of 155 °C without reaching the resistance drift of
1.5%,; limiting voltage being taken into account.

MEAS90

-800

TC
1076/K
( ) /
)3
-600
"
¥
'/
Vy A
A A
-
-400 T o
90 % confidence interval L A=t |1 L
L L] e — | Lttt _F
Ip——n— = B o ol IREREEE ey LL o =
-200 FT T T T
0
102 108 10 108 108 107

R@)

For values < 10 Q the temperature coefficient is <200 x 10-%/K.
For values > 1 MQ the temperature coefficient is <+250 x 10-9/K.

Fig.4 Temperature coefficient as a function of the resistance value.
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20 MEAsS9 o
noise
(dB)
16 L 66
AT v
12 o 4
8 Zaf 25
CR25|
4 B 1.7
L1
L~
0 1
4 ol 0.67
/
-8 y 0.4
fﬂ‘
-12 -] 0.25
-16 A 0.15
20 %t 0.1
10 102 108 104 10° 108 R@ 107

95% confidence level.

Fig.5 Noise as a function of the resistance value; 0 dB = 1 pV/V.

High frequency behaviour

The behaviour of a resistor at high
frequencies is influenced not oniy by
its construction but also by external
factors such as the length of the
leads, environmental stray
capacitances and the measuring
apparatus. These factors have to be
considered when measuring. Table 2
gives typical values under test
conditions at 250 MHz using the
measuring arrangement shown in
Fig.6. An RX-meter type 250 A of
Boonton Radio Corporation is used.
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Table 2 Frequency: 250 MHz.

5
CR25 cq r
Fom | | 3 RONE
) Room | (deg) D 20
10 2.97 70 ._l
22 161 51 (o)
56 1.07 28
100 1.02 22
220 0.99 9 6
560 0.97 5 Z
1000 0.92 -15 MEASS3
2200 0.82 35 Fig.6 Measuring arrangement.
5600 0.41 66
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Carbon film resistor CR25

COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2322 211. The subsequent 5 digits indicate the packaging
and resistance value (see Tables 3 and 4).

Table 3 First two digits to indicate packaging for resistances as listed.

LIMITING
CATALOGUE
RESISTANCE TOL. VOLTAGE
(1)
TYPE RANGE (%) RMS VALUE PACKAGING! QUANTITY NUMBER
2322 211 .....
v)
CR25 1 Qto 10 MQ 15 250 on reel 5000 23...
in box 5000 73...
Note

1. Alternative packaging is available on request.

To complete the catalogue number (see Table 3), replace the first two dots of the remaining 3-digit code by the first two
digits of the resistance value. Replace the third dot by a figure according to Table 4.

Table 4 Last digit of 12 NC.

RESISTANCE LAST DIGIT
1109.1Q
101091 Q
100t0 910 Q
110 9.1 kQ
10 to 91 kQ
100 to 910 kQ
110 9.13 MQ
10 MQ

Ol |WIN|—=]O©]|@®

Ordering example

The catalogue number of a CR25
resistor, value 5600 Q +5%, taped on
a 52 mm bandolier packed in an
ammopack of 5000 units is:

2322 211 73562.
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TESTS AND REQUIREMENTS

Essentially all tests are carried out in
accordance with the schedule of
“IEC 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

“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.

Temperature: 15 °C to 35 °C

Relative humidity: 45% to 75%

Air pressure: 86 kPa to 106 kPa

In Table 5 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.

accordance with IEC publication 68, (860 mbar to 1060 mbar).
Table 5
IEC 115-1 IEC 68
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
416 U robustness of
terminations:
4.16.2 Ua tensile all samples |2 0.6 mm;load 10 N; 10 s number of failures <10 x 106
4.16.3 Ub bending half 2 0.6 mm; load 5 N; 4 x 90° number of failures <10 x 106
number of samples
4.16.4 Uc torsion other half | 3 x 360° in opposite directions no damage
number of samples AR/R max.: +0.5% +0.05 Q
417 Ta solderability 2 s; 235 °C; flux 600 good tinning; no damage
4.18 Tb resistance to thermal shock: 3 s; 350 °C; AR/R max.: +0.5% +0.05 Q
soldering heat 6 mm from body
419 Na rapid change of 30 minutes at -55 °C and AR/R max.: £0.5% +0.05 Q
temperature 30 minutes at +155 °C; 5 cycles
4.20 Eb bump 3 x 1500 bumps in three directions; no damage
409 AR/R max.: 0.5% +0.05 Q
4.22 Fc vibration frequency 10 to 500 Hz; displacement | no damage
1.5 mm or acceleration 10 g; three AR/R max.: +0.5% +0.05 Q
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; 90 to 100% RH
(accelerated)
1st cycle
4.23.4 Aa cold 2 hours; -55 °C
4.23.5 M low air pressure 2 hours; 8.5 kPa; 15 to 35 °C
4.23.6 Db damp heat 5 days; 55 °C; 95 to 100% RH Rins min.: 1000 MQ
(accelerated) R < 220 kQ:
remaining cycles AR/R max.: +1.5% +0.1 Q
R > 220 kQ:
AR/R max.: +3%
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IEC 115-1 EC 68
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.24.2 Ca damp heat 56 days; 40 °C; 90 to 95% RH; Rine mMin.: 1000 MQ
(steady state) the dissipation should not exceed 1% | g < 220 kQ:
of the value indicated in Fig.3 AR/R max.: +1.5% +0.1 Q
R > 220 kQ:
. AR/R max.: £3%
4.25.1 endurance 1000 hours at 70 °C; dissipation R<1MQ:
taken from Fig.3 AR/R max.: +1.5% +0.1 Q
R>1MQ:
AR/R max.: +2% +0.1 Q
484 temperature between -55 °C and +155 °C see Fig.4
coefficient
4.7 voltage proof on 500 V (RMS) during 1 minute; V-block | no breakdown
insulation method
4.12 noise IEC publication 195 see Fig.5
4.6.1.1 insulation resistance | 100 V (DC or RMS) during 1 minute; | Rj,s min.: 1000 MQ
V-block method
4.13 short time overload | room temperature; dissipation AR max.: +1% +0.05 Q
6.25 x value taken from Fig.3 (voltage
not more than 2 x limiting voltage);
10 cycles; 5 s on and 45 s off
4.11 voltage coefficient <5x 106

May 1994
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PACKAGING

The resistors are supplied on bandolier; either in ammopack or on reel. For details refer to Section “General Introduction
leaded resistors” in the data handbook PA08.

Dimensions of ammopack.

TYPE QUANTITY M N P
(mm) (mm) (mm)
CR25 5000 78 98 270
Dimensions of reel.
TYPE QUANTITY Q v
(mm) (mm)
CR25 5000 305 73
Tape and reel data
P O 0.8 max displacement between any AN
—* |+ two resistors
T
T MBA504
- a |e B1 B2
A
Fig.7 Axial on tape.
Dimensions of bandolier.
TYPE a A 1By - Bal S T
(mm) (mm) (mm) (mm) (deviation of spacing)
CR25 6+0.5 525+1.5 max. £1.2 5 max. 1 mm per 10 spacings
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Standard metal film resistor

FEATURES

o Small size
e Low noise.

APPLICATIONS

o Commodity products
o Equipment requiring CECC
approval (SFR16T CECC only).

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-green for
type T and T CECC,; light-blue for
type S) 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 68-2045.
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QUICK REFERENCE DATA

SFR16

DESCRIPTION

VALUE

Resistance range

1 Q to 3 MQ; E24 series

Resistance tolerance

5%

Temperature coefficient:

R<47Q <4250 x 10-6/K
4.7Q<R<100 kQ <4100 x 10-6/K
R > 100 kQ <4250 x 10-8/K
Absolute maximum dissipation at 0.50 W
Tampb =70 °C
Thermal resistance, R 170 KW
Maximum permissible voltage 200 v
Noise:
R<68kQ max. 0.1 uyV/V
68 kQ <R <100kQ max. 0.5 pV/V
R > 100 kQ max. 1.5 uyV/V
Basic specifications IEC 115-1 and 115-2
Climatic category (IEC 68) 55/155/56
Approval (SFR16T CECC only) CECC 40 101

Stability after:
load
climatic tests
soldering
short time overload

AR/R max.: +1% +0.05 Q
AR/R max.: +1% +0.05 Q
AR/R max.: £0.25% +0.05 Q
AR/R max.: £0.25% +0.05 Q
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Standard metal film resistor SFR16
MECHANICAL DATA
Mass
L

12.5 g (per 100 units). ! .

— v
Mounting ( , *g d

. , L} —~__ 4

The resistors are suitable for 3 MBCs84
processing on automatic insertion Ly 2D

equipment in addition to cutting and
bending machines. The minimum
pitch for this type is 2e (5 mm.)
Figure 5 shows the temperature rise
at the soldering point.

Marking

The nominal resistance and tolerance
are marked on the resistors by four
coloured bands in accordance with
|EC publication 62 “Colour code for
fixed resistors”.

ELECTRICAL DATA

Standard values of rated resistance
{nominal resistance) are taken from
the E24 series within the range

1 Q to 3 MQ. E24 series of values is
given in the table “Standard series of
values in a decade” on the back
inside cover of data handbook PAQ08.
The tolerance on the rated resistance
is £5%.

The limiting voltage (DC or RMS) is
200 V. This is 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.

May 1894

Dimensions in mm.

(bare bottom).

Standard version, specially made to obtain a minimum ‘clean lead to clean lead’ dimension Ly

Fig.1 Component outline.

Table 1 Resistor dimensions (see Fig.1).

D L L d
TYPE MAX. TY1P. MA2X. TYP.
SFR16S 1.9 3.2 3.4 0.45 +0.05
SFR16T 1.9 3.5 3.7 0.45 +0.05
SFR16T CECC 1.9 3.5 3.7 0.5 -0.04

The length of the body L (see Fig.1) is measured by inserting the leads into the
holes of two identical gauge plates and moving these plates parallel to each
other until the resistor body is clamped without deformation, see

“IEC publication 294”.
051 MEASS4
Prated |
W) 044 }
|
|
0.3 }
|
0.2 :
: | \\\
0.1 ! R>100kQ | “so
I : \\\\
o T M T T T T
40 60 70 80 100 120 o 140 155
Tamb("C)
Fig.2 Maximum rated power dissipation (Paieq) as a
function of the ambient temperature (Tamb)-
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Philips Components Product specification
Standard metal film resistor SFR16
Tamb = 40 °C 70°C
0.5
P e
w)
0.4 -
03 100 °C
0.2 125°C
0.1 -
155 °C

i5 10 07 05 0.3 02

01%  AR/RforR<100kQ
20 15 10 07 05 03 02%  AR/RforR>100kQ EASSS
Fig.3 Drift nomogram.
MEAS591 MEAS592
60
/ 2| 5/10 15 mm—
100 / AT Y/ s
/ 4 Vi
AT T 40 /{//
® /1 /////
A 74,
50 / 1 /.
i v,
20
)4 ! 4
7 .
/ |
0 l Na
o 0.2 0.4 06 p () 08 0 0.2 0.4 06 p ) 08
Fig.5 Temperature rise (AT) at the end of the lead
Fig.4 Hot-spot temperature rise (AT) as a function (soldering point) as a function of dissipated
of dissipated power. power at various lead lengths after mounting.
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Philips Components Product specification

Standard metal film resistor SFR16
10° MEA685 - 1
A
Pmax
W)
N~
~
102 =
——tp/ti= 1000 = =2
500 =
\\~ E EE ?gg I~ ™ -~
10 C== 50
20 =
10 F—— <
5 e L TS M
1 2 T SRS
107!
1078 1075 1074 1073 1072 10~

ti(s) 1

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

MEAG89
600

A
Vmax
V)
500

400

300 N

200 N

100

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

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

Standard metal film resistor SFR16

COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2322. The subsequent 8 digits indicate the packaging and
resistance value (see Tables 2 and 3).

Table 2 First five digits to indicate packaging for resistances as listed.

BANDOLIER CATALOGUE

TYPE A AN E T&‘; WIDTH | PACKAGING®™ |QUANTITY|  NUMBER

(mm) 2322 ... .....
SFR16S 1 Qto3MQ 15 52 ammopack 1000 187 73
ammopack 5000 187 53
on reel 5000 187 83
SFR16T 1Qto 3 MQ +5 52 ammopack 1000 180 73
ammopack 5000 180 53
on reel 5000 180 83
SFR16T CECC 1 Q1o 3MQ 5 52 ammopack 1000 180 76
ammopack 5000 180 56
on reel 5000 180 86

Note

1. Alternative packaging is available on request.

To complete the catalogue number (see Table 2), replace the first two dots of the remaining 3-digit code by the first two

digits of the resistance value. Replace the third dot (last digit) by a figure according to Table 3.

Table 3 Last digit of 12 NC.

RESISTANCE

LAST DIGIT

1t109.1Q

10to 91 Q

10010910 Q

1109.1 kQ

10 to 91 kQ

100 t0o 910 kQ

1103 MQ

WD =]O©|®

Ordering example

The catalogue number of a SFR16T
resistor, value 5600 Q +5%, on a
52 mm bandolier of 1000 units in
ammopack is: 2322 180 73562.

For a CECC approved resistor the

catalogue number is:

2322 180 76562.
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Product specification

Standard metal film resistor

SFR16

TESTS AND REQUIREMENTS

Essentially all tests are carried out in
accordance with the schedule of
“IEC 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

“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.

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 “/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.

accordance with IEC publication 68, (860 mbar to 1060 mbar).
Table 4
IEC 115-1 IEC 68
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.16 U robustness of
terminations:
4.16.2 Ua tensile all samples | 0.5mm;load5N; 10s number of failures <10 x 106
4.16.3 Ub bending half @ 0.5 mm,; load 2.5 N; 4 x 90° number of failures <10 x 106
number of samples
4.16.4 Uc torsion other half |3 x 360° in opposite directions no damage
number of samples AR/R max.: £0.25% +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.: £0.25% +0.05 Q
soldering heat 6 mm from body
4.19 Na rapid change of 30 minutes at -55 °C and AR/R max.: £0.25% +0.05 Q2
temperature 30 minutes at +155 °C; 5 cycles
4.20 Eb bump 3 x 1500 bumps in three directions; no damage
409 AR/R max.: 0.25% +0.05 Q
4.22 Fc vibration frequency 10 to 500 Hz; displacement | no damage
1.5 mm or acceleration 10 g; three AR/R max.: +0.25% +0.05 Q
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; 90 to 100% RH
(accelerated)
st cycle
4.23.4 Aa cold 2 hours; -55 °C
4.23.5 M low air pressure 2 hours; 8.5 kPa; 1510 35 °C
4.23.6 Db damp heat 5 days; 55 °C; 95 to 100% RH Rins min.: 1000 MQ
(accelerated) AR/R max.: £1% +0.05 Q
remaining cycles
4242 Ca damp heat 56 days; 40 °C; 90 to 95% RH; Rins min.: 1000 MQ
(steady state) dissipation 0.01 P, AR/R max.: 1% +0.05 Q
4.25.1 endurance 1000 hours at 70 °C; P, or Vimax AR/R max.: 1% +0.05 Q
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Product specification

Standard metal film resistor

SFR16

IEC 115-1 IEC 68
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
484 temperature between -55 °C and +155 °C R < 4.7 Q: <4250 x 10-6/K
coefficient 47 Q<R<100 kQ:
<100 x 10-¢/K
R > 100 kQ: £ +250 x 10-6/K
4.7 voltage proof on 400 V (RMS) during 1 minute; no breakdown
insulation V-block method
412 noise IEC publication 195 R < 68 kQ: max. 0.1 pV/V
68 kQ <R <100 kQ:
max. 0.5 uyvV/\V
R > 100 kQ: max. 1.5 pvV/V
4.6.11 insulation resistance {100V (DC or RMS) during 1 minute; | Rihs min.: 1000 MQ
V-block method
413 short time overload | room temperature; AR/R max.: £0.25% +0.05 Q

dissipation 6.25 x 0.25 W (voltage not
more than 2 x limiting voltage);
10 cycles; 5 s on and 45 s off

to IEC 115-1, Jan. '87

intermittent overload |16 x 0.16 W; 1 s on and 25 s off; AR/R max.: £0.75% +0.05 Q
in accordance with 10000 +200 cycles; Vmax = 600 V
JIS-C5202 5.8

See 2nd amendment | pulse load Figs6and 7
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Philips Components Product specification

Standard metal film resistor SFR16

PACKAGING

The resistors are supplied on bandolier in ammopack, or on reel. For details refer to Section “General Introduction leaded
resistors” in data handbook PAOS.

Dimensions of ammopack.

M N P
TYPE QUANTITY (mm) (mm) (mm)
SFR16 1000 75 30 140
(all types) 5000 75 73 270
Dimensions of reel.
Q R \
TYPE QUANTITY (mm) (mm) (mm)
SFR16
(all types) 5000 265 75 86
Tape and reel data
SN 0.8 max displacement between any O
& | two resistors
T
i
A
Fig.8 Axial on tape.
Dimensions of bandolier.
TYPE a A IBy-Bal S T
(mm) (mm) (mm) (mm) (deviation of spacing)
SFR16 max. 1 mm per 10 spacings
(all types) 6405 525+1.5 max. £1.2 5 max. 0.5 mm per 5 spacings
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Philips Components

Standard metal film resistor

Product specification

SFR25

FEATURES
e Low cost

o Low noise.

APPLICATIONS

e General purpose resistor.

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-green for type
SFR25; red-brown for type SFR25H
CECC) which provides electrical,
mechanical and climatic protection.
The encapsulation is resistant to all
cleaning solvents, according to
MIL-STD-202E, method 215 and
IEC 68-2045.

May 1994

QUICK REFERENCE DATA

DESCRIPTION

VALUE

SFR25

SFR25H CECC

Resistance range

1 Qto 10 MQ, E24 series and jumper (0 Q)

Resistance tolerance

+5%

Temperature coefficient:
R<1MQ
R>1MQ

<4100 x 106/K
<4250 x 106/K

Absolute maximum dissipation
at Tamp = 70 °C

c.4W

0.5W

Thermal resistance, Ry,

200 KW

150 KW

Maximum permissible voitage

250V

350V

Noise:
R<1MQ
R>1MQ

max. 0.1 pV/V
max. 1.5 pV/V

Basic specifications

IEC 115-1 and 115-2

Approval

- CECC 40 101

Climatic category (IEC 68)

55/155/56

Stability for R =1 Q to 10 MQ

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

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

Stability for R <1 MQ

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

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

Stability for R > 1 MQ

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

- +2% +0.1 Q
- 2% +0.1 Q
- +0.25% +0.05 Q
- +1% +0.05 Q
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Philips Components Product specification
Standard metal film resistor SFR25
MECHANICAL DATA
Mass Ly
25 g (per 100 units). N/ { i
l_h_\ ’ 1] ’Q d
Mounting — i MBCse4
The resistors are suitable for . Lo .| 9D
processing on automatic insertion Dimensions in mm.
equipment in addition to cutting and . .
bending machines. The minimum Fig-1 Component outline.
pitch for this type is 4e (10.2 mm).
Figures 4 and 5 show the Table 1 Resistor dimensions (see Fig.1).
temperature rise at the soldering
point. D L¢ Lo d
TYPE MAX. MAX. MAX. TYPR.
Marking SFR25 25 6.5 7.0 0.55 +0.05
The nominal resistance, tolerance SFR25H CECC 25 6.5 7.0 0.6 £0.03

and temperature coefficient are
marked on the resistors by four or five
coloured bands in accordance with
IEC publication 62 “Colour code for
fixed resistors”.

ELECTRICAL DATA

Standard values of rated resistance
(nominal resistance) are taken from
the E24 series within the range

1 Q to 10 MQ. E24 series of values
is given in the table “Standard series
of values in a decade” on the inside
cover of the data handbook.

The tolerance on the rated resistance
is £5%.

The limiting voltage (DC or RMS)
is 250 V. This is 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.

May 1994

The length of the body L, (see Fig.1) is measured by inserting the leads into
the holes of two identical gauge plates and moving these plates parallel to
each other until the resistor body is clamped without deformation, see

“IEC publication 294”.
100 MLB650
Prmax |
(%Prated) :
75 |
I
l
50 |
I
|
25 | 1
! R>1MQ| S
| | ~
| | SN
0 | 1 S
U M T T T T T
40 60 70 80 100 120 o140 155
Tamb (°C)
Fig.2 Maximum dissipation (Pnax) in percentage of rated power as a
function of the ambient temperature (Tamp).
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Philips Components Product specification
Standard metal film resistor SFR25
Tamb = 40 °C 70°C
o 100 /
(%) N
75 | 100 °C
50 1 125°C
25 -
155 °C

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

3.0 2.0 1.0 0.7 0.5 03 % AR/RforR>1MQ

MLB651

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

Fig.3 Drift nomogram.
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Standard metal film resistor SFR25
MLB388 MEA687
40 | 50
AT
?K1)— 5 mm (K)
VI w
30 10— L
V p
/ // a
/// - 57 30 18 TT ,////7
20 A A 15 mm \?// -l
o > %
A " T
797 L 1A
- )%
10 = 74
10 2
0 0 0.1 0.2 0.3 0.4 0.5 Y
’ “Pw 0 0.2 04 o 06
SFR25 SFR25H
Fig.4 Temperature rise (AT) at the end of the lead Fig.5 Temperature rise (AT) at the end of the lead
(soldering point) as a function of dissipated (soldering point) as a function of dissipated
power at various lead lengths after mounting. power at various lead lengths after mounting.
MLB652
100
ar ||
(K) SFR25
80 /
v
60
SFR25H
//
40 d
20 //
/
V
0
0 0.1 0.2 0.3 0.4 0.5
P (W)
Fig.6 Hot-spot temperature rise (AT) as a function
of dissipated power.
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Standard metal film resistor SFR25
103 MLB389
A
Pmax
w) ]
~ L
102 =
~= tp/t ;= 1000
=
i 500 P~
— ] ~.._4:::200: =L 1~ i
o L 100 T~ 1]
:
== ]
10 ]
‘_‘_h ™t
5 ot T—
4 T — TS
2
uuy
n
107!
1078 1078 1074 1078 1072 1070 gy (s) 1
SFR25

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

MEA678
600

A
Vmax
v)
500

\
400

V4

300

200

100

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

SFR25

Fig.8 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax) as a function of pulse duration (t).
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Standard metal film resistor SFR25
103 MLB653
A
Pmax H _
w) + L 1
- tp/t ;= 1000 ~HL
102 o E 500
200
100: == .
[ 50, §~~_:~:\ =~
S SSHE}
10 20 Y
5 R ] S
\§~~
1 2 T L
1071
1078 1078 1074 1073 1072 1071 ti () 1
SFR25H

Fig.9 Pulse on a regular basis; maximum permissible peak pulse power (Ppay) as a function of pulse duration (t;).

MLBE54
1200
A
Vmax
v ™~
N
800 J
N
400 SSmun
0e -5 -4 -3 -2 -1
10 10 10 10 10 10 li(s) 1
SFR25H

Fig.10 Pulse on a regular basis; maximum permissible peak pulse voltage (Vmax) as a function of pulse duration (t;)
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Philips Components

Product specification

Standard metal film resistor

SFR25

COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2322. The subsequent 8 digits indicate the packaging and
resistance value (see Tables 2 and 3).

Table 2 First five digits to indicate packaging for resistances as listed.

BANDOLIER CATALOGUE
TYPE REg':;é:‘:E T(;'; WIDTH | PACKAGING | QUANTITY NUMBER
(mm) 2322 ... ...
SFR25 1to 10 MQ 15 52 ammopack 1000 181 53
5000 181 43
on reel 5000 181 63
jumper 0 Q; note 1 +5 52 ammopack 5000 181 90019
SFR25H 1to 10 MQ +5 52 ammopack 1000 186 16...
CECC 5000 186 76...
on reel 5000 186 26...
SFR25AS 1Qto 10 MQ 5 - on reel 4000 184 43...
radial taped
Note

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

To complete the catalogue number (see Table 2), replace the first two dots of the remaining 3-digit code by the first two

digits of the resistance value. Replace the third dot by a figure according to Table 3.

Table 3 Last digit of 12 NC.

RESISTANCE

LAST DIGIT

1109.76 Q

1010 97.6 Q

100 to 976 Q

110 9.76 kQ

10 to 97.6 kQ

100 to 976 kQ

110 9.76 MQ

10 MQ

OO || WIN]|=]|©O©]®

Ordering example

The catalogue number 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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Product specification

Standard metal film resistor

SFR25

TESTS AND REQUIREMENTS

Essentially all tests are carried out in
accordance with the schedule of

N miihlinatian 11E_17 ~ntarmacms
I\ puoneauvll 1 iv-i , vailcyuly

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

“Recommended basic climatic and
mechanical robustness testing
procedure for electronic components”
and under standard atmospheric
conditions according to “IEC 68-1",
subclause 5.3, unless otherwise
specified.

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 “/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.

accordance with IEC publication 68, (860 mbar to 1060 mbar).
Table 4
IEC 115-1 | 'EC68
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.16 U robustness of
terminations:
4.16.2 Ua tensile all samples | & 0.5 mm; load 5N; 10 s number of failures <10 x 106
4.16.3 Ub bending half @ 0.5 mm; load 2.5 N; 4 x 90° number of failures <10 x 108
number of
samples
4.16.4 Uc torsion other half |3 x 360° in opposite directions no damage
number of AR/R max.: +0.25% +0.05 Q
samples
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.: £0.25% +0.05 Q
soldering heat 6 mm from body
4.19 Na rapid change of 30 minutes at -55 °C and AR/R max.: £0.25% +0.05 Q
temperature 30 minutes at +155 °C; 5 cycles
4.20 Eb bump 3 x 1500 bumps in three directions; | no damage
409 AR/R max.: £0.25% +0.05 Q
4.22 Fc vibration frequency 10 to 500 Hz; no damage
displacement 1.5 mm or acceleration | AR/R max.: +0.25% +0.05 Q
10 g; three 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; 90 to 100% RH
(accelerated)
1st cycle
4.23.4 Aa cold 2 hours; -55 °C
4.23.5 M low air pressure | 2 hours; 8.5 kPa; 15 to 35 °C
4.23.6 Db damp heat 5 days; 55 °C; 95 to 100% RH Rins min.: 1000 MQ
(accelerated) AR/R max.: £1% +0.05 Q
remaining cycles
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Product specification

Standard metal film resistor

SFR25

IEC 115-1 | 'EC68
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 P, AR/R max.: £1% +0.05 Q
4.25.1 endurance 1000 hours at 70 °C; P,, or Vimax AR/R max.: 1% +0.05 Q
484 temperature between -55 °C and +155 °C R <1 MQ: <+100 x 10-8/K
coefficient R> 1 MQ: <250 x 10-6/K
4.7 voltage proof on 600 V (RMS) during 1 minute; V-block | no breakdown
insulation method
4.12 noise IEC publication 195 R <1 MQ: max. 0.1 pVV
R > 1 MQ: max. 1.5 pV/V
4.6.1.1 insulation resistance | 500 V (DC or RMS) during 1 minute; | Rins min.: 1000 MQ
V-block method
4.13 short time overload | room temperature; SFR25:
dissipation 6.25 x P, (voltage not AR/R max.: £0.25% +0.05 Q
more than 2 x limiting voltage); SFR25H CECC:

10 cycles; 5 s on and 45 s off

AR/R max.: £1% +0.05 Q

See 2nd amendment
to IEC 115-1, Jan. ‘87

pulse load

Figs 7, 8,9 and 10

PACKAGING

The resistors are supplied on bandolier in ammopack or on reel; those with radial leads are either loose in a cardboard
box or, with bent leads, on a bandolier in ammopack. For details refer to Section “General Introduction leaded resistors”

in data handbook PA0S.

Quantities per package.

