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

QUALITY ASSURED

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

CUSTOMER SERVICE

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

ADVANCED RESISTOR TECHNOLOGIES

Our 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:

* 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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TEMP.
TECHNO- SIZE | TOL. MAX | SERIES
USE TYPE o RANGE COEFF. PAGE
LOGY (inch) | (%) (< 10%/K) (V/W) (E)
Thick Standard | RCO1 1206 | 5;2 |1Q-10MQ [<+200 200/0.25 24 27
Film RC11 0805 52 [1Q-10MQ [<+200 150/0.1 35
RC21 0603 5 1-10Q —-200/+500 |50/0.063 41
1Q-910kQ |+200
1-6.8 MQ 1300
Precision | RCO2H 1206 1 1-4.99Q <+250 200/0.125 | 24/96 49
TC100 RCO2HP 51-976Q <+200 200/0.25 57

100Q-1MQ |<+100
1.02-10 MQ | <+200

RC12H 0805 1-4.99 Q <+250 150/0.1 63
51-976Q <+200
100Q-1MQ |[<£+100
RC22H 0603 1-4.99 Q <250 50/0.063 69

51-976Q <+200
100Q-1MQ |<+100

Precision | RC02G 1206 1 100Q-1MQ |<t50 200/0.125 75
TC50 RC02GP 250 Q- 1 MQ 200/0.25 81
RC12G 0805 100-249 Q <+100 150/0.1 87
255 Q-1 MQ |<t50
High RC03G 1206 0.5 100-249 Q <+100 200/0.125 94
Precision 255 Q-1MQ | <t50
Application | RCO2TR 1206 |+0/-20 |1-4.99Q <+250 200/0.25 24 107
Specific trimmable or 5.1-976Q <200
+0/-30 [100Q-1MQ |<+100
LRCO1 5 0.1-0.147Q | <£1000 0.125 113
low ohmic 0.15-0.392 Q |<+700
04-091Q <250
FRCO1 5 1-250Q <+200 200/0.125 121
fusible
PRC201 1218 5 1-9.1Q <+200 200/1 131
power 10Q-1MQ <+100
Thin High MPCO1 1206 0.1 100 Q- 100 kQ | <25 100/0.125 all 99
Film Precision values

October 1993 6
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INTRODUCTION

The data are presented - whenever possible - according
to a "format”, in which the following items are stated:

TITLE

FEATURES
APPLICATIONS

QUICK REFERENCE DATA
DESCRIPTION
MECHANICAL DATA

Mass

ELECTRICAL DATA

Standard values of rated resistance and tolerance
COMPOSITION OF THE CATALOGUE NUMBER
PACKAGING

TESTS AND REQUIREMENTS

MECHANICAL DATA
A dimensional sketch and a table of dimensions are given.

DESCRIPTION

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

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

IEC 68-2-45.

protective coat

resistor layer

inner electrode

end termination

ceramic substrate

protective coat

MBC695

L

Fig.1 Component outline.

The relationship between U.S. case size reference (inch), sizes in mm and mass per 100 resistors for various types

of chip resistors are shown below

u.s. L w T MASS
TYPE CASESIZE | (mm) (mm) (mm) ©
RCO . 1206 32 16 0.55 10
RC1 . 0805 2.0 1.25 0.55 0.55
RC2 . 0603 16 0.8 0.45 0.4

October 1993 7
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Mounting

Chip resistors are designed for handling by automatic
chip placement systems.

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

The hot-spot temperature depends on the ambient
temperature and the dissipated power. This is described
in the ELECTRICAL DATA section.

The hot-spot temperature is important for mounting

because the connections to the chip resistors will reach a
temperature close to the hot-spot temperature. Heat
conducted by the connections must not reach the
melting point of the solder at the joints. Therefore a
maximum solder joint temperature of 110 °C is advised.
The ambient temperature on large or very dense
printed-circuit boards (PCB's) is influenced by the
dissipated power. The ambient temperature will again
influence the hot-spot temperature. Therefore, the
packing density that is allowed on the PCB is influenced
by the dissipated power.

Figures 2, 3 and 4 show the different soldering methods
which may be employed when mounting chip resistors.

MBAS501
T
(©c)
240 20 KIs
175 200 K/s
45 s max 10s o
preheating soldering cooling
Fig.2 Infrared soldering.
T MBA502
(©c)
250
200 K/
S\ f
cooling in
free air
80
5s o
preheating soldering  cooling
Fig.3 Wave soldering. The resistors may be soldered twice according to this method if necessary.

October 1993
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(01;)) MBAS500
215
10s 6’<,> s e
preheating soldering cooling
Fig.4 Vapour phase soldering.

Example To find the maximum packing density, this horizontal line
is extended until it intersects with the curve, 0.125 W
(point C). The maximum packing density,

19 pcs / 50 x 50 mm2 (point D), is found on the horizontal

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 (Fig.5), this pointis found by drawing 2
the line from point A (PCB 95 °C) to point B (T, 50 °C)
and from here to the left axis.
025W  0.125W MBC730
150 0
2
/ ey
3 0.0625 W
g 7 / V7
h // A ? 1117
/
Sy Perress
yaw, yed 111
so I T
L &
AN VeV eV eV
A O’ A A A §
= 7 =
A 1A L~ / / / §
I e e g
°, 10 P 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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Marking

Almost all chip resistors are provided with a resistance
code (see Table 1). The resistance code includes the
first two or three significant figures of the resistance
value (in ohms) followed by an indicator. The indicator
denominates the number of zeros that follow, to find the
relevant resistance value. Whether two or three
significant values are represented depends on the
tolerance: +2% and higher requires two digits; +1% and
lower requires three digits.

Table 1 Resistance value indication

>+ 2% <+1%
INDDEIg:TD(I)ER TOLERANCE TOLERANCE
VALUE 2 DIGITS | VALUE 3 DIGITS
0 0.0 Q; jumper
R; note 1 110910 110976 Q
1 10010910 Q 1109.76 kQ
2 1109.1 kQ 1010 97.6 kQ
3 10 t0 91 kQ 100 to0 976 kQ
4 100 to 910 kQ 1MQ
5 1109.1 MQ
6 10 MQ
Note

1. R denotes the decimal point.

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 IEC publications 115-1 and 115-2.

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.

October 1993
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In the normal operating temperature range of chip
resistors the temperature rise at the hot-spot, AT, is
proportional to the power dissipated: AT = Ax P. The
proportionally constant ‘A’ gives the temperature rise per
Watt of dissipated power and can be interpreted as a
thermal resistance in K/W. This thermal resistance is
dependent on the heat conductivity of the materials used
(including the PCB), the way of mounting and the
dimensions of the resistor. The sum of the temperature
rise and the ambient temperature is:

T =Tamo + AT.
where
T, = hot-spot temperature

Tam» = 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

dimensions, conductance of heat resistance

materials and mounting determine
heat resistance x dissipation

temperature rise + ambient
temperature

= temperature rise
= hot-spot
temperature

Frequency behaviour

Every resistor can be represented as a linear resistor
switched in series with a coil, which is parallel to a
capacitor.

Typical values for a RC11 are:

The impedance and phase shift measurements of the
resistor are plotted in Figs 6 and 7 respectively.

L=1nH
C =0.09 pF to 0.02 pF

However, individual resistors may have differing
behavioural patterns because of both layer thicknesses
and laser grooves. In general, the environment the
resistor is in has more impact on the frequency
behaviour.
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MBC737
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Fig.6 Impedance as a function of frequency.
MBC738
90.00
s
60.00 SRE 1
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Fig.7 Phase shift as a function of frequency.
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Performance The temperature coefficient
When specifying the performance of a resistor, the The temperature coefficient of resistance is a ratio which
dissipation is given as a function of the hot-spot indicates the rate of increase (decrease) of resistance
temperature, with the ambient temperature as a per °C increase (decrease) of temperature within a
parameter. specified range, and is expressed in parts per million

-6

FromAT =Ax Pand T,, = T, + AT it follows that: per K (x107¢/K).

Example: If the temperature coefficient of a resistor of

P= Tn= Tam Rpom = 1 KQ between -55 °C and +155 °C is
A 1200 x 10-¢/K and the resistor has the actual resistance

If P is plotted against T,, for a constant value of A, value 1 kQ, its resistance will be:
parallel straight lines are obtained for different values of at 25 °C:
the ambient temperature. The slope of these lines, 1000 © (nominal = rated value)

aP 1. . at+155 °C:

—-—=- iprocal

T, = A 'S the recip 1,000 © +(130 x 200 x 10-%) x 1 000

of the heat resistance and is the characteristic for the =1026 Qor974Q

resistor and its environment. at -55 °C:
1 000 Q (80 x 200 x 10-) x 1 000 Q

=1016 Qor 984 Q

If the temperature coefficient is specified as <200 x 10-¢/K
the resistance will be within the shaded area. This
behaviour is shown in Fig.8.

+2.6%

+1.6%

Rnom

-1.6%

~-2.6%

Fig.8 Temperature coefficient.

October 1993 12
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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.9.

12 MGA212
noise 1 I
level 1 Spec; level
mv/v) 1
8 t
__f /
t
4 _—= /l
)________E _—

= ==

1 10 10k 100k 1M 10M

R(Q)

100 1k

Fig.9 Typical noise levels as a function of rated
resistance for the RC02G.

\n2
) aur

| N R N U T
10 5

| VO Y N O N B e |
10
d (mm)

resistor

Fig.10 Heat resistance as a function of distance
and material.
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HEAT RESISTANCE (R,,)

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 (Ts) of the resistor in
relation to the ambient temperature (T,,) and the load
(P) of the resistor, as follows:

Tus = Tamo + P X Ry,
Due to their direct contact with the solder spot, chip
resistors dissipate over 85% of their heat via conduction
to the solder spot and hence to the PCB. Thus the PCB
on which the chip resistor is mounted functions as a heat
sink. Different PCB'’s have different heat conductance.
Figure 10 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:

T.m (Which is also dependent on the packing density)
R,, of the PCB
maximum solder spot temperature (generally 110 °C)

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 the
following test.

Exponential time constant 50 us 700 ps
Repetition time 12s 25s
Amount of pulses 5 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 11 shows test results for the RC02G
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 fashion.
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104 MBC187
v
50 p sec
3 £ T
10 700 p sec
2
//
o ,/’ P
L
//,
10! /,//
10
10 102 103 104 10% 108 R@ 107
Fig.11 Maximum pulse power without failing to "open circuit" for RC02G.
103 MBC188
A
P.".".EX
w)
102
10 — |~ — single pulse
¥
—— tp/tj =1000 =t
i e S I
— T b gl £
1 Y T T~
rep. pulse; -
107!
1078 1078 1074 1078 1072 107! t; (s) 1
Fig.12 Maximum permissible peak pulse power (P,,,) as a function of pulse duration (t)
for a typical RC02G resistor (R <10 kQ).
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MGA209
. 700
Vmax
V)
600
500
400 Say
- |
300 S N
\\~
200
100
ol L
10-6 10-8 104 10-3 10-2 101
ti (s)
Fig.13 Maximum permissible peak pulse voitage (V,,,) as a function of pulse duration (t) for a typical RC02G
resistor.

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 1 500) 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.12 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 ‘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 reduces the
maximum handling capability.

The continuous pulse train maximum handling capacity
of chip resistors has been determined experimentally.

October 1993

Measurements have shown that the handling capacity
varies with the resistive value applied. However,
maximum peak pulse voltages as indicated in Fig.13,
should not be exceeded.

Determination of pulse loading

The graphs in Figs 12 and 13 may be used to determine
the maximum pulse loading for a resistor.

o For repetitive rectangular pulses:
2

2
- _/’q must be lower than the value of P, given by

the solid lines of Fig.12 for the applicable value of t,
and duty cycle t/t.

-V, must be lower than the value of V., given in
Fig.13 for the applicable value of t,.

For repetitive exponential puises:
— As for rectangular pulses, except thatt = 0.5 t.

e For single rectangular pulses:

L[]

V2
- _F’-'f must be lower than the P, given by the

dashed line of Fig.12 for the applicable value of t,.