TYPE QUANTITY
BANDOLIER IN AMMOPACK BANDOLIER ON REEL
SFR25 1000 or 5000 5000
SFR25H CECC 1000 or 5000 5000
SFR25AS - 4000
Dimensions of ammopack.
TYPE QUANTITY M N P
{(mm) (mm) (mm)
SFR25 5000 78 98 270
SFR25H CECC 1000 82 28 262
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Philips Components

Product specification

Standard metal film resistor

SFR25

Tape and reel data

N 0.8 max displacement between any AN
-+ two resistors
T
MBAS504
A
Dimensions in mm
Fig.11 Axial on tape.
Dimensions of reel.
Q R \'
TYPE QUANTITY (mm) (mm) (mm)
SFR25
5000 75
SFR25H CECC 305 86
SFR25AS 4000 356 49 40
Dimensions of bandolier.
TYPE a A 1By - Bal S T
(mm) (mm) (mm) (mm) (deviation of spacing)
SFR25 max. 1 mm per 10 spacings
SFR25H CEGC 610.5 52 +1.5/-0 max. £1.2 5 max. 0.5 mm per 5 spacings
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Standard metal film resistor SFR25
P P '\Ag[‘ Ah-ste-Ah
H1 1 1|1
" T " 1 V Vvv2+
Co T T e 0
s Sye ey N o
& @——&—@ﬁ}l— :
N - F <,<_P0_JP1<_ JDOL‘ MBCs76

i F_\[ i 0 =302 to 40° i
a @jt

->|a<—-> |<- a:?().g_gzmm
detail A

SFR25AS (Euroform).
Extraction force for components in the tape plane, vertically to the direction of unreeling: >5 N.

For dimensions see Table 5.

Fig.12 Bandolier for types with radial leads.
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Standard metal film resistor SFR25

Table 5 Taping dimensions; see Fig.12.

SYMBOL PARAMETER VALUE TOLERANCE UNIT
D maximum body diameter 2.50 - mm
A maximum body length 7.00 - mm
d lead wire diameter 0.60 +0.06/-0.05 mm
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
W, 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
Hjy component height 2310 32 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 25 - mm
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NFR25

FUSIBLE RESISTORS

metal film
QUICK REFERENCE DATA
Resistance range 1 Q to 15 k2, E24 series
Resistance tolerance *+ 5%
Temperature coefficient R>158Q <100. 10°°/K
R<15Q <200. 10¢/K
Thermal resistance Rth 240 K/W
Vmax 250V
Noise max. 0.1 uV/V
Absolute maximum dissipation
at Tamp = 70 °C* 0.33wW
Basic specifications IEC 115-1 and 115-2
Climatic category (IEC 68) 55/155/56
‘Stability after
endurance test AR/R max. 1%+ 0.06Q
climatic tests AR/Rmax. 1%+ 0.05%
soldering AR/R max. 0.25% + 0.05 2

APPLICATION

These resistors have been designed to meet the safety requirements in audio and video applications, in
circuits where protection against overloads is needed, e.g. in power supply circuits. The resistors will
become open circuit within a certain range of overload, without the risk of fire. Although there is a
difference in interruption characteristics for the various resistor values, it can be said that they become

open-circuit within approximately 30 seconds and 10 seconds at 4 W and 8 W, respectively.

DESCRIPTION

A homogenous film of metal alloy is deposited on a high grade ceramic body. After a helical groove
has been cut in the resistive layer, tinned connecting wires of electrolytic copper are welded to the end-
caps. The resistors are coated with a grey flame retardant lacquer which provides electrical, mechanical
and climatic protection. The encapsulation is resistant to all cleaning solvents in accordance with
MIL-STD-202E, method 215 and IEC 68-2-45.

MECHANICAL DATA

[ ——— L ——|
ay —>‘ < -+ [edy ¥
— j r =t gD
72665604
T
o4 '
Fig. 1.
type Dmax Lmax d a1 +ap
NFR25 25 6.5 0.6 <1

* See Fig.2.
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NFR25

The length of the body is measured by inserting the leads into holes of two identical gauge plates and
moving these plates parallel to each other until the resistor body is clamped without deformation
(IEC publication 294).

Mass
25 g per 100

Mounting

The resistors are suitable for processing on automatic insertion equipment and cutting and bending
machines.

Since these resistors are used in applications where overloads can occur, it is not advisable to mount
the resistors against other components or against printed circuit boards. For temperature rise at
soldering point, see Fig.6.

Marking

The nominal resistance and the tolerance are marked on these resistors by means of four coloured
bands according to |EC publication 62 “Colour code for fixed resistors’’. See also General Section.
To indicate the NFR type, there is an additional, fifth, colour-ring, the colour of which is violet.

ELECTRICAL DATA

Standard values of rated resistance and tolerance

Standard values of rated resistance (nominal resistance) are taken from the E24 series within the
range 1 § to 15 k&2. E24 series of values is given in the table ""Standard series of values in a decade”
at the back of this book. The tolerance on the rated resistance is * 5%.

The limiting voltage (DC or RMS) is 250 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 155 OC.

Composition of the catalogue number

T resistance code: first two
figures of the resistance
(in ) followed by
8forRof 1to 9.1Q
9forRof 10to 91
1for Rof 100t0 910 £
2forRof 1to 9.1k
3forRof 10to 156 k&2

packing:
2322 205 13 for 1000 items on bandolier
2322 205 23 for 5000 items on reel
2322 205 33 for 5000 items in ammopack
2306 204 03 for 4000 items in ammopack
2306 204 83 for 4000 items on reel
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Fusible resistors NFR25

Example

The catalogue number of a resistor NFR25 of 5600 £2, taped on a bandolier of 1000 items, supplied in
ammopack, is 2322 205 13562.

type bandolier packing quantity | resistance tolerance catalogue
width (mm) range (£2) % number
NFR25 | 52.0+1.5/—0 | ammopack 1000 1—15k 5 2322205 13. ..
52.0+1.5/—0 | reel 5000 1—15k 5 2322205 23...
52.0 +1.6/—0 | ammopack 5000 1—-15k 5 2322205 33...
Radial taped
NFR25 ammopack 4000 1-15k 5 2306 204 03. ..
reel 4000 1-15k 5 2306 204 83 .. ..
0.33
Prated
w)
0.2 4
0.11
) . } . . y — S
MCA382 40 60 70 80 100 120 140 155

Tamb (°C)

Fig.2 Maximum dissipation (Ppyax) as a function of ambient temperature (Tamp).

"Interruption’”” means that the nominal resistance has increased at least 1000 times.

108 7282410.3 103 7282408.3
t t
(s) (s)
102 102
N
10 A 10
7N
%
P
: A% 7 . 23
nZ
e
101 101
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Poverload (W) Poverload (W)
Fig.3 NFR25; R<15%. Fig.4 NFR25; 15 Q2 <R <15 kf2.

These graphs are based on measured data which may deviate according to the application.
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NFR25

MCA385
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K
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Fig.5 Hot-spot temperature rise (AT) as a function of dissipated power.
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Fig.6 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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Fusible resistors NFR25
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Fig.7 Max. permissible peak pulse power as a function of pulse duration for R < 15 §2.
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Fig.8 Max. permissible peak pulse power as a function of pulse duration for R = 15 2.
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NFR25
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Fig.9 Maximum permissible peak pulse voltage as a function of pulse duration.
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NFR25

Fusible resistors

TESTS AND REQUIREMENTS

Essentially all tests are carried out according to the schedule of IEC publication 115-1, category
55/155/56 (rated temperature range —55 to + 155 O0C; damp heat, long term, 56 days) and along the
lines of IEC publications 68, "’"Recommended basic climatic and mechanical robustness testing proce-
dure for electronic components’’. In the following table the tests are listed with reference to the
relevant clauses of |EC publications 115-1 and 68; a short description is also given of the test proce-
dure and requirements. In some instances deviations from the IEC recommendation were necessary
for our method of specifying. For inflammability requirements reference is made to IEC 115-1 and
to CECC 40000, appendix D.

IEC 115-1 | IEC 68
clause test test procedure requirements
method
4.16 Robustness of
terminations
4.16.2 Ua Tensile all load 10N, 10s
samples number of failures
<
4.16.3 Ub | Bending load 5 N, 4 x 900 10 ppm
half number
of samples
4.16.4 Uc Torsion 3 x 3609 in opposite directions | no damage
other half AR max.0.25% + 0.05 &2
number of
samples
4.17 Ta Solderability | solderability: 2's good tinning
235 oC, flux 600 no damage
4.18 Tb Resistance to | thermal shock: 3 s AR max. 0.25% + 0.05 Q
soldering heat | 350 ©C, 6 mm from body
4.19 Na Rapid change | % h —550C/% h + 155 0C AR max. 0.25% + 0.05 2
of temperature | 5 cycles
4.22 Fc Vibration frequency 10-500 Hz, no damage
displacement 1,5 mm or AR max. 0.25% + 0.05 2
acceleration 10g, three
directions; total 6 h (3 x 2 h)
4.20 Eb Bump 3 x 1500 bumps in three no damage
directions, 40g AR max. 0.25% + 0.05 2
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NFR25

IEC 115-1 | IEC 68
clause test test procedure requirements
method
4.23 Climatic
sequence
4.23.2 Ba Dry heat 16 h; 165 0C
4,23.3 Db Damp heat 24 h; 565 0C; 95-100% R.H.
(accel)
1st cycle
4234 Aa Cold 2h; -550C
4,235 M Low air 2 h; 8,5 kPa; 15-35 0C
pressure
4.23.6 Db Damp heat 5 days; 55 °C; 95-100% R.H. Rins min. 1000 MS2
(accel) AR max. 1.0% + 0.05 Q
remaining
cycles
4242 Ca Damp heat 56 days; 40 °C; 90-95% R.H. Rins min. 1000 MQ2
(steady state) | dissipation 0,01 P, AR max. 1.0% + 0.05
4.25.1 — Endurance 1000 hours; 70 °C; nominal AR max. 1.0% + 0.056 Q
dissipation or Vmax
48.4.2 - Temperature | between —55 OC and + 155 ©C R>15Q: <100.10°%/K
coefficient R <15 Q:<200.10¢/K
47 - Voltage proof | 500 V (RMS) no breakdown
on insulation 1 minute V block method
4.12 - Noise |EC publication 195 <0.1uv/V
4.6.1.1 - Insulation 500 V (DC) min. 10* MQ
resistance 1 minute V block method
4.2.6 - Accidental cheese cloth no inflammation
overload
Sze 2nd amendment
to IEC 115-1, Jan.87. | pulse load see Figs 7t0 9
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Fusible resistors NFR25

PACKING

The resistors are supplied on bandolier; either 1000/5000 resistors in ammopack or 5000 resistors on
reel. For details see General section.

Dimensions of bandolier

a A B1-B2 S T
type + 0.5 + max. (spacing) (max. deviation of spacing)
+1.5 1 mm per 10 spacings,
NFR25 6 52.0 -0 1.2 5 0.5 mm per 5 spacings
Dimensions of ammopack
Quantity M N P
NFR25 1000 82 28 262
5000 98 78 270
4000 262 45 330
Dimensions of reel
Quantity Q \ R
NFR25 5000 305 75 86
4000 356 40

The dimensions in above tables are in mm.

| (April 1994

219






NFR25H

FUSIBLE RESISTOR

QUICK REFERENCE DATA

Resistance range 1 Q to 15 k2, E24 series
Resistance tolerance +5%
Nominal dissipation
at Tamp =70 °C* 05W
Thermal resistance Rth 150 K/W
Vmax 350 v
Temperature coefficient R<47Q <200.10-¢/K
R>47%Q <100.10¢/K
Noise max. 0.1 uV/V
Basic specifications IEC 115-1 and 115-2
Climatic category (IEC68) 55/155/56
Stability after
endurance test AR/R max. 1% +0.05Q
climatic tests AR/R max. 1% +0.059
soldering AR/R max. 0.25% + 0.05 &
APPLICATION

These resistors have been designed to meet the safety requirements in audio and video applications in
circuits where protection against overloads is required, e.g. in power supply circuits. The resistors will
become open circuit within a certain range of overload, without the risk of fire (see Fig.3). It can be
said that the resistors become open circuit within approximately 30 seconds and 10 seconds at 9 W
and 12 W, respectively.

DESCRIPTION

A homogeneous film of metal alloy is deposited on a high grade ceramic body. After a helical groove
has been cut in the resistive layer, tinned connecting wires of electrolytic copper are welded to the
end-caps. The resistors are coated with a grey flame retardant lacquer which provides electrical,
mechanical and climatic protection. The encapsulation is resistant to all cleaning solvents in accordance
with MIL-STD 202E, method 215 and IEC 68-2-45.

MECHANICAL DATA

a, ->I
:z{
72665604

Fig. 1 Component Outline.

P 4
wa

Table 1 Physical Dimensions

type Dmax. Lmax. d at+ap
NFR25H 2,5 6,5 0,6 <1
* See Fig.2.
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NFR25H

MECHANICAL DATA {(continued)

The length of the Ibody (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
(IEC publication 294).

Mass
25 g per 100

Mounting

The resistors are suitable for processing on automatic insertion equipment and cutting and bending
machines,

Since these resistors are used in applications where overloads can occur, it is not advisable to mount
the resistors against other components or directly on to printed circuit boards. For temperature rise
at soldering point, see Fig.5.

Marking

The nominal resistance and tolerance are marked on these resistors by four coloured bands in
accordance with |EC publication 62, "'Marking codes for resistors and capacitors’’.

To indicate the NFR25H type, a fifth colour ring is added; the colour of this ring is white.
ELECTRICAL DATA

Standard values of rated resistance and tolerance

Standard values of rated resistance (nominal resistance) are taken from the E24 series within the range
18 to 15 k2.

The tolerance on the rated resistance is + 5%.

The limiting voltage (DC or RMS) is 350 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 155 ©C.

Composition of the catalogue number

resistance code: first two figures of
the code represent the first two

Packing: figures of the resistance value (£2)
2322 207 13 for 1000 items in a box followed by:

2322 207 23 for 5000 items on reel 8 for R values 1 t0 9,1 Q

2322 207 33 for 5000 items in ammopack 9 for R values 10 to 91 Q

2306 207 03 for 4000 items in ammopack 1 for R values 100 to 910 £
2306 207 83 for 4000 items on reel . 2 for R values 1 to 9,1 k§2

3 for R values 10 to 15 k2
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Fusible resistor

NFR25H

Example

The catalogue number of a resistor NFR25H, value 5,6 kS2, taped on a bandolier of 1000 items, supplied

in a box, is 2322 207 13 652.

type bandolier packing quantity | resistance tolerance catalogue
width (mm) range (Q2) +% number
NFR25H | 52.0 +1.6/—0 | ammopack 1000 1-15k b 2322207 13...
52.0 +1.5/—0 | reel 5000 1-15k 5 2322207 23...
52.0 +1.5/—0 | ammopack 5000 1-15k 5 2322 207 33...
Radial taped
NFR25H ammopack 4000 1-15k 5 2306 207 03.. ..
reel 4000 1—-15k 5 2306 207 83. ..
7224842
05 -
|
Frated |
w) I
0.25 4 I
I
I
|
0 T I T L T T Al
40 ) 80 100 120 140 155
Tamb °C)

Fig.2 Maximum dissipation (Pmax) as a function of ambient temperature (Tamp)-

Time to interruption as a function of overload

"Interruption’’ means that the nominal resistance has increased at least 1000 times
7222090
108
t
(s)
102
10
X
1 V
10-!
4 8 12 16 20 24
Poverioad (W)

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

Fig.3 Time to interruption as a function of power overload.
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NFR25H

MCA386
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Fig.4 Hot-spot temperature rise (AT) as a function of dissipated power.
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Fig.5 Temperature rise (AT) at the end of the lead (soldering point) as a function of dissipated power
at various lead lengths after mounting.
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NFR25H

Fusible resistor
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Fig.6 Maximum permissible peak pulse power as a function of pulse duration for critical value.
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Fig.7 Maximum permissible peak pulse voltage as a function of pulse duration.
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NFR25H

TESTS AND REQUIREMENTS

Essentially, all tests are carried out in accordance with the schedule of IEC publication 115-1,
category 55/155/56 (rated temperature range —55 OC to + 155 OC; damp heat, long term, 56 days),
and in line with 1EC publication 68. "Recommended basic climatic and' mechanical robustness
testing procedure for electronic components”. In Table 2, the tests are listed with reference to the

relevant clauses of IEC publications 115-1 and 68; a short description is also given of the test procedure

and requirements. In some instances, deviations from the IEC recommendations were necessary for

our meth

od of specifying.

For inflammability requirements, reference is made to |EC 115-1, clause 4.26, and to CECC 40 000
Appendix D.

Table 2 Tests and requirements

IEC 115-1 IEC 68 .
clause test method test procedure requirements
4.16 robustness of
terminations
4162 | Ua tensile all samples | load 10N, 10's }numbemf failures <10
4.16.3 Ub bending half number | load 5 N, 4 x 900
of samples
4.16.4 Uc torsion other half 3 x 3600, no damage AR/R max.
number of samples opposite directions 0,25% + 0,05
417 Ta soldering solderability 2 s, good tinning, no damage
235 oC flux 600
4.18 Tb thermal shock: 3s, |[AR/R max.
3500C, 6 mm 0,25% + 0,05
from body
4.19 Na rapid change 0,5 hour —55 °C AR/R max.
of temperature 0,5 hour + 155 0C 0,25% + 0,05 Q
5 cycles
4.22 Fc vibration frequency 10-500 Hz, | no damage
displacement 1,5 mm,| AR/R max.
or acceleration 10g |0,25% + 0,05
three directions;
6 hours (3 x 2 hours)
4.20 Eb bump 3 x 1500 bumps in no damage
three directions, 40g |AR/R max.
0,25% + 0,05 Q
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Fusible resistor N FR25H
IEC 115-1 IEC 68 .
clause test method test procedure requirements
4.23 climatic sequence
4.23.2 Ba dry heat 16 hours, + 155 0C
4.23.3 Db damp heat 24 hours, + 55 0C
(accelerated) 95 - 100 % relative
1st cycle humidity
4.23.4 Aa cold 2 hours, —55 0C
4.23.5 M low air pressure 2 hours, 85 mbar
15-350C
4.23.6 Db damp heat 5 days, + 55 0C Rins > 1000 MQ
(accelerated) 95 - 100% relative AR/R max.
remaining cycles humidity 1% + 0,05 Q
4.24.2 Ca damp heat 56 days, + 40 °C Rijns > 1000 M
(steady state) 90 - 95% relative AR/R max.
humidity dissipation |1% + 0,05
0,01 P
4.25.1 — endurance 1000 hours, + 70 0C |AR/R max.
dissipation 0,5 W 1% + 0,05 Q
4.8.4.2 - temperature between —55 0C <100. 10-¢/K
coefficient and + 155 0C forR>4.7Q
<200.10%/K
forR <4.7Q
4.7 — voltage proof 700.V (RMS) 1 min. |no breakdown
on insulation V-block method
4.12 - noise IEC publication 195 (< 0,1 uV/V
4611 | — insulation 500 V (DC) min. 104 MQ
resistance 1 min., V-block method
4.26 - accidental overload | cheese-cloth non-inflammable
See 2nd amendment pulse load see RSV-41/4013 see Figs 6 and 7
to IEC 115-1 and
TCA40 central office
532 and 533

\ ( April 1994
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NFR25H

PACKING

The resistors are supplied on bandolier; either 1000 resistors in a box or 5000 resistors on reel.
For details, see General Section.

Dimensions of bandolier

a A B1-B2 S T
+0.5 + max. (spacing) (max. deviation of spacing)
NFR25H 6 52 +1.5 1.2 5 1 mm per 10 spacur\gs
-0 0.5 mm per 5 spacings
Dimensions of ammopack
Quantity M N P
NFR25H 1000 82 28 262
5000 98 78 270
4000 262 45 330
Dimensions of reel
Quantity Q \Y R
NFR25H 5000 305 75 86
4000 356 40

Note:
The dimensions in above tables are in mm.
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MRS16T

METAL FILM RESISTORS

QUICK REFERENCE DATA

[ =
| —

Resistance range
Resistance tolerance
Temperature coefficient
Nominal dissipation, P,

at Tymp =70°C
Thermal resistance, Rp
Vmax

Noise
R <68 k2
R > 68 k2 < 100 k2
R > 100 k2
Basic specifications
Approval
Climatic category (IEC 68)

Stability after

load AR/R
climatic tests AR/R
soldering AR/R

short-term overload AR/R

max.
max.
max.

max.
max.
max.
max.

4.99 Q2 to 1 M2, E24/E96 series
+1%
<+50.10%K

040w
170 K/W
200V

0.1 uV/V

0.5 uV/V

1.5 uV/V

IEC 115-1 and 115-2
CECC 40101
55/155/56

R<100kQ | R> 100 kS

0.5% + 0.056 Q | 1.0% + 0.05 2
0.5% +0.05 2 | 1.0% + 0.05 Q2
0.1% + 0.01 £ | 0.25% + 0.05
0.25% +0.05 2 | 0.25% +0.05

DESCRIPTION

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

IEC 68-2-45.

MECHANICAL DATA

|

—@d

=

7285008.2

type and style ' D L1 I L2 max l d
+0.2 +0.2 +0.00
MRS16T ’ 1.7 —0.1 3.5 —015 ’ 3.7 ‘ 0.5 _0.04
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MRS16T

The length of the body (L1, see Fig. 1) is measured by inserting the leads into holes of two identical
gauge plates and moving these plates parallel to each other until the resistor body is clamped without
deformation (IEC publication 294).

Mass 12.5 g per 100 resistors.

Mounting

The resistors are suitable for processing on automatic insertion equipment and cutting and bending
machines. The minimum pitch is 2e. See Fig.b for temperature rise at soldering place.

Marking

The nominal resistance and the tolerance are marked on the resistors by five coloured bands according
to IEC publication 62 *‘Colour code for fixed resistors’’.

ELECTRICAL DATA
Standard values of rated resistance and tolerance

Standard values of rated resistance (nominal resistance) are taken from the E24/E96 series within the
range 4.99  to 1 MQ. These values are given in the table “Standard series of values in a decade’’ at
the back of the handbook. The tolerance on the rated resistance is  1%.

The limiting voltage (DC or RMS) is 200 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 1565 ©C.

High-frequency behaviour

For better performance at high frequencies a special low inductance version MRS16Tli is developed.
The behaviour of a resistor at high frequencies is influenced not only by its construction, but also by
external factors such as length of leads, environmental stray capacitances and the measuring apparatus.
Thus these factors have to be considered when measuring.

Figs 7 and 8 give typical values under test conditions at various frequencies up to 1.3 GHz.

type packing quantity resistance range to'f;z] nce catalogue number

MRS16T ammopack 1000 4,99 Q to 1 MQ 1 2322 157 1....
ammopack 5000 4.99 Q to 1 MQ 1 2322 157 2....
on reel 5000 4,99 Q2 to 1 MQ 1 2322 157 3....

MRS16Tli ammopack 1000 6.80 Q to 1 k2 1 2322 157 0....

Alternative packing is available on request.

COMPOSITION OF THE CATALOGUE NUMBER

The catalogue number in the above is completed by inserting therresistance code: the first three figures
of the resistance (in 2) followed by:

8 for R =4,99 to 9.76 2
9forR= 10t097.6
1forR= 100to 976
2forR= 110 9.76 kQ2
3forR= 101t097.6 kQ2
4for R= 100 to 976 k2
5forR= 1MQ
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Metal film resistors

MRS16T

Example

The catalogue number of a resistor MRS16T of 750  + 1%, on a bandolier of 1000 items, supplied in

ammopack, is 2322 157 17501.

Note
For code-technical reasons the catalogue number for resistors of 49.9 § is:

1000 in ammopack: 2322 157 91011 5000 on reel: 2322 157 93011
5000 in ammopack: 2322 157 92011

0.4
Prated I
w) I
0.3 i
I
I
I
0.2 - ||
I
I
~,
0.14 I N
| | SN
R >220 kQ) ~
| : ~o
!
I I
0 r 4 r r — - Y
MCAS72 40 60 70 80 100 120 140 155
Tamb (°C)
Fig.2 Maximum dissipation (Pp,5x) as a function of ambient temperature (Tgmp)-
Tamb = 40 °C 700C
0.4
P 1000¢C
w)
0.2 1 1250C
1550C
n
A 3
T T T T T T
15 1.0 07 05 0.3 0.2 0.1 %AR/R for R £220kf
— T T T T T
20 15 1.0 07 05 0.3 0.2 %AR/R for R >220kn

Fig.3 Drift nomogram.
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MRS16T
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Fig.4 Hot-spot temperature rise (AT) as Fig.5 Temperature rise (AT) at the end of lead
a function of dissipated power. (soldering point) as a function of dissipated
power, at various lead lengths after mounting.
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Fig.6 Max. permissible peak pulse power (P ax) as a function of pulse duration (t;).
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Metal film resistors MRS1 6T
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Fig.7 Impedance behaviour at high frequencies, MRS16Tli, lead length 2 mm.
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Fig.8 Phase angle behaviour at high frequencies, MRS16Tli, lead length 2 mm.
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MRS16T
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Fig.9 Maximum permissible peak pulse voltage as a function of pulse duration.

TESTS AND REQUIREMENTS

Essentially all tests are carried out according to the schedule of |EC publication 115-1, category
55/155/56 (rated temperature range —55 to + 155 OC: damp heat, long term, 56 days) are carried out
and along the lines of IEC publication 68, ‘“Recommended basic ciimatic and mechanicai robustness
testing procedure for electronic components’. In the following table the tests are listed with reference
to the relevant clauses of IEC publications 115-1 and 68; a short description is also given of the test
procedure and requirements. In some instances deviations from the |EC specification were necessary
for our method of specifying.

Table
|IEC 68
IEC 115-1-4 test test procedure requirements
clause method
Robustness of
terminations
4.16.2 Ua Tensile all number of failures
samples ¢ 0.5 mm; load bN; 10's <10 ppm
4.16.3 Ub Bending
half number ¢ 0.6 mm; load 2.5N; 4 x 900
of samples
4.16.4 Uc Torsion 3 x 3609 in opposite direc- no damage
other haif tions AR max. 0.1% + 0.01 &
number of
samples
417 Ta Soldering solderability: 2 s good tinning,
235 OC, flux 600 no damage
R < 100 kQ2:
4.18 Tp thermal shock: 3 s AR max. 0.1% + 0.01
350 ©°C, 6 mm from body R > 100 kS2:
AR max. 0.25% + 0.05 Q
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Metal film resistors

MRS16T

IEC 68
IEC115-1-4 test test procedure requirements
clause method
4.19 Na Rapid change %2 h —55 OC/% h + 155 OC R < 100 k2:
of temperature | 5 cycles AR max. 0.1% + 0.01 2
R > 100 k2:
AR max. 0.25% + 0.05 £
4.20 Eb Bump 3 x 1500 bumps in three no damage
directions, 40g AR max. 0.1% + 0.01 2
4.22 Fc Vibration frequency 10-500 Hz, no damage
displacement 1.5 mm or AR max. 0.1% + 0.01
acceleration 10g, three
directions; total 6 h (3 x 2 h)
4,23 Climatic
sequence
4.23.2 Ba Dry heat 16 h, 155 °C
4.23.3 Dp Damp heat
(accel)
1st cycle 24 h; 55 0C; 95-100% R.H.
4.23.4 Aa Cold 2h; -b50C
4235 M Low air
pressure 2 h; 8,5 kPa; 15-35 °C
4.23.6 Dp Damp heat 5 days; 656 °C; 95-100% R.H. | Rjng min. 1000 MQ
(accel) R <100 k2:
remaining AR max. 0.5% + 0.05 2
cycles R > 100 k2:
AR max. 1% +0.05 &
4.24.2 Ca Damp heat 56 days; 40 9C; 90-95% R.H. | Rj,g min. 1000 k&2
steady state dissipation 0.01 P, R <100 kQ2:
AR max. 0.5% + 0.05 Q
R > 100 k2:
AR max. 1% + 0.05 2
4251 — Endurance 1000 hours; 70 °C R <100 k&2:
nominal dissipation or Vipay | AR max. 0.5% + 0.05
R > 100 k2:
AR max. 1% + 0.05 2
4.8.4.2 - Temperature between —55 ©C and <50.10%/K
coefficient + 155 0C
4.7 - Voltage proof 400 V (RMS) no breakdown

on insulation

during 1 minute;
V-block method

w [ April 1994

237



MRS16T

TESTS AND REQUIREMENTS (continued)

\EC 115.1-4 | 'EC 68 .
test test procedure requirements
clause
method
4.12 — Noise 1EC publication 195 R <68 k&
max. 0.1 uV/V
68 k2 <R < 100 k&2:
max. 0.5 uV/V
R > 100 k€2:
max. 1.5 uV/V
4.6.1.1 - Insulation 100 V (DC) min. 10* M
resistance 1 minute; V-block method
4.13 — short-term room temp. diss. 6.25 x AR max. 0.25% + 0.05 §2
0.25 W (voltage not more
than 2 x limiting voltage).
10 cycles: b son, 45 s off
See 2nd amendment .
to IEC 115-1, Jan. ‘87 Pulse load see Figs 6 and 9

PACKING

The resistors are supplied on bandolier; either 1000/5000 resistors in ammopack or 5000 resistors on

reel.