-V, must be lower than the value of V, given in
Fig.13 for the applicable value of t,.
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MGA206

fe——tp—»

= b
Vil--

Fig.14 Rectangular pulses.

MGA207

Fig.15 Exponential pulses.
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Definition of symbols used in Figs 12, 13, 14 and 15

P = applied peak pulse power

Prex =Mmaximum permissible peak pulse power
(Fig.12)

Vv, = applied peak pulse voltage (Figs 14 and 15)

Vmax = Maximum permissible peak pulse voltage
(Fig.13)

Rm =nominal resistance value

t = pulse duration (rectangular puises)

t = pulse repetition time

T = time constant (exponential pulses)

Tamy = ambient temperature

Twp = Mmaximum hot-spot temperature of the resistor.

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

1. CONTINUOUS PULSE TRAIN

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

For
t
t=10%sand —;3 =1000
i

figure 12 gives P,,,, = 2 W and Fig.13 gives

Vmax = 400 V. As the operating conditions P =1 W
and V, =10V are lower than these limiting values,
this resistor can be safely used.

SINGLE PULSE

A 10 kQ resistor is required to operate under the
following conditions:

V,=250 Vit =105 s.

Therefore:
2502
max = 10000 e

The dashed curve of Fig.12 shows thatatt = 105 s,
the permissible P, = 10 W and Fig.13 shows a
permissible V,,, of 400 V, so again this resistor may
be used.
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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 1ISO 9000.

Essentially all tests on resistors are carried out in
accordance with the schedule of IEC 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.

Table 2
IEC 68-2
pap TEST TEST PROCEDURE
METHOD
4.17 Ta soldering unmounted chips completely immersed for 2 +0.5 sin a
2.20 solder bath at 235 +5 °C; flux 600
soldering 16 hours steam or 16 hours 155 °C; unmounted chips
completely immersed for 2 £0.5 s in a solder bath at
235 15 °C; flux 600
4.18 Tb resistance to 10 s; 260 15 °C; flux 600
soldering heat
leaching unmounted chips 60 s; 250 5 °C
4.19 Na rapid change of 30 minutes at -55 °C and
2.14 temperature 30 minutes at +125 °C; 5 cycles
422 Fc vibration frequency: 10 to 500 Hz; displacement 1.5 mm or
2.6 acceleration 10 g, 3 directions; total 6 hours
4.20 Eb bump 3 x 1500 bumps in 3 directions; 40 g
2.29
bending resistors mounted on a glass epoxy resin PCB;
bending 5 mm over 90 mm
humidity load 1 000 hours; +40 °C; 90 to 95% R.H.; loaded with Pn or
(JIS) 150 V; max. 1.5 hours on and 0.5 hours off

October 1993
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IEC 68-2
'ng‘Jgé TEST TEST PROCEDURE
METHOD
4.23 climatic sequence
4.23.2 Ba dry heat 16 hours; 125 °C
2.2
4.23.3 D damp heat 24 hours; 55 °C; 95 to 100% R.H.
2.30 (accel.) 1st cycle
4.23.4 Aa cold 2 hours; -55 °C
2.1
4.23.5 M low air pressure 1 hour; 8.5 kPa; 15 to 35 °C
2.13
4.23.6 D damp heat (accel.) |5 days; 55 °C; 95 to 100% R.H.
2.30 remaining cycles
4242 Ca damp heat 56 days; 40 °C; 90 to 95% R.H.; loaded with 0.01 Pn
2.3 (steady state) (IEC steps; 1 to 100 V); dissipation <1 mW
4.251 endurance 1000 hours; 70 °C; nominal dissipation
46.1.1 insulation resistance | 100 V (DC); after 1 minute
413 short time overload | room temperature; dissipation 6.25 x 0.1 W; 5 s (voltage
not more than 2 x V.
4842 temperature between -55 °C and +125 °C
coefficient
412 noise IEC publication 195
(measured with Quantech - equipment)
4232 Ba endurance at upper | 1000 hours; 125 °C; no load
category
temperature
47 voltage proof on V,ex (DC or RMS) during 1 minute
insulation

October 1993
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@ wanzro ®) w217
re %0 I temperature %
coefficient gmﬁ;_-—.-_—_se.sf;'ﬂ'ﬂ I coefficient 40/—___‘-___ [spec. lavel
(10°8/K) — (10°°10) 7 TAtr, S, ST
0 7 % 0 Z 2l
Y A% 7 7
~100 { s —20 I a
-200 ;____—...___sg.ec_T'g.v?_I .___-—: - 40 spec. level
- P T I R P I PO U SV R
3()01 10 100 1k 10k 100k 1M 10M 60100 1k 10k 100k ™M
R(Q) R(Q)
(A) RC-01.
(B) RC-02G.

Fig.16 Typical temperature coefficients between the lower and upper category temperatures.
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MaA213
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level -———
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8 t
spec. level ————
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Fig.17 Typical noise level as a function of rated
resistance measured using Quantech - equipment.
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) MGA214 ®) MGA215
12 0.3
AR/R h————--———s—ec Dt i B AR/R | ——— ———— e e
%) 08 pec. %) 02 spec. level
0.4 0.1 7T
0 Z Z 0 s,
-04 o A e 22111/,
-08 | spec.level | [ ] -02 spec. level
1o Dol il v il il 1 P IR SN Y I
“19 10 100 1k 10k 100k 1M 10M 100 1Kk 10k 100k M
R(Q) R(Q)
(A) RC-01.
(B) RC-02G.
Fig.18 Typical percentage change in resistance after soldering for 10 seconds at 260 °C,
completely immersed.
(A) MGA216 12 (B) MGA217
AR/R AR/R | — ———— e e e — o ]
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Fig.19 Typical percentage change in resistance after 56 days at 40 °C and 90 to 95% relative humidity
loaded with P ...
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Fig.20 Typical percentage change in resistance after 1000 hours loaded with P, at 70 °C
ambient temperature.

COMPOSITION OF THE CATALOGUE NUMBER

Resistors are ordered by their catalogue number, which
consists of 12-digits. In general, the packaging method is
an integral part of this number, as well as the resistance
code. 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 IEC 286-3, and amendments as
proposed in IEC 40 (Secretariat) 570. Basic dimensions
are given in Figs 21, 22 and 23.

Tape leader and trailer

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

October 1993

21

Peel-off force

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

ENVIRONMENTAL ISSUES

The PHILIPS reels are made of polystyrene which is
suitable for recycling.

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




Philips Components

Fixed Resistors General Introduction - chip resistors

b i ,

£ w
BE. A

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 pm.

Carrier tape thickness: 0.7 +0.05 mm.

Fig.21 Cardboard tape.

All dimensions and tolerances in mm, unless otherwise stated.

CHIP SIZE
DIMENSION TOLERANCE 1206 0805 0603
(inch) (inch) (inch)

A, 10210 1.85 15 10
B, +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
D, +0.1/-0 15 15 15
P, +0.1 4 4 4
P, +0.1 4 4 4
P, +0.05 2 2 2

October 1993 2




Philips Components

Fixed Resistors General Introduction - chip resistors

Dimensions in mm.

Cumulative pitch error: 0.2 mm over 10 pitches.
Cumulative tolerance over 10 holes: 0.2 mm.
Top fixing tape.

Blister tape.

Depth of compartments: 0.7 mm.

Fig.22 Blister tape.

All dimensions and tolerances in mm, unless otherwise stated.

CHIP SIZE
DIMENSION TOLERANCE 1218 1206 0805
(inch) (inch) (inch)

A, 0.1 36 1.85 1.55
B, 0.1 49 3.55 23
w 10.3 12 8 8
E +0.1 1.75 1.75 1.75
F +0.05 3.5 3.5 3.5
D, 10.1/-0 15 1.5 1.5
D, 215 21 21
Po +0.1 4 4 4
P, 10.1 8 4 4
P, +0.05 2 2 2
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Fixed Resistors General Introduction - chip resistors

|
[
[
£
[]
=

84> =

Dimensions in mm.

Fig.23 Reel dimensions.
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Philips Components Product specification
.~ "

Resistor chip RCO1

size 1206
L |

FEATURES QUICK REFERENCE DATA
* Reduced size of final equipment Resistance range 1 Q to 10 MQ and jumper (0 Q);
o Lower assembly costs E24 series
» Higher component and equipment Resistance tolerance 2%, £5%
reliability Temperature coefficient <4200 x 109K
e Improved performance at high Abs. max. dissipation at T, =70 °C|0.25 W
frequency. Maximum permissible voltage 200 V (DC or RMS)
Climatic category (IEC 68) 55/155/56
APPLICATIONS Basic specification IEC 115-8
o Television Stability after:
« Radio recorders load, 1 000 hours at T, =70 °C AR/R max.: 1% + 0.05 Q
« Telecommunication equipment load, 8 000 hours at T, =70 °C AR/R max.: 2% + 0.10 Q
« Automotive industry climatic tests AR/R max.: 1.5% + 0.05 Q
o Pocket calculators. soldering AR/R max.: 1% + 0.05
short time overload, 400 V max. AR/R max.: 2% + 0.10 Q
DESCRIPTION Note

The resistors are constructed on a 1. CECC approved version available on request. Approval nr. 40401-002.

high grade ceramic body (aluminium
oxide) substrate. Internal metal MECHANICAL DATA
electrodes are added at each end and
connected by a resistive paste which

is applied to the top surface of the protective coat
substrate. The composition of the resistor layer
paste is adjusted to give the N
approximate resistance required and 1.55 :

L o 010 N N
the value is timmed to within . N =y end termination
tolerance, by laser cutting of this h‘ﬂ* N

- 0.50 £0.25

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 .0.15
alloy.

—>1 re—0.45+0.25

Mass: 1.00 gram (per 100 units)

Dimensions in mm.

Fig.1 Outline.
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Philips Components

Product specification

Resistor chip
~ size 1206

RCO1

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
is possible on ceramic substrates and
printed-circuit boards (PCB's).
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
PCB's).

Soldering conditions

Surface Mounted Resistors are
tested for solderability at a
temperature of 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.

October 1993

MBAS01
(°c)

240 T 20 K/s

4
175 200 K/s

45 s max 10s o
preheating soldering cooling

Fig.2 Infrared soldering.

T MBAS502
(°c)
250
200 K/
S \ f
cooling in
free air
80
5s o
preheating soldering  cooling

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

T MBAS00
(°c)

215

10s 60s o
preheating soldering cooling

Fig.4 Vapour phase soldering.
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Philips Components

Product specification

Resistor chip

. RCO1
size 1206
Marking EXAMPLES:
Each resistor is marked with a three 3-digit marking: 4-digit marking:
or four digit code on the protective 12R =120 |12R0 =120
coating to designate the nominal
resistance value. A =470 Q | 470R =470Q
823 =82 kQ | 8202 =82kQ

3-DIGIT MARKING

Forvalues up to 91 Q the Risused as
a decimal point. For values of 100 Q
or greater, the first two digits are
significant, the third indicates the
number of zero's to follow.

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 three digits are
significant, the fourth indicates the
number of zero's to follow.

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 the “General’
section ; the results are shown in
Figs. 6 and 7.

October 1993

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% and +2%. 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).

MBAS578

100

Pmax
(% Prated )

50

155
Tamb (°C)

Fig.5 Maximum dissipation (P, ) as a function of the ambient
temperature (T, )-
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Philips Components Product specification

Resistor chip

size 1206 RCO1

MLB383

103

Pmax

102

10 T~ single pulse.
=

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

Fig.6 Maximum permissible peak pulse power (P, ) versus pulse duration for R <10 kQ, single pulse
and repetitive pulse t, /t, = 1 000.

Vmax

V)
600

500

10-8 108 10-4 10-3 10-2 107! 1

t: fe)

Fig.7 Maximum permissible peak pulse voltage (V.. ) versus pulse duration.
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Philips Components Product specification

Resistor chip

size 1206 RCoO1

COMPOSITION OF THE CATALOGUE NUMBER

Table 1 The resistors have a 12-digit catalogue number starting with 2322. Subsequent digits indicate packaging and

ranintaman an Hatad in dthia dablia
1eidlalnive ad 1listou i Ui lavie.

CATALOGUE NUMBER2322 ... .....
RESISTANCE RANGE | 'O- | SERIES CARDBOARD TAPE BLISTER TAPE
% 4} 712
5 000 reel 10 000 reel 5 000 reel 10 000 reel
1Qto 10MQ 5 E24 61... 51... 61... ...
10Qto 1 MQ
jumper 0 Q; note 1

Note
1. The jumper has a maximum resistance R, = 50 mQ at a rated current Iy =2 A.

To complete the catalogue number Ordering example
seeTable 1, replace the first two dots
of the remaining code by the first two
digits of the resistance value. Replace
the third dot by a figure according to

the following table:

The catalogue number of a RCO1
resistor, value 3300 Q, supplied on
cardboard tape of 5 000 units per reel
is: 2322 711 61332.

1to 9.1Q

10to 91 Q
100to 910 Q
1to 9.1kQ
10to 91kQ
100to 910 kQ
1to 9.1 MQ
10 MQ

oo g pAr ON - O

October 1993 31



Philips Components Product specification
Resistor chip RCO1
size 1206

TESTS AND REQUIREMENTS ‘Recommended basic climatic and InTable 2 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 testing

procedure for electronic components’

and under standard atmospheric
conditions in accordance with

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 (860 mbar to 1060 mbar).

are listed with reference to the
relevant clauses of |IEC publications
115-8 and 68: a short description of
the test procedure is also given. In
some instances deviations from the
IEC recommendations were
necessary for our method of

specifying.

Table 2
IEC 68-2
e | TEST TEST PROCEDURE REQUIREMENTS
METHOD
417 Ta soldering unmounted chips completely immersed for | good tinning; no damage
2.20 2 +0.5 s in a solder bath at 235 +5 °C;
flux 600
4.18 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
419 Na rapid change |30 minutes at -55 °C and AR/R max.: +1.5% + 0.05 Q
2.14 of temperature | 30 minutes at +155 °C; 5 cycles
4.22 Fc vibration frequency: 10 to 500 Hz; displacement no damage
2.6 1.5 mm or acceleration 10 g; AR/R max.: £0.5% + 0.05 Q
three directions; total 6 hours
4.20 Eb bump 3 x 1 500 bumps in three directions; 40 g | no damage
2.29 AR/R max.: +0.5% + 0.05 Q
4.23 climatic
sequence:
4.23.2 Ba2.2 dry heat 16 hours; 125 °C
4.23.3 D 2.30 damp heat 24 hours; 55 °C; 95 to 100% RH
(accel.) 1st
cycle
4234 Aa 2.1 cold 2 hours; -55 °C
4.23.5 M213 low air 1 hour; 8.5 kPa; 15 to 35 °C
pressure
4.23.6 D 2.30 damp heat 5 days; 55 °C; 95 to 100% RH R;,s = min. 1 000 MQ
(accei.) AR/R max.: £1.5% + 0.05 Q
remaining
cycles
4.24.2 Ca damp heat 56 days; 40 °C; 90 to 95% RH; Ri,s = min. 1 000 MQ
(steady state) |loaded with 0.01 Pn AR/R max.: £1.5% +0.05 Q
(IEC) (IEC steps: 1 to 100 V)
4.25.1 endurance 1 000 hours; 70 °C; nominal dissipation AR/R max.: 1% + 0.05 Q
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Philips Components Product specification

Resistor chip

. RCO1
size 1206
IEC 115.8 | 'EC 68-2
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD

46.1.1 insulation 100 V (DC) after 1 minute; min. 10* MQ
resistance V block method

4.13 short time room temperature; AR/R max.: 2% + 0.1 Q
overload

4842 temperature | between -55 and +155 °C <4200 x 109K
coefficient

412 noise IEC publication 195 R <1 kQ: max. 1 pVNV

(measured with Quantech - equipment) R < 10 kQ: max. 3 uyV/V
R < 100 kQ: max. 6 pV/V
R <1 MQ: max. 10 uVV

4.23.2 Ba endurance at | 1 000 hours; 155 °C; no load AR/R max.: #1% + 0.05 Q no
upper visual damage
category
temperature

4.7 voltage proof |200 V (RMS) during 1 minute no breakdown
on insulation
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Philips Components Product specification
]

Resistor chip
size 0805 RC11

FEATURES QUICK REFERENCE DATA
¢ Reduced size of final equipment Resistance range 1 Q to 10 MQ and jumper (0 Q);
» Lower assembly costs . E24 series
« Higher component and equipment Resistance tolerance 5%, 2%
reliability Temperature coefficient <4200 x 108/K
¢ Improved performance at high Abs. max. dissipation at T, =70°C |0.10 W
frequency. Maximum permissible voltage 150 V (DC or RMS)
Climatic category (IEC 68) 55/125/56
APPLICATIONS Basic specification IEC 115-8
« Hand held measuring equipment Stability after:
e Carphones load, 1000 hours at T, = 70 °C
e Camcorders forR<1MQ AR/R max.: £1.5% + 0.05 Q
« Portable radio, CD and cassette forR>1MQ AR/R max.: £3% + 0.10 Q
players. climatic tests
forR<1MQ AR/R max:. +1.5% + 0.05 Q
DESCRIPTION forR>1 MQ AR/R max.: £3% + 0.10 Q
The resistors are constructed on a soldering AR/R max.: 0.5% + 0.05 Q
high grade ceramic body (aluminium short time overload, 300 V max. AR/R max.: £1% + 0.05 Q

oxide). Internal metal electrodes are
addeg e_xt each end gnd f:onnegted by MECHANICAL DATA
a resistive paste which is applied to

the top surface of the substrate. The
composition of the paste is adjusted protective coat (overglaze)
to give the approximate resistance

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

Y \ \ end termination
The resistive layer is covered with a - euh
protective coating and printed with the - 040020

resistance value. Finally, the two
external end terminations are added. ™ [‘“ 0.40%020
For ease of soldering the outer layer
of these end terminations is a
lead/tin alloy.

resistor layer

inner electrode

protective coat

1.25
Mass: 0.55 gram (per 100 units). x0.15

1 |
e 204015 ——l

Dimensions in mm

Fig.1 Outlines.
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Philips Components

Product specification

Resistor chip
size 0805

RC11

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
is possible on ceramic substrates and
printed-circuit boards (PCB's).
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
PCB's).

Soldering conditions

Surface Mounted Resistors are
tested for solderability at a
temperature of 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 three
or four digit code on the protective
coating to designate the nominal
resistance value.

3-DIGIT MARKING

Forvaluesup to 91 Q the Ris used as
a decimal point. For values of 100 Q
or greater the first 2 digits are
significant, the third indicates the
number of zero's to follow.

October 1993

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

Ss
soldering  cooling

preheating

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

to this method if necessary.

( °L) MBAS00
215
10s 60s o
preheating soldering cooling

Fig.4 Vapour phase soldering.
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Philips Components

Product specification

Resistor chip
size 0805

RC11

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 zero's to follow.

EXAMPLES:
3-digit marking:
12R =12Q
471 =470Q
823 =82kQ

4-digit marking:
12R0 =12Q

470R =470Q
8202 =82kQ

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% and +2%. The
values of the E24 series are in
accordance with |EC 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).

(°c)

MBA500

215

i

60s

10s

preheating

temperature (Tn)-

soldering

Fig.5 Maximum dissipation (P,,,) as a function of the ambient

cooling

Dissipation

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

COMPOSITION OF THE
CATALOGUE NUMBER

To complete the catalogue number
(see Table 1), replace the first two
dots of the remaining code by the first
two digits of the resistance value.
Replace the third dot by a figure
according to the following table:

1to
10to
100 to
1to
10to
100 to
1to

9.1Q
91 Q
910 Q
9.1kQ
91 kQ
910 kQ
9.1 MQ
10 MQ

O Hh WN =+ O o

Ordering example

The catalogue number of a RC11
resistor, value 3300 Q, supplied on
cardboard tape of 5 000 units per reel
is: 2322 730 61332.

Table 1 The resistors have a 12-digit catalogue number starting with 2322. Subsequent digits indicate packaging and
resistance as listed in this table.

CATALOGUENUMBER 2322 ... .....
RESISTANCE RANGE T?/OL. SERIES CARDBC;::D TAPE BLIST7E3F: TAPE
5 000 reel 10 000 reel 5 000 reel 10 000 reel
1Qto 10 MQ 5 E24 61... 71... 61... 71...
1Qto 10 MQ
jumper 0 Q; note

Note
1.

October 1993
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Philips Components Product specification
Resistor chip RC11
size 0805

TESTS AND REQUIREMENTS ‘Recommended basic climatic and In Table 2 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, EIAJ and GIS.

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

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 (860 mbar to 1060 mbar).

are listed with reference to the
relevant clauses of IEC publications
115-8 and 68: a short description of
the test procedure is also given. In
some instances deviations from the
IEC recommendations were
necessary for our method of
specifying.

Table 2
IEC 68-2
'gf;&g: TEST TEST PROCEDURE REQUIREMENTS
METHOD
417 Ta soldering unmounted chips completely immersed good tinning; no damage
2.20 for 2 £0.5 s in a solder bath
at 235 5 °C; flux 600
4.18 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
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
temperature 30 minutes at -55 °C; AR/R max. +0.5% + 0.05 Q
cycling (JIS) 10 minutes at 20 °C;
30 minutes at 125 °C;
10 minutes at 20 °C, 5 cycles
4.33 bending test | resistors mounted on a glass epoxy resin | AR/R max. +0.5% + 0.05 Q
PCB: bending 5 mm over 90 mm no visual damage
humidity load | 1000 hours at 60 °C; 90 to 95% R.H. R<1MQ:
JIS) nominal dissipation AR/R max. £3% + 0.1 Q
R>1MQ:
AR/R max. #5% + 0.1 Q
peel off 30 s; 500 g on terminations; AR/R max. £1% + 0.05 Q
strength speed 10 mm/s no visual damage
4.19 Na rapid change | 30 minutes at -55 °C and AR/R max.: £0.5% + 0.05 Q
2.14 of temperature | 30 minutes at +125 °C; 5 cycles
4.22 Fc vibration frequency: 10 to 500 Hz; no damage
26 displacement 1.5 mm or acceleration 10 g; | AR/R max.: +0.5% + 0.05 Q
three directions; total 6 hours
4.20 Eb bump 3 x 1 500 bumps in three directions; 40 g | no damage
2.29 AR/R max.: £0.5% + 0.05 Q
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Philips Components Product specification
Resistor chip RC11
size 0805

IEC 68-2
I(E:SJ:EG TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.23 climatic
sequence:
4.23.2 Ba 2.2 dry heat 16 hours; 125 °C
4233 D 2.30 damp heat 24 hours; 55 °C; 95 to 100% RH R, = min. 1 000 MQ
(accel.)
1st cycle
4234 Aa cold 2 hours; -55 °C R<1MQ
21
4.235 M low air 1 hour; 8.5 kPa; 15-35 °C AR/R max.: £1.5% + 0.05 Q
213 pressure
4.23.6 D damp heat 5 days; 55 °C; 95 to 100% RH R>1MQ:
2.30 (accel.) AR/R max.: +3% + 0.1 Q
remaining
cycles
damp heat 56 days; 40 °C; 90 to 95% RH; R<1MQ
(steady state) |loaded with P, or V. AR/R max.: +3% + 0.1 Q
1S) 1.5 hours on and 0.5 hours off R>1MQ
AR/R max.: £5% + 0.1 Q
4.24.2 Ca damp heat 56 days; 40 °C; 90 to 95% RH; R;,s = min. 1 000 MQ
23 (steady state) |loaded with 0.01 Pn R<1MQ:
(IEC) (IEC steps: 1 to 100 V); AR/R max.: +1.5% + 0.05 Q
dissipation <1 mW R>1MQ
AR/R max.: +3% + 0.05 Q
4.25.1 endurance 1 000 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; min. 10* MQ
resistance V block method
413 short time room temperature; AR/R max.: £1% + 0.05 Q
overload dissipation 6.5 x 0.1 W; 5 s (voltage not
more than 2 x V., = 300 V)
4842 temperature between -55 °C and +125 °C <200 x 109K
coefficient
4.12 noise IEC publication 195 R <1 kQ: max. 1 yVNV
(measured with Quantech - eqipment) R < 10 kQ: max. 3 pVNV
R < 100 kQ: max. 6 pV/V
R <1 MQ: max. 10 uV/V
4.23.2 Ba endurance 1 000 hours; 125 °C; no load no visual damage
at upper
category
temperature
4.7 voltage proof | 150 V (RMS) during 1 minute no breakdown
on insulation
October 1993 39







Philips Components

Product specification

Resistor chip
size 0603

RC21

FEATURES

¢ Reduced size of final equipment

¢ Lower assembly costs

o Higher component and equipment
reliability

¢ Improved performance at high
frequencies.