Dimensions of bandolier

a A B1-B2 S T
+0.5 + max. (spacing) (max. deviation of spacing)
6 52 +1.6/-0 0.5 5 | 1 mm per 10 spacings
26 +1.5/—0 0.5 5 0.5 mm per 5 spacings
Dimensions of ammopack
M N P
1000 resistors 75 30 140
5000 resistors 75 73 270
Dimensions of reel
Q \% R
5000 resistors 265 75 86

The dimensions in above tables are in mm.
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MRS25

QUICK REFERENCE DATA

‘METAL FILM RESISTORS

[ —
L~

Resistance range
Resistance tolerance
Temperature coefficient

Rated dissipation at Ty =70 °C

Thermal resistance R¢p

Vmax

Noise
R<1MQ
R >1MQ

Basic specifications
Climatic category (IEC 68)
Approval
Stability after

load

climatic tests

soldering
short-term overload

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

1 8 to 10 M2, E24/E96 series
1%
< 50.10°¢/K

0,60 W
150 K/W
350 V

max. 0,1 uV/V
max. 1,5 uV/V

IEC 115-1 and 115-2
55/155/56
CECC 40101

0.5% + 0.056 Q
0.5% + 0.05 Q
0.1% +0.01
0.25% + 0.05 2

DESCRIPTION

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

method 215 and 1EC 68-2-45.

MECHANICAL DATA

L1
L
—
— i
l
L2 @D 7285008.2
Fig. 1.
type l D [ L1 L2 max I d
MRS25 ] 2,5 | 6,5 7,0 ' 0,6 + 0,03
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MRS25

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
(see |EC publication 294).

Mass 25 g per 100 resistors

Mounting

The resistors are suitable for processing on automatic insertion equipment and cutting and bending
machines. The minimum pitch for this type is 4e. For temperature rise at soldering point, see Fig.3.

Marking

The nominal resistance, tolerance and temperature coefficient are marked on the resistors by six
coloured bands according to |EC publication 62 ""Colour code for fixed resistors”.

ELECTRICAL DATA

Standard values of rated resistance and tolerance

Standard values of rated resistance {nominal resistance) are taken from the E24/E96 series within the
range 1 & to 10 MS2. Series of values is given in the table 'Standard series of values in a decade’”
at the back of this handbook. The tolerance on the rated resistance is 1%.

The limiting voltage (DC or RMS) is 350 V. This is the maximum voltage that may be applied
continuously to the resistor element; see |EC pubiications 115-1 and 115-4. For temperature rise
at soldering point, see Fig. 5.

High-frequency behaviour

For better performance at high frequencies a special low inductance version MRS25li is developed.
The behaviour of a resistor at high frequencies is influenced not only by its construction, but also by
external factors such as length of leads, environmenta! stray capacitances and the measuring apparatus.
Thus these factors have to be considered when measuring.

Figs 7 and 8 give typical values under test conditions at various frequencies up to 1.3 GHz.

Table 1

type packing quantity resistance range t°'f§/f”°e catalogue number

MRS25 ammopack 1000 18 to 10 M2 1 2322 156 1....
ammopack 5000 18 to 10 M2 1 2322 156 2....
on reel 5000 1Q to 10 MQ 1 2322 156 3....

MRS25li ammopack 1000 51Q1t0 1 k& 1 2322 156 0....

Alternative packing is available on request.

COMPOSITION OF THE CATALOGUE NUMBER

The catalogue number in the above table is completed by inserting the resistance code: the first three
figures of the resistance (in ), followed by:

8forR= 1to 9,76 Q 3forR= 10to 97,6 k)
9forR= 10to 976 Q 4forR=1001t0 976 k&
1forR=100t0 976 Q 5forR= 1to 9,76 MQ
2forR= 1to 9,76kQ 6 forR= 10 M&
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Metal film resistors M RS 2 5

Example

The catalogue number of a resistor MRS25 of 750  * 1%, on a bandolier of 1000 items, supplied in
ammopack, is 2322 156 17501.

- Note
For code-technical reasons the catalogue number for resistors of 49,9 Q is:
1000 in ammopack: 2322 156 91011 5000 on reel: 2322 156 93011
5000 in ammopack: 2322 156 92011 2000 in ammopack: 2322 156 94011 (Panasert)
7224822
0.6
Prated |
W) |
0.4 |
|
|
|
0.2 4 ]
|
|
0 T I T T T T ¥
40 60 80 100 120 140 155
Tamb (°C)

Fig.2 Maximum dissipation (P,54) as a function of ambient temperature (T 4mp)-

T =40°C 70°cC

0.6 amb

P 0.4 4 100°C
(W)
0.2 1250C
1550C
0
oo
A o n
T T T T T L
1.5 1.0 0.7 05 0.3 0.2 0.1 % AR/R for R < 1MQ

MCA570

Fig.3 Drift nomogram.
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MRS25

100 MCA386 50 MCA387
AT AT
(K) (K)
80 40 3 /]
mm
1|0 mm > A
60 30 15 mm )&2\
A >(7/
40 20 // ol
r e
2
20 10 ,A
/ 4
vV
0 0
0 0.2 0.4 0.6 0 0.2 0.4 0.6
P (W) P (W)
Fig.4 Hot-spot temperature rise (AT) Fig.5 Temperature rise (AT) at the end
as a function of dissipated power. of the lead (soldering point) as a function
of dissipated power at various lead lengths
after mounting.
103 7291297.1
A
pmax ~
(w) TN
S|t -~
tp/ti= = 4 N
2 ~~ 1000 Tl
10 500 ~
——— —1 I~
o 200 _:—1-- S0 ]
FHHHH-100 ~L i
— 50 s NN b
T !
10 20 A N
10 N
— q 4
5 N TN
] \\\:~
T
1 2 I~
10~
1078 1075 10 1073 1072 107" ti (s) 1

Fig.6 Maximum permissible peak pulse power “Smax) as a function of pulse duration for critical value.
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Metal film resistors J L MR825

7 7294502
Q
. /5
1) 4
"5 /
1
4 /
/ 1090
3 /] /
4 4
2 L /,/
,/ /
1 7 330
|
; - I — 10022
—— —— 330Q
08 I~ [
10009
06 I
20 40 60 80 100 200 400 600 800 1000 2000
f (MHz)
Fig.7 Impedance behaviour at high frequencies, MRS25li, lead length 4 mm.
100 7294504
¥
(©)
80 5Q
//
] 108
A
rd L~
60
A
- L~
330
20 / e
A
A B
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20 — _ ,/
/// L ’/1009
I, —-""""/
0 E
—
T T 3309
|
—-20
\\
40 \1000:2
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Fig.8 Phase angle behaviour at high frequencies, MRS25li, lead length 4 mm.
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1200 7281764.1
vmax
V)
1000
\‘
N
800
N
600
N
S
N
400
~Nd
200
0
10~ 1075 1074 1073 1072 10-1 1
ti (s)

Fig.9 Maximum permissible peak pulse voltage as a function of pulse duration

TESTS AND REQUIREMENTS

Essentially all tests are carried out according to the schedule of IEC publication 115-1, category
55/155/56 (rated temperature range --55 to + 155 ©C; damp heat, long term, 56 days) and along

the lines of IEC publication 68, ‘“Recommended basic climatic and mechanical robustness testing
procedure for electronic components”. In the following table the test are listed with reference to the
relevant clauses of IEC publications 115-1 and 68; a short description is also given of the test procedure
and requirements. In some instances deviations from the IEC recommendation were necessary for our
method of specifying.

Table 2
IEC 115.1-4| /EC68 .
test test procedure requirements
clause
method
Robustness of
terminations
4,16.2 Ua Tensile all number of failures
samples ¢ 0,6 mm; load 10N; 10's < 10 ppm
4.16.3 Ub Bending
half nhumber ¢ 0,6 mm; load 5N; 4 x 900
of samples
4.16.4 Uc Torsion 3 x 3600 in opposite directions | no damage
other half AR max. 0,1% + 0,01 Q
number of
samples
417 Ta Soldering solderability: 2's good tinning,
235 OC, flux 600 no damage
4.18 Tp thermal shock: 3 s AR max. 0,1% + 0,01 Q
350 °C, 6 mm from body
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Metal film resistors

MRS25

IEC 68
IEC115-1-4 test test procedure requirements
clause method
4.19 Na Rapid change % h —65 0C/% h + 1565 OC AR max. 0,1% + 0,01
of temperature | b cycles
4,20 Eb Bump 3 x 1500 bumps in three no damage
directions, 40g AR max. 0,1% + 0,01 Q
4.22 Fc Vibration frequency 10-500 Hz, no damage
displacement 1,5 mm or AR max. 0,1% + 0,01
acceleration 10g, three
directions; total 6 h (3 x 2 h)
4.23 Climatic
sequence
4.23.2 Ba Dry heat 16 h, 165 °C
4.23.3 Db Damp heat
(accel)
1st cycle 24 h; 55 0C; 95-100% R.H.
4.23.4 Aa Cold 2 h; =65 0C
4235 M Low air
pressure 2 h; 8,5 kPa; 15-35 ©C
4.23.6 Dp Damp heat 5 days; 55 °C; 95-100% R.H. | Rjps min. 1000 MQ
(accel) AR max. 0,5% + 0.05
remaining
cycles
4.24.2 Ca Damp heat 56 days; 40 °C; 90-95% R.H. | Rjpg min. 1000 M2
steady state dissipation 0,01 P7q AR max. 0,56% + 0.05 Q
4.25.1 - Endurance 1000 hours; 70 °C
P70 or Vimax AR max. 0,5% + 0,05 2
484 - Temperature between —55 OC and + 155 °C| < 50.10°%/K
coefficient
4.7 — Voltage proof 700 V (RMS) during no breakdown
on insulation 1 minute; V-block method
412 - Noise IEC publication 195 R <1MQ max.0,1uV/V
R > 1 M max. 1,5 uV/V
46.1.1 - Insulation 500 V (DC) during min. 10* MQ
resistance 1 minute; V-block method
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TESTS AND REQUIREMENTS (continued)

IEC68
IEC 115-1-4 test test procedure requirements
clause method
4.13 — Short time Room temperature, AR max. 0,25% + 0.05
overload dissipation 6,25 Py, (voltage

not more than 2 x limiting
voltage) 10 cycles, 5 s on,
45 s off

See 2nd amendment

to IEC 115-1, Jan. 87. Pulse-load see Figs 6 and 9

PACKING

The resistors are supplied on bandolier; either 1000/5000 resistors in ammopack or 5000 resistors on
reel. For details see General section.

Dimensions of bandolier

type a A B1-B2 S T
+05 + max. (spacing) (max. deviation of spacing)

MRS25 6 52 +1.5/—0 1,2 5 | 1 mm per 10 spacings
MRS25ST 6 26 +1.5/-0 0,8 5 ‘ 0,5 mm per 5 spacings
Dimensions of ammopack

M N P
1000 resistors 82 28 262
5000 resistors 78 107 270
Dimensions of reel

Q R \%
5000 resistors 305 75 86

The dimensions in above tables are in mm.
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MR25 and MR30 are maintenance types

MR25
MR30
MR52

METAL FILM RESISTORS

QUICK REFERENCE DATA

[ —
L=

Type

Resistance range

Series

Resistance tolerance

Temperature coefficient

Absolute max. dissipation at
Tamp =700°C

Basic specification

Climatic category (IEC 68)

Approval [ 5

Stability after

load AR/R
AR/R
AR/R
AR/R

climatic tests
soldering
short time overload

MR25 MR30 MR52
1Qt01MQ 1Qt01MQ 4,99 Qto 1 MQ
E192 E192 E24; E96
+0,5% +0,5% +1%
+50.10%/K +50.10%/K +50.10°%/K
04W 0,5 W W

IEC115-1

55/155/56

CECC 40101

see nomogram
max. 0,5% + 0,05
max. 0,1% + 0,01 Q
max. 0,25% + 0,05 Q

APPLICATION

For use in professional equipment: computers, telecom, measuring, etc.

DESCRIPTION

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

MECHANICAL DATA

' {
e T—ﬂ ) Tﬂd

Fig. 1 Thisstandard version is specially made to obtain a minimum ""clean lead to clean lead’’ dimension L2.

~— L2 —— @D

-

7285008.2

Table 1

type Dmax L1max L2max d
MR25 25 6,5 7,5 0,6
MR30 3,0 10,0 11,0 0,6
MR52 5,2 16,5 17,5 0,6

* Dissipation at Tamp = 70 ©C which causes the maximum permissible hot-spot temperature of 176 °C
to occur, irrespective of the resistance drift provoked by this condition.
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MR30
MR52

The length of the body is measured by inserting the leads into the holes of two identical gauge plates
and moving these plates parallel to each other until the resistor body is clamped without deformation
(1EC publication 294).

Mass

type MR25 : 25 g per 100 resistors
MR30 : 32 g per 100
MR52 : 92 g per 100

Mounting
The resistors are suitable for processing an automatic insertion equipment and cutting and bending
machines.

Marking

The nominal resistance and tolerance are marked on the resistors by five or six coloured bands according
to IEC publication 62 “Colour code 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.

See General Section.

ELECTRICAL DATA
Standard values of rated resistance and tolerance

Standard values of rated resistance (nominal resistance) are taken from the E24/E96 series for £ 1% and
from the E192 series for £ 0,5%. The values of these series are given in the table “’Standard series of
values in a decade’ at the back of the handbook. The limiting voltage (DC or RMS)* is the maximum
voltage that may be applied continuously to the resistor element; see |IEC publications 115-1and 115-4.

* (see table 2).
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Metal film resistors MR30
MR52

Table 2

type packing |quantity resistance tol. | series temp. limiting | catalogue number
range % coefficient | voltage | 2322 followed

-10°%/K Y, by:

MR25 |ammopack|{ 1000 |1 £ to 1 MQ 0,5 |E192 + 50* 250 151 7....

MR30 [ammopack| 1000 |1 to 1 MQ 0,5 [E192 + 50* 350 1627....

MR52 | ammopack| 1000 }4,992to 1MQ |1 E24/96 + 50 500 163 5....

COMPOSITION OF THE CATALOGUE NUMBER

The catalogue number in the above table is completed by inserting the resistance code: the first three
figures of the resistance in £ followed by

8forR= 1t09,76 Q2 Example: the catalogue number of a resistor
9for R= 10 to 97,6 Q (see note) MR52 of 3650 £ + 0,564 in ammopack of 1000 is
1 for R=100to 976 2322 151 73652

2forR= 1109,76 kQ2
3forR= 10to 97,6 k2
4 for R=100to 976 kQ
5for R =1MQ

Note

The composition of catalogue number is not applicable for R = 49,9 §2 the relevant catalogue numbers
will be indicated on request.

* For R<4,99 ©: 100.10°%/K.
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MR25
MR30
MR52

DISSIPATION AND STABILITY

The stability as a function of dissipation and ambient temperature is indicated in the performance
nomogram of Fig. 2.

Notes on nomogram

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

2. The change in resistance for P =0 at a particular ambient temperature is indicative for the 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.

style MR25 | MR30 | MR52
R (K/W) 240 | 200 | 133 Tamb=
limiting voltage(v) [ 250 | 350 | 500 20°C
] ] 171, 25°C
T T ' A soe
L 4 1 A
4 E / ) o,
05+ 1 0.9 '/ 60°C
el 06 " ¢4 70°C
7 T 0,81 / o,
L 05+ '/ | 80°C
0,4 | 7 1 0,7 i /// !
1 out 08 A o0%
0,31 1 1 / |
[ ol ol % s
1 0,4 /
021 r ] v °
T 02 I 03 A A /! o
1 4 1 /| fl
011 1 0.2 // // [ ] 160°c
+ 01 v 4
1 1 0,11 A Z ]
1 iV / :
4 ///' ’// 40 so\\\ S1o0-120 [ 140 | 160 micc)
W% N~
V | k=
%/ 9% \\\§ i ~+100
A N
//,/ \\\ 1000
f /,/ NN |
YA/ NS ANAEAY
/,//,/ N_ [T ika
10000 h 4 A i
= 7000h 337 Ava N
= H V7 ANANEL
. 5000h V’ /'// \\\ 10k
,{Q“é oS J 100 kQ
/'>° 5y MO
1
2 1 05 AR o/, 0:2 0,1 0,05 0,02 7260658.38
R

Fig. 2 Performance nomogram for different styles of resistor, showing the relationship between power dissipation P, ambient
temperature Tamp, hot-spot temperature (Tpy,) and max. resistance drift AR/R after 1000 to 10000 hours of operation.
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Metal film resistors MR30
) MR52
100 7292292 40 7292293
AT /
w LI —IrJd-—= (AKT,
80 5mm
A1 % 1S A
60 // I /)§ /
|
/’/ f 20 | VA///
40 /’ : %
/‘ I 10 /é
20 I
f
0 ul 0
0 0,1 0,2 0,3 0,4 0,5 0 0,1 0,2 03 0,4 0,5
P (W) P (W)

Fig. 3 MR25. Hot-spot temperature rise (AT)
versus dissipated power.

7295215
120

AT /
(K) /

80 4

40 /

0 0,1 0,2 0,3 04 0,5 0,6
P (W)

Fig. 5 MR30. Hot-spot temperature rise (AT)
versus dissipated power.

Fig. 4 MR25. Temperature rise (AT) at the
end of lead (soldering point) versus dissipated
power, at various lead lengths after mounting.

7295214
40
AT
(K)
30 " Slmm
AL L A0mm)
Y LT 15mm
20 yaiVd
A
/;/
10 ,/é/
T
0

0 0,1 0,2 03 0,4 0,5 0,6
P (W)

Fig. 6 MR30. Temperature rise (AT) at the
end of lead (soldering point) versus dissipated

power, at various lead lengths after mounting.
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MR30
MR52
100 7295217 80 7295216
AT /
(K) // ‘(AK';. 5mm
80 |
// 60 10mm
% A
/ A/ 15 mm
60 YV
/|
4 40 /
40 /,/ é/
{ 20 74
20
0 0

0 0,2 04 0,6 08 1,0 1,2
P (W)

Fig. 7 MR52. Hot-spot temperature rise (AT)
versus dissipated power.
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0 0,2 04 0,6 08 10 1,2
P (W)

Fig. 8 MR52. Temperature rise (AT) at the
end of lead (soldering point) versus dissipated
power, at various lead lengths after mounting.

April 1994



Metal film resistors

MR25
MR30
MR52

TESTS AND REQUIREMENTS

Essentially all tests are carried out according to the schedule of IEC publication 115-1, category
55/155/56 {rated temperature range —55 to + 155 9C, damp heat, long term, 56 days) are carried out
along the lines of IEC publication 68, ‘‘Recommended basic climatic and mechanical robustness
testing procedure for electronic components”. In the following table the tests are listed with reference
to the relevant clauses of IEC publications 115-1 and 68; a short description is also given of the test
procedure and requirements. In some instances deviations from the |EC specification were necessary
for our method of specifying.

Table 3
IEC 115-1 | IEC68
clause test test procedure requirements
method
4.16 Robustness of
terminations
4.16.2 Ua Tensile all
samples load 10N, 10s } number of failures
4.16.3 Ub | Bending half load 5 N, 4 x 900 <10 ppm
number of samples
4.16.4 Uc Torsion other half 3 x 360° in opposite directions | no damage
number of samples AR max.0,1% + 0,01 2
417 Ta Soldering solderability: 2 s good tinning
230 °cC, flux 600 no damage
4.18 Tb thermal shock: 3 s:
350 ©C, 6 mm from body AR max.0,1% + 0,01
419 Na Rapid change % h —550C/% h + 155 OC, AR max.0,1% + 0,01 2
of temperature 5 cycles
4,22 Fc Vibration frequency 10-500 Hz, no damage
displacement 1,5 mm or
acceleration 10g, three
directions; total 6 h AR max.0,1% + 0,01 2
4,20 Eb Bump 3 x 1500 bumps in three no damage

directions, 40g

AR max.0,1% + 0,01 Q

W (April 1994

253



MR25
MR30
MR52

Table 3 (continued)

IEC115-1 | IEC68
clause test test procedure requirements
method
4.23 Climatic sequence
4.23.2 B Dry heat 16 h; 155 °C
4.23.3 D Damp heat (accel.)
1st cycle 24 h; 55 ©C;95-100% R.H.
4.23.4 Aa Cold 2 h; -5 90C
4.23.5 M Low air pressure 1h;8,5 kPa; 15-35 °C
4.23.6 D Damp heat (accel.) |5 days; Rijns min. 1000 M£
remaining cycles 55 0C; 95-100% R.H. AR max. 0,5% + 0,05 Q
4.24.2 Ca Damp heat 56 days; Rjns min. 1000 M2
(long-term exposure) | 40 ©C;90-95% R.H. dissipation:
MR25: <25 mW
MR30: <3 mW AR max.0,5% +0,05
MR52: <5 mW
4.25.1 — Endurance 1000 h: 70 OC: dissipation: AR max.0,5% + 0,05
MR25: 0,256 W
MR30:0,3W } or Vimax
MR52: 045 W
4.8.4.2 - Temperature between —55 °C and + 155 °C |+ 50.10°¢/K
coefficient
4.7 - Voltage proof 2 x limiting voltage (a.c.) with |no breakdown
a maximum of 750 V (r.m.s.)
412 — Noise |EC publication 195
R <100 k&2 max. 0,25 uV/V
R>100kQ max. 0,6 uV/V
_ . . 100 Vv (DC) . 4
4.6.1.1 Insulation resistance 1 min: V-block method min. 10* MQ
413 — Short-time Tamb =25°C AR max. 0,25% +0,05 2
overload dissipation 6,25 x Phom
voltage < 2 x limiting voltage
10 cycles: 5 son - 45 s off
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Metal film resistors

MR25
MR30
MR52

PACKING

For details see General Section.

The resistors are supplied on bandolier; either in ammopack or on reel, see Table 2.

Dimensions of bandolier

type a A B1— B2 S T
+ max. (spacing) (max. deviation of spacing)

MR25 6+05 | 52+1.5/—0 1,2 5 ‘

1 mm per 10 spacings,
MR30 605 52 +1.5/-0 1.2 5 ] 0,5 mm per 5 spacings
MR52 6+0,5 66,7+ 1,5 1,2 10
Dimensions of ammopack

M N P

MR25, 1000 resistors 82 28 262
MR30, 1000 resistors 77 34 265
MR52, 1000 resistors 97 95 260

The dimensions in above tables are in mm.
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MR24E/C/D

MR34E/C/D
MR54E/C/D
MR74E/C/D
LACQUERED METAL FILM RESISTORS
according to MIL-R-10509F
QUICK REFERENCE DATA
Resistance range 10 2 to 1 M2, E96 and E192 series
Resistance tolerance +0,1,0,25; 0,5; 1%
Rated dissipation at
Tamb=700°C MR24D 0,125W
MR34D 0,25 W
MR54D 05 W
MR74D 0,75 W
Tamb = 126 °C MR24E/C 01 W

MR34E/C 0,125 W
MRB4E/C 0,25 W
MR74E/C 05 W

Basic specification MIL-R-10509F
Stability after
load AR/R max. 0,5% +0,05
climatic tests AR/R max.0,5% +0,05Q
soldering AR/R max.0,1% +0,05
short-time overload AR/R max. 0,25% +0,05
APPLICATION

For use in professionai equipment: computers, teiecom, measuring, etc.

DESCRIPTION

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

has been cut in the resistive layer, tinned connecting wires of electrolytic copper are welded to the

end-caps. The resistors are coated with 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.

MECHANICAL DATA <+—38+3 —pt—— | —pj¢— 3813 —>
-+{|<a, Ay e
' !
’ ] —@d
Table 1 4 '
’ @0 72687600
type Dmax | Lmax ::'_,_ :g d Fig. 1.

MR24E/C/D 24 65 | <1 0,6
MR34E/C/D 3,1 106 | <1 0,6
MRB54E/C/D 5,2 166 | <1 0,6
MR74E/C/D 68 | 205 | <1 0,8
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MR24E/C/D
MR34E/C/D
MR54E/C/D
MR74E/C/D

The length of the body is measured by inserting the leads into the holes of two identical gauge plates
and by moving these plates parallel to each other until the resistor body is clamped without deformation
(see IEC publication 294).

Mass

MR24E/C/D 25 g per 100
MR34E/C/D 32 gper 100
MR5B4E/C/D 92 g per 100
MR74E/C/D 200 g per 100

Mounting

The resistors must be mounted stress free so as to allow thermal expansion over the wide permissible
temperature range.

Marking
The resistors are-marked according to the MIL specification MIL-R-10509F. This means that the
following information is printed on the resistor:

MIL style

Value and tolerance in MIL code

Manufacturers’ identification symbol.
In the MIL code for value and tolerance the value is indicated by four figures and a letter: first the
three significant figures 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:

B=+0,1%; C=10,25%; D=+0,5% and F = + 1%.

Example: 22,1 k2 £ 1% is written as 2212 F,
This code should not be used for ordering. Please use the catalogue number (see next page) for this
purpose.

ELECTRICAL DATA
Standard values of rated resistance and tolerance

Standard values of rated resistance (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 para 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 figures. The values of the E96 and E192 series are given at the back of this book.
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MR24E/C/D

Lacquered metal film resistors (to MIL-R-10509F) mggggg;g
MR74E/C/D
Table 2
rated ;naximu;n ist max. MIL catalogue number
style dissipation | ‘omperaiure; resistance range voltage 2322 followed
W coefficient and tolerance v style by
N 10°¢/K ) o
at 1256 0C * 0,1/0,25/0,5%
E192 series
1% E96 series
MR24E 0,1 25 499 Q to1 MQ 200 RN5G5E| 160.....
MR24C 0,1 50 499 Q to1 MQ 200 RN55C| 161.....
MR34E 0,125 25 499 Q to 1 MQ 250 RNG6OE| 163.....
MR34C 0,125 50 499 Q to 1 MQ 250 RN6OC| 164.....
MRB4E 0,25 25 499 Q to 1 MQ 300 RNG5E| 166.....
MR54C 0,25 50 49,9 Q to 1 M2 300 RN65C| 167.....
MR74E 0,5 25 249 to 1 MQ 350 RN70E| 169.....
MR74C 0,5 50 249 to 1 MQ 350 RN70C| 170.....
at 70 °C + 1% E96 series
MR24D 0,125 100 102 to 1 MQ 200 RN55D| 162.....
MR34D 0,25 100 10 to 1 MQ 300 RN60D| 165.....
MR54D 0,5 100 102 to 1 MQ 350 RN65D{ 168.....
MR74D 0,75 100 102 to 1 MQ 500 RN70D| 171.....