APPLICATIONS

¢ Hand held measuring equipment
o Carphones
o 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.

Mass: 0.21 gram (per 100 units).

October 1993

QUICK REFERENCE DATA

Resistance range

1 Q to 6.8 MQ and jumper (0 Q);
E24 series

R<10Q;R>1MQ

climatic tests

temperature cycling -55 °C to +125 °C
soldering

short time overload, 100 V max.

bending test, min. 5 mm

Resistance tolerance 15%; +2%

Temperature coefficient

R<10Q <-200 x 10°® + 500 x 108
10Q<R<1MQ <+200 x 1078
1MQ<R<6.8MQ <1300 x 1078

Abs. max. dissipation at T, =70°C |0.063 W

Maximum permissible voltage 50 V (DC or RMS)
Climatic category (IEC 68) 55/125/56

Basic specification IEC 115-8

Stability after:

load, 1 000 hours at T, = 70 °C

10Q<R<1MQ AR/R max.: £3% 10.10 Q

AR/R max.: 5% £0.10 Q

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

MECHANICAL DATA
protective coat (overglaze)
resistor layer
]
0.45 inner electrode
+
xo10 end termination
- 0.30+0.20 b

—>‘ [47 0.30+0.20

protective coat

+0.15
08 _ 005

MBC694

Dimensions in mm.

L—— 1.6+0.10 ——————J

Fig.1 Outline.
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Philips Components

Product specification

Resistor chip
size 0603

RC21

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
is possible on ceramic substrates and
printed-circuit boards (PCB's).
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
PCB's).

Soldering conditions

Surface Mounted Resistors are
tested for solderability at a
temperature of 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 three
digit code on the protective coating to
designate the nominal resistance
value.

Forvalues up to 91 Qthe Ris used as
a decimal point.

For values of 100 Q or greater, the
first two digits apply to the resistance
value and the third is an indication of
magnitude.

October 1993

(°c)

MBA501

240

175

200 K/s

45 s max

10s e

preheating

Fig.2 Infrared soldering.

soldering cooling

T MBAS502
(°c)
250
200 K/s
~a f
cooling in
free air
80
5s L
preheating soldering  cooling

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

to this method if necessary.

MBAS00
(°c)
215
10s 60s o
preheating soldering cooling
Fig.4 Vapour phase soldering.
42



Philips Components Product specification
Resistor chip
. RC21
size 0603
1to 91 Q =R
100to 910Q =1 MBAS77
1to 9.1kQ =2 100
10to 91kQ =3 |
Pmax |
100to 910kQ =4 (% Prateq) |
1to 6.8MQ =5 |
50 |
EXAMPLES: |
|
12R =12Q |
471 =470Q II
823 =82kQ 0 — : \
0 50 70 100 125
The packing is also marked and Tamb ©C)
includes resistance value, tolerance,
TC value, catalogue number, Fiad Maxi issipation (P functi f the ambient
quantity, production period, batch '9- te;x;:;nisgpa)on( max) 88 @ function of the ambien
number and source code. amb/:

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 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. 4).

COMPOSITION OF THE
CATALOGUE NUMBER

The resistors have a 12-digit
catalogue number starting with

2322 702. Subsequent digits indicate
packing and resistance, see Table 1.

To complete the catalogue number,
replace the first two dots of the
remaining code by the first two digits
of the resistance value. Replace the

third dot by a figure according to the
following table:

ito
10to
100 to
1to
10to
100 to
1to

9.1Q
91 Q
910 Q
9.1kQ
91 kQ
910 kQ
6.8 MQ

O s ON = ©

Ordering example

The catalogue number of a RC21
resistor, value 3300 Q, supplied on
cardboard tape of 5 000 units per reel
is: 2322 702 60332.

Table 1
CATALOGUE NUMBER 2322702 .. ...
RESISTANCE RANGE Tio,/:' SERIES CARDBOARD TAPE
5 000 reel 10 000 reel
1Qto 6.8 MQ 5 E24 60... 70...
1Qt06.8 MQ 2 E24 65... 75...
jumper 0 Q; note 96001 97001

Note

1. The jumper has a maximum resistance R, = 50 mQ at a rated current Iy = 2 A.
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Philips Components Product specification
Resistor chip RC21
size 0603

TESTS AND REQUIREMENTS ‘Recommended basic climatic and In Table 2 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 testing

procedure for electronic components’

and under standard atmospheric
conditions in accordance with 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 (860 mbar to 1060 mbar).

are listed with reference to the
relevant clauses of IEC publications
115-8 and 68: a short description of
the test procedure is also given. In
some instances deviations from the
IEC recommendations were
necessary for our method of
specifying.

Table 2
IEC 68-2
e | TEST TEST PROCEDURE REQUIREMENTS
METHOD
417 Ta soldering unmounted chips completely immersed for | good tinning; no damage
2.20 2 10.5 s in a solder bath at 235 5 °C;
flux 600
4.18 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
419 Na rapid change |30 minutes at -55 °C and AR/R max.: +1% + 0.05 Q
2.14 of temperature | 30 minutes at +125 °C; 5 cycles
4.22 Fc vibration frequency: 10 to 500 Hz; displacement no damage
2.6 1.5 mm or acceleration 10 g; AR/R max.: +1% + 0.05 Q
three directions; total 6 hours
4.20 Eb bump 3 x 1 000 bumps in three directions; 40 g | no damage
2.29 AR/R max.: +1% + 0.05 Q
4.23 climatic
sequence:
4.23.2 Ba2.2 dry heat 16 hours; 125 °C
4.23.3 D 2.30 damp heat 24 hours; 55 °C; 95 to 100% RH R;,s = min. 1 000 MQ
(accel.) 1st
cycle
4234 Aa cold 2 hours; -55 °C
2.1
4.23.5 M low air 1 hour; 8.5 kPa; 15 to 35 °C R<1MQ
2.13 pressure AR/R max.: +1% + 0.1 Q
4.23.6 D damp heat 5 days; 55 °C; 95 to 100% RH R>1MQ:
2.30 (accel.) AR/R max.: +1% + 0.1 Q
remaining
cycles
damp heat 1 000 hours; +40 °C; 90 to 95% RH; 10<R<1MQ:
(steady state) | (nominal dissipation) AR/R max.: #3% + 0.1 Q
(JIS) 1.5 hours on and 0.5 hours off R<10R>1MQ:
AR/R max.: £5% + 0.1 Q
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Philips Components

Product specification

Resistor chip

. RC21
size 0603
IEC 115-8 | 'EC 882
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.25.1 endurance 1 000 hours; 70 °C; nominal dissipation 10Q<R<1MQ:
AR/R max.: 3% + 0.1 Q
R<10Q; R>1MQ:
AR/R max.: 5% + 0.1 Q
46.1.1 insulation 100 V (DC) after 1 minute; min. 10* MQ
resistance V block method
4.13 short time room temperature; AR/R max.: +1% + 0.05 Q
overload dissipation 6.25 x 0.063 W, 5 s (voltage not
more than 2 x V, . = 100 V)
4842 temperature between -55 °C and +125 °C R<10Q:
coefficient —200 x 10~° to +500 x 10-°
10 Q<R <1MQ:+200 x 1078
R>1MQ: £300 x 108
4.12 noise IEC publication 195 R < 1kQ: max. 1 pVNV
(measured with Quantech - equipment) R < 10 kQ: max. 3 uyV/\V
R < 100 kQ: max. 6 pV/V
R <1 MQ: max. 10 uyV/V
4.23.2 Ba endurance at | 1 000 hours; 125 °C; no load AR/R max.: +3% + 0.1 Q
upper no visual damage
category
temperature
4.7 voltage proof |50 V (RMS) during 1 minute no breakdown
on insulation
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Philips Components Product specification
- - -~ "~~~ ]

Precision resistor chip
size 1206 RCO2H

FEATURES QUICK REFERENCE DATA
* Reduced size of final equipment Resistance range 1 Q to 10 MQ; E24/E96 series
o Lower assembly costs Resistance tolerance +1%
» Higher component and equipment Temperature coefficient
reliability 1Q<R<4.99Q <4250 x 109K
° lmproved performance at hlgh 51Q<R<9.76 Q <1200 x 10_6/K
frequencies. 10Q<R<1MQ <+100 x 10%/K
1.02 MQ <R <10 MQ <200 x 106K
APPLICATIONS Abs. max. dissipation at T,,, = 70 °C | 0.125 W
« Telovision (tuners) gaxim;:m ferrmsm:)le voltage Zgg VC(lt)oC (:r2 ?Mg)
L _— perating temperature range -55 + °
* Radio (hi-f, slim-line and portable) Gy 5 category (IEC 68) 55/125/56
* Radio recorders Basic specification EIA 5751EC 115-8
¢ Watches Stability after:
¢ Video cameras load, 1 000 hours at T, = 70 °C AR/R max.: 0.5% + 0.05 Q
« Electric shavers climatic tests
« Pocket calculators R<10Q AR/R max.: 1% + 0.05 Q
o 10Q<R<1MQ AR/R max.: 0.5% + 0.05 Q
* Measuring instruments R>1MQ AR/R max.: 1.5% + 0.05 Q
o Telecommunication equipment resistance to soldering heat AR/R max.: 0.25% + 0.05 Q
¢ Medical equipment short time overload
« Military equipment 10Q<R<1MQ AR/R max.: 0.25% + 0.05 Q
L R<10Q;R>1MQ AR/R max.: 0.5% + 0.05 Q
¢ Automotive industry.
DESCRIPTION MECHANICAL DATA
The resistors are constructed on a
protective coat

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

the top surface of the substrate. The N
composition of the paste is adjusted ceramic substrate
to give the approximate resistance - 050025
required and the value is trimmed to
within tolerance, by laser cutting of 1
this resistive layer. R,
The resistive layer is covered with a B3
protective coating and printed with the o QTR T 0
resistance value. Finally, the two +0.15 2 :
external end terminations are added.
For ease of soldering the outer layer
of these end terminations is a lead/tin ' MBAB45 - 1

alloy. 320" 0-10

Mass: 1.00 g (per 100 units).

inner electrode

77
L

end termination

|+p
- O o>

=

=}

77,

protective coat

< 0.45+0.25 marking

3;‘5:?
N
&

XA

Dimensions in mm.

Fig.1 Outlines.
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Philips Components

Product specification

Precision resistor chip
size 1206

RCO2H

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
is possible on ceramic substrates and
printed-circuit boards (PCB's).
Electrical connection to the circuit is
made 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 PCB's).

Soldering conditions

Surface Mounted Resistors are
tested for solderability at a
temperature of 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.

For values up to 976 Q tha 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.

October 1993

T
(°c)

240

MBAS501

175

200 K/s

20 K/s
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preheating
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soldering
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cooling

(°c)
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Fig.3 Wave soldering. The resistors may be soldered twice according

MBAS02

200 K/s

~~ /

cooling in

free air
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preheating
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(°c)
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Philips Components

Product specification

Precision resistor chip
size 1206

RCO2H

1to 9.76 kQ

10to 97.6 kQ
100to 976 kQ

1MQ to 9.76 MQ
10 MQ

O A WN =

EXAMPLES:

121R =121 Q
4021 =4.02kQ
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.

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 these
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)

MBAS77

Pmax
(% Prated )

temperature (T, ).

Fig.5 Maximum dissipation (P, ) as a function of the ambient

70 100 125
Tamb CC)

Dissipation

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

COMPOSITION OF THE
CATALOGUE NUMBER

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

according to the following table:

9.76 Q 8
97.6 Q
976 Q
9.76 kQ
97.6 kQ
976 kQ
9.76 MQ
10 MQ

1to
10 to
100 to
1to
10to
100 to
1to

O A WN = ©

Ordering example

The catalogue number of a RC02H
resistor, value 4750 Q, supplied on
cardboard tape of 5 000 units per reel
is: 2322 724 64752.

Table 1 The resistors have a 12-digit catalogue number starting with 2322. Subsequent digits indicate packing and
resistance as listed in this table.

L CATALOGUE NUMBER 2322 724 ... ..
TOL.
RESISTANCE RANGE io% SERIES CARDBOARD TAPE BLISTER TAPE
5 000 reel 10 000 reel 5 000 reel 10 000 reel

1 Qto 10 MQ 1 E24/E96 6.... 7.... 2. 4....
Note: For code-technical reasons the catalogue numbers for RCO2H resistors of 49R9 are:

5 000 blister reel 2322 724 90098 10 000 blister reel 2322 724 90101

5 000 paper reel 2322 724 90102 10 000 paper reel 2322 724 90103
October 1993 51



Philips Components

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

* Recommended basic climatic and
mechanical robustness testing
procedure for electronic components®
and under standard atmospheric
conditions in accordance with

IEC 68-1, subclause 5.3, unless
otherwise specified.

InTable 2, 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

covers the requirements specified by Temperature: 15 °C to 35 °C our method of specifying.
EIA and EIAJ. Relative humidity: 45% to 75%
The tests are carried out in Air pressure: 86 kPa to 10 kPa
accordance with IEC publication 68, (860 mbar to 1060 mbar).
Table 2
IEC 68-2
'Ef;l}g': TEST TEST PROCEDURE REQUIREMENTS
METHOD
Tests in accordance with the schedule of IEC publication 115-8
441 visual no holes; clean surface;
examination no damage
442 dimensions gauge 045 mm < T <0.65 mm
(outline) 1.45mm<W<1.75mm
3.0mm<L<3.3mm
4.5 resistance applied voltage (+0/-10%): R - Ryom = max. 1%
R<10Q:0.1V
10Q<R<100Q:03V
100Q<R<1kQ:1V
1kQ<R<10kQ:3V
10kQ<R<100kQ: 10V
100kQ<R<1MQ:25V
R >21MQ: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 isopropylalcohol no visible damage
solvent H,0
resistance
417 20 (Ta) solderability unmounted chips completely immersed | good tinning
for 2 £0.5 s in a solder bath at 235 +5 °C; | (295% covered); no damage
flux 600
47 voltage proof on | 200 V (RMS) during 1 minute no breakdown and flashover;
insulation 100 V (DC) after 1 minute min. 10* MQ
4.13 short time room temperature; dissipation 6.25 x Pn; | AR/R max.: £0.25% + 0.05 Q
overload 5 s (voltage not more than 2 x V)
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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Philips Components Product specification
Precision resistor chip RCO2H
size 1206

IEC 68-2
'gf;l}g': 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
(accel.) 1st cycle
4234 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:
(accel.) AR/R max.: +1.5% + 0.05 Q
remaining cycles
4.6.1.1 insulation 100 V (DC) after 1 minute R, = min. 10* 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 Pn (IEC steps: 4 to 100 V) AR/R max.: +1% + 0.05 Q
4.25.1 endurance 1 000 hours; loaded with Pn or V. ; no visible damage
(at 70 °C) 1.5 hours on and 0.5 hours off AR/R max.: 10.5% + 0.05 Q
4.23.2 Ba endurance at 1 000 hours; 125 °C; no load no visible damage
upper category AR/R max.: £0.5% + 0.05 Q
temperature
4842 temperature at 20/-55/20 °C, 20/125/20 °C 1Q104.99 Q:
coefficient AR/R max.: £250 x 10-%/K
51Q1t09.75 Q:
AR/R max.: +200 x 10¢/K
10 Qto 1 MQ:
AR/R max.: +100 x 108K
1.02 MQ to 10 MQ:
AR/R max.: £200 x 108/K
4.17 20 (Tb) solderability 16 hours steam or 16 hours 155 °C; good tinning (295% covered);
(after ageing) unmounted chips completely immersed | no damage
for 2 0.5 s in a solder bath at 235 15 °C;
flux 600
4.22 6 (Fc) vibration frequency 10 to 500 Hz; displacement no damage
(mounted state) | 1.5 mm or acceleration 10 g; three AR/R max.: £0.25% + 0.05 Q
directions; total 6 hours
4.20 29 (Eb) bump 3 x 1 500 bumps in three directions; 40 g | no damage
(mounted state) AR/R max.: £0.25% + 0.05 Q
4.12 noise |IEC publication 195 R < 1kQ: max. 1 pvV/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
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Philips Components Product specification
Precision resistor chip RCO2H
size 1206

IEC 68-2
e | TEST TEST PROCEDURE REQUIREMENTS
METHOD
Other applicable tests
leaching unmounted chips 60 s; 260 15 °C good tinning; no leaching
damp heat 1 000 hours; 40 °C; 90 to 95% RH; loaded | AR/R max.: +1% + 0.05 Q
(steady state) with PnorV,,; 1.5 hours on and 0.5
(JIS) hours off
component method 215 no visual damage
solvent
resistance
according to
MIL std 202
ADDITIONAL TESTS AND In the following table the tests and It should be noted that the dimensions
REQUIREMENTS requirements for RCO2H resistors of the RCO2H resistor do not entirely

All tests in accordance with the
schedule ElA-standard 575
(August 1990) are carried out on a
limited part of the RCO2H

series (10 Q to 1 MQ).

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.

fulfill EIA specifications as the
allowable minimum length

3.2 mm +0.1/-0.2 mmis less than
the EIA requirement (3.2 £0.15 mm).

TEST
GROUP TEST METHOD TEST DESCRIPTION REQUIREMENTS
I visual and 3.3 magnification 5x within specification
mechanical
DC resistance 34 measuring equipment better than 0.02% | AR/R max.: +1%
on lowest scale
] resistor mounted on FR4/1.5 mm with non-activated paste:
- resistance 3.1 15 minutes at +25/-55/+25 °C AR/R max.: £100 x10¢/K
temperature
characteristics
- thermal shock 35 500 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 3.6 585,625 xP, o0or2xV,_, AR/R max.: +0.25% + 0.05 Q
overload
] mounted as group Ii; | 3.10 10 cycles; 25/65/25/65/25 °C; 90 to 98% | AR/R max.: 0.5% + 0.05 Q
moisture resistance RH; no load; no initial conditioning
(MIL std 202, 106E)
v mounted as group II: | 3.14 100/500/1 000 hours; 1.5 hours on and | AR/R max.: +1% + 0.05 Q
life 70 °C; loaded 0.5 hours off no damage
with P,
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Philips Components Product specification

Precision resistor chip

size 1206 RCO2H
GROUP TEST TEST TEST DESCRIPTION REQUIREMENTS
METHOD

Vv solderability 3.12 3 x 4 pcs, 2s; 235 °C; each face >95% new SnPb
3x4pcs, 3s;215°C; no damage
3x4pcs,5s; 260 °C
MIL std 202, method 215

Vi leaching 3.13 30 s; 260 °C each face >95% new SnPb

no leaching

Vil effects of bonding | 3.8 10 s; 260 °C with "R’ flux AR/R max.: £0.3% + 0.05 Q

Vill terminal strength 3.9 75 mm wire; 20 g; 90°; 30 s; one top; AR/R max.: £0.5% + 0.05 Q
one bottom

IX high temperature 37 100 hours at +125 °C; no load AR/R max.: +0.5% + 0.05 Q

exposure
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.~

Precision resistor chip RCO2HP

size 1206
|

FEATURES QUICK REFERENCE DATA
¢ Reduced size of final equipment Resistance range 1 Qto 10 MQ; E24/E96 series
¢ Lower assembly costs Resistance tolerance +1%
» Higher component and equipment Temperature coefficient

reliability 1Q<R<4.99Q <250 x 109K
* Improved performance at high 51Q<R<9.76 Q <200 x 10K

frequencies. 10Q<R<1MQ <100 x 109K

R21.01 MQ <200 x 109K
APPLICATIONS Abs. max. dissipation at T, = 70 °C | 0.25 W
* Television (tuners) Maximum permissible voltage 200 V (DC or RMS)
* Radio (hi-fi, slim-line and portable) | Climatic category (IEC 68) 55/125/56
« Radio recorders Basic specification IEC 115-8
* Watches Stability after:
¢ Video cameras load, 1 000 hours at T,,,, = 70 °C AR/R max.: 1% + 0.05 Q
e Electric shavers load, 8 000 hours at T_mb =70°C AR/R max.: 2% + 0.05 Q
* Pocket calculators climatic tests
« Measuring instruments R<1MQ AR/R max.: 1% + 0.05 Q
 Telecommunication equipment R>1MQ AR/R max.: 1.5% + 0.05 Q
« Medical equipment soldering AR/R max.: 0.5% + 0.05 Q
« Military equipment short time overload, 400 V max.
. )
« Automotive industry. 1Q<R<150kQ AR/R max.: 0.5% + 0.05 Q
150 kQ <R <10 MQ AR/R max.: 1% + 0.05 Q
DESCRIPTION
MECHANICAL DATA
The resistors are constructed on a
high grade ceramic body (aluminium protective coat
oxide). Internal metal electrodes are resistor layer
added at each end and connected by ¥ S K )
a resistive paste which is applied to 055 N : inner electrode
the top surface of the substrate. The - !' N end termination
composition of the paste is adjusted 521 ceramic substrate
to give the approximate resistance - 0.500.25
required and the value is trimmed to protective coat
within tolerance, by laser cutting of *| [+ 0452025 marking
this resistive layer. XXX XXX
The resistive layer is covered with a g 2
pro_tectlve coating apd printed with the 6 ¢ x_s? Te s o S5 88
resistance value. Finally, the two +015 | K& J&_ﬁ 3 %
external end terminations are added. .
For ease of soldering the outer layer .
of these end terminations is a - MBAB4S - 1
lead/tin alloy. az0* g:;g
Mass: 1.00 g (per 100 units). Dimensions in mm.
Fig.1 Outlines.
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Product specification

Precision resistor chip
size 1206

RCO2HP

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
is possible on ceramic substrates and
printed-circuit boards (PCB's).
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 PCB's).

Soldering conditions

Surface Mounted Resistors are
tested for solderability at a
temperature of 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 5.

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.
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(°c)

240

MBAS501

175

20 K/s

200 K/s

45 s max

10s

preheating

soldering cooling

Fig.2 Infrared soldering.

(°c)
250

MBA502

80

200 K/s

™~ f

cooling in
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5s

preheating

soldering cooﬁng

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

T MBAS500
(°c)
215
10s 60s o
preheating soldering cooling
Fig.4 Vapour phase soldering.
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Philips Components

Product specification

Precision resistor chip
size 1206

RCO2HP

1to
1to
i0to

100 to
1to

976 Q
9.76 kQ
§7.6 k2
976 kQ
9.76 MQ
10 MQ

O R ON =3

EXAMPLES:

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.

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 these
series are according to

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).

temperature (T,,,,)-

MBAS77
100 N

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

0 T } T L

0 50 70 100 125
Tamb €©C)

Fig.5 Maximum dissipation (P,,,,) as a function of the ambient

Dissipation

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

COMPOSITION OF THE
CATALOGUE NUMBER

To complete the catalogue number
(see Table 1), replace the first three
dots of the remaining code by the first
three digits of the resistance value.
Replace the fourth dot by a figure
according to the following table:

1to
10 to
100 to
1to
10 to
100 to
1to

9.76 Q
97.6 Q
976 Q
9.76 kQ
97.6 kQ
976 kQ
9.76 MQ
10 MQ

O O A WD - O

Ordering example

The catalogue number of a RCO2HP
resistor, value 4750 Q, on cardboard
tape of 5 000 units per reel is:

2322 726 24752.