COMPOSITION OF THE CATALOGUE NUMBER
The catalogue number in the above table is completed by inserting the tolerance and resistance code:

style code

resistance value code: first three significant

see Table 2

tolerance code

1 for = 1%

2 for £ 0,5%
3 for £0,25%
4 for £0,1%

figures of the resistance value (in £2) followed
by

9for Rof 10to 98,8 Q2

1for Rof 100t0 988

2forRof 1to 9,88k

3forRof 10to 98,8 kQ

4 for R of 100 t0 988 k2

5 for R of 1 MQ

For the resistance values mentioned in Table 3 the ““Composition of the catalogue number’ is not
applicable. In this table the last 5 digits of the catalogue number are stated in full.
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MR24E/C/D
MR34E/C/D
MRS4E/C/D
MR74E/C/D

Table 3

resistance last 5 digits of the catalogue number
value
Q 0,1% 0,25% 0,5% 1%

29,9 92102 92122

39,9 92103 92123

49,9 92104 92124 92134 92144
59,9 92105 92125

69,9 92106 92126

79,9 92107 92127

89,9 92108 92128

99,9 92109 92129

TESTS AND REQUIREMENTS

All tests are carried out according to the schedule of MIL-R-10509F para 4.4.2. In the table below the
tests and requirements are listed with reference to the relevant paragraphs of this specification.

Table 4
MiL method reguirement
R 10509F STD 202 procedure MIL-R-10509F requirement*
paragraph method paragraph
4.6.4 102 Temperature cycling 3.9 AR < 0,25% +0,05 Q
46.5 - Low-temperature operation 3.10 AR <0,25% +0,05 Q
4.6.6 — Short-time overload 3.11 AR < 0,25% +0,05 Q
46.7 211 Terminal strength 3.12 AR< 0,2% +0,05 Q
46.8 301/105 Dielectric withstanding 3.13 AR < 0,25% +0,05 2
voltage
46.9 302 Insulation resistance 3.14 Rins = 10 0600 MS2
4.6.10 210 Resistance to soldering heat 3.15 AR<0,1% +0,05 2
4.6.11 106 Moisture resistance 3.16 AR<0,5% +0,05 Q2
Rijns = 100 MQ
4.6.13 108 Life 3.18 AR<05% +0,05%Q
4.6.15 205 Shock, medium impact 3.20 AR < 0,25% +0,05 2
4.6.16 204 Vibration 3.21 AR <0,25% +0,05
PACKAGING

Bulk packing, 100 per box.

* Aithough resistors with a temperature coefficient of 100.10°%/K correspond with characteristic D
resistors of MIL-R-10509F, they meet the more severe test requirements of characteristic C and E

resistors.
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MPR24
MPR34
METAL FILM PRECISION RESISTORS
QUICK REFERENCE DATA
Resistance range 24 ) to 100 k2 499 Q to 1 MQ
Resistance tolerance +0,05;0,02;0,01% +0,5;0,25;0,1%
Category 25/125/56 55/155/56
Failure level S R
Absolute maximum dissipation
at Tamp =70 °C MPR24 0,126 W 0,250 W
MPR34 0,25W 040W
Specification based on CECC 40300
MIL-R-10509
MIL-R-55182
DIN 44061
IEC115-5

Temperature characteristic
between + 20 and + 70 °C

Vibration test
Air pressure (lower limit)

Stability after
load
climatic tests
soldering test
short overload

AR/R max. + 0,125% (TC * 25)
AR/R max. + 0,075% (TC * 15)
AR/R max. £ 0,050% (TC * 10)
AR/R max. £ 0,025% (TC £ 5)

10 Hz to 500 Hz; 0,75 mm or 98 m/s?
8,5 kN/m?

AR/R max. 0,05% + 0,01 £
AR/R max. 0,05% + 0,01 £
AR/R max. 0,01% + 0,01 &
AR/R max. 0,01% + 0,01 Q

APPLICATION

These resistors have been developed for highly professional applications such as computers, test and
telecommunication equipment; where high stability and low temperature coefficient are essential.

DESCRIPTION

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

The resistors are coated with layers of 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 |EC 68-2-45.

Resistors < 200 2 with tolerances of 0,05, 0,02 and 0,01% have a low inductance.

\ (November 1993

261



MPR24
MPR34

MECHANICAL DATA

~— L1 —

{

—

}

7285008.2

<« L2 —— @D

Fig. 1.
type D L1 L2 max d
MPR24 2,5 6,56 7,5 06
MPR34 3,0 10,0 11,0 0,6

The lead length (38 + 3 mm) only applies to untaped resistors, i.e. those packed in a cassette. See
Standard Packing.

The length of the body is measured by inserting the leads into the 1 mm diameter holes of two identical
gauge plates and by moving these plates parallel to each other until the resistor body is clamped
without deformation (see |EC publication 294).

Mass (per 100 items): MPR24 — 25¢g
MPR34 — 30g

Coding

The resistors are either colour-coded or marked. Any value within the range can be supplied colour-
coded, provided the resistance can be expressed in 3 coloured bands according to IEC publication 62
“’Colour code for fixed resistors’’. See also General Section. All other resistors, including those in
cassette packing, are marked.

Colour coding S
& 7283654
| ]

significant - tol. TC
colour figures multiplier % 108/K
black 0 1x
brown 1 10x
red 2 100 x 50
orange 3 1000 x +15
yellow 4 10000 x +25
green 5 100000 x 0,5
blue 6 1000000 x +0,25 +10
violet 7 0,1 +5
grey 8
white 9
silver - 0,01 x
gold - 0,1x
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Metal film precision resistors

MPR24
MPR34

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

manufacturers symbol

code for tolerance

code for
temp. coefficient

[y 1 My
L X R
r—-""="—-——-" —/
| X X X X X t——--r—» resistance value
| |
| X X X x|
—_ e e —
7282651

Tolerance: (acc IEC62).

+05 %=D
+0,25%=C
+0,1 %=8B
+0,05% =W
+0,02% =P
+0,01% =L
Temperature coefficient:

TC+25=1

TC+15=2

TC+10=3

TC+ 5=4

Resistors with other temperature coefficients are available on request.

Resistance value:

Nine positions are available for the resistance value according to |IEC 62.
Example: 4R99 = 4,99 Q

K2751=275,1

27R83 =27,83 Q2
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MPR24

MPR34
ELECTRICAL DATA
Maximum permissible voltage
MPR24 250 \%
MPR34 350 \%
Insulation voltage (RMS)

MPR24 500 \Y
MPR34 700 Y
Resistance range 24 Q2 to 100 kQ2 499 Q to 1 MQ
Resistance tolerance +0,05;0,02;0,01% +0,5;0,25;0,1%

Climatic category (IEC68) 25/125/56 55/155/56
Failure level S R
Absolute maximum dissipation
at Tamp =70 °C MPR24 0,126 W 0,250 W
MPR34 0,25W 0,40W
Temperature coefficient +5,10,15,25+10/K +5,10,15,25-10°%/K

Resistors in the range 24 £ to 200 £, tolerance < 0,1%, are of low inductance.

Derating at temperatures above 70 °C

7282652
100 100
|
Pmax l Pmax :
(%Prateq) | (% Prated) |
l |
' |
' |
0 ! 0 a4
+70 +125 +70 +155
Tamb (°C) Tamb (°C)
Fig. 2a Maximum dissipation (Pmax) Fig. 2b Maximum dissipation (P ,x)
as a function of Ty, for R tolerances as a function of Tymp for R tolerances of
of 0,05, 0,02 and 0,01%. 0,5, 0,25 and 0,1%.
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Metal film precision resistors MPR24
MPR34

Dissipation and stability

The stability as a function of dissipation and ambient temperature is indicated in the performance
nomogram of Fig. 3 for resistors with R tolerance = 0,1%.

style | MPR24 | MPR34
Rih (KW) | 240 200 Tamb =
limiting voltage (V) 250 350 MBC689 - 2 20°C
17,25°C
T Vi o
. 061 . 7 | | 40°C
w) //
051 08 A | | sooc
// 70°C
L A 80°C
04 % // )
| Z d .
L o4 /, j100ce
034 A
1 4 | | 1200
03 /’ 125°C
] A
0.2 7 /7[ 140°C
Foo02
4 74
o1 o4 Y 2/ /11 1e00c
1 o }
// /// i
PO / // \ gl |
aé% 40 60 15100~ 120 | 140 | 160 Ty (°C)
0/ NN ] se
//// /] \§r\ SN T 100
7 q ‘\\\\\ )
Y N
I LT
7 NRORLT
woon] VAN /N / NN
| DNIAV LT Nt
Y Vo4 ‘\\\ N kQ
l// A ANAY B 10
Vi V7N NN kQ
VI a000n NIV 100k
/ ’,;///éfggg v
// A1 .
02 0.1 0.05 AR (g 002 001 0.005 0002  0.001
R

Notes on nomogram

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

2. The resistance change 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.

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

4. In the nomogram the limiting voltage of the resistors has not been taken into consideration.
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MPR24
MPR34

COMPOSITION OF THE CATALOGUE NUMBER
a. For tolerances + 0,5;+ 0,25 and + 0,1%

2322 14X XXXXX

bandoliers of -
100 and 1000 Any value within the range can be supplied in colour-coded versions provided the
resistors resistance value can be expressed in 3-colour-code bands. All other resistors are available
as marked versions only.
XXX in the catalogue number denotes the 10th to 12th digits which are fixed by the
1 MPR24 style supplier.
2 MPR34 Tolerance < 0,1%; the values 24 £ to 200 £ are of low inductance value.
0 100
1 05 7000 +0,5% +0,25% 0,1%
i r colour olo
[ Py S P e | T (st | o Tmres oy ] oy [ e
4 ce 100 8th and 9th digit of the catalogue number
5 % 0.1 7000 100 00xxx | 04xxx |20xxx | 24xxx | 40xxx | 44xxx
£25 1000 10xxx | 14xxx |30xxx | 34xxx | 50xxx | 54xxx
0 +25 100 01xxx | 05xxx |21xxx | 26xxx | 41xxx | 45xxx
1 +15 colour 4’9‘9 e 15 1000 11xxx | 15xxx |31xxx | 35xxx | 51xxx | 55xxx
2 *10 coded 1 M(;'L 100 02xxx | 06xxx |22xxx | 26xxx | 42xxx | 46xxx
3| Tc |5 £10 71000 | 12%0cx | 16xxx | 32xxx | 36xxx | 52x0xx | 56xxx
4 | +10°/K |£25 100 03xxx | 07xxx |23xxx | 27xxx | 43xxx | 47xxx
5 : :z marked £5 1000 13xxx | 17xxx | 33xxx | 37xxx | 63xxx | 57xxx
6
7 t 5
bandoliers of
500 and 5000
resistors 2322 14X XXXXX
3 MPR24 styie I T +0,5% + 0,25% 0,i%
¢ ]__wemas rnce || 10 st oo T ke ot [ mrc] 9 | e
| 0 | 0.5 500 8th and 9th digit of the catalogue number
—;— tole. S:gg 25 500 | 00xxx | 04xxx | 20xxx |24xxx | 40xxx | 44xxx
T ran- 0.25 5000 packing 5000 10xxx | 14xxx | 30xxx | 34xxx | 50xxx | 54xxx
T ce 0 £15 500 O1xxx | 05xxx | 21xxx |256xxx | 41xxx | 45xxx
— % 0.1 5 4990 5000 Tixxx | 16xxx | 31xxx | 35xxx | 51xxx | 55xxx
5 5000 1 A;IZI £10 500 | 02xxx | 06xxx | 22xxx_| 26xxx | 42xxx | 46xxx
___(l__ + 25 5000 12xxx | 16xxx | 32xxx | 36xxx | 52xxx | 56xxx
L1 +15 colour £ 5 500 | 03xxx |07xxx |23xxx [27xxx |43xxx | 47xxx
2 +10 coded 5000 13xxx | 17xxx | 33xxx | 37xxx | 63xxx | 57xxx
3] ¢ [+s
4 | 10°/K |+ 25
5 | 15
T 310 marked
T t 5
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MPR24

Metal film precision resistors
MPR34

b. For tolerances + 0,05; + 0,02 and * 0,01%

2322 14X Z()(XXX

cassettes of 20 resistors Any value within the range will be supplied in marked versions
and provided the resistance value can be expressed in 3-colour-code bands.
bandoliers of 100 All other resistors are available as marked versions only.
PRoa XXX in the catalogue number denotes the 10th to 12th digits which
1 M style are fixed by the supplier.
2 MPR34 Tolerance < 0,1%; the values 24 £ to 200 2 are of low inductance
6 *0,05% anh::e't't' f 20 ied by a list with individual i
uantities o r
7 0.02% tolerance Suant s are accompanied by a list with individual measuring
8 +0,01%
+0,05% I £0,02% | +0,01%
0 + 25 resistance T.C standard MARKED
1 1£15 59 range packing 8th and 9th digit of the
2 +10 catalogue number
3 _|TC . + 5 packing +25 20 60xxx 70xxx 80xxx
4 |"109K |+ 25 +15 20 61xxx 71xxx | 81xxx
5 *15 100 24Q +10 20 62xxx 72x%X 82xxx
6 +10 to £ 5 20 63xxx 73xxx 83xxx
7 + B 100 kQ £25 100 64xxx 74xxx 84xxx
+ 156 100 65xxx 75xxx 85xxx
+10 100 66xxx 76xxx 86xxX
t 5 100 B67xxx T7xxx 87xxx
bandoliers of 500
and 1000 resistors
2322 14X XXXXX
3 MPR24 ol E 0,05%—[ +0,02% I +0,01%
4 MPR34 svle resistance TC. standard MARKED
range packing 8th and 9th digit of the
6 + 0,05% catalogue number
7 +0,02% | tolerance + 25 500 60xxx 70xxx 80xxx
8 +0,01% +15 500 61xxx 71xxx 81xxx
0 + 25[ 24Q + 10 500 62xxx 72xxx 82xxx
1 + 15 to + 5 500 63xxx 73xxx 83xxx
2 +10 500 100 k2 + 25 1000 64xxx 74xxx 84xxx
3 TC : 5 +15 1000 B85xxx 75xxx 85xxx
+ ] 10K |3 28 packing +10 | 1000 6xxx | 76xxx | BBxxx
5 + 15 + 5 1000 67xxx 77xxx 87xxx
—— 1000
6 + 10
il
7 + 5
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MPR24
MPR34

TESTS AND REQUIREMENTS

Essentially all tests are carried out according to the schedule of the CECC publication 40.300 category
55/155/56 (for the 0,56%, 0,25% and 0,1% tolerance classes) and category 256/125/56 (for the 0,05%,
0,02% and 0,01% tolerance classes) along the lines of CECC 40.000, "' Recommended basic climatic

and mechanical robustness testing procedure for electronic components”’.

In the following table the tests are listed with reference to the relevant clauses of CECC publication
40.000 and |EC publication 68; a short description is also given on the test procedure and requirements.

In some instances deviations from the CECC were necessary for our method of specifying.

Table 2
CECC
40.000 | 'EC68 .
test test procedure requirements
test method
method ©
4.5 Insulation resistance MPR24: 500 V (d.c.) min. 10* M
MPR34: 700 V (d.c.)
during 1 min; V-block method
4.6 Voltage proof 2 x limiting voltage (a.c.) no breakdown
with a maximum of 750 V (r.m.s.)
during 1 minute. V block method
47 Temperature coefficient | (a) between + 20 0C and + 70 0C | <+25<+15<+10<%5'10°K
(b) between —55 OC and + 155 O0C| <25, 10-9K
*
4.10 Noise IEC publication 195 <0.50 uV/V for R>100 K
<0.25 uV/V for R<<100 K
4.11 Overload 55,6,25 x Pom or 2 x limi- ARpax <0,01% + 0,01 Q
ting voltage (whichever
the less)
4.14 Robustness of termina-
tions
Ua Tensile all samples load 10N, 10 S
Ub Bending half number of | load 5N, 4 x 90°
samples
Uc Torsion other half num- | 3 x 360° in opposite no damage
ber of samples directions ARpax <0,01%+0,01
4.15 Ta Soldering solderability: 2 S good timing
230 °C flux 600 no damage
Tb Thermal shock: 3 S
350 °C 6 mm from body ARpmax <0,01% +0,01 Q2
4.16 Na Rapid change of (a) %2h —250C/% h + 125 oC ARpmax <0,01%+0,01 Q2
temperature 5 cycles
(b) %2 h =565 0C/% h + 155 oC ARmax <0,01%+0,01 Q
5 cycles *
4.17 Eb Bump 3 x 1500 bumps in three no damage
directions, 40 g ARmax <0,01% +0,01 Q2

* (a) and (b) refer to the tolerance groups mentioned in Composition of the Catalogue Number.
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Metal film precision resistors

MPR24

CECC | |kces
40000 .
tost test test procedure requirements
method method
4.19 Fc Vibration frequency 10 - 500 Hz, no damage
displacing 1,5 mm or de-
celeration 10g, three di-
rections; total 6 h ARmax <0,01% + 0,01
4.20 Climatic sequence
4.20.2 B Dry heat (a) 16h;125°C
(b) 16 h; 155 °C *
4.20.3 D Damp heat (accel.) 24 h;95-100% R.H.
1st cycle
4.20.4 Aa Cold (a) 2h;-250C
(b) 2h;-550C *
4.20.5 M Low air pressure 1h;8,5kPa; 16 -35°C
4.20.6 D Damp heat (accel.) 5 days; 95 - 100% R.H. Rins min. 100 M
remaining cycles ARmax <0,05% + 0,01 2
4.21 Ca Damp heat, 56 days Rins min. 100 M
Steady state 40°C; 90 - 95% R.H.
(long term exposure) dissipation
<1,256 mW ARmax <0,05% + 0,01 2
4.24 Endurance 2000 h dissipation at 70 °C Rins min 100 M2
1% h on/% h off MPR24: 0,125 W ARmax <0,05% + 0,01
MPR34: 0,250 W
STANDARD PACKING

100 resistors on bandolier in a cardboard box; 500 and 1000 resistors on bandolier in ammopack,
5000 resistors on bandolier on reel, or 20 resistors in cassette, including list with individual measuring

details. See General section for details.

Dimensions of bandolier

tvoe a A B1 —-B2 S T
yp +0,2 +15 + max. spacing max. deviation of spacing
MPR24 6 63,5 1,2 5 1 mm per 10 spacings
MPR34 6 63,56 1,2 5 0,5 mm per 5 spacings
Dimensions of ammopack

] N P
MPR24 97 29 262
MPR34 97 39 262
Dimensions of reel

Q \
MPR24 305 90
MPR34 356 90

* (a) and (b) refer to the tolerance groups mentioned in Composition of the Catalogue Number.
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VR25

HIGH-OHMIC/HIGH-VOLTAGE RESISTORS

Resistance range

Resistance tolerance

Max. permissible body temperature (hot spot)

Temperature coefficient

Rated dissipation at Tqmp = 70 °C

Limiting voltage

Dielectric withstanding voltage of the
insulation for 1 minute

Basic specification

Climatic category (IEC 68)

Stability after:
1000 h max. load
accelerated damp heat test (6 days)
long-term damp heat test (56 days)

Noise

220 k§2 to 15 MS2, E24/E96 series
100 k€2 to 10 M2, E24 series
12 MQ to 22 MQ, E12 series

+ 1% (E24/E96), + 5% (E24), + 10% (E12)
155 0C

+200-10°%K

0,25W

1600 V (DC) or 1150 V (RMS)

min. 700 V (RMS)
IEC 115, type 1B
55/155/56

AR/R max. 1.5%
AR/R max. 1.5%
AR/R max. 1.5%

max. 5 uV/V

APPLICATION

These resistors are for applications in which high resistance, high stability and reliability are required at
high voltages. The resistors meet the safety requirements of |[EC 65 par. 14-1B, 4th edition; NFC 92-130

(France); VDE 0860 (Germany); BS415 (U.K

DESCRIPTION

J.

A metal-glazed film is deposited on a high grade ceramic body; tinned electrolytic copper connecting
wires are welded to the end caps. The resistors are coated with a light-blue insulating lacquer which
also provides protection against environmental effects.

MECHANICAL DATA

L1

! -

U

-

i
104

f

@D

7285008.2

Fig. 1 Axial leads.

Table 1
type Dmax L1 max L2 max d
VR25 2,5 6,5 7,5 0,6
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VR25

The length of the body 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

(1EC publication 294).

Mass 23 g per 100 resistors

Mounting

The resistors are suitable for processing on automatic insertion equipment and cutting and bending
machines. The minimum pitch for the type with axial leads is 5 e. The “’stand-up”’ type,

VR25A, can be inserted into holes with a pitch of 1e.

Marking

The nominal resistance and the tolerance are marked on these resistors by four or five coloured bands
according to IEC publication 62 ""Colour code for fixed resistors’. See General Section.

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

VR25

ELECTRICAL DATA
Standard values of rated resistance and tolerance

Standard values of rated resistance (nominal resistance) are taken from the
E12 series within the range 12 M to 22 MQ for R + 10%,
E24 series within the range 100 kS2 to 10 M2 for R + 5% and
E24/E96 series within the range 220kS2 to 15 M for R + 1%

See thetable “’Standard series of values in a decade’” at the back of the book.

The limiting voltage for resistor element is the maximum voltage that may be applied continuously

to the resistor element; see |IEC publications 115-1 and 115-2. This voltage is 1600 V (DC) or

1150 V (RMS).

Application information available on request.

Table 2
. . resistance tolerance . catalogue number
type packing | quantity range +% series 2322 followed by:
VR25 ammopack | 1000 220kS2 to 15 MQ 1 E24/E96 241 8....
100 k€2 to 10 MQ 5 E24 241 13...
12 M2 to 22 MQ 10 E12 241 12...
5000 100 k2 to 10 MQ 5 E24 241 63...
12 M2 to 22 M2 10 E12 24152...
on reel 5000 100 k£ to 10 MQ 5 E24 241 23...
12 MQ to 22 MQ 10 E12 241 22...
VR25 ammopack | 2000 100 k€2 to 10 MQ 5 E24 241 43...
2000 12 M2 to 22 MQ2 10 E12 241 42...
26 mm
bandolier

COMPOSITION OF THE CATALOGUE NUMBER

The catalogue number in the above table is completed by inserted the resistance code: the first two
figures (for 1% tolerance first three figures) of the resistance, followed by:

4 for R =100 k2 to 976 k2

5forR= 1MQ to 9,76 MQ2
6 forR > 10 MQ
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275



VR25
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Fig. 3 Maximum dissipation (Ppay) as a function of the ambient temperature (Tamp).
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Fig. 4 Maximum permissible dissipation at Tamp = 70 ©C as a function of the resistance.
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High-ohmic/high-voitage resistors VR25

MCA384
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Fig.5b Hot-spot temperature rise (AT) as a function of dissipated power.
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Fig.6 Temperature rise (AT) at the end of the lead (soldering point)
as a function of various lead lengths after mounting.
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VR25

TESTS AND REQUIREMENTS

Essentially all tests are carried out according to the schedule of |EC publication 115-1, category
55/1655/56 (rated temperature range —55 to + 155 ©C; damp heat, long term, 56 days) and along the
lines of IEC publication 68, '’"Recommended basic climatic and mechanical robustness testing pro-
cedure for electronic components’’, In the following table the tests are listed with reference to the
relevant clauses of |EC publications 115-1 and 68; a short description is also given of the test proce-
dure and requirements. In some instances deviations from the IEC recommendation were necessary for
our method of specifying.

Table 4
IEC 68
IEC115-1 test test procedure requirements
clause
method
4.16 Robustness of
terminations
4.16.2 Ua Tensile all number of failures:
samples load 10N; 10s <10 ppm
4.16.3 Ub Bending
half num- load 5N; 4 x 900
ber of
samples
4.16.4 Uc Torsion 3 x 3600 in opposite directions | no damage
other half AR max. 0,5% + 0,05
number of
samples
4.17 Ta Soldering solderability: 2 s good tinning,
2350(, flux 600 no damage
4.18 Tb thermal shock: 3 s AR max. 0,5% + 0,05
350 9C, 6 mm from body
i 1 —_— oc/y, (o]
4.19 Na Rapid change % h —55 O0C/% h + 155 ©C, AR max. 0.5% + 0,05
of temperature | 5 cycles
4.22 Fc Vibration frequency 10-500 Hz, no damage
displacement 1,5 mm or AR max. 0,5% + 0,05 2
acceleration 10g, three
directions;total6 h (3x2 h)
4.20 Eb Bump 3 x 1500 bumps in three no damage
directions, 40g AR max. 0,5% + 0,05 2
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High-ohmic/high-voltage resistors

VR25

IEC115-1 | 'EC68 .
test test procedure requirements
clause
method
4.23 Climatic
sequence
4.23.2 Ba Dry heat 16 h, 165 °C
4.23.3 D Damp heat
(accel.)
1st cycle 24 h; 55 0C;95-100% R.H.
4.23.4 Aa Cold 2h;-550C
4,235 M Low air
pressure 2 h; 8,5 kPa; 15-35 °C
4.23.6 D Damp heat 5 days; 55 0C;95-100% R.H. Rjng min. 1000 MQ
(accel.) re- AR max. 1.5%
maining cycles
4,242 Ca Damp heat 56 days; 40 °C;90-95% R.H. Rijhs min. 1000 MQ
steady state dissipation < 0,01 P, AR max. 1.5%
limiting voltage 16 V (DC)
4.25.1 — Endurance 1000 hours; 70 °C AR max. 1.6%
nominal dissipation or V5%
4.8.4.2 - Temperature between —55 ©C and + 155 ©C | + 200.10-¢/K
coefficient
4.7 — Voltage proof | 700 V (RMS), 1 minute no breakdown
on insulation V block method
4.12 - Noise |EC publication 195 max. 5 uV/V
4.6.1.1 - Insulation 500 V (DC) 1 minute; min. 10*MQ
resistance V block method
413 — Short time Room temperature, AR max. 0,5% + 0,05 Q2
overload dissipation 6,25 Pp,
(voltage not more than
2 x limiting voltage),
10 cycles 5son,
45 s off

279
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VR25

PACKING

Resistors with axial leads are supplied on bandolier in ammopack or on reel; those with radial leads
are either loose in a cardboard box or — with bent leads — on a bandolier in ammopack. See General
section for details.

guantity per box
type bandolier bulk bandolier
ammopack loose on reel
VR25 1000/2000/5000 — 5000
Dimensions of bandolier
a B1-B2 S T
type +05 A + max. (spacing) (max. deviation of spacing)
VR25 6 52 +1.5/-0 1,2 } 1 mm per 10 spacings
VR25 6 26 +1.5/-0 10 5 0,5 mm per 5 spacings
Dimensions of ammopack
M N P
1000 resistors 82 28 262
2000 resistors 50 50 255
5000 resistors 78 98 270
Dimensions of reel
Q \%
5000 resistors 305 75

The dimensions in above tables are in mm.
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VR37
VR68

HIGH-OHMIC/HIGH-VOLTAGE RESISTORS
QUICK REFERENCE DATA

Type
Resistance range

Resistance tolerance

Thermal resistance

Max. permissible body temperature (hot spot)

Temperature coefficient

Rated dissipation at Tymp =70 °C

Limiting voltage
DC
RMS

Dielectric withstanding voltage
of the insulation for 1 minute

Basic specification
Climatic category (IEC 68)
Stability after:

1000 h max. load

6 days damp-heat test

56 days damp-heat test
Noise

AR/R
AR/R
AR/R

VR37

VR68

E24 series
E24/E96 series

E24 series
E24/E96 series

min.