Table 1 The resistors have a 12-digit catalogue number starting with 2322. Subsequent digits indicate packaging and
resistance as listed in this table.

CATALOGUENUMBER2322 ... .....
TOL. CARDBOARD TAPE BLISTER TAPE
RESISTANCE RANGE +9% SERIES 726 726
5000reel | 10000reel | 5000reel | 10 000 reel
1Qto 10 MQ 1 E24/96 2.... 1. 4.
Note
For code-technical reasons the catalogue number for RCO2HP resistors of 49.9 Q is:
5 000 blister reel 2322 726 90002 10 000 blister reel 2322 726 90044
5 000 paper reel 2322 726 90003 10 000 paper reel 2322 726 90045
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Product specification

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.

‘Recommended basic climatic and
mechanical robustness testing

procedure for electronic components®

and under standard atmospheric
conditions in accordance with
IEC 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

oo In
the test procedure is also given. In

some instances deviations from the
IEC recommendations were
necessary for our method of

specifying.

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).

Table 2
IEC 68-2
ECaoes | TEST TEST PROCEDURE REQUIREMENTS
METHOD
417 Ta soldering unmounted chips completely immersed good tinning (295% covered);
2.20 for 2 £0.5 s in a solder bath no damage
at 235 15 °C; flux 600
soldering 16 hours steam or 16 hours 155 °C; good tinning (=95% covered);
unmounted chips completely immersed no damage
for 2 £0.5 s in a solder bath
at 235 £5 °C; flux 600
4.18 Tb resistance to | 10 s; 260 15 °C; flux 24600 AR/R max.: +0.5% + 0.05 Q
soldering heat
leaching unmounted chips 60 s; 260 +5 °C good tinning; no leaching
4.19 Na rapid change |30 minutes at -55 °C and AR/R max.: £0.5% + 0.05 Q
2.14 of temperature | 30 minutes at +125 °C; 5 cycles
4.22 Fc vibration frequency: 10 to 500 Hz; displacement no damage
2.6 1.5 mm or acceleration 10 g; AR/R max.: £0.5% + 0.05 Q
three directions; total 6 hours
4.20 Eb bump 3 x 1 500 bumps in three directions; 40 g¢ | no damage
2.29 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
(accel.)
1st cycle
4234 1 (Aa) cold 2 hours; -55 °C
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 R;.s = min. 1000 MQ
(accel.) AR/R max.: £1% + 0.05 Q
remaining
cycles
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Philips Components Product specification
Precision resistor chi
. P RCO2HP
size 1206
IEC 68-2
Igf;&:: TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.24.2 Ca damp heat 56 days; 40 °C; 90 to 95% RH; loaded with | R, = min. 1 000 MQ
23 (steady state) |0.01 Pn (IEC steps: 1 to 100 V); AR/R max.: 1% + 0.05 Q
dissipation <1 mwW
4.25.1 endurance 1 000 hours; 70 °C; nominal dissipation AR/R max.: £1% + 0.05 Q
4.6.1.1 insulation 100 V (DC); after 1 minute min. 10* MQ
resistance
4.13 short time room temperature; dissipation AR/R max.: £0.5% + 0.05 Q
overload 6.25 x 0.1 W; 5 s (voltage not more
than 2 x V., = 400 V)
48.4.2 temperature between -55 °C and +125 °C 1Q<R<4.99Q:
coefficient <250 x 109K
51Q<R<9.76 Q:
<200 x 10%/K
10Q<R<1MQ:
<100 x 109K
R>1.01 MQ:
<200 x 10%/K
412 noise IEC publication 195 R <1 kQ: max. 1 yVNV
(measured with Quantech - egipment) R < 10 kQ: max. 3 uyVNV
R < 100 kQ: max. 6 pV/V
R <1 MQ: max. 10 pV/V
4.23.2 Ba endurance 1 000 hours; 125 °C; no load AR/R max.: £0.5% + 0.05 Q
at upper no visual damage
category
temperature
4.7 voltage proof |200 V (RMS) during 1 minute no breakdown
on insulation
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Philips Components Product specification

Precision resistor chip

size 0805 RC12H
L
FEATURES QUICK REFERENCE DATA
» Reduced size of final equipment Resistance range 1 Q to 1 MQ; E24/E96 series
o Lower assembly costs Resistance tolerance +1%
o Higher component and equipment Temperature coefficient
reliability 1Q104.99Q <250 x 109/K
* Improved performance at 51Q1097.6Q <200 x 109K
high frequencies. 100 Q to 1 MQ <100 x 109K
Abs. max. dissipation at T,,,,=70°C | 0.1 W
APPLICATIONS Maximum permissible voltage 150 V (DC or RMS)
¢ Hand held measuring equipment Operating temperature range -55 °C to +125 °C
e Carphones Climatic category (IEC 68) 55/125/56
o Camcorders. Basic specification IEC 115-8
Stability after:
DESCRIPTION load, 1 000 hours at T, = 70 °C AR/R max.: 1% + 0.05 Q
The resistors are constructed on a climatic tests AR/Rmax.: 1% + 0.05 Q
high grade ceramic body (aluminium soldering AR/R max.: 0.5% + 0.05 Q
oxide). Internal metal electrodes are | short time overload, 300 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 Ia_\yer is coyered W.Ith a o 25 T inner electrode
protective coating and printed with the +0.0 N
resistance value. Finally, the two “ end termination
external end terminations are added. . 0.40+0.20 ceramic substrate

For ease of soldering the outer layer !
of these end terminations is a lead/tin protective coat

aIon. ‘j F— 0.40£0.20 marking

Mass: 0.55 gram (per 100 units).

5l F &8 &

I+
O

L‘ 2.00+0.15 A“—“—J

Dimensions in mm.

Fig.1 Outlines.
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Precision resistor chip

size 0805 RC12H

Mounting
MBA501
Due to their rectangular shape and T

small tolerances on the dimensions, ()
Surface Mounted Resistors are 240 . 20 K/s
suitable for handling by automatic ‘X/

placement systems. Chip placement 175 200 Kis
is possible on ceramic substrates and
printed-circuit boards (PCB's).
Electrical connection to the circuit is
by wave, vapour phase or infrared
soldering. The end terminations
guarantee a reliable contact and the 45 s max 10s o
protective coating enables “face preheating soldering  cooling
down’ mounting.

The robust construction of the device Fig.2 Infrared soldering.
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 T MBAs02
one side of a PCB and other discrete (°c)
components on the reverse
(mixed PCB's).

250

200 K/s.
Soldering conditions . /
cooling in
Surface Mounted Resistors are free air
tested for solderability at a
temperature of 230 °C during 2
seconds. The test condition for no
leaching is 260 °C for 60 seconds. 5s R
Typical examples of soldering preheating soldering  cooling
processes that provide reliable joints Fig.3 Wave soldering. The resistors may be soldered twice according to

without any damage, are given in this method if necessary.
Figs 2, 3 and 4.

Marking

Each resistor is marked with a four T

digit code on the protective coating to (°c)
designate the nominal
resistance value. 215

MBAS500

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

Forvaluesof1 kQandupwardsthefirst
three digits are significant, the fourth
being an indication of magnitude.

10s 60s .
preheating soldering cooling

Fig.4 Vapour phase soldering.
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Product specification

Precision resistor chip
size 0805

RC12H

1to
1to
10to
100 to

976 Q
9.76 kQ
97.6 kQ
976 kQ
1MQ

- D

A WOWN

EXAMPLES:
121R

4021
7503

=121 Q
= 4.02 kQ
=750 kQ

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.

Standard values of nominal
resistance are taken from the
E24/E96 series for resistors with a
tolerance of £1%. The values of these
series are according to 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).

100

MBAS77

Pmax
(% Prated )

50 1

temperature (T,)-

70

100 125
Tamb C)

Fig.5 Maximum dissipation (P,,,) as a function of the ambient

Dissipation

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

COMPOSITION OF THE
CATALOGUE NUMBER

To complete the catalogue number
(see Table 1), replace the first three
dots of the remaining code by the first
three digits of the resistance value.
Replace the fourth dot by a figure
according to the following table:

1to
10to
100 to
1to
10to
100 to

9.76 Q
97.6 Q
976 Q
9.76 kQ
97.6 kQ
976 kQ
1MQ

g Hh WON = © ®

Ordering example

The catalogue nu.ber of a RC12H
resistor, value 4750 Q, supplied on
cardboard tape of 5 000 units per reel
is: 2322 734 64752.

Table 1 The resistors have a 12-digit catalogue number starting with 2322. Subsequent digits indicate packaging and
resistance as listed in this table.

CATALOGUENUMBER2322 ... .....
RESISTANCE RANGE T?L. SERIES CARDBOARD TAPE BLISTER TAPE
% 734 734
5 000 reel 10 000 reel 5 000 reel 10 000 reel
1Qto1 MQ 1 E24/E96 6.... 7. 2. 4.
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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 temperature range
-55 to +125 °C; damp heat, long

‘Recommended basic climatic and
mechanical robustness testing

procedure for electronic components®

and under standard atmospheric
conditions in accordance with
IEC 68-1, subclause 5.3, unless
otherwise specified.

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

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,

Temperature: 15 °C to 35 °C
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
'gf;l}g: TEST TEST PROCEDURE REQUIREMENTS
METHOD
417 Ta soldering unmounted chips completely immersed for | good tinning (295% covered);
2.20 2 10.5 s in a solder bath at 230 £5 °C; flux | no damage
600
soldering 16 hours steam or 16 hours 155 °C; good tinning (295% covered);
unmounted chips completely immersed for | no damage
2+0.5 s in a solder bath at 230 +5 °C;
flux 600
4.18 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 Na rapid change |30 minutes at -55 °C and AR/R max.: £0.5% + 0.05 Q
2.14 of temperature | 30 minutes at +125 °C; 5 cycles
4.22 Fc vibration frequency: 10 to 500 Hz; displacement no damage
2.6 1.5 mm or acceleration 10 g; AR/R max.: £0.5% + 0.05 Q
three directions; total 6 hours
4.20 Eb bump 3 x 1 500 bumps in three directions; 40 g | no damage
2.29 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 | 1 000 hours; +40 °C; 90 to 95% RH; AR/R max.: £3% + 0.1 Q
W1s) loaded with Pn or 150 V;
max. 1.5 hours on and 0.5 hours off
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Precision resistor chip
. RC12H
size 0805
IEC 68-2
e ee | TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.23 climatic
sequence
4.23.2 Ba dry heat 16 hours; 125 °C
22
4.23.3 D damp heat 24 hours; 55 °C; 95 to 100% RH
2.30 (accel.)
st cycle
4.23.4 Aa cold 2 hours; -55 °C
21
4.23.5 M low air 1 hour; 8.5 kPa; 15 to 35 °C
2.13 pressure
4.23.6 D damp heat 5 days; 55 °C; 95 to 100% RH Rj.s = min. 1 000 MQ
2.30 (accel.) AR/R max.: 1% + 0.05 Q
remaining
cycles
4242 Ca damp heat 56 days; 40 °C; 90 to 95% RH; loaded R;,s = min. 1 000 MQ
23 (steady state) |with 0.01 Pn (IEC steps: 1 to 100 V); AR/R max.: 1% + 0.05 Q
dissipation <1 mW
4.25.1 endurance 1 000 hours; 70 °C; nominal dissipation AR/R max.: +1% + 0.05 Q
46.11 insulation 100 V (DC); after 1 minute min. 10* MQ
resistance
4.13 short time room temperature; dissipation AR/R max.: +1% + 0.05 Q
overload 6.25x 0.1 W; 5 s (voltage not more than
2 x V. =300 V)
4842 temperature | between -55 °C and +125 °C 1Q104.99 Q:
coefficient <250 x 107¢/K
5.1Q1097.6 Q:
<200 x 1079/K
100 Q to 1 MQ:
<100 x 109K
4.12 noise IEC publication 195 R < 1kQ: max. 1 pVN
(measured with Quantech - equipment) R < 10 kQ: max. 3 pVV
R < 100 kQ: max. 6 uV/V
R <1 MQ: max. 10 uV/V
4.23.2 Ba endurance 1 000 hours; 125 °C; no load AR/R max.: £0.5% + 0.05 Q
at upper no visual damage
category
temperature
4.7 voltage proof | 150 V (RMS) during 1 minute no breakdown
on insulation
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Philips Components Product specification
X

Precision resistor chip
size 0603 RC22H

FEATURES QUICK REFERENCE DATA
¢ Reduced size of final equipment Resistance range 1 Qto 1 MQ; E24/E69 series
o Lower assembly costs Resistance tolerance +1%
* Higher component and equipment Temperature coefficient
reliability 1Q104.99Q <250 x 10-9/K
« Improved performance at high 5Qt097.6Q <200 x 108/K
frequencies. 100 Q to 1 MQ <100 x 10-9/K
Abs. max. dissipation at T,,, = 70 °C | 0.062 W
APPLICATIONS Maximum permissible voltage 50 V (DC or RMS)
* Hand held measuring equipment Operating temperature range -55 °C to +125 °C
o Carphones Climatic category (IEC 68) 55/125/56
e Camcorders Basic specification IEC 115-8
¢ Portable radio, CD and cassette Stability after:
players. load, 1000 hours at T, = 70 °C AR/R max.: 1% + 0.05 Q
climatic tests AR/R max:. 1% + 0.05 Q
DESCRIPTION soldering AR/R max.: 0.5% + 0.05 Q
The resistors are constructed on a short time overload, 100 V max. AR/R max.: 1% + 0.05 Q

high grade ceramic body (aluminium
oxide). Internal metal electrodes 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 resistor layer
within tolerance, by laser cutting of i N )
this resistive layer. 248 \ inner electrode
The resistive layer is covered with a r Lﬁ‘v end termination
protective coating and printed with the — 0.30+0.15 ceramic substrate
resistance value. Finally, the two — protective coat
external end terminations are added. 0.30+0.15
For ease of soldering the outer layer —.l r—
of these end terminations is a ‘ ] b
lead/tin alloy. ' 3

0.80 '
Mass: 0.25 gram (per 100 units). tg-g)g KX

- 160010 ———— >

Dimensions in mm.

Fig.1 Outlines.
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Productspecification

Precision resistor chip
size 0603

RC22H

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
is possible on ceramic substrates and
printed-circuit boards (PCB's).
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 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 PCB's).

Soldering conditions

Surface Mounted Resistors are
tested for solderability at a
temperature of 230 °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 marked and includes
resistance value, tolerance, TC value,
catalogue number, quantity,
production period, batch number and
source code.

October 1993
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MBAS501
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20 K/s

200 K/s

45 s max

10s I

preheating

soldering cooling

Fig.2 Infrared soldering.

T MBAs02
(°c)
250
200 K/s
~a /‘
cooling in
free air
80
5s o
preheating soldering  cooling

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

this method if necessary.

MBAS500

10s

7/
60s

preheating

soldering

cooling

Fig.4 Vapour phase soldering.
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Philips Components Product specification

Precision resistor chip

size 0603 RC22H

ELECTRICAL DATA

Standard values of resistance and MBAS77
tolerance.

8

Standard values of nominal
resistance are taken from the
E24/E96 series for resistors with a
tolerance of +1%. The values of these
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 0 . . \
the resistor element (see IEC o 50 100 125
publication 115-8). Tamb (C)

Pmax
(% Prated )

50

P

Dissipation Fig.5 Maximum dissipation (P,,,) as a function of the ambient
temperature (T,.,)-

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

Ordering example

1to 9.76 Q 8
COMPOSITION OF THE 10to 976Q 9 The catalogue number of a RC22H
CATALOGUE NUMBER 100to 976 Q 1 resistor, value 4.75 kQ, supplied on
cardboard tape of 5 000 units per reel

To complete the catalogue number 1t0 9.76 kQ 2 is: 2322 704 64752.
‘(see Table 1), replace the first three 10to 97.6kQ 3

dots of the remaining code by the first

three digits of the resistance value. 10010 976k 4

Replace the fourth dot by a figure iMQ 5

according to the following table:

Table 1 The resistors have a 12-digit catalogue number starting with 2322 704. Subsequent digits indicate packaging
and resistance as listed in this table.

CATALOGUE NUMBER 2322704. . . . .
RESISTANCE RANGE Tioo/l: SERIES CARDBOARD TAPE
5 000 reel 10 000 reel
1Qto1MQ 1 E24/E69 6.... 7.
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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
accordance with IEC publication 68,

‘Recommended basic climatic and
mechanical robustness testing

procedure for electronic components®

and under standard atmospheric
conditions in accordance with
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
(860 mbar to 1060 mbar).

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 our method of

specifying.

Table 2
IEC 68-2
e | TEST TEST PROCEDURE REQUIREMENTS
METHOD
417 Ta soldering unmounted chips completely immersed good tinning
2.20 for 2 +0.5 s in a solder bath (295% covered); no damage
at 230 5 °C; flux 600
soldering 16 hours steam or 16 hours 155 °C; good tinning (295% covered);
unmounted chips completely immersed no damage
for 2 £0.5 s in a solder bath
at 230 45 °C; flux 600
4.18 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 Na rapid change |30 minutes at -55 °C and AR/R max.: +0.5% + 0.05 Q
2.14 of temperature | 30 minutes at +125 °C; 5 cycles
4.22 Fc vibration frequency: 10 to 500 Hz; displacement no damage
2.6 1.5 mm or acceleration 10 g; AR/R max.: £0.5% + 0.05 Q
three directions; total 6 hours
4.20 Eb bump 3 x 1 500 bumps in three directions; 40 g | no damage
2.29 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 |1 000 hours; +40 °C; 90 to 95% RH; AR/R max.: +1% + 0.01 Q
(J1S) loaded with Pn or 50 V;
max. 1.5 hours on and 0.5 hours off
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Precision resistor chip
: RC22H
size 0603
IEC 68-2
'gf;l}g': TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.23 climatic
sequence
4.23.2 Ba dry heat 16 hours; 125 °C
22
4.23.3 D damp heat 24 hours; 55 °C; 95 to 100% RH
2.30 (accel.)
1st cycle
4.23.4 Aa cold 2 hours; -55 °C
21
4.23.5 M low air 1 hour; 8.5 kPa;
2.13 pressure 1510 35 °C
4.23.6 D damp heat 5 days; 55 °C; 95 to 100% RH R;.s = min. 1 000 MQ
2.30 (accel.) AR/R max.: £1% + 0.05 Q
remaining
cycles
4242 Ca damp heat 56 days; 40 °C; 90 to 95% RH; loaded with | R, = min. 1 000 MQ
2.3 (steady state) |0.01 Pn (IEC steps: 1 to 100 V); AR/R max.: +1% + 0.05 Q
dissipation <62 mW
4.25.1 endurance 1 000 hours; 70 °C; nominal dissipation AR/R max.: +1% + 0.05 Q
46.1.1 insulation 50 V (DC); after 1 minute min. 10* MQ
resistance
4.13 short time room temperature; dissipation 6.25 x Pn; | AR/R max.: +0.5% + 0.05 Q
overload 5 s (voltage not more than 2 x V=
100 V)
4.84.2 temperature between -55 °C and +125 °C 1Q104.99 Q:
coefficient <250 x 10°9/K;
5.1 Q1097.6 Q:
<200 x 109/K;
100 Qto 1 MQ:
<100 x 10°¢/K
4.12 noise IEC publication 195 R <1 kQ: max. 1 pVNV
(measured with Quantech - equipment) R < 10 kQ: max. 3 pvV/V
R < 100 kQ: max. 6 pV/V
R <1 MQ: max. 10 pV/V
4.23.2 Ba endurance 1 000 hours; 125 °C; no load no visual damage
at upper AR/R max.: +1% + 0.05 Q
category
temperature
47 voltage proof |50 V (DC or RMS) during 1 minute no breakdown
on insulation
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Philiﬁs Components Product specification

Precision resistor chip
size 1206 RC02G

FEATURES QUICK REFERENCE DATA
« Reduced size of final equipment Resistance range 100 Q to 1 MQ; E24/E96 series
« Lower assembly costs Resistance tolerance +1%
« Higher component and Temperature coefficient <50 x 10-9/K
equipment reliability Abs. max. dissipation at T,,,=70°C [0.125 W
» Improved performance at high Maximum permissible voltage 200 V (DC or RMS)
frequencies. Climatic category (IEC 68) 55/125/56
Basic specification IEC 115-8
APPLICATIONS Stability after:
« Television (tuners) load, 1 000 hours at Ty, = 70 °C AR/R max.: 0.5% +0.05Q
vision (tuners load, 8 000 hours at Ty, =70°C | AR/R max.: 1% + 0.05 Q

* Radio (hi-fi slim-line and portable) climatic tests AR/R max.: 1% + 0.05 Q
¢ Radio recorders soldering AR/R max.: 0.25% + 0.05 Q
o Watches short time overload, 400 V max. AR/R max.: 0.25% + 0.05 Q
¢ Video cameras
e Electric shavers MECHANICAL DATA
o Pocket calculators
o Measuring instruments
¢ Telecommunication equipment protective coat
¢ Medical equipment resistor layer
* Military equipment 0 25 N inner electrode
e Automotive industry. +0.10 N .

| N end termination
DESCRIPTION ol 0.50+0.25 ceramic substrate

protective coat

The resistors are constructed on a - 0.45+0.25 )
high grade ceramic body (aluminium M e A marking
oxide). Internal metal electrodes are RS 5 25
added at each end and connected 0% X :
by a resistive paste, which is applied . 08 .;5? % § ¥ ¢ 0
to the top surface of the substrate. +0.15 25 EELE S X
The composition of the paste is 3 S
adjusted to give the approximate RS 5
resistance required and the value is 2ol 2 % MBAS4S - 1
trimmed to within tolerance, by laser L____ 320" g-;g __—.J
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 Di . .
added. For ease of soldering the imensions in mm.
outer layer of these end terminations
is a lead/tin alloy. Fig.1 Outlines.
Mass: 1.00 g (per 100 units).
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Precision resistor chip

size 1206 RC02G

Mounting
M
Due to their rectangular shape and T ansor

small tolerances on the dimensions, °0)
Surface Mounted Resistors are 240 20 Kis
suitable for handling by automatic P
placement systems. Chip placement 175 200 Kis
is possible on ceramic substrates
and printed-circuit boards (PCB’s).
Electrical connection to the circuit is
by wave, vapour phase or infrared
soldering. The end terminations
guarantee a reliable contact and the 45 s max 10s e
protective coating enables “face preheating soldering  cooling
down" mounting.

The robust construction of the Fig-2 Infrared soldering.

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 T MaAs02
Resistors on one side of a PCB and (°c)
other discrete components on the 250
reverse (mixed PCB’s).

200 K/s\ f
cooling in
Surface Mounted Resistors are 8 e air
tested for solderability at a

temperature of 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

Soldering conditions

5s
preheating soldering  cooling

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

Figs 2, 3and 4 according to this method if necessary.
) N
T MBAS500
(°c)
215
10s 60s o
preheating soldering cooling

Fig.4 Vapour phase soldering.
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Philips Components Product specification
Precision resistor chip RC02G
size 1206

Marking

Each resistor is marked with a four ; measrz

digit code on the protective coating 00- A

to designate the nominal resistance P |

value. ex |

(% Prated ) |

For values up to 976 Q the R is |

used as a decimal point. 50 :

For values of 1 kQ and upwards the |

first three digits are significant, the |

fourth being an indication of :

magnitude. 0 ; ' . \

0 50 70 100 125
100to 976Q R Tamp 0
1to 9.76 kQ 1
10to 97.6kQ 2 Fig.5 Maximum dissipation (P,,,) as a function of the ambient
100t0 976 kQ 3 temperature (Tym,)-
1MQ 4
EXAMPLES: tolerance of +1%. The values of remaining code by the first three
these series are in accordance with digits of the resistance value.
121R =121Q IEC publication 63. Replace the fourth dot by a figure
4021 = 4.02 kQ The limiting voltage (DC or RMS) is according to the following table:
200 V. This is the maximum voltage
1503 =150kQ
that may be continuously applied to 100to 976 Q 1

The packing is also marked and the r.esi§tor element (see IEC 1o 9760 2

includes resistance value, tolerance, ~ PUPlication 15-8). 10to 9760 3

TC value, catalogue number, A 100to 976 kQ 4

quantity, production period, batch Dissipation 1MQ 5

number and source code. The rated power that the resistor
can dissipate depends on the

> . Ordering example
operating temperature, see Fig.5.