1.56%) +0.1Q
1.5%) +0.1 Q2
1.5%) +0.1 Q2
2.5 uV/V)

max. (req.:
max. (req.:
max. (req.:
max. (req.:

100 k€2 to 33 MQ
100 k2 to 33 MQ

+ 5%

+ 1%

120 K/W
155 OC
+200.10-¢/K
0.5W

3.5kV
25kV

700 V
IEC115-1B
55/155/56

typ.0.5%
typ.0.5%
typ. 0.5%
typ. 0.5 uV/V

100 k2 to 68 MQ2
100 k<2 to 68 M2

+5%

+1%

70 K/W

155 0C
+200.10°¢/K
1.0W

10 kV
7kV

700 V
IEC115-1B
55/155/56

typ. 1%

typ. 1%
typ.0.5%
typ.0.5 uV/V

APPLICATION

Where high resistance, high stability and high reiiability at high voitage are required.

the safety requirements of 1EC 65, 4th edition; NFC 92.130; BS415; VDE 0860.

DESCRIPTION

The resistors meet

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

MECHANICAL DATA L
. } N
i
L2 @D
Fig. 1 Axial leads.
Table 1
type Dmax L1 max L2 max d
VR37 4.0 9.0 10.0 0.7
VR68 6.8 18.0 19.0 0.8

—@ad

7285008.2
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VR37
VR68

The length of the body is measured by inserting the leads into holes of two identical gauge plates and
moving those plates parallel to each other until the resistor body is clamped without deformation
(IEC publication 294).

Mass (per 100) VR37:48g; VR68: 148g

Mounting

The resistors are suitable for processing on automatic insertion equipment and cutting and bending
machines. The minimum pitch for type VR37 is 6e and for type VR68 9e.

For temperature rise at soldering point, see Fig.5.

Marking

The nominal resistance and the tolerance are marked on these resistors by four (E24 series) or five
(E96 + E24) coloured bands according to IEC publication 62 ""Colour code for fixed resistors’’. See
General Section.

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

ELECTRICAL DATA

Standard values of rated resistance and tolerance

Standard values of rated resistance (nominal resistance) are taken from the E24/E96 series (tolerance
+ 1%) and E24 series (tolerance t 5%) within the range 100 k€2 to 33 M2 for type VR37 and 100 k2

to 68 M2 for type VR68. Values up to 220 MXQ are available on request. See the table ""Standard series
of values in a decade’’ at the back of the book.

The limiting voltage for resistor element is the maximum voltage that may be supplied continuously
to the resistor element; see |EC publications 115-1 and 1156-2. This voltage is 3500 V (DC)
or 2500 V (RMS) for type VR37 and 10 kV (DC) or 7 kV (RMS) for type VRG8.

Application information available on request.
Table 2
. . resistance tolerance . catalogue number
type packing | quantity range % series 2322 followed by:
VR37 ammopack 1000 100 kS2 to 33 M2 1 E24/E96 2428....
5 E24 24213...
on reel 5000 5 E24 24223 ...
VR68 ammopack 500 100 k2 to 68 MQ2 1 E24/E96 2448. ...
5 E24 244 13...

COMPOSITION OF THE CATALOGUE NUMBER

The catalogue number in the above table is completed by inserting the resistance code: the first two
figures (E24 series) resp. first three figures (E24/E96) of the resistance (in £2) followed by:

4for R=100k2 to976 k&

GforR= 1MQ to 9.76 MQ

6forR= 10MSQ2 to 68 MQ
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High-ohmic/high-voltage resistors VR37

VR68

1.0 1
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0.75 4
0.5 4
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Fig. 2 Maximum dissipation (Ppax) as a function of the ambient temperature (Tgmp).

10 7288533
P
(W)
VR68 7000V 1W
1
AN
[ VR37 2500V 0,5W
10~
10—2 1 2
10 1 10 fmq) 1

Fig. 3 Power versus resistance value of high-voltage resistors at Tymp = 70 ©C.
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VR37
VR68

MCA391
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Fig.4 Hot-spot temperature rise (AT) as a function of dissipated power.
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Fig.5 Temperature rise (AT) at the end of the lead (soldering point) as a function of dissipated power
at various lead lengths after mounting.
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VR37
VR68

High-ohmic/high-voltage resistors

TESTS AND REQUIREMENTS

Essentially all tests are carried out according to the schedule of |EC publication 115-1, category
55/165/56 (rated temperature range —55 to + 155 OC; damp heat, long term, 56 days) and along the
lines of IEC publication 68, ''Recommended basic climatic and mechanical robustness testing pro-
cedure for electronic components”’. In the following table the tests are listed with reference to the
relevant clauses of |EC publications 115-1 and 68; a short description is also given of the test proce-
dure and requirements. In some instances deviations from the IEC recommendation were necessary
for our method of specifying.

Table 4
. IEC68
IECTTST | ot test procedure requirements
clause
method
18 Robustness of
terminations
Ua Tensile all
samples load 10N; 10's number of failures:
Ub Bending <10 ppm
half num- load 5N ;4 x 900
ber of
samples
Uc Torsion 3 x 3600 in opposite directions | no damage
other half AR max.0.5% + 0.05 Q
number of
samples
19 T Soldering solderability: 2 s good tinning,
235 °C, flux 600 no damage
thermal shock: 3 s AR max.0.5% + 0.05 2
350 °C, 6 mm from body
20 Na Rapid change % h —B5 OC/% h + 155 OC,
of tempera- 5 cycles AR max. 0.5% + 0.05 £2
ture
22 Fc Vibration frequency 10-500 Hz, no damage
displacement 1.5 mm or AR max. 0.5% +0.05 Q
acceleration 10g, three
directions; total 6 h (3 x 2 h)
21 Eb Bump 3 x 1500 bumps in three no damage
directions, 40g AR max.0.5% +0.05 2
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VR37

VR68
IEC115.1 | 'ECO8 .
test test procedure requirements
clause
method

23 Climatic
sequence

23.2 Ba Dry heat 16 h, 165 0C

23.3 Db Damp heat
(accel)
1st cycle 24 h; 55 °C;95-100% R.H.

23.4 Aa Cold 2h;-550C

235 M Low air
pressure 2 h; 8.5kPa; 15-35 °C

23.6 Db Damp heat 5 days; 55 0C;95-100% R.H. Rjns min. 1000 MQ
(accel) re- AR max.1.5% +0.1 Q
maining cycles

24.2 Ca Damp heat 56 days; 40 9C;90-95% R.H. Rjns min. 1000 M2
steady state dissipation <0.01 P, AR max.1.5% + 0.1

limiting voltage 16 V (DC)
26.2 - Endurance 1000 hours; 70 °C AR max. 1.5% + 0.1 Q
nominal dissipation or Vyax

1 - Temperature between —55 ©C and + 155 °C | + 200.10°%/K
coefficient

10 — Voltage proof | 700 V (RMS), 1 minute no breakdown
on insulation

14 - Noise IEC publication 195 max. 2.5 uV/V

9 — Insulation min. 10* MQ
resistance
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High-ohmic/high-voltage resistors VR37
VR68
STANDARD PACKING
The resistors are supplied on bandolier in ammopack or on reel.
quantity per box
type bandolier bandolier
ammopack on reel
VR37 1000 5000
VR68 500
Dimensions of bandolier
¢ a A B1-B2 S T
ype + 0.5 + max. (spacing) (max. deviation of spacing)
VR37 52 +1.6/-0 1.2 5 \ 1 mm per 10 spacings
VR68 5 66.7 £1.5 1.2 10 | 0.5mm per 5 spacings
Dimensions of ammopack
M N P
VR37 83 60 262
VR68 85 112 258
Dimensions of reel
Q \'%
VR37 356 75

The dimensions in above tables are in mm.
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Philips Components Product specification
B e e S e ]
& PRot1

Power metal film resistor

DESCRIPTION QUICK REFERENCE DATA
A homogeneous film of metal alloy is DESCRIPTION VALUE
35238222?: :erl}gl‘ g:sg\?ecr?;rgfe n Resistance range 0.22 Q to 1 MQ; E24 series
cut in the resistive iayer, tinned Resistance toierance 5%
connecting wires of electrolytic Rated dissipation at Tamp = 70 °C (P70);
copper are welded to the end-caps. see Fig.4
T?Ie resis::')rsI are coatehq vr:ith a rgd, 022Q<R<1Q 06W
inflammable lacquer which provides
electrical, mechanical, and climatic 1a<R 5_1 MQ L
protection. This coating is not Thermal resistance (Rin) 135 KW
resistant to aggressive fluxes. The Temperature coefficient <4250 x 106/K
encapsulation is resistantto all Maximum permissible voltage 350 V (DC or RMS)
cleaning solvents in accordance with - —
MIL-STD 202E method 215, and Basic specifications IEC 115-1 and 115-4
IEC 68-2-45. Approval CECC 40101
Climatic category (IEC 68) 55/155/56

MECHANICAL DATA Stability after:

. O,
Mass load AR/R max.: £5% +0.1 Q
29 ] " climatic tests AR/R max.: £3% +0.1 Q

g (per 100 units). soldering AR/R max.: £1% +0.05
Mounting
The resistors are suitable for
processing on automatic insertion
equipment, and cutting and bending
machines. - Ly g
The minimum pitch for this type is 5e. ¥ N
Figure 5 shows the temperature rise ao— g4
atthe solder spotas a function of lead T % wsers
lengths after mounting. 2D
Lo

Marking
The nominal resistance and tolerance
are marked on the resistor using four For dimensions see Table 1.
coloured bands in accordance with ) ) )
IEC publication 62 “Colour codes for Fig.1 Type with straight leads.
fixed resistors”,

May 1994

290




Philips Components

Product specification

Power metal film resistor PRO1
! P+0.5 l ->‘ DD =
IR T,
! od "o
Lo * * t
v L 'ZZ +1
! 2 min )
iR l :
P+3 - L b+8-2 )] i
- § P (7e) | MLB677
MLB676
Dimensions in mm.
For dimensions see Table 1.
Fig.2 Type with cropped and formed leads.
Table 1 Physical dimensions in mm.
QDmax L1 max Lzmax od b h P Smax @Bmax
25 6.5 8.5 0.6 1.1 17.8 2 1.0

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”). Resistors with

lead lengths of 73, 53 or 26 mm are available on special request.
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Philips Components Product specification

Power metal film resistor PRO1

ELECTRICAL DATA
Standard values of rated resistance and tolerance

Standard values of rated (nominal) resistance are taken
from the E24 series within the range 0.22 Q to 1 MQ.
The values of the E24 series are in accordance with
“IEC publication 63".

632
Pmax MAA

The tolerance on the rated resistance is +5%. (%Prated)

100
The limiting voitage (DC or RMS) is 350 V. This is the

maximum voltage that may be applied continuously o the
resistor element, see “IEC publications 115-1 and 115-4".

I
|

:

50 1

The maximum permissible hot spot temperature is 205 °C. :
|

|

|

|

0 T T T
-55 0 50 70 100 155

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

MLB735 MLB736
200 100
AT AT
(K) K)
160 80
120 60
/]
7
K “ o
// = 25 mm)
B
40 20 =
A Za
7
0 0
0 0.4 08 puwy 12 0 0.4 08 pw) 12
Fig.5 Temperature rise (AT) at the lead end
(soldering point) as a function of dissipated
power at various lead lengths after mounting.
Fig.4 Hotspottemperature rise (AT) as a function Resistor body-to-PCB distance: 1 mm
of dissipated power. minimum.
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Philips Components Product specification

Power metal film resistor PRO1
103 = MLB738
A —1
Pmax = L
W) tpht = 1000—FFHH—<—
[~ 500 T~
102 = U/ r 200
100 - - : 3
Zg i ——— T~k -~
10 10 LTSS TN
S N ==
2 il ~
T T I ——
; 1 ] Pl |||
1071
1076 1075 1074 1073 1072 1071 t; (s) 1
Fig.6 Pulse on a regular basis; maximum permissible peak pulse power (Pmax)
as a function of pulse duration (t;).
MLB737
1200
A
Vmax
V)
1000
\\
~N
™
800 ¥
N
600
N
\\
N
400 uy
200
20‘6 1078 1074 1078 1072 107" 1
ti(s)
Fig.7 Pulseon aregular basis; maximum permissible peak pulse voltage (Vimax)
as a function of pulse duration (t;).
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Philips Components Product specification

Power metal film resistor PRO1
Tamb= 40°C 70°C
1.00
P
w) . 100°C
0.75 1 4
- 125°C
0.50 {— = — — — — — — —— //
| L{ 185°C
0.25 - e

205°C

10 5.0 2.0 1.0 0.5 02 01% AR MLB660

Fig.8 Drift nomogram.
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Philips Components

Product specification

Power metal film resistor PRO1
10 2 MLB661 10 2 MLB662
\
t V.Y t
(s) (s) 7N
10 %\‘ 10 =
L Do L
2
7% P>
1 4 1 // /
2 2, Z, "4
2
Y
107! 4 107
10 20 30 40 50 0 10 20 30 40 50
Poverload (W)

Poverioad W)

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

Fig.9 Time to interruption as a function of overload
power for range OR22 < R, < 1R.

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

Fig.10 Time to interruption as a function of overload
power for range 1R <R, < 15R.

MLB663

102
25
t
© %
3 P>,
10 P
7
1
S
77,
=
107!
10 20 30 0

40 5
Poverload (W)
The graph is based on measured data under constant voltage
conditions; these data may deviate according to the application.

Fig.11 Time to interruption as a function of overload
power for range 16R < R, < 560R.
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Philips Components Product specification

Power metal film resistor PRO1
MLB659
102
121
R
10 ZRn=10Q
1
/‘/
| L | —Rp=24Q
1 :
-qn= 12‘!«0
N
107" > Rp =100 kQ
1072
1071 1 10 102 f (MHz2) 108

Fig.12 Impedance as a function of applied frequency.
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_80 L
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Fig.13 Phase angle as a function of applied frequency.
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Philips Components Product specification

Power metal film resistor PRO1

COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2322 or 2306. The subsequent 8 digits indicate the
packaging and resistance value (see Tables 2 and 3).

Table 2 First 5 digits to indicate packaging for resistances as listed.

RESISTANCE TOLERANCE CATALOGUE
RANGE %) STYLE PACKAGING | QUANTITY NUMBER
1Qto1 MQ 2322 193 13...
ammopack 1000
0.22 Q10 0.91 Q ’ on request
straight leads
1Qto 1 MQ 2322 193 23...
reel 5000
0.22 Q10 0.91 Q on request
1Qto1MQ +5 cropped and formed loose in box 1000 2322 193 33...
1Qto 1 MQ 2306 197 03...
ammopack 4000
0.33Q1t00.91Q . on request
radial taped
1Qto1MQ 2306 197 83...
reel 4000
0.33Q100.91 Q on request

To complete the catalogue number (see Table 2), replace the first two dots of the remaining 3-digit code by the first
two digits of the resistance value. Replace the third dot (last digit) by a figure according to Table 3.

Table 3 Last digit of 12 NC; note 1.

RESISTANCE LAST DIGIT
1Q1t09.1Q
10Q1t091Q
100 Q10 910 Q
1kQ 10 9.1 kQ
10 kQ to 91 kQ
100 kQ to 910 kQ
1MQ

ald|lOIN|—=lO|®

Note

1. Tolerances of 1% and 2% are
available on request.

Ordering example

The catalogue number of resistor
value 750 Q, on a bandolier of
1000 pieces, in ammopack, is:
2322 193 13751.

May 1994 297



Philips Components

Product specification

Power metal film resistor

PRO1

TESTS AND REQUIREMENTS

Essentially all tests are carried out in
accordance with the schedule of
“IEC 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 according to “/EC 68-1",
subclause 5.3, unless otherwise
specified.

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
115-1 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.

Table 4
IEC115-1 IEC 68
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.16 U robustness of
terminations:
4.16.2 Ua tensile all samples | 0.6 mm;load 10N; 10 s number of failures <1 x 106
4.16.3 Ub bending half @ 0.6 mm; ioad 5 N; 4 x 90° number of failures <1 x 10~
number of samples
4.16.4 Uc torsion other half | 3 x 360° in opposite directions no damage
number of samples AR/R max.: +0.5% +0.05 Q
417 Ta solderability 2 s; 235 °C; flux 600 good tinning; no damage
4.18 Tb resistance to thermal shock: 3 s; 350 °C; AR/R max.: 1% +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.: £1% +0.05 Q
4.20 Eb bump 3 x 1500 bumps in three directions; no damage
409 AR/R max.: £0.5% +0.05 Q
4.22 Fc vibration frequency 10 to 500 Hz; displacement | no damage
1.5 mm or acceleration 10 g; three AR/R max.: +0.5% +0.05 Q
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; 90 to 100% RH
(accelerated)
1st cycle
4.23.4 Aa cold 2 hours; -55 °C
4.23.5 M low air pressure 2 hours; 8.5 kPa; 15 to 35 °C
4.23.6 Db damp heat 5 days; 55 °C; 90 to 100% RH Rins min.: 1000 MQ
(accelerated) AR/R max.: #3% +0.1 Q
remaining cycles
4.24.2 Ca damp heat 56 days; 40 °C; 90 to 95% RH; Rins min.: 1000 MQ
(steady state) dissipation 0.01 x P7g AR/R max.: 3% +0.1 Q
4.25.1 endurance 1000 hours; 70 °C; P79 or Viax AR/R max.: +5% +0.1 Q
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IEC 115-1 IEC 68
CLAUSE | TEST TEST PROCEDURE REQUIREMENTS
METHOD
4842 temperature between -55 °C and +155 °C < +250 x 106
coefficient
4.7 voltage proof on 500 V (RMS) for 1 minute; no breakdown
insulation V-block method
4.6.1.1 insulation resistance | 500V (DC) for 1 minute; Rins min.: 1000 MQ
V-block method
see 2nd amendment | pulse load see Figs 6 and 7
to IEC 115-1, Jan. '87
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PACKAGING

The resistors may be supplied on bandolier in ammopack, on reel or loose in box. For details refer to Section “General

Introduction leaded resistors” in data handbook PAOS.

Dimensions of the ammopack.

M N P
STYLE QUANTITY (mm) (mm) (mm)
Axial 1000 97 28 262
Radial 4000 262 45 330
Cropped and formed 1000 105 70 205
Dimensions of reel.
Q \'/
STYLE QUANTITY (mm) (mm)
Axial 5000 305 90
Radial 4000 356 40
Tape and reel data
0.8 displ t bet
) Samee (e e ol
T
A
$+0.1
¥ t
im
4_ MBA504
A
Dimensions in mm.
Fig.14 Axial style on tape.
Dimensions of bandolier.
a A IB4 - Bal ) T
(mm) (mm) (mm) (mm) (deviation of spacing)
max. 1 mm per 10 spacings
6£0.5 73%15 1.2 5 max. 0.5 mm per 5 spacings
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+ P2 P ’\Agl‘ Ah-sr4-Ah
4 1 1
A ] 1
v
| '<'D
Hy f|ed \“l Wy | !
| [
f * WO f 7 \

ol I} & ! F = 4._.Po—>|P1<- ->D0|<» MLB656
| 1
J [4_\[ N o=30° t040° ‘
->|a<-->a|<» a==1.3mm %jt
detail A

For dimensions see Table 5.
Fig.15 Bandolier for types with radial leads.
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Table 5 Taping dimensions; see Fig.15.

SYMBOL PARAMETER VALUE TOLERANCE UNIT
D maximum body diameter 2.50 - mm
A maximum body length 9.00 - mm
d lead wire diameter 0.60 +0.06/-0.05 mm
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 48t05.5 - mm
Ah component alignment 0 +1.2 mm
Ag component alignment 0 +3 deg
W tape width 18.0 +0.5 mm
Wo hold down tape width 6.0 +0.2/-0.5 mm
W, hole position 9.0 +0.5 mm
W, maximum hold down tape position 0.5 - mm
Ho lead wire clinch height i6.5 +0.5 mm
H4 component height 28.0 +3.0 mm
Do feed-hole diameter 4.0 +0.2 mm
t total tape thickness 041009 - mm
L maximum length of snipped lead 11.0 - mm
L4 minimum lead wire (tape portion) shorter lead 25 - mm
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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, inflammable
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 |IEC 68-2-45.

MECHANICAL DATA
Mass
40 g (per 100 units).

Mounting

The resistors are suitable for
processing on automatic insertion
equipment, and cutting and bending
machines.

The minimum pitch for this type is 6e.
Figures 6 and 7 show the
temperature rise at the solder spot as
a function of lead lengths after
mounting.

Marking

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”.

May 1994

QUICK REFERENCE DATA

VALUE
DESCRIPTION
& 0.8 mm Cu-lead | & 0.6 mm FeCu-lead
Resistance range 0.33 Qto 1 MQ; 1Qto1 MQ;
E24 series E24 series
Resistance tolerance +5% +5%
Rated dissipation at
Tamb = 70 °C (P70); see Fig.3:
033Q<R<1Q 1.2W -
1Q<R<1MQ 2W 1.3W
Thermal resistance (Ryn) 75 KIW 115 KW
Temperature coefficient <250 x 10°6/K
Maximum permissible voltage 500 V (DC or RMS)
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
-~ Ly—
B I
S\I_L————ILI/ :% gd
‘—-—; MLB675

2D

For dimensions see Table 1.

Fig.1 Type with straight leads.
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I -+ DD e
h+2
ad 0
ol * *+1
! 2 min [r 50
o8B lr '
! +0.2 1l i
L 7 |
- 8§ P (7e) MLB677
MLB676
Dimensions in mm.
For dimensions see Table 1.
Fig.2 Type with cropped and formed ieads.
Table 1 Physical dimensions in mm.

QI:)max l-1 max L2max ad b h P smax %] Bmax
3.9 10 12 0.8 1.3 8 17.8 2 1.2
3.9 10 12 0.8 1.3 15 17.8 3 1.2
3.9 10 12 0.6 1.1 8 17.8 2 1.0

The length of the body (L+) is measured by inserting the leads into holes of two identical gauge plates and moving these
plates paraliel to each other until the resistor body is clamped without deformation (“/EC publication 294”). Resistors with

lead lengths of 73, 52 or 26 mm are available on special request.
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PRO2

ELECTRICAL DATA
Standard values of rated resistance and tolerance

Standard values of rated (nominal) resistance are taken
from the E24 series within the range 0.33 Q to 1 MQ.
The values of the E24 series are in accordance with
“IEC publication 63".

The tolerance on the rated resistance is £5%.

The limiting voltage (DC or RMS) is 500 V. This is the
maximum voltage that may be applied continuously to the

resistor element (see “/EC publications 115-1 and 115-4%).

The maximum permissible hot spot temperature is 220 °C.

P MRA632
max

(%Prated)
100

50

0 T T T
-55 0 50 70 100

1
Tamb (°C)

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

MLBE7S

200
AT
(K)
160
/]
v
120
A
//
80 7
40 V4
/
0
0 0.8 1.6 P (W) 2.4

0.8 mm Cu-leads.

Fig.4 Hot spot temperature rise (AT) as
a function of dissipated power.

240

AT

(K)
200

160

120 4

80 //

40

1.6 2.4

P (W)

& 0.6 mm FeCu-leads.

Fig.5 Hot spot temperature rise (AT) as a
function of dissipated power.
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100 MLB680 100 MLB682
AT AT
(K) (K)
80 80
15 mm/
60 A— / 60 15 mm.
0
L~ ,// 2002 d/:
40 ,é/ 25 mm 0 - // 20 mm
//é /é/ 25 mm™]
20 7/ Ié 20 % =l
7 o
0 0 %
0 1 PW) 2 0 1 P W) 2

& 0.8 mm Cu-leads. @ 0.6 mm FeCu-leads.

Fig.6 Temperature rise (AT) at the lead end Fig.7 Temperature rise (AT) at the lead end
(soldering point) as a function of dissipated (soldering point) as a function of dissipated
power at various lead lengths after mounting. power at various lead lengths after mounting.
Resistor body-to-PCB distance: Resistor body-to-PCB distance:

1 mm minimum. 1 mm minimum.
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103 MLB68S
A t~
Pmax =
W) tp/tj=1000_| TiTeie |
S~ 500 I+~
102 e - 200 s
100
im = e
20 —
Tt ~
10 28
. --ﬁ T —) ‘gh. P o -~
10 I d
2 T —
™ T~
T BBt
1
101
1078 1078 1074 1073 1072 107! ti (s 1
Fig.8 Pulse on a regular basis; maximum permissible peak pulse power (Ppax)
as a function of pulse duration (t).
MLB684
1700
A
Vmax
v)
1500
\
\\
~
\\\
1300
r\
1100 \\
900
700 \
500
-6 -5 -4 -3 -2 -1
10 10 10 10 10 10 1(9)
Fig.8 Puise on aregular basis; maximum permissible peak pulse voltage (Vinax)
as a function of puise duration (t;).
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Tamb= 40°C 70°C

2.00

(W)

100°C

125°C

155°C

220°C

10 5.0 2.0 1.0 0.5 02 01% AR MLB683

Fig.10 Drift nomogram.
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MLB766

102
t
(s)
7?
10 P,
2 7 4
77
77
; 7
7
R2 /Y,
Lt
444&
107!
20 40 60 80 100 120
Poverload (W)

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

Fig.11 Time to interruption as a function of overicad
power for range 0.33R < R, < 5R.

MLB767

102
t
(s)
V’)\
10 /A A
77 2, Ly
7
v //
1 7 //
s Il Ve
V/
77
L
747, 4
107!
0 20 40 60 80 100 120
Poverload (W)

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

Fig.12 Time to interruption as a function of overload
power for range 5R < Ry < 68R.

MLB768

102
t
(s)
10
Z
7
/ V,
1 777
Z 2z
2z,
107
0 20 40 60 80 100 120
Poverload (W)

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

Fig.13 Time to interruption as a function of overload
power for range 68R < R, < 560R.
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MLB769
102
121
R
Rp=1.2Q
10 -
——
L ] L~ Rp=100
et -
1 L —T ] I s
E—
o
< T~ R,=22 kO
\\
107! :
TR = 124 kQ
1072
1071 1 10 102 f (MHz) 103
Fig.14 Impedance as a function of applied frequency.
MLB770
120
9
(deg) | Rn=120
80
i Rp=10Q
/‘/ "
40
|+ d //
| _// R
0 ==
== S —
—
N TN
-40 ™ \ —
N
A —_ —= Rn=22kQ
—
-80 SRR = 124 KQ
-120
107" 1 10 102 103
f (MHz2)

Fig.15 Phase angle as a function of appiied frequency.
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COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2322 or 2306. The subsequent 8 digits indicate the
packaging and resistance value (see Tables 2 and 3).

Table 2 First 5 digits to indicate packaging for resistances as listed.

RESISTANCE TOL. MOUNTING LEAD CATALOGUE
RANGE %) | STYLE |PACKAGING | QUANTITY | " yeiour | MATERIAL | NUMBER
033Q<R<1Q equest
= straight leads | ammopack 1000 - onred
1Q<R<1MQ 2322 194 13...
033Q<R<1Q 1000 8 mm 0.8mm G on request
1Q<R<1MQ cropped and _ ' Y [232219433..
loose in box
0.33Q<R<1Q formed 500 15 on request
1Q<R<1MQ +5 mm 2322 194 43...
1Q<R<1MQ straight leads | ammopack 1000 - 0.6 mm FeCu | 2322 194 53...
1Q<R<1MQ g‘:g‘;ﬁd and || 50se in box 1000 gmm |0.6 mm FeCu|232219473...
033Q<R<1Q on request
dial taped mmopack 3000 - 0.8 C

TQ<R<1MQ radialtaped ) ammop mm U 2306 198 03...

To complete the catalogue number (see Table 2), replace the first two dots of the remaining 3-digit code by the first
two digits of the resistance value. Replace the third dot (last digit) by a figure according to Table 3.

Table 3 Last digit of 12 NC; note 1.

RESISTANCE

LAST DIGIT

1Qt09.1Q

10Q1t091Q

100 Qt0 910 Q

1kQ 10 9.1 kQ

10 kQ to 91 kQ

100 kQ to 910 kQ

1 MQ

alhlOWiN|=]O©l®

Note

1. Tolerances of 1% and 2% are

available on request.

Ordering example

The catalogue number of resistor
value 750 Q, on a bandolier of
1000 pieces, in ammopack, is:
2322 194 13751.
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TESTS AND REQUIREMENTS

Essentially all tests are carried out in
accordance with the schedule of
“IEC 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

“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.

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 “/EC publications
115-1 and 68" a short description of

tha tast nrocedure is aleo qaiven. In
e 1861 procedure s aise given. :n

some instances deviations from the
IEC recommendations were
necessary for our method of

specifying.

accordance with IEC publication 68, (860 mbar to 1060 mbar).
Table 4
IEC115-1 | 'EC 68
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
416 U robustness of
terminations:
4.16.2 Ua tensile all samples | 0.8 mm;load 5N; 10 s number of failures <1 x 106
@ 0.6 mm; ioad 10N; 10 s
4.16.3 Ub bending half & 0.8 mm; load 2.5 N; 4 x 90° number of failures <1 x 10-6
number of samples | ¢ 0.6 mm; load 5 N; 4 x 90°
4.16.4 Uc torsion other half | 3 x 360° in opposite directions no damage
number of samples AR/R max.: £0.5% +0.05 Q
4.17 Ta solderability 2s; 235 °C; flux 600 good tinning; no damage
4.18 Tb resistance to thermal shock: 3 s; 350 °C; AR/R max.: +1% +0.05 Q
soldering heat 6 mm from body
4.19 Na rapid change of 30 minutes at -55 °C and no damage
temperature 30 minutes at +155 °C; 5 cycles AR/R max.: £1% +0.05 Q
4.20 Eb bump 3 x 1500 bumps in three directions; no damage
40g AR/R max.: £0.5% +0.05 Q
4.22 Fc vibration frequency 10 to 500 Hz; displacement | no damage
1.5 mm or acceleration 10 g; three AR/R max.: +0.5% +0.05 Q
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; 90 to 100% RH
(accelerated)
1st cycle
4.23.4 Aa cold 2 hours; -55 °C
4.23.5 M low air pressure 2 hours; 8.5 kPa; 15 to 35 °C
4.23.6 Db damp heat 5 days; 55 °C; 90 to 100% RH Rins min.: 1000 MQ
(accelerated) AR/R max.: £3% +0.1 Q
remaining cycles
4.24.2 Ca damp heat 56 days; 40 °C; 90 to 95% RH; Rins min.: 1000 MQ
(steady state) dissipation 0.01 x P7o AR/R max.: £3% +0.1 Q

May 1994

312




Philips Components

Product specification

Power metal film resistors PR02
IEC115-1 | 'ECS8
cLause | TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.25.1 endurance 1000 hours; 70 °C; P7¢ OF Vimax AR/R max.: £5% +0.1 Q
484.2 temperature between -55 °C and +155 °C <+250 x 106
coefficient
4.7 voltage proof on 500 V (RMS) for 1 minute; no breakdown
insulation V-block method
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
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PACKAGING

The resistors may be supplied on bandolier in ammopack or loose in a box. For details refer to Section “General

Introduction leaded resistors” in data handbook PA08.

Dimensions of the packaging.

M N P
PACKAGING QUANTITY (mm) (mm) (mm)
Ammopack 1000 97 59 262
Loose in box 500 or 1000 105 70 205
Radial 3000 262 45 330
Tape and reel data
™ ST e recitors e ™™

MBAS504

- a B1 B2

Dimensions in mm.

Fig.16 Axial style on tape.

Dimensions of bandolier.

a A 1By - Bal S T
(mm) (mm) (mm) (mm) (deviation of spacing)
6405 73415 P 5 max. 1 mm per 10 spacings
- - - max. 0.5 mm per 5 spacings
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Ah-»+=Ah

| ‘H;_D
Hy o %*d \”l W, |II
| | Py
u A * N

- 3> -5

T |
Ho L [y v I o T w
I ' )(: ¢ : ; L} SX ‘0 "11 ()
-
CRCRCRCE R
agl e > F e <—F‘0———>|P1<— ->'D0L- MLBES6
] |
A 4’“1" I o =30° to 40° R |
_|3L”|4 o Mj«
detail A

For dimensions see Table 5.

Fig.17 Bandolier for types with radial leads.
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Table 5 Taping dimensions; see Fig.17.

SYMBOL PARAMETER VALUE TOLERANCE UNIT
D maximum body diameter 3.80 - mm
A maximum body iength 10.0 - mm
d lead wire diameter 0.80 +0.02 mm
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
P, feed-hole centre to lead at topside at the tape 3.85 +0.5 mm
Pa feed-hole centre to body centre 6.35 +1.0 mm
F lead-to-lead distance 48105.5 - mm
Ah component alignment 0 +1.2 mm
Ag component alignment 0 +3 deg
W tape width 18.0 +0.5 mm
Wy hold down tape width 6.0 +0.2/-0.5 mm
Wy hole position 9.0 +0.5 mm
W, maximum hold down tape position 0.5 - mm
Ho lead wire clinch height i6.5 +0.5 mm
Hyq component height 29.0 +3.0 mm
Do feed-hole diameter 4.0 +0.2 mm
t total tape thickness 0.41t00.9 - mm
L maximum length of snipped lead 11.0 - mm
Ly minimum lead wire (tape portion) shorter lead 25 - mm
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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, inflammable
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 IEC 68-2-45.

MECHANICAL DATA
Mass
92 g (per 100 units).

Mounting

The resistors are suitable for
processing on automatic insertion
equipment, and cutting and bending
machines.

The minimum pitch for this type is 9e.
Figures 6 and 7 show the
temperature rise at the solder spot as
a function of lead lengths after
mounting.

Marking

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”.

May 1994
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QUICK REFERENCE DATA
VALUE
DESCRIPTION
2 0.8 mm-Cu lead | @ 0.6 mm FeCu-lead
Resistance range 0.68 Qto 1 MQ; 1Qto1 MQ;
E24 series E24 series
Resistance tolerance +5% +5%
Rated dissipation at
Tamb = 70 °C (P7); see Fig.3:
068Q<R<1Q 16W -
1Q<R<1MQ 3w 25W
Thermal resistance (Ryh) 60 KW 75 KIW

Temperature coefficient

<3250 x 106/K

Maximum permissible voltage 750 V (DC or RMS)
Basic specifications IEC 115-1 and 115-4
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
l<———L1 —_—
|9 4
| eeeveee— | l | l ) je d
__j MLB675
oD
Lo

For dimensions see Table 1.

Fig.1 Type with straight leads.
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[ - O D -
+2
od "o
¥ e i 2 *+1
2 min 5 0
4 1 | A
_>'<_b+8.2 -l e QOB )
- 8 | P (10e) I MLB687
MLB676
Dimensions in mm.
For dimensions see Table 1.
Fig.2 Type with cropped and formed leads.
Table 1 Physical dimensions in mm.

QDmax |-1 max L2max 2d b h P smax QBmax
5.2 16.7 19.5 0.8 1.3 25.4 2 1.2
52 16.7 19.5 0.8 1.3 15 254 3 1.2
5.2 16.7 19.5 0.6 1.1 8 25.4 2 1.0

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’).
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ELECTRICAL DATA
Standard values of rated resistance and tolerance

Standard values of rated (nominal) resistance are taken
from the E24 series within the range 0.68 Q to 1 MQ.
The values of the E24 series are in accordance with
“IEC publication 63”.

The tolerance on the rated resistance is +5%.

The limiting voltage (DC or 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").

The maximum permissible hot spot temperatui'e is 250 °C.

Pmax MRA632
(%Prated)
100
{
|
|
|
50 :
|
I
|
|
0 T T ! T— Y
-55 0 50 70 100 o 155
Tamb("C)

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

MLB689

200
AT A
(K)
1 //
60 4
/ d
120
/ //
80 ,/
/)
40 V4
/
Y
0
0 1 2 P (W) 3

@ 0.8 mm Cu-leads.

Fig.4 Hot spot temperature rise (AT) as a
function of dissipated power.

MLB691

240

AT
(K)
200
//
160 yd
/f
120
80 v
V
40 4
0
0 1 2 e O

@ 0.6 mm FeCu-leads.

Fig.5 Hot spot temperature rise (AT) as a
function of dissipated power.
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MLB690 MLB692
100 100
AT AT
) 15 mm )
80 > 80 5]
/EKO mm /
60 60 ~ 15 mm
A // o
7 7 g
w0 s /4/ 25 mm 0 L~T 20 mm_
// // // / j ] //J
] 2
RRRpZ e T e
4/ )
C 0
0 1 2 P (W) 3 0 1 2 P (W) 3

@ 0.8 mm Cu-leads.

Fig.6 Temperature rise (AT) at the lead end
(soldering point) as a function of dissipated

Resistor body-to-PCB distance:
1 mm minimum.

power at various lead lengths after mounting.

& 0.6 mm FeCu-leads.

Fig.7 Temperature rise (AT) at the lead end
(soldering point) as a function of dissipated
power at various lead lengths after mounting.
Resistor body-to-PCB distance:

1 mm minimum.
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MLB69S
10*
A
Pmax
w) ~
r Tt
103 T [~
t/t = 1000
= 500
o~ Il
=t 200) <
FH100 TR <]
102 50 M .\\NLL= ™ U
20 L
0 H &
i ey =~
5 N -.._Q i
10 S
2
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1
1076 1075 1074 1073 1072 1071 t; () 1

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

MLB694

n
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A
Vmax
V)

2000 —]

1600 \

1200 \

800 q

400

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

Fig.9 Pulse on aregular basis; maximum permissible peak pulse voltage (Viax)
as a function of pulse duration (t;).
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Tamb= 40°C 70°C

3.00

(\'IDV) _{ 100°C
2.25 // 125°C

/" 155°C
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Fig.10 Drift nomogram.
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102 MLB773
t
(s)
10 Z Z
32
1
—
107!
0 50 100 150 200 250
Poverload (W)

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

Fig.11 Time to interruption as a function of overload
power for range 0.68R < R, < 560R.
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MLB771
102
121
R
Rp=15Q
10
Rn=18Q
I
I [ ———
’ I e, oy I
— ERp=1.3kQ
— —
—
. ™~
™~
107" Rp=20 kQ
— }
T
Rpy = 100 kQ
1072
1 10 102 f (MHz) 103

Fig.12 Impedance as a function of applied frequency.
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g0 [ [+ JRa-150
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0 ——
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N n
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Fig.13 Phase angle as a function of applied frequency.
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COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2322. The subsequent 8 digits indicate the packaging and
resistance value (see Tables 2 and 3).

Table 2 First 5 digits to indicate packaging for resistances as listed.

RESISTANCE | TOL. MOUNTING LEAD CATALOGUE
RANGE (%) STYLE PACKAGING | QUANTITY HEIGHT MATERIAL NUMBER

068Q<R<1Q on request
straight leads | ammopack 500 -

1Q<R<1MQ g s 2322 195 13...

068Q<R<1Q on request

500 8 mm 0.8 C
1TQ<R<1MQ cropped and . mm Y T2s02 19533,
loose in box

068Q<R<1Q | 5 |[formed 250 .5 on request

1TQ<R<1MQ mm 2322 195 43...

1Q<R<1MQ straight leads | ammopack 500 - 0.6 mm FeCu | 2322 195 53...

1Q<R<1MQ cropped and | loose in box 500 8 mm 0.6 mm FeCu | 2322 195 73...
formed

To complete the catalogue number (see Table 2), replace the first two dots of the remaining 3-digit code by the first
two digits of the resistance value. Replace the third dot (last digit) by a figure according to Table 3.

Table 3 Last digit of 12 NC; note 1.

RESISTANCE

LAST DIGIT

1Q109.1Q

10Q1t091Q

1D O~ 010 0O
VUV 36 WU T 1V aa

- | © ]| 0

1 kQt0 9.1 kQ

10 kQ to 91 kQ

100 kQ to 910 kQ

1MQ

[S 0 IE - WOVH  \V)

Note

1. Tolerances of 1% and 2% are
available on request.

Ordering example

The catalogue number of resistor
value 750 Q, on a bandolier of
1000 units, in ammopack, is:

2322 195 13751.
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TESTS AND REQUIREMENTS

Essentially all tests are carried out in
accordance with the schedule of
“IEC 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 according to “IEC 68-17,

subclause 5.3, unless otherwise
specified.

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
115-1 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.

Table 4
I(L-;.f ;:[1153-:5 '52561'8 TEST PROCEDURE REQUIREMENTS
METHOD
4.16 U robustness of
terminations:
4.16.2 Ua tensile all samples | 0.8 mm; load 10N; 10s number of failures <1 x 106
& 0.6 mm; ioad 10N; 10 s
4.16.3 Ub bending half & 0.8 mm; load 5 N; 4 x 90° number of failures <1 x 106
number of samples | g 0.6 mm; load 5 N; 4 x 90°
4.16.4 Uc torsion other half |3 x 360° in opposite directions no damage
number of samples AR/R max.: £0.5% +0.05 Q
4.17 Ta solderability 2 s; 235 °C; flux 600 good tinning; no damage
4.18 Tb resistance to thermal shock: 3 s; 350 °C; AR/R max.: £1% +0.05 Q
soldering heat 6 mm from body
419 Na rapid change of 30 minutes at -55 °C and no damage
temperature 30 minutes at +155 °C; 5 cycles AR/R max.: £2% +0.05 Q
4.20 Eb bump 3 x 1500 bumps in three directions; no damage
409 AR/R max.: 20.5% +0.05 Q
4.22 Fc vibration frequency 10 to 500 Hz; displacement | no damage
1.5 mm or acceleration 10 g; three AR/R max.: £0.5% +0.05 Q
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; 90 to 100% RH
(accelerated)
1st cycle
4.23.4 Aa cold 2 hours; -55 °C
4.23.5 M low air pressure 2 hours; 8.5 kPa; 15 to 35 °C
4.23.6 Db damp heat 5 days; 55 °C; 90 to 100% RH Rins Min.: 1000 MQ
(accelerated) AR/R max.: £3% +0.1 Q
remaining cycles
4.24.2 Ca damp heat 56 days; 40 °C; 90 to 95% RH; Rins min.: 1000 MQ
(steady state) dissipation 0.01 x Pzg AR/R max.: 3% +0.1 Q
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IEC115-1 | 'EC68
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.25.1 endurance 1000 hours; 70 °C; P7o or Vmax AR/R max.: £5% +0.1 Q
4842 temperature between -55 °C and +155 °C <250 x 106
coefficient
4.7 voltage proof on 500 V (RMS) for 1 minute; no breakdown
insulation V-block method
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 Figs8and 9
to IEC 115-1, Jan. '87
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PACKAGING

The resistors may be supplied on bandolier in ammopack or loose in a box. For details refer to Section “General
Introduction leaded resistors” in data handbook PA08.

Dimensions of the packaging.

Dimensions in mm.

ot 1.6_>

¢ two resistors

§*0.1

B1

B2

Fig.14 Axial style on tape.

MBA504

M N P
STYLE QUANTITY (mm) (mm) (mm)
Ammopack 500 99 77 259
Loose in box 250 or 500 105 70 205
Tape and reel data
AN 0.8 max displacement between any S

Dimensions of bandolier.

a A 1B - Bal S T
(mm) (mm) (mm) (mm) (deviation of spacing)
6405 80 +1.5 +1.2 10 max. 1 mm per 10 spacings
max. 0.5 mm per 5 spacings
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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.

Maintenance type - not for new designs

PR37
L e R B i v e B S e S Ml o S i s St
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 (P7g); see Fig.3:
R<27kQ 16W
R > 27 kQ 12W
Maximum permissible voltage 500 V

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.

May 1994

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

For dimensions see Table 1.

soldering AR/R max.: 1% +0.05 Q
<————L1 — e
i
| v
i MLB675
oD
Lo

Fig.1 Type with straight leads.
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] P+0.5 |
1 /“_—.—’—\ 1
4 |3
I
od
L2
P+3 J L
l P (76) A| MLB677
Dimensions in mm.
For dimensions see Table 1.
Fig.2 Type with cropped and formed leads.
Table 1 Physical dimensions.
@D L4 Lo S B
LEADS MAX. | MAX. | MAX. (If:') (n:“) (m':“) (m':n) MAX. | MAX.
(mm) (mm) (mm) (mm) (mm)
8 2
Copper-clad iron 3.9 10 12 0.6 1.1 5 17.8 3 1.0
8 2
Copper 3.9 10 12 0.8 13 5 17.8 3 1.2
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Power metal film resistors

PR37

ELECTRICAL DATA

Standard values of rated
resistance and tolerance

Standard vaiues of rated {(nominai)
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 500 V.
This is the maximum voltage that may
be applied continuously to the resistor
element, see “/EC publications
115-1and 115-4”.

70

The maximum permissible hot-spot
temperature is 300 °C.

I
300
Tamb(°C)

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

Table 2

DESCRIPTION

VALUE

Temperature coefficient

R <10 Q: <+350 x 106/K

R >10 Q: <+250 x 106/K

Maximum body temperature (hot-spot) 300 °C
Absolute maximum dissipation at Tam, = 70 °C:
R <27 kQ 1.6 W
R > 27 kQ 12W
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 Figs4and 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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MLB702 MLB703
300 ] r 300
|= 2|B rrl\m
AT 20 mm #ﬁ AT
® /' 12mm ® r
v
200 // 200
!A/ /
V..
100 ,/ 100 ,/
/] /
74 )4
/
0 0
0 1 2 P (W) 3 0 1 2 P (W) 3

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).

Copper leads @ = 0.8 mm.

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

MLB704

% LT /T ¥ 1/
| AT=20K/ 25K/ 30K|/ 35K}
(mm) 40K/
/ A
2 // / / I
/ A ]
/ // // /GOK/
[N A
10 YN A
yiwd
V/ /S
.
JFP
0 1 P W) 2

Copper-clad iron leads & = 0.6 mm.

Fig.6 Lead length (1) as a function of dissipated
power with AT as a parameter.

T TRl
| AT=20K 30K 40K| 50K 60K
(mm) ’ I / / /70K/
// // 4
20 I 7/
[ININAWA /
[INAVAVAVAN
[/ 1/ / 1/
o1
WAWA
JANAVAVAVA
VAW,
Ji4 17
0
0 1 P (W) 2

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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102 MLB707
A
Pmax
w) ~
~
\\\\\ ‘T N~
2 ~ i
10 tplt = 1000
S £500 =
] S 200 -
MR 100 I3 ~
—1 ] ;g WS N L
w0 | | T ~4
10 = B T~
5
NS S
2 T -~ <
~~._\‘~ ~ .:

1
1078 1075 1074 1073 1072 1070 (e 1

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

MLB706
1100

A
Vmax
v)
1000

900

800

2~

700
600 N
\\\
500
1078 1078 1074 1078 1072 107" 1

ti(s)

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

rT—SforR=1 Qt09.1Q
9forR=10Q1t0 91 Q
1forR=100Q1t0 910 Q
2forR=1kQto 9.1 kQ

3 for R=10 kQ to 91 kQ

4 for R = 100 kQ to 910 kQ
5forR=1MQ

— mounting height (h), see Fig.2:
0 = 8 mm; cropped and formed version
1 =15 mm; cropped and formed version
0 = straight lead version

May 1994 334

first two digits of the resistance value
(E24 series)



Philips Components

Maintenance type - not for new designs

Power metal film resistors

PR37

TESTS AND REQUIREMENTS

Essentially all tests are carried out in
accordance with the schedule of
“IEC publication 115-1”, 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 68-17,

subclause 5.3, unless otherwise
specified.

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 “/EC publications
115-1 and 68" a short description of

tha tast nrocadura ic alan agivan In
1S €SI procequre IS aist given. in

some instances deviations from the
|IEC recommendations were
necessary for our method of

specifying.

Table 3
IEC115-1 | 'EC 68
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 | 3 x 360° in opposite directions no damage
number of samples AR/R max.: £0.5% +0.05 Q
417 Ta solderability 2 s; 235 °C; flux 600 good tinning; no damage
4.18 Tb resistance to thermal shock: 3 s; 350 °C; AR/R max.: £0.5% +0.05 Q
soldering heat 6 mm from body
4.19 Na rapid change of 30 minutes at -55 °C and 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 Fc vibration frequency 10 to 500 Hz; displacement | no damage
1.5 mm or acceleration 10 g; three AR/R max.: £0.5% +0.05 Q
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
(accelerated) AR/R max.: 3% +0.1 Q
remaining cycles
4.24.2 Ca damp heat 56 days; 40 °C; 90 to 95% RH; Rins Min.: 1000 MQ
(steady state) dissipation 0.01 x Pzq AR/R max.: 3% +0.1 Q
4.25.1 endurance 1000 hours; 70 °C; P or Viax AR/R max.: £5% +0.1 Q
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IEC115.1 | 'ECB8
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD

4.8.4.2 temperature between -55 °C and +155 °C R <10 Q: <+350 x 106/K
coefficient R> 10 Q: <4250 x 106/K

4.7 voltage proof on 500 V (RMSj for 1 minute; no breakdown
insulation V-block method

412 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
to IEC 115-1, Jan. 87
and present 40
central office

532 & 533

pulse load

see Figs 8 and 9
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PACKAGING

The resistors may be supplied on bandolier in ammopack. Those with bent leads are supplied loose in a box. For details
refer to Section “General Introduction leaded resistors” in data handbook PAOS.

Dimensions of the packaging.

STYLE PACKAGING | MOUNTING HEIGHT QUANTITY PER BOX
(mm) ON BANDOLIER BULK
Straight leads ammopack - 1000 -
8 - 1000
Cropped and formed leads loose in box
15 - 500
Tape and reel data
o~ iB nf_x ;i‘;lsg:'a;t;?sr?‘)err;t between any SN
e S S
0+ 1.6
T
}
$+0.1
i
MBA504
A
Dimensions in mm.
Fig.10 Axial style on tape.
Dimensions of bandolier.
a A IB1 — Bal S T
(mm) (mm) (mm) (mm) (deviation of spacing)

max. 1 mm per 10 spacings

+ +
6205 73%15 .2 S max. 0.5 mm per 5 spacings

Dimensions of box.

M N P
STYLE QUANTITY (mm) (mm) (mm)
Ammopack 1000 97 59 262
Loose in box 500 or 1000 105 70 205

May 1994 337



Philips Components

Maintenance type - not for new designs

Power metal film resistors

PR52

DESCRIPTION

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

piit in tha racictiva lavar tinnad
CuUt il uie fesSiSuve iaycr, winicu

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.

Ear tha ualis
T vaiu

U oug 0{1 MQ th

VIS

n 1 o

< 1 B~
used as the decimal point for the MQ
indication.

o~

May 1994

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 <51kQ 25W
R>51kQ 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
<L —»
— !
| sese— | | | lj::@ d
+ MLB675
2D
Lo

For dimensions see Table 1.

Fig.1 Type with straight leads.
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2D

L 2d
2
¥ [
N 2 min
+
P+3 ! i:b*é” | |
-+l § P (10e) MLBs87

MLB686

Dimensions in mm.
For dimensions see Table 1.

Fig.2 Type with cropped and formed leads.

Table 1 Physical dimensions.

@D Ly L. Zd b h p s @B
LEADS MAX. MAX. MAX. mm) | mm) | (mm) | (mm) MAX. MAX.
(mm) (mm) (mm) (mm) (mm)
8 2
Copper-clad iron 5.2 16.7 19.5 0.6 1.1 5 25.4 3 1.0
8 2
Copper 5.2 16.7 19.5 0.8 13 5 25.4 3 1.2
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Power metal film resistors 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. 100 | mLsrss
The values of the E24 series are in P

accordance with “/EC publication 63”. % F‘:;T:d)

The tolerance on the rated resistance
iS is%. 0 Y
70 300

The limiting voltage (RMS) is 750 V. Tamb C)
This is the maximum voltage that may
be applied continuously to the resistor
element, see “/EC publications
115-1 and 115-4".

The maximum permissible hot-spot
temperature is 300 °C.

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

Table 2
DESCRIPTION VALUE
Temperature coefficient R <10 Q: <£350 x 10-6/K
R>10 Q: <+250 x 106/K

Maximum body temperature (hot-spot) 300 °C
Absolute maximum dissipation at Tamp = 70 °C:

R <51kQ 25W

R > 51 kQ 2.0W
Limiting voltage 750 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 | see Figs 6 and 7
lead (soldering point) as parameter
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MLB708 MLB709
300 300
AT AT
) - // ®) o
A 21
200 » v 200 <
r/ Pl
//
4
100 ] 4 100 J /
// ,/
Vv
/
74
0 0
0 1 2 P (W) 3 0 1 2 P (W) 3

Copper-clad iron leads & = 0.6 mm.

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

Copper leads & = 0.8 mm.

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

MLB710

% [ LIV [/
| AT=50K/| 60K
(mm) / J 4
/| 70K/
/ i
20 / /
/ /
0K
/ a4 '
10 ARVARVAD
AN AV av.ev.
/ Y1 A
/ 1/ Y 100K”
. 77 yd
0 1 2 pw O

Copper-clad iron leads & = 0.6 mm.

Fig.6 Lead length (l) as a function of dissipated
power with AT as a parameter.

MLB711

I Y
| AT=20K | 30K|40K 50 K 60K/
(mm) / // /,
/
20 I /f
| / 4
| yAR'ANv4
i EVmY,
10 yimay.
A XYV YV
1VAVAVi4
AAANV
///'/
0
0 1 2 P (W) 3

Copper leads @ = 0.8 mm.

Fig.7 Lead length (1) as a function of dissipated
power with AT as a parameter.
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10° MLB713
E’max 4
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Fig.8 Pulse on a regular basis; maximum permissible peak pulse power (Pmax) as a function of pulse duration (t).

MLB712

1600

A
Vmax
(\)
1400

7

1200

1000

800 N

600

400
1078 1075 1074 1073 1072 -
10 t)

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

Maintenance type - not for new designs

Power metal film resistors

PR52

COMPOSITION OF THE CATALOGUE NUMBER
2322 192

style code:

T—8’forR=1Qt09.19.
9forR=10Q1t0 91 Q
1forR=100Q1t0 910 Q
2forR=1kQto09.1kQ

3 for R=10kQ to 91 kQ

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
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4 for R = 100 kQ to 910 kQ
5forR=1MQ

— 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)



Philips Components

Maintenance type - not for new designs

Power metal film resistors

PR52

TESTS AND REQUIREMENTS

Essentially all tests are carried out in
accordance with the schedule of
“IEC publication 115-1”, 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 68-17,
subclause 5.3, unless otherwise
specified.

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
115-1 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.

Table 3
IEC 115-1 | 'EC 58
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 <1 x 108
4.16.3 Ub bending half load 5 N; 4 x 90° number of failures <1 x 108
number of samples
4.16.4 Uc torsion other half 3 x 360° in opposite directions no damage
number of samples AR/R max.: £0.5% +0.05 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.: £0.5% +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 Fc vibration frequency 10 to 500 Hz; displacement | no damage
1.5 mm or acceleration 10 g; three AR/R max.: £0.5% +0.05 Q
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
(accelerated) AR/R max.: 3% +0.1 Q
remaining cycles
4.24.2 Ca damp heat 56 days; 40 °C; 90 to 85% RH; Rins min.: 1000 MQ
(steady state) dissipation 0.01 x Pz AR/R max.: £3% +0.1 Q
4.25.1 endurance 1000 hours; 70 °C; P7g or Vinax AR/R max.: £5% +0.1 Q
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Philips Components

Maintenance type - not for new designs

Power metal film resistors

PR52

IEC115-1 | 'ECE8
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.8.4.2 temperature between -55 °C and +155 °C R <10 Q: <4350 x 10°6/K
coefficient R>10 Q: <250 x 109/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 Figs8and 9
to IEC 115-1, Jan. ’87
and present 40
central office
532 & 533
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Philips Components

Maintenance type - not for new designs

Power metal film resistors

PR52

PACKAGING

The resistors may be supplied on bandolier in ammopack. Those with bent leads are supplied loose in a box. For details

refer to Section “General Introduction leaded resistors” in data handbook PA08.

Dimensions of the packaging.

Dimensions in mm.

| | two resistors

Fig.10 Axial style on tape.

QUANTITY PER BOX
STYLE PACKAGING | MOUNTING HEIGHT
(mm) ON BANDOLIER BULK

Straight leads ammopack - 500 -
Cropped and formed leads loose in box 8 - 500

PP 15 Z 250

Tape and reel data
0.8 max displacement between any P

Dimensions of bandolier.

a A B4 - Byl S T
(mm) (mm) (mm) (mm) (deviation of spacing)
max. 1 mm per 10 spacings
620.5 80+1.5 .2 10 max. 0.5 mm per 5 spacings
Dimensions of box.
M N P
STYLE QUANTITY (mm) (mm) (mm)
Ammopack 500 99 77 259
Loose in box 500 105 70 205
May 1994 346
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Philips Components Product specification
e e L R e S R S e ]

Cemented wirewound resistor ACO1
R s R P SNt
FEATURES QUICK REFERENCE DATA
e High power dissipation in small DESCRIPTION VALUE

vc?lume . Resistance range 0.1 Q to 1.5 kQ; E24 series
* High p_gl.se load handling Resistance tolerance 5%

capabilities. - —

Maximum permissible body temperature 350 °C
APPLICATIONS Rated deSfpat!on at Tamp =40 °C 1w
o Rated dissipation at Tomp = 70 °C 0.9 W
© Ballast switching Climatic category (IEC 68) 40/200/56
e Shunt in small electric motors. Basic specification IEC 266
Stability after:
DESCRIPTION load, 1000 hours | AR/R max.: 5% +0.1 Q
The resistor element is a resistive climatic tests AR/R max.: +1% +0.05 Q
wire which is wound in a single layer short time overload AR/R max.: #2% +0.1 Q

on a ceramic rod. Metal caps are
pressed over the ends of the rod. The
ends of the resistance wire and the MECHANICAL DATA
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 ieads to obtain stable L ——

mounting without overheating the

solder joint. T
The resistor is coated with a green %

silicon cement which is not resistant — t:) g0
to aggressive fluxes. The coating is t oa i

non-flammable, will not drip even at
high overloads and is resistant to
most commonly used cleaning
solvents, in accordance with

MRAS571

MIL-STD-202E method 215 and Fig.1 Outlines.
IEC 68-2-45.
Dimensions of component.
L D d
TYPE MAX. MAX. TYP.
(mm) {mm) (mm)
ACO1 10 43 0.8
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Philips Components

Product specification

Cemented wirewound resistor

Mass
55 g (per 100 units).

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 materiais
by conducted or convected heat.
Figure 2 shows the hot-spot
temperature rise of the resistor body
as a function of dissipated power.
Figure 3 shows the lead length as a
function of dissipated power and
temperature rise.

Marking

The resistor is marked with the
nominal resistance value, the
tolerance on the resistance and the
rated dissipation at Tamp = 40 °C.

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

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

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

May 1994
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at hot spot /
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dissipation (W)

Fig.2 Hot-spot temperature rise as a function of dissipated power.
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temperature
rise at
lead length solder spot
(mm)
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//20° c
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4
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10 Z
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dissipation (W)

Fig.3 Lead length as a function of dissipated power
and temperature rise.
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Philips Components

Product specification

Cemented wirewound resistor ACO1

ELECTRICAL DATA

Standard vaiues of resistance and
tolerance

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

E24 series are in accordance with
“IEC publication 63”.

The limiting voltage (DC or RMS) is
V= [P xR

This is the maximum voitage that may
be continuously applied to the
resistor, see “/EC publication 266"
Dissipation

The rated power that the resistor can
dissipate depends on the operating
temperature (see Fig.4).

Technical applications

Detailed information is available on
request,

MRA574

50

-40 0 40 70 Tamp (°C) 200

Fig.4 Maximum dissipation (Pmax) as a function of the
ambient temperature (Tamp)-

COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2306 328. The subsequent 5 digits indicate the packaging
and resistance value (see Tables 1 and 2).

Table 1 First two digits to indicate packaging for resistors as listed.

RESISTANCE RANGE .Ig’l')' STYLE PACKAGING QUANTITY CATALOGUE NUMBER
0.1Q<R<1500Q +5 axial ammopack 1000 33...
0.1Q<R<1500Q 5 radial box 2000 90...

To complete the catalogue number (see Table 1), replace the first two dots of the remaining 3-digit code with the first two
digits of the resistance value. Replace the third dot (last digit) by a figure according to Table 2.

Table 2 Last digit of 12 NC.

RESISTANCE LAST DIGIT
0.1 091 Q 7
1109.1Q 8
10081 Q 9
10010910 Q 1
1t0 1.5 kQ 2

May 1994

Ordering example

The catalogue number of an ACO1
resistor, value 47 Q, supplied in
ammopack of 1000 units is:

2306 328 33479.

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

Product specification

Cemented wirewound resistor

ACO1

TESTS AND REQUIREMENTS

Essentially all tests are carried out in
accordance with the schedule of “/EC
publications 266 and 266A”, 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

“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.

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
266, 266A 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.

accordance with IEC publication 68, (860 mbar to 1060 mbar).
Table 3
IEC 68
eame | Test TEST PROCEDURE REQUIREMENTS
METHOD
Test according to the schedule of IEC publication 266
14 robustness of load 200 +10 N no visible damage
resistor body - AR/R max.: £0.5% +0.05 Q
oa
R=6mm
4
MBB179
15 U robustness of
terminations:
Ua tensile all samples |load 10N; 10 s
Ub bending half load 5 N 90°, 180°, 90°
number of samples
Uc torsion other half |2 x 180° in opposite directions no visible damage
number of samples AR/R max.: 0.5% +0.05 Q
16 T solderability 2 s; 235 °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 2.5 mm from body
17 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
18 Fc vibration frequency 10 to 500 Hz; displacement | no damage
0.75 mm or acceleration 10 g; three | AR/R max.: +0.5% +0.05 Q
directions; total 6 hours (3 x 2 hours)
19 Eb bump 4000 +10 bumps; 390 m/s? no damage
AR/R max.: £0.5% +0.05 Q
20 climatic sequence:
20.2 Ba dry heat 16 hours; 200 °C
20.3 Db damp heat 24 hours; 55 °C; 95 to 100% RH
(accelerated)
1st cycle
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Philips Components

Product specification

Cemented wirewound resistor

ACO1

category temperature

IEC 266 IEC 68
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
20.4 Aa cold 2 hours; —40 °C
20.5 M low air pressure 1 hour; 8.5 kPa; 15 to 35 °C
20.6 Db damp heat 5 days; 55 °C; 95 to 100% RH AR/R max.: +1% +0.05 Q
(accelerated)
remaining cycles .
21 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
13.3 temperature at 20/-40/20 °C, 20/200/20 °C:
coefficient R<10Q TCR <600 x 10-8/K
R210Q -80 x 108< TCR
TCR < +140 x 10-9/K
135 temperature rise horizontally mounted, loaded with P, | hot-spot temperature less
than maximum body
temperature
13.6 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)
22 endurance (at 40 °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
endurance (at 70 °C) | 1000 hours loaded with 0.9 Pp; no visible damage
1.5 hours on and 0.5 hours off AR/R max.: +5% +0.1 Q
23 Ba endurance at upper | 1000 hours; 200 °C; no load no visible damage

AR/R max.: £5% +0.1 Q

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; H,0

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

4.17 20 (Tb) solderability 16 hours steam or 16 hours at 155 °C; | good tinning (=95% 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 ~ Rpom: 5% max.

R<10Q:0.1V
10Q<R<100Q:0.3V
100Q<R<1kQ:1V
1kQ<R<15kQ:3V

Other applicable tests

solvent resistance in | method 215: no visual damage
accordance with freon TMC
MIL-STD-202 .
trichloroethane
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Philips Components

Product specification

Cemented wirewound resistor

ACO1

PACKAGING

The resistors are supplied on bandolier in ammopack. For details refer to Section “General Introduction leaded resistors”
in the data handbook PA08.

Dimensions of the ammopack.

STYLE QUANTITY M N P
{mm) (mm) (mm)
Axial 1000 85 60 263
Radial 2000 45 262 330
Tape and reel data
P O 0.8 max displacement between any o~

< two resistors

A
S+0.1
v
MBA504
- a |w B1 B2
A
Dimensions in mm.
Fig.5 Axial on tape.
Dimensions of bandolier.
TYPE a A |B1 - BZI S T
(mm) (mm) (mm) (mm) (deviation of spacing)
max. 1 mm per 10 spacings
+ +
ACO1 5105 63 +4 max. 1.2 10 max. 0.5 mm per 5 spacings
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Product specification

Philips Components
ACO1

Cemented wirewound resistor

+= Ps [ P—> "Ag!‘
‘ l 1
A
t
|/
Hq +||ed V Wa
v 1 vy
Ho T }1—_ ) i TR 3 }
. Py T Ty
| ){ D —D— MDD by,
) 3V N
ogl ol F e u——Po—JP1<- *DOL' MLB656
| 1
SR o =30° to 40°
olaL »ral< a==1.3mm %_Yi
= 1. -3
detail A
For dimensions see Table 4.
Fig.6 Bandolier for types with radial leads.
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Philips: Components Product specification

Cemented wirewound resistor ACO1

Table 4 Taping dimensions; see Fig.6.

SYMBOL PARAMETER VALUE TOLERANCE UNIT
D maximum body diameter B 3.90 - mm
A maximum body length 9.8 - mm
d lead wire diameter 0.8 +0.02 mm
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
Py 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
Wop hold down tape width 6.0 +0.2/-0.5 mm
W, 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; component height 29 +3.0 mm
Do feed-hole diameter 4.0 +0.2 mm
t total tape thickness 04 +0.5/-0 mm
L maximum length of snipped lead 11.0 - mm
Ly minimum lead wire (tape portion) shortest lead 2.5 - mm
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ACO3 ACO4
ACO5 ACO7
AC10 AC15 AC20

CEMENTED WIREWOUND RESISTORS

QUICK REFERENCE DATA

Resistance range
Resistance tolerance
Max. permissible body temperature (hot spot)

Rated dissipation at Ty = 40 °C

Basic specification
Climatic category (IEC68)
Stability after

load

climatic tests

short time overload

0,1  to 33 k2, E24 series
+ 5% or + 10%

350 °C

ACO03:3W

AC04:4W, AC10=10W
ACO05: 5W, AC15=15W
ACO07: 7W, AC20=20W
IEC 266

40/200/56

AR/R max. 5% +0.1Q
AR/R max. 1% +0.05 Q
AR/R max. 2% +0.1 Q

APPLICATION

These resistors have been designed to dissipate high powers in a small volume.

DESCRIPTION

The resistor element 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. The resistor is coated with a green silicon cement which is non-
inflammable and cannot drip even at high overloads, and is resistant to most commonly used cleaning
solvents, in accordance with MIL-STD-202E, method 215 and |EC68-2-45.

The lacquer is not resistant to aggressive fluxes.
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ACO3 ACO4
ACO5 ACO7
AC10 AC15 AC20

MECHANICAL DATA

<« 28+ 2 L 28:2——»»
. \
(| S py + l
| — I l ‘\:C_—__—l @D
7286566 e 1 +
2d
Fig. 1a.

Note: The lead length (28 + 2 mm) only applies to untaped resistors, i.e. types AC10, AC15 and AC20.

| P+0,5 i
5 +1
0
)
P4
7293593
Fig. 1b Version with cropped and formed leads.
Only for AC03, AC04, ACO5 and ACO7; available on special request.
Table 1
type Fig. Dmax Lmax d b P B
¢ max
ACO03 1a 55 13 0,8 1,3 10e 1,2
ACO04 1a, 1b 55 17 0,8 1.3 10e 1,2
AC05 1a, 1b 7,5 17 08 1,3 10e 1,2
ACO7 1a, 1b 7,5 25 0,8 1,3 13e 1,2
AC10 1a 8 44 0,8
AC15 1a 10 51 0,8
AC20 1a 10 67 0,8

358 April 1994



ACO3 ACO0O4
Cemented wirewound resistors ACO5 ACO7
AC10 AC15 AC20

The length of the body is measured by inserting the leads into the holes of two identical gauge plates
and moving these plates parallel to each other until the resistor body is clamped without deformation
(IEC publication 294), '

Mass {per 100)

ACO03 80g
AC04 100 g
AC05 17549
ACO07 225¢g
AC10 530 g
AC15 840¢g

AC20 1090 g

Mounting

The resistors AC03, AC04, ACO5 and ACO7 are suitable for processing on cutting and bending machines.
Care should be taken that the temperature rise of the resistor body does not affect nearby components
or materials by conducted or convected heat. The temperature rise of the resistor body and of leads
of different lengths is given as a function of the dissipation in Fig. 2.

MCA482

300 —
ACO3 ACO4 | /I
temp. C05 ACO7

A
® . //////

///
100 ////

0
0 2 4 8 Fig. 2 Temperature rise of the
dissipation (W) resistor body as a function of
400 MCA481 the dissipation.
temp. AC10| AC15 | AC20
rise Vs
AT
() / A
Y
200 / / //
/Y
// /]
0
0 6 12 18 24

dissipation (W)
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ACO3 ACO4
ACO5 ACO7
AC10 AC15 AC20

MCA483

25 T T
AT= 400°C 500C
lead 60°C

length
o [/
20

. ////;
LAY

0 1

2

dissipation P (W)

Fig. 3 Lead length as a function of the dissipation with the temperature rise at the end of the lead
(soldering spot) as parameter, for style ACO3.

MCA484

® 17T 1/ 1
lead AT=40°C/ 50°C£°C/

length
(mm)

20 7 700C

L LA
LY

0 1 2

3
dissipation P (W)

Fig. 4 Lead length as a function of the dissipation with the temperature rise at the end of the lead

(soldering spot) as parameter,2 ;or style ACO4. MCA4ES
T 1 1] 1 T T
AT = 400°C[ 50 oc|/60 °C/ 70 °C
lead .
length
(mm) /
20 80 °C

LY
17/

LINALLYT

0 1 2 3 4 5
dissipation P (W)
Fig. 5 Lead length as a function of the dissipation with the temperature rise at the end of the lead
(soldering spot) as parameter, for style AC05.
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ACO03 ACO4
ACO5 ACO7
AC10 AC15 AC20

Cemented wirewound resistors

MCA486

BT 1 71
I AT=400C 50 60°C /700°C
ead oC l
length
(mm)
80°C
20 i
/ 90 °C

AL/
o LI/

4 6 8
dissipation P (W)

Fig. 6 Lead length as a function of the dissipation with the temperature rise at the end of the lead
(soldering spot) as parameter, for style ACO7.

2 l i . . r : 7276004
oy Ayte) AESY )
e i
() ST
2 7 By 8
]
/ /
A
15 I 7
AV
7
o LI
0 5 10 15 20

dissipation P (W)

Fig. 7 Lead length as a function of the dissipation with the temperature rise at the end of the lead
(soldering spot) as parameter, for style AC10.
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ACO3 ACO4
ACO5 ACO7
AC10 AC15 AC20

25 7276005
ST T TSI T 1/
lead S ENARYARN
length M ¥ N
(mm) [~ ANV 4
20 v /
/. i /l
17
] /
' A
15 I 7 ).
/ /
/
/
10 [ /
0 5 10 15 20

dissipation P (W)

Fig. 8 Lead length as a function of the dissipation with the temperature rise at the end of the lead
{soldering spot) as parameter, for style AC15.

25 7276006
ST T A
lead S AT TS/ 1]
length ”v ‘o/ 'c/ §L
(mm) /:/ / / M
» ATV Iy
/ y 4
/ / )4
/
4
Y,
‘5 I 7
4
JIRVARV4ARW
10 4 1/
0 5 10 15 20

dissipation P (W)

Fig. 9 Lead length as a function of the dissipation with the temperature rise at the end of the lead
(soldering spot) as parameter, for style AC20.
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ACO3 ACO4
Cemented wirewound resistors ACO05 ACO7
AC10 AC15 AC20

Marking

The nominal resistance (R for £, K for k2), the tolerance on the resistance and the rated dissipation
at Tamp = 40 OC are printed on the resistor body, e.g. 27 R 5% 4 W.

ELECTRICAL DATA
Standard values of rated resistance and tolerance

For AC03, AC04, AC05 and ACO7, standard values of rated resistance (nominal resistance) are taken
from the E24 series, tolerance +5% within the range 0.1 £ to 15 k2 as per Table 2.

For AC10, AC15 and AC20, standard values of rated resistance (nominal resistance) are taken from
the E24 series for 5% within the range 0.68 2 to 33 k&2 as per Table 2.

See the Table ‘“Standard series of values in a decade”, at the back of the data handbook.

Table 2
type rated dissipation (W) resistance range * tol. catalogue
Tamb = Tamb = number
400C 700C Q %

ACO3 3 25 0.1- 3000 5 2322 329 03...
ACO04 4 3.5 0.1-6800 5 2322 329 04...
ACO05 5 4.7 0.1-8200 5 2322 329 05...
ACO07 7 5.8 0.1- 15 000 5 2322 329 07...
AC10 10 8.4 0.68 - 15 000 5 2322 329 10...
AC15 15 12.5 0.82 - 22 000 5 2322 329 15...
AC20 20 16 1.2 - 33 000 5 2322 329 20...
Limiting voltage

ACO3 1000 V

ACO04, AC05 1500 V

ACO07 2500 V
Maximum permissible body temperature 3500C
Ambient temperature range —40 to + 200 °C
Temperature coefficient —80 to + 140 - 10°%/K
Values < 10 Q +600 - 10°¢/K
Climatic category (IEC68) 40/200/56

COMPOSITION OF THE CATALOGUE NUMBER

The catalogue number .in the above table is completed by inserting the resistance code: the first two
figures of the resistance followed by:

7forR= 0,1t0 0,82%Q
8forR= 1 to 8,2 Q
9forR= 10 to 91 Q
1forR=100 to910 &
2forR= 1 to 9,1 kQ
3forR= 10 to 33 kQ

* Values from 25 mS2 to 100 m§2 are available on request.
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ACO03 ACO4
ACO05 ACO7
AC10 AC15 AC20

TESTS AND REQUIREMENTS

Essentially all tests are carried out according to the schedule of |EC publications 266 and 266A
category 40/200/56 (rated temperature range —40 to + 200 ©C; damp heat, long term, 56 days) and
along the lines of IEC publication 68. “’Recommended basic climatic and mechanical robustness testing
procedure for electronic components”. In the following table the tests are listed with reference to the

ant clauses of 1EC publications 266, 266A and 68; a short description is alse given of the test

relevant

1S &850 gwer

procedure and requirements. In some instances deviations from the IEC recommendation were necessary
for our method of specifying.

Table 4
IEC 266 IEC68
clause test test procedure requirements
method
14 Robustness of e load 200 no visible damage
resistor body Reémm — + 10 N AR <0,5% + 0,05 Q2
15 u Robustness of
terminations:
Ua Tensile all
samples load 10 N; 10s
Ub Bending half
number of
samples load 5 N; 4 x 90°
Uc Torsion other 2 x 1800 in opposite directions | no visible damage
half number of AR max. 0,5% + 0,05 §2
samples
16 T Soldering solderability: 2's good tinning,
230 ©C, flux 600 no damage
thermal shock: 3 s AR max. 0,5% + 0,05 2
350 °C, 2,5 mm from body
17 Na Rapid change % h —40 OC/% h + 200 ©C, no visible damage
of temperature | 5 cycles AR max. 1% + 0,05 2
18 Fc Vibration frequency 10-500 Hz, no visible damage
displacement 0,75 mm or AR max. 0,5% + 0,05 2
acceleration 10g, three
directions; total 6 h (3 x 2 h)
19 Eb Bump 000 + 10 bumps 380 m/s? no visible damage
AR max. 0,5% + 0,05
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Cemented wirewound resistors

ACO03 ACO4
ACO05 ACO7
AC10 AC15 AC20

IEC 266 IEC68
clause test test procedure requirements
method
20 Climatic
sequence
20.2 Ba Dry heat 16 h, 200 ©C
20.3 Damp heat
(accel)
1st cycle 24 h; 55 9C; 95-100% R.H.
20.4 Aa Cold 2 h; —40°C
20.5 M Low air
pressure 1 h; 8,5 kPa; 15-35 0C
20.6 D Damp heat 5 days; 55 ©C; 95-100% R.H. after 24 hat P,
(accel) re- AR max. 1% + 0,05 2
maining cycles
21 Ca Damp heat 56 days; 40 °C; 90-95% R.H. AR max. 1% + 0,05
steady state dissipation < 0,01 Py,
22 — Endurance 1000 h at 40 °C AR max. 5% + 0.1 Q
13.6 Overload 10xPp, 55 AR max. 2% + 0.1 Q
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ACO3 ACO4
ACO05 ACO7
AC10 AC15 AC20

STANDARD PACKING

The resistors AC0O3, AC04, ACO5 and ACO7 with straight leads are supplied on bandolier of 500 in
ammopack. Those with bent leads are supplied loose in a box.
The resistors AC10, AC15 and AC20 with straight leads are supplied loose in a box of 100.

type a A B1-B2 S T
+05 +4 + max. (spacing) (max. deviation of spacing)

ACO03 5 66 1,2 10 N
ACO4 50r6 66 1,2 10 | 1 mm per 10 spacings
AC05 6 66 1,2 10 [ 0,5 mm per 5 spacings
ACO07 6 74 1,2 10
Dimensions of ammopack

M N P
ACO3 85 77 259
AC04 85 77 259
ACO05 85 115 259
ACO07 93 115 259

The dimensions in above tables are in mm.
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MAINTENANCE TYPE

WRO617E WRO0842E
WRO0825E WRO0865E

ENAMELLED WIREWOUND RESISTORS

QUICK REFERENCE DATA

Resistance ranges

Resistance tolerance
Max. body temperature (hot spot)
Rated dissipation at Tamp = 70 °C

Basic specification
Climatic category (IEC 68)
Stability after:
1000 h max. load
climatic tests
dip-soldering test
short time overload

WRO617E
WRO0825E
WRO0842E
WRO0B65E

4,7 2 to 100 kS2,

E24 or E12 series

+5% or £10%

400 °C

4 W

7W

1MW

17 W

|EC publication 266, type 2

55/200/56

AR/R max. 5%
AR/R max. 1%
AR/R max. 0,56%
AR/R max. 2%

APPLICATION

As power resistors in electrical and electronic circuitry.

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 bedy. The

resistor is coated with brown enamel.

MECHANICAL DATA

L1 ——

} | ) iﬂd
e—— |2 —= @D 7285008.2
Fig. 1.
Table 1
type Dmax [L1 max|L.2 max|dmax
WRO0817E 6 17 23 0.7
WRO0825E 8 26 32 0.8
WRO0842E 8 44 50 0.8
WRO865E 8 67 73 0.8
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WROG17TE WRO0842E
WRO0825E WRO865E

The length of the resistor body is measured by inserting the leads into the holes of two identical gauge
plates and by moving these plates parallel to each other until the resistor body is clamped without
deformation (see 1EC publication 294). The diameter of the holes in the gauge plate is 1,0 mm.

Mass (per 100 pieces)

WRO617E 115¢
WRO0825E 2104
WRO0842E 33b6g
WRO865E 450¢g

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.
— nearby components and materials are not affected by the dissipated heat.

Marking
Each resistor is marked with:

— resistance value (R for Q, K for k2)
eg.27 =27R
27 k2 = 27K

- tolerance on resistance in %
— rated dissipation at Tamp =70 °C

Example: 27R 5%
4w

ELECTRICAL DATA

Table 2
type rated dissipation at resistance range | tol. series \ catalogue
Tamb =70°C number

w Q +% *
WRO0617E 4 47— 4700 5 E24 232233022...
WRO0825E 7 6,8 — 27000 5 E24 232233032...
WR0842E 11 10 — 56 000 5 E24 232233042...
WRO0865E 17 15 — 100 000 5 E24 232233052...
Maximum body temperature (hot spot) 400 °C
Ambient temperature range —55 to +200 °C
Temperature coefficient —80 to +140 .107%/K
Climatic category (1EC 68) 55/200/56

* See the table ““Standard series of values in a decade’ at the back of this book.
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Enamelled wirewound resistors WRO617E  WRO0842E
WRO0825E WRO0865E

COMPOSITION OF THE CATALOGUE NUMBER

The catalogue number in Table 2 is completed by inserting the resistance code: the first two significant
figures of the resistance value (in Q) followed by:

8forRof 4,7t0o 9,1Q

9forRof 10 to 91

1forRof 100 t0910 Q

2forRof 1 to 9,1kQ

3forRof 10 to 91 kQ

4 for R of 100 k&
400 7260299
HEEEREEENEE
AT WROG17E | WRO825E WRO0842E
(deg C) / e WROB65E
1 4 A
300
/ P
)4
11/ pd
JiW,
/!
200 7,
/
117
/ Y
100 /
4
/
/
0 L
0 5 10 15 20

dissipation (W)

Fig. 2 Temperature rise (AT) of the resistor body as a function of the dissipation. Distance between
cap and solder joint is 10 mm.
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WROG#E WRO0842E
WRO0825E WRO0865E

TESTS AND REQUIREMENTS

Essentially all tests are carried out according to the schedule of IEC publications 266 and 266A,
category 55/200/56 (rated temperature range —55 ©C to +200 °C; damp heat, long term, 56 days) and
along the lines of IEC publication 68, ‘’Recommended basic climatic and mechanical robustness testing
procedure for electronic components”. In the following table the tests are listed with reference to the
relevant clauses of 1EC publications 266, 266A and 68; a short description is also given of the test
procedure and requirements. In some instances deviations from the |EC recommendation were

necessary for our method of specifying.

Table 3
IEC 68
IEC 266 test test procedure requirements
clause
method
load
14 Robustness of load 200 | no visible damage
resistor body R6mm + 10N |AR<0,5% or 0,05
156 U Robustness of
terminations
Ua Tensile all
samples load 10N; 10 s
Ub Bending half load 5N; 4 x 90°
number of
samples
Uc Torsion other 2 x 1800 in opposite no visible damage
half number directions AR max. 0,5% + 0,05
of samples
16 T Soldering 25s,2300°C, good tinning,
flux 600 no damage
thermal shock: 3 s AR max. 0,5% + 0,05 Q
350 °C, 6 mm from body
17 Na Rapid change % h =565 OC/% h + 200 ©C, | no visible damage
of temperature 5 cycles AR max. 1% + 0.05 Q
18 Fc Vibration frequency 10-500 Hz, no visible damage
displacement 0,75 mm or AR max. 0,5% + 0,05 Q
acceleration 10g, three
directions; total 6 h (3 x 2 h)
19 Eb Bump 4000 = 10 bumps no visible damage

390 m/s?

AR max. 0,5% + 0,05 Q
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Enamelled wirewound resistors WROG17TE WRO0842E
WRO0825E WRO0865E

IEC 68
IEIC 266 test test procedure requirements
clause method
20 Climatic sequence
20.2 Ba Dry heat 16 h, 200 °C
20.3 D Damp heat
(accel)
1st cycle 24 h; 55 ©C; 95-100% R.H.
204 Aa Cold 2 h; —5650C
20.5 M Low air pressure |1 h; 8,5 kPa; 156-35 °C
20.6 D Damp heat 5 days; 55 9C; 95-100% R.H. | after 24 h at P,
(accel) remaining AR max. 5% + 0.1
cycles
21 Ca Damp heat 56 days; 40 ©C; 90-95% R.H. | after 24 h at P,
steady state dissipation < 0,01 Py, AR max. 1% + 0.05 Q
22 - Endurance 1000 h at 70 °C AR max. 5% + 0.1 Q
23 1000 h at 200 °C AR max. 5% + 0.1 Q
13.6 - Overload 10xPp, 5s AR max. 2% + 0.1 2
2 x P, 10 min.
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WROG17E  WRO0842E
WRO0825E WRO0865E

STANDARD PACKING
The resistors are supplied on bandolier in ammopack. For details see General section.

number per box

type

bandolier
WRO0617E 500
WRO0825E 500
WRO0842E 100
WRO0865E 100

Dimensions of bandolier

type a A B1-B2 S T

+0,5 +1,6 + max. (spacing) (max. deviation of spacing)
WRO0617E 5 66,7 1,2 10
WRO0825E 6 74 1,2 10 1 mm per 10 spacings
WRO0842E 6 88 1,2 10 0,5 mm per 5 spacings
WRO0865E 6 110 1,2 10

Dimensions of ammopack

type M N P

WRO0617E 85 77 259
WRO0825E 93 115 259
WRO0842E 132 56 160
WRO0865E 132 56 160

The dimensions in above tables are in mm.
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SMW02
SMWO03
SMWO05

STAND-UP MINIATURE POWER RESISTORS

QUICK REFERENCE DATA

Resistance range 0.1 2 to 560
(E24 series)
Resistance tolerance +5%
Maximum permissible body (hot spot) temperature 300 °C
Rated dissipation at Tymp = 70 °C SMwo2 2w
SMW03 3w
SMWOQ05 5W
Basic specification IEC 266
Climatic category (IEC 68) 40/200/56
Stability after
load AR/R max. 5%
climatic tests AR/R max. 3%
soldering AR/R max. 2%
APPLICATION

These resistors have a high factor of heat dissipation in comparison to their size, and are supplied in a
‘stand-up’ configuration for vertical mounting.

DESCRIPTION

The resistor element is wound in a single layer on a ceramic rod, metal end-caps are fitted over both
ends of the rod. The ends of the resistance wire and the leads are welded to the metal end-caps.

Tinned copper-clad iron leads are used; since these leads have a poor heat conductivity, heat
dissipation usually caused at the soldering point is restricted, thus the lead length can be kept relatively
short permitting stable mounting.

The resistor body and lead ends are housed within a rectangular ceramic case which is non-flammable
and will not melt, even at high overloads.

The resistor is resistant to most commonly used cleaning solvents in accordance with MIL-STD 202E
method 215, and |EC 68-2-45.
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SMW02

SMW03
SMWO05
MECHANICAL DATA fe—W—> =D~ Dimensions in mm
H
u L
1 ] ;
I<— P ——I >l d
MSA011

Table 1 Physical dimensions

Fig.1 Component outline; see Table 1.

tvpe w D H L éd

Yp + 1 mm + 1 mm + 1.5 mm +1.5mm +*1mm

SMWO02 1 7 20.5 45 0.8

SMwWO03 12 8 25 45 0.8

SMWO05 13 9 255 45 0.8
Mass

SMWO02: 370 g per 100 resistors
SMWO03: 530 g per 100 resistors
SMWO05: 640 g per 100 resistors

Mounting

The resistors must be mounted in such a way that no stress is exerted on the leads; that thermal
expansion is possible over the permissible temperature range; and that adjacently mounted components
are not affected by the dissipated heat. The temperature 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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Stand-up miniature power resistors

SMWO02
SMWO03
SMW05

160

AT
(K

120

80

40

7225453

&
N

\\
\%’\\E“Y
\

40 80

nom

120

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

Marking

The nominal resistance value is marked using alphanumeric values ‘R’, to indicate £2 or 'k’ to indicate
k$2. The tolerance, style and production week are also marked on the resistor.

Example:

A resistor having a value of 27 £, a tolerance of + 5% and a power of 2 W at 70 ©C is marked:

SMWwW02
27R 5%

904

l (November 1993
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SMW02
SMW03
SMW05

ELECTRICAL DATA

Breakdown voltage of encapsulation (RMS)
Maximum permissible body temperature (hot spot)
Ambient temperature range

t+ure cgefficient
ture coervicient

Climatic category (IEC 68)

Standard values of rated resistance

Standard values of rated (nominal) resistance are taken from the E24 series of values, with a tolerance

of £ 5%. The ranges are shown in Table 2.

min. 2000 V
300°C
—40 to + 200 °C

max. 600 - 10°%/K
max. 140 - 10°%/K

40/200/56

The values of this series are shown at the back of the handbook and are in accordance with IEC

publication 63.

Table 2 Ordering information

type ;\23\7 Q) ‘(t(?AJ[) series catalogue number
SMwo02 0.1-200 5 E24 2306 34003. ..
SMWO03 0.1-560 5 E24 2306 341 03. ..
SMWO05 0.1-660 5 E24 2306 34203 .. ..

COMPOSITION OF THE CATALOGUE NUMBER

The catalogue number given in Table 2 is completed by inserting the first two figures of the resistance

value required, followed by one of the figures listed below dependent on the resistance multiplier.

7 for resistance values between 0.1 and 0.91 2
8 for resistance values between 1 and 9.1
9 for resistance values between 10 and 91 Q
1 for resistance values between 100 and 560 2
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SMWO02
SMWO03
SMW05

Stand-up miniature power resistors

TEST AND REQUIREMENTS

Essentially all tests are carried out in accordance with the schedule of IEC Publications 266 and 266A,
category 40/200/56 (rated temperature range —40 to + 200 ©C, damp heat, long term, 56 days) and
along the lines of |EC Publication 68, ‘Recommended basic climatic and mechanical robustness testing
procedures for electronic components’. In Table 3, the tests are listed with reference to the relevant
clauses of IEC Publications 266, 266A and 68; a short description of the testing procedure is also
provided. In some cases, deviations from the |EC recommendation were necessary for our method of

specifying.

Table 3 Test and requirements

IEC 266 IEC 68 test procedure requirements
clause test
method
14 robustness of resistor load 200N + 10N no visible damage
body AR/R 0.5% + 0.05
Q max.
15 U robustness of
terminations
Ua tensile (all samples) load TON; 10s
no visible damage
AR/R 0.5% + 0.05
£ max.
16 T soldering solderability 230 ©C, good tinning,
flux 600 no damage
thermal shock 3 s at AR/R 0.5% + 0.05
3500cC, Q max.
up to restposition
17 Na rapid change of 0.5 h at =40 °C no visible damage
temperature 0.5 hat+200°C AR/R 1% + 0.05
5 cycles Q max.
18 Fc vibration frequency 10-500 Hz no visible damage
displacement
0.75 mm or AR/R 0.5% + 0.05
acceleration 10 g in Q max.
three directions;
total 6 h (3x 2 h)
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SMWo02

SMWO03
SMWO05
Table 3 (continued)
IEC 266 IEC 68 test procedure requirements
clause test
method
i9 Eb bump 4000 + 10 bumps no visibie damage
acceleration 390 m/s? AR/R 0.5% + 0.05 Q
max.
20 climatic sequence
20.2 Ba dry heat 16 h, 200 °C
20.3 D damp heat 24 h, 55 °C
(accelerated), 95-100% RH
1st cycle
20.4 Aa cold 2h,—400C
20.5 M low air pressure 1 h, 8.5 kPa;
15-35 0C
20.6 D damp heat 5 days, 55 ©C after 24 hrs at Pnom
(accelerated), 95-100% RH AR/R 3% +0.1 Q2
remaining cycles max.
21 Ca damp heat steady 56 days, 40 °C AR/R3% +0.1Q
state 90-95% RH; max.
dissipation
0.01 x Ppnom
22 endurance 1000 h, 70 °C AR/R 5% +0.1Q
23 rated dissipation max.
1000 h, 200 °C AR/R 5% + 0.1 Q2
no load max.
13.6 overload 10x Prom, 5's AR/R 2% + 0.1 £ max.
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Philips Components Product specification
L2 s e T A R G T A A ) R H R B S R G S R B e A e U e

Cemented wirewound precision resistors PAC02/03/04/05/06
i PR R G S R R B e S R P e R O o T N b S O e A N S e G it
APPLICATIONS QUICK REFERENCE DATA
e These resistors have been DESCRIPTION VALUE

deS|:qne'd for precision power Resistance range 0.22 Q to 12 kQ, E24 series

applications.

Resistance tolerance +1%
Maximum permissible body 275 °C
DESCRIPTION temperature (hot-spot)
The resistor element is wound in a Rated dissipation at Tamp = 25 °C:
single layer on a ceramic rod. Metal
PAC02 2w
caps are pressed over the ends of the
rod. The ends of the resistance wire PACO3 3w
and the leads are connected to the PAC04 4W
caps by welding. Tinned copper-clad PACO5 5W
iron leads with poor.h.eat conductivity PACO6 6W
are employed permitting the use of
relatively short leads to obtain stable Specification based on - IEC 266; MIL-R-26; CCTU 04-09
mounting. Climatic category (IEC 68) 55/200/56
The resistor is coated with a green Stability after:
silicon cement which is not resistant load AR/R max.: £0.5% +0.05 Q
to aggressive fluxes. The coating is climatic tests AR/R max.: £0.5% +0.05 Q
non-inflammable, cannot drip even at short time overload AR/R max.: $0.2% +0.05 Q
high overloads and is resistant to
most commonly used cleaning
solvents in accordance with MECHANICAL DATA
MIL-STD-202E, method 215 and
IEC 68-2-45.
L ——
| !
— :@:/‘ ‘}: :x:l 2D
MBA503 Qld *
Dimensions in mm.
Fig.1 Package outline.
Dimensions of component.
D L d
TYPE MAX. MAX. TYP.
PAC02 55 13 0.8
PAC03 5.5 17 0.8
PAC04 75 17 0.8
PACO05 7.5 23 0.8
PAC06 75 25 0.8

The length of the body L (see Fig.1) is measured by inserting the leads into
the holes of the two identical gauge plates and moving these plates parallel
to each other until the resistor body is clamped without deformation, see
“IEC publication 294"
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Philips Components

Product specification

Cemented wirewound precision resistors

PAC02/03/04/05/06

Mass (per 100 units)
MASS
TYPE
(9)
PAC02 80
PAC03 100
PAC04 175
PAC05 215
PAC06 225
Mounting

The resistors are suitable for
processing on cutting and bending
machines. Care should be taken that
the temperature rise of the resistor
body does not affect nearby
components or materials by
conducted or convected heat.

Marking

The type and nominal resistance,
together with the year and week
of production, are printed on the
resistor body.

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

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

For example:

PACO03 27R 043
(week 43 of 1990).

May 1994

ELECTRICAL DATA
Standard values of rated resistance and tolerance

The resistors are available in the E24 series in accordance with
“IEC pubiication 63", for resistors with a tolerance of +1% within the range
0.22 Q to 12 kQ, see Table 1.
The limiting voltage (DC or RMS)is V = /P xR

This is the maximum voltage that may be applied to the resistor body, see
“IEC publication 266"

Derating curve

MBA48S5 - 1

100

P max
(%)

50

0 25 100 200 300
Tamb (°c)

Fig.2 Maximum dissipation (Pnax) as a function of
the ambient temperature (Tamp)-

Thermal data.
DESCRIPTION VALUE
Maximum permissible body temperature 275 °C
Ambient temperature range —55 to +200 °C
Temperature coefficient +100 x 10¢/K
Climatic category (IEC 68) 55/200/56
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Philips Components Product specification

Cemented wirewound precision resistors PAC02/03/04/05/06

COMPOSITION OF THE CATALOGUE NUMBER

The resistors have a 12-digit catalogue number starting with 2306 327. The subsequent 5 digits indicate the packaging
and resistance value (see Tables 1 and 2).

Tabie 1 First digit to indicate resistor type as iisted.

TYPE RATED DISSIPATION | RESISTANCE RANGE |  TOL. CATALOGUE NUMBER
amb © (9)] (%) 2306 327 .....
(W)
PACO2 2 0.22 to 3600 1 0..
PACO3 3 0.33 to 4700 1 1.
PACO4 4 0.43 to 8200 1 2...
PACO5 5 0.68 to 10000 1 3...
PACO6 6 0.68 to 12000 i 4.

To complete the catalogue number (see Table 1), replace the first three dots of the remaining 4-digit code with the first
three figures of the resistance value. Replace the fourth dot (last digit) by a figure according to Table 2.

Table 2 Last digit of 12 NC.

RESISTANCE LAST DIGIT
0.22100.91 Q 7
1109.1Q 8
10t0 91 Q 9
100t0 910 Q 1
110 9.1 kQ 2
10 to 12 kQ 3

Ordering example

The catalogue number of a PAC03
resistor, value 750 Q +1%tapedona
bandolier packed in an ammopack of
500 units is: 2306 327 17501.
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Philips Components

Product specification

Cemented wirewound precision resistors

PAC02/03/04/05/06

TESTS AND REQUIREMENTS

Essentially all tests are carried out in
accordance with the schedule of “/EC
publications 266 and 266A”, category
55/200/56 (rated temperature range
-55 °C to +200 °C; damp heat, long
term, 56 days) and in accordance

with IEC publication 68,
“Recommended basic climatic and
mechanical robustness testing
procedure for electronic

A e g ”

comporienis

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

relevant clauses of “/EC publications
266, 266A 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.

Table 3
IEC 266 | 'EC68
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
14 robustness of load 200 +10 N no visible damage
resistor body - AR/R max.: £0.1% +0.05 Q
'
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 | 2 x 180° in opposite directions no visible damage
number of samples AR/R max.: +0.1% +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.: +0.2% +0.05 Q
soldering heat 2.5 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.: +0.5% +0.05 Q
18 Fc vibration frequency 10 to 500 Hz; displacement | no damage
0.75 mm or acceleration 10 g; three AR/R max.: +0.1% +0.05 Q
directions; total 6 hours (3 x 2 hours)
19 Eb bump 4000 £10 bumps; 390 m/s? no damage
AR/R max.: £0.1% +0.05 Q
20 climatic sequence:
20.2 Ba dry heat 16 hours; 200 °C
20.3 Db damp heat 24 hours; 55 °C; 95 to 100% RH
(acceleraced)
1st cycle
20.4 Aa cold 2 hours; -55 °C
20.5 M low air pressure 1 hour; 8.5 kPa; 15 to 35 °C
20.6 Db damp heat 5 days; 55 °C; 95 to 100% RH after 24 hours at P,
(accelerated) AR/R max.: +0.5% +0.05 Q
remaining cycles
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Philips Components

Product specification

Cemented wirewound precision resistors PACO02/03/04/05/06
IEC 68
éf_f\ﬁg% TEST TEST PROCEDURE REQUIREMENTS
METHOD
21 Ca damp heat 56 days; 40 °C; 90 to 95% RH; AR/R max.: £1% +0.05 Q
(steady state) dissipation <0.01 P,
22 endurance 1000 hours at 25 °C AR/R max.: £0.5% +0.05 Q
23 1000 hours at 200 °C AR/R max.: +1% +0.05 Q
13.6 overload 10xP,;5s AR/R max.: £0.2% +0.05 Q
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Philips Components

Product specification

Cemented wirewound precision resistors

PAC02/03/04/05/06

PACKAGING

The resistors are supplied on bandolier of 500 units in ammopack. For details refer to Section “General Introduction

leaded resistors” in the data handbook PAQS.

Dimensions of ammopack.

0.8
>

<+ two resistors

TYPE QUANTITY M N P
(mm) (mm) (mm)

PAC02

500 85 60 263
PACO03
PAC04
PACO05 500 97 120 273
PACO06

Tape and reel data
N max displacement between any

}
S+0.1
i——{% *
1 max
d A~ MBA504
*! a B1 B2
A
Dimensions in mm.
Fig.3 Axial on tape.
Dimensions of bandoiier.
TYPE a A 1By - Bal S T
(mm) (mm) (mm) (mm) (deviation of spacing)
PACO02 63 +1
PACO03 ; 10 i
max. 1 mm per 10 spacings
PAC04 6 0.5 max. £1.2 10 max. 0.5 mm per 5 spacings
PACO05 71 +1
PACO06
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Philips Components
R e S e A

Fixed Resistors Index of catalogue numbers

12 DIGIT CATALOGUE NUMBER
The resistors have a 12-digit catalogue number starting with 2306 or 2322.

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

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

Table 1 First 7 digits of the catalogue number.

CATALOGUE NUMBER PAGE CATALOGUE NUMBER PAGE
2306 (first 4 digits followed by next 3 digits) 191 334
327 382 192 343
328 350 193 297
340 376 194 31
341 376 195 325
342 376 197 297
2322 (first 4 digits followed by next 3 digits) 198 31t
204 212
141 266, 267 205 212
142 266, 267 207 552
143 266, 267 211 182
144 266, 267 241 275
151 249 242 282
152 249 244 282
193 249 329 363
156 240, 241 330 368
157 232, 233 o 51
160 259, 260 704 6
161 259, 260 711 35
162 259, 260
163 259, 260 2 3
164 259, 260 722 94
723 94
165 256, 260 724 61, 143, 155
166 259, 260 725 19
o :
169 259: 260 27 102
170 259, 260 780 43
171 259, 260 LEL 43
180 192 782 110
181 202 :22 1;8
=
187 192 4 126
750 150
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DATA HANDBOOK SYSTEM

Philips Components data handbooks are available for
selected product ranges and contain all relevant data
available at the time of publication and each is revised and
updated regularly.

Loose data sheets are sent to subscribers to keep them
up-to-date on additions or alterations made during the
lifetime of each edition.

Our data handbook titles are listed here.

Display components

Book  Title

DCO01  Colour Display Components
Colour TV Picture Tubes and Assemblies
Colour Monitor Tube Assemblies

DC02 Monochrome Monitor Tubes and Deflection Units

DC03 Television Tuners, Coaxial Aerial Input
Assemblies

DCO05 Flyback Transformers, Mains Transformers

and General-purpose FXC Assemblies

magnetic products

MAO1  Soft Ferrites

MAQO3 Piezoelectric Ceramics and Specialty Ferrites
MAO4  Dry-reed Switches

April 1994

Passive components

PAO1  Electrolytic Capacitors

PA02 Varistors, Thermistors and Sensors

PA03  Potentiometers

PAO4  Variable Capacitors

PAO5  Film Capacitors

PAO6  Ceramic Capacitors

PAO7  Quartz Crystals for Special and Industrial
Applications

PAO8  Fixed Resistors

PA10  Quartz Crystals for Automotive and
Standard Applications

PA11  Quartz Oscillators

professional components

PC04  Photo Multipliers
PC05 Plumbicon Camera Tubes and Accessories
PC07  Vidicon and Newvicon Camera Tubes
and Deflection Units
PC08 Image Intensifiers
PC12  Electron Multipliers

MORE INFORMATION FROM PHILIPS COMPONENTS?
For more information about Philips Components data
handbooks, catalogues and subscriptions, please contact
your nearest Philips Components sales organization

(see address list on the back cover of this handbook).
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OVERVIEW OF PHILIPS SEMICONDUCTORS
DATA HANDBOOKS

Our sister product division, Philips Semiconductors, also
has a comprehensive data handbook system to support

their products. Their data handbook titles are listed here.

Integrated circuits
Book Title
IC01  Semiconductors for Radio and Audio Systems

IC02  Semiconductors for Television and Video
Systems

IC03  Semiconductors for Telecom Systems

IC04  CMOS HE4000B Logic Family

IC05 Advanced Low-power Schottky (ALS)
Logic Series

IC06  High-speed CMOS Logic Family

IC08 100K ECL Logic Family

IC10  Memories

IC11 General-purpose/Linear ICs

IC12  Display Drivers and Microcontroller
Peripherals (planned)

IC13  Programmable Logic Devices (PLD)

IC14  8048-based 8-bit Microcontrollers

IC15  FAST TTL Logic Series

IC16  ICs for Clocks and Watches

IC17  RF/Wireless Communications

IC18  Semiconductors for In-car Electronics and
General Industrial Applications (planned)

IC19 Semiconductors for Datacom: LANs, UARTS,
Multi-protocol Controllers and Fibre Optics

IC20  8051-based 8-bit Microcontrollers

IC21 68000-based 16-bit Microcontrollers (planned)

IC22  ICs for Multi-Media Systems (planned)
IC23  QUBIC Advanced BiCMOS Interface Logic
ABT, MULTIBYTE™
IC24  Low Voltage Logic
Discrete semiconductors
SC01 Diodes
SC02 Power Diodes
SC03 Thyristors and Triacs
SC04 Small-signal Transistors
SC05 Low-frequency Power Transistors
and Hybrid IC Power Modules
SC06 High-voltage and Switching
NPN Power Transistors
SC07 Small-signal Field-effect Transistors

SCO08a RF Power Bipolar Transistors
SC08b RF Power MOS Transistors

April 1994

Discrete semiconductors (continued)

SC09 RF Power Modules
SC10  Surface Mounted Semiconductors
SC13 PowerMOS Transistors

including TOPFETSs and IGBTs
SC14 RF Wideband Transistors,

Video Transistors and Modules
SC15  Microwave Transistors
SC16  Wideband Hybrid IC Modules
SC17 Semiconductor Sensors

Professional components
PC01  High-power Klystrons and Accessories
PC06 Circulators and Isolators

MORE INFORMATION FROM PHILIPS SEMICONDUCTORS?
For more information contact your nearest Philips
Semiconductors national organization shown in the
following list.

Argentina: Buenos Aires, Tel. (541) 786 7633, Fax. (541)786 9367
Australia: NORTH RYDE, Tel. (02)805 4455, Fax. (02)805 4466

Austria: WIEN, Tel. (01)60 101-1236, Fax. (01)60 101-1211

Belgium: EINDHOVEN (Netherlands), Tel. (31)40 783749, Fax. (31)40 788399
Brazil: SAO PAULO, Tel. (011)821-2327, Fax. (011)829-1849

Canada: SCARBOROUGH, Ontario, IC’s Tel. (800)234-7381, Fax. (708)296-8556,
SC’s Tel. (0416)292-5161 ext. 2336, Fax. (0416)292-4477

Chile: SANTIAGO, Tel. (02)773 816, Fax. (02)777 6730

Colombia: BOGOTA, Tel. (571)249 7624/(571)217 4609, Fax. (571)217 4549
Denmark: COPENHAGEN, Tel. (032)88 2636, Fax. (031)57 1949
Finland: ESPOO, Tel. (9)0-50261, Fax. (9)0-520971

France: SURESNES, Tel. (01)4099 6161, Fax. (01)4099 6427

Germany: HAMBURG, Tel. (040)3296-0, Fax. (040)3296 213

Greece: TAVROS, Tel. (01)4894 339/4894 911, Fax. (01)4814 240

Hong Kong: KWAI CHUNG, Tel. (852)424 5121, Fax. (852)428 6729
India: BOMBAY, Tel. (022)4938 541, Fax. (022)4938 722

Indonesia: JAKARTA, Tel. (021)5201 122, Fax. (021)5205 189

Ireland: DUBLIN, Tel. (01)640 000, Fax. (01)640 200

Italy: MILANO, Tel. (02)6752.3302, Fax. (02)6752 3300

Japan: TOKIO, Tel. (03)3740 5028, Fax. (03)3740 0580

Korea (Republic of): SEOUL, Tel. (02)794 5011, Fax. (02)798 8022
Malaysia: SELANGOR, Tel. (03)750 5214, Fax. (03)757 4880

Mexico: EL PASO, TEXAS, Tel. 9-5(800)234 7381, Fax. (708)296 8556
Netherlands: EINDHOVEN, Tel. (040)783749, Fax. (040)788399

New Zealand: AUCKLAND, Tel. (09)849 4160, Fax. (09)849 7811
Norway: OSLO, Tel. (022)74 8000, Fax. (022)74 8341

Pakistan: KARACHI, Tel. (021)587 4641-49, Fax. (021)577035/5874546
Philippines: MANILA, Tel. (02)810 0161, Fax. (02)817 3474

Portugal: Linda-A-Velha, Tel. (01)14163160/4163333, Fax. (01)14163174/4163366
Singapore: SINGAPORE, Tel. (65)350 2000, Fax. (65)251 6500

South Africa: JOHANNESBURG, Tel. (011)470 5911, Fax. (011)470 5494
Spain: BARCELONA, Tel. (03)301 6312, Fax. (03)301 42 43

Sweden: STOCKHOLM, Tel. (0)8-632 2000, Fax. (0)8-632 2745
Switzerland: ZURICH, Tel. (01)488 2211, Fax. (01)481 77 30

Taiwan: TAIPEI, Tel. (02)388 7666, Fax. (02)382 4382

Thailand: BANGKOK, Tel. (662)398-0141, Fax. (662)398-3319

Turkey: ISTANBUL, Tel. (0212)279 2770, Fax. (0212)269 3094

United Kingdom: LONDON, (071)436 41 44, Fax. (071)323 03 42

United States: Integrated circuits - SUNNYVALE,

Tel. (800)234-7381, Fax. (708)296-8556;

Discrete Semiconductors — RIVIERA BEACH,

Tel. (800)447-3762 and (407)881-3200, Fax. (407)881-3300

Uruguay: MONTEVIDEO, Tel. (02)70-4044, Fax. (02)92-0601

For all other countries apply to: Philips Semiconductors,

Intemational Marketing and Sales, Building BAF-1,

P.O. Box 218, 5600 MD, EINDHOVEN, The Netherlands,

Telex 35000 phtcnl, Fax. +31-40-724825
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STANDARD SERIES OF VALUES IN A DECADE
for resistances and capacitances

according to |EC publication 63

E192 E96 EA8 |E192 EO6 E48 |E192 E96 E48 |E192 E96 E48 | E192 E96 E48
100 100 100 | 169 169 169 | 287 287 287 | 487 487 487 825 825 825
101 172 291 493 835

102 102 174 174 294 294 499 499 845 845
104 176 298 505 856

105 105 105 | 178 178 178 | 301 301 301 [511 511 511 866 866 866
106 180 305 517 876

107 107 182 182 309 309 523 523 887 887
109 184 312 530 898

110 110 110 | 187 187 187 | 316 316 316 | 536 536 536 909 909 909
111 189 320 542 920

113 113 191 191 324 324 549 549 931 931
114 193 328 556 942

15 115 115 {196 196 196 | 332 332 332 | 562 562 562 953 953 953
17 198 336 569 965

118 118 200 200 340 340 576 576 976 976
120 203 344 583 988

121 121 121 | 205 205 205 | 348 348 348 | 590 590 590

123 208 352 597

124 124 210 210 357 357 604 604 E24 E12 E6 E3
126 213 361 612

127 127 127 (215 215 215 | 365 365 365 [619 619 619 10 10 10 10
129 218 370 626 m

130 130 221 223 374 374 634 634 12 12
132 223 379 642 13

133 133 133 | 226 226 226 | 383 383 383 |649 649 649 15 15 15
135 229 388 657 16

137 137 232 232 392 392 665 665 18 18
138 234 397 673 20

140 140 140 | 237 237 237 {402 402 402 |681 681 681 22 22 22 22
142 240 407 690 24

143 143 243 243 412 412 698 698 27 27
145 246 417 706 30

147 147 147 1249 249 249 | 422 422 422 |715 715 715 33 33 33
149 252 427 723 36

150 150 255 255 432 432 732 732 39 39
152 258 437 741 43

154 154 154 | 261 261 261 | 442 442 442 |750 750 750 47 47 47 47
156 264 448 759 51

158 158 267 267 453 453 768 768 56 56

160 271 459 777 62

162 162 162 |274 274 274 | 464 464 464 |787 787 787 68 68 68
164 277 470 796 75

165 165 280 280 475 475 806 806 82 82
167 284 481 816 91
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