ELECTRICAL DATA The catalogue number of a RC02G

Standard values of resistance and resistor, value 4750 Q, supplied on

tolerance COMPOSITION OF THE blister tape of 5 000 units per reel is:
’ CATALOGUE NUMBER 2322 793 64752.

Standard values of nominal

To complete the catalogue number,

resistance are taken from the replace the first three dots of the

E24/E96 series for resistors with a

Table 1 The resistors have a 12-digit catalogue number starting with 2322. Subsequent digits indicate packaging
and resistance as listed in this table.

CATALOGUENUMBER2322 ... .....
ToL CARDBOARD TAPE BLISTER TAPE
RESISTANCE RANGE +9% i SERIES 722 723
5 000 10 000 5000 10 000
reel reel reel reel
100 Q to 1 MQ 1 E24/96 2. 3.... 6.... 7....
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Philips Components

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 in
accordance with IEC 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 our method of specifying.

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).
Table 2
IEC 115-8 | IEC 68-2
CLAUSE | TEST TEST PROCEDURE REQUIREMENTS
METHOD
417 Ta soldering unmounted chips completely immersed | good tinning
2.20 for 2£0.5 s in a solder bath at (295% covered);
235 +10 °C; flux 600 no damage
soldering 16 hours steam or 16 hours 155 °C; good tinning
unmounted chips completely immersed | (295% covered);
for 2+0.5 s in a solder bath at no damage
235 15 °C; flux 600
4.18 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 Na rapid change of | 30 minutes at -55 °C and AR/R max.: +£0.25% + 0.05 Q
2.14 temperature 30 minutes at +125 °C; 5 cycles
422 Fc vibration frequency: 10 to 500 Hz; displacement no damage
2.6 1.5 mm or acceleration 10 g; AR/R max.: +0.25% + 0.05 Q
three directions; total 6 hours
4.20 Eb bump 3 x 1 500 bumps in three directions; 40 g | no damage
2.29 AR/R max.: £0.25% + 0.05 Q
4.23 climatic sequence
4.23.2 Ba dry heat 16 hours; 125 °C
2.2
4.23.3 D damp heat 24 hours; 55 °C; 95 to 100% R.H.
2.30 (accel.)
1st cycle
4234 Aa cold 2 hours; -55 °C
21
4235 M low air 1 hour; 8.5 kPa; 15 to 35 °C
2.13 pressure
4.23.6 D damp heat 5 days; 55 °C; 95 to 100% RH Ri,s = min. 1 000 MQ
2.30 (accel.) AR/R max.: +1% +0.05 Q
remaining
cycles
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Product specification

Precision resistor chip

. RC02G
size 1206
IEC 115-8 | IEC 68-2
CLAUSE | TEST TEST PROCEDURE REQUIREMENTS
METHOD
4242 Ca damp heat 56 days; 40 °C; 90 to 95% RH; loaded R,,s = min. 1 000 MQ
23 (steady state) with 0.01 Pn (IEC steps: 1 to 100 V); AR/R max.: £1% + 0.05 Q
(IEC) dissipation <1.25 mW
4.25.1 endurance 1 000 hours; 70 °C; nominal dissipation | AR/R max.: 10.5% + 0.05 Q
46.1.1 insulation 100 V (DC) after 1 minute min. 104 MQ
resistance
4.13 short time room temperature; dissipation AR/R max.: £0.25% + 0.05 Q
overload 6.25 x 0.125 W; 5 s (voltage not more
than 2 x V,,, =400 V)
4842 temperature between -55 °C and +125 °C <50 x 10¢/K
coefficient
412 noise IEC publication 195 R <1 kQ: max. 1 yVNV
(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 Ba endurance 1 000 hours; 125 °C; no load AR/R max.: £0.5% + 0.05 Q
at upper no visual damage
category
temperature
4.7 voltage proof 200 V (RMS) during 1 minute no breakdown
on insulation
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Philigs Components Product specification
RCO02GP

Precision resistor chip
size 1206

FEATURES

» Reduced size of final equipment
o Lower assembly costs

» Higher component and
equipment reliability

¢ Improved performance at high
frequencies

 Precision resistor with high
stability.

APPLICATIONS

Television (tuners)
Radio (hi-fi, slim-line and
portable)

Radio recorders

o Watches

¢ Video cameras

¢ Electric shavers

¢ Pocket calculators

¢ Measuring instruments
¢ Telecommunication equipment
¢ Medical equipment
Military equipment
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 layers of these end
terminations is a lead/tin alloy.

October 1993

QUICK REFERENCE DATA

Resistance range

250 Q to 1 MQ; E24/E96 series

Resistance tolerance

1%

Temperature coefficient

250Q<R<1MQ <50 x 10-9/K
Abs. max. dissipation at T,,,=70°C |0.256 W
Maximum permissible voltage 200 V (DC or RMS)
Climatic category (IEC 68) 55/125/56
Basic specification IEC 115-8
Stability after:
load, 1 000 hours at T, =70 °C AR/Rmax.: 1% + 0.05 Q
load, 8 000 hours at T, = 70 °C AR/R max.: 2% + 0.05 Q
climatic tests AR/R max.: 1% + 0.05 Q
soldering AR/R max.: 0.5% + 0.05 Q
short time overload, 400 V max. AR/R max.: 0.5% + 0.05 Q
MECHANICAL DATA
———— protective coat
resistor layer
0_25 § inner electrode
010 R end termination

| I &\;L
~—l 0.50+0.25

-»] r=—0.45+0.25

ceramic substrate

protective coat

marking

ot

X
X

Dimensions in mm.

% MBAB4S - 1

Fig.1 Outlines.
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Philips Components

Product specification

Precision resistor chip
size 1206

RC02GP

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
is possible on ceramic substrates
and printed-circuit boards (PCB’s).
Electrical connection to the circuit is
made 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 PCB’s).

Soldering conditions

Surface Mounted Resistors are
tested for solderability at a
temperature of 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, 3and 4.

October 1993

MBAS501

200 K/s

45 s max 10s o
preheating soldering cooling

Fig.2 Infrared soldering.

MBAS02
(°c)
250

200 Kis 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.

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

Fig.4 Vapour phase soldering.
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Philips Components Product specification
Precision resistor chi
: P RC02GP
size 1206
Marking
MBAS77
Each resistor is marked with a four 100 ——————\
digit code on the protective coating K
to designate the nominal resistance Pmax ll
value. (% Prated ) |
For values up to 976 Q the R is '
. . 50 |
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. 0 +- T )
0 50 70 100 125
Tamb CC)
250t0 976Q R am
1to 9.76kQ 1 Fig.5 Maximum dissipation (P,.) as a function of the ambient
10to 97.6kQ 2 temperature (T ).
100to 976 kQ 3
1MQ 4 . . . -
E24/E96 series for resistors with a dots of the remaining code by the
EXAMPLES: tolerance of +1%. The values of first three digits of the resistance
LES: these series are in accordance with value. Replace the fourth dot by a
|IEC publication 63. figure according to the following
4751 =475Q table:
_ The limiting voltage (DC or RMS) is ’
1472 =1.47kQ e .
200 V. This is the maximum voltage
1373 =137kQ that may be continuously applied to 250t 976Q 1
o the resistor element (see IEC 1to 976kQ 2
The packlng is also marked and pub"caﬁon 115-8) 10to 97.6kQ 3
includes resistance value, tolerance,
TC value, catalogue number, Dissipation 100t0 976k 4
1MQ 5

quantity, production period, batch
number and source code.

ELECTRICAL DATA

Standard values of resistance and
tolerance.

Standard values of nominal
resistance are taken from the

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

COMPOSITION OF THE
CATALOGUE NUMBER

To complete the catalogue number
(see Table 1), replace the first three

Ordering example

The catalogue number of a RC02GP
resistor, value 4750 Q, supplied on
blister tape of 5 000 units per reel is:
2322727 14752.

Table 1 The resistors have a 12-digit catalogue number starting with 2322. Subsequent digits indicate packing and

resistance as listed in this tabie.

CATALOGUENUMBER 2322 ... .....
ToL CARDBOARD TAPE BLISTER TAPE
RESISTANCE RANGE t%' SERIES 727 727
5 000 10 000 5 000 10 000
reel reel reel reel
250 Qto 1 MQ 1 E24/E96 2. 3.... 1. 4...
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Philips Components Product specification
Precision resistor chip
. RC02GP
size 1206
TESTS AND REQUIREMENTS "Recommended basic climatic and In Table 2 the tests and

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

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

requirements are listed with
reference to the relevant clauses of
IEC publications 115-8 and 68: a
short description of the test
procedure is also given. In some
instances deviations from the IEC
recommendations were necessary

for our method of specifying.
by ElAand EIAJ. Relative humidity: 45% to 75% pecttying
The tests are carried out in Air pressure: 86 kPa to 106 kPa
accordance with IEC publication 68, (860 mbar to 1060 mbar).
Table 2
IEC 115-8 | IEC 68-2
CLAUSE | TEST TEST PROCEDURE REQUIREMENTS
METHOD
417 Ta soldering unmounted chips completely immersed | good tinning (295% covered);
220 for 2 £0.5 s in a solder bath at no damage
235 15 °C; flux 600
soldering 16 hours steam or 16 hours 155 °C; good tinning (295% covered);
unmounted chips completely immersed | no damage
for 2+0.5 s in a solder bath at
235 15 °C; flux 600
418 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 Na rapid change of | 30 minutes at -55 °C and AR/R max.: £0.5% + 0.05 Q
2.14 temperature 30 minutes at +125 °C; 5 cycles
422 Fc vibration frequency: 10 to 500 Hz; displacement no damage
26 1.5 mm or acceleration 10 g; AR/R max.: 0.5% + 0.05 Q
three directions; total 6 hours
4.20 Eb bump 3 x 1 500 bumps in three directions; 40 g | no damage
229 AR/R max.: +0.5% + 0.05 Q
4.23 climatic sequence
4.23.2 Ba dry heat 16 hours; 125 °C
22
4.23.3 D damp heat 24 hours; 55 °C; 95 to 100% RH
2.30 (accel.)
1st cycle
4.23.4 Aa cold 2 hours; -55 °C
2.1
4235 M low air 1 hour; 8.5 kPa; 15 to 35 °C
2.13 pressure
4.23.6 D damp heat 5 days; 55 °C; 95 to 100% RH Rys = Min. 1 000 MQ
2.30 (accel.) AR/R max.: £1% + 0.05 Q
remaining
cycles
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Product specification

Precision resistor chip

. RC02GP
size 1206
IEC 115-8 | IEC 68-2
CLAUSE | TEST TEST PROCEDURE REQUIREMENTS
METHOD
4242 Ca damp heat 56 days; 40 °C; 90 to 95% RH; loaded Ri,s = min. 1 000 MQ
23 (steady state) with 0.01 Pn (IEC steps: 1 to 100 V); AR/R max.: +1% + 0.05 Q
dissipation <1 mW
4251 endurance 1 000 hours; 70 °C; nominal dissipation AR/R max.: £1% + 0.05 Q
46.1.1 insulation 100 V (DC); after 1 minute min. 104 MQ
resistance
413 short time room temperature; dissipation AR/R max.: #0.5% + 0.05 Q
overload 6.25 x 0.1 W; 5 s (voltage not more than
2 X Ve =400 V)
48.4.2 temperature between -55 °C and +125 °C 250 Q to 1 MQ: <50 x 10-9/K
coefficient
4.12 noise |IEC publication 195 R <1 kQ: max. 1 uyVNV
(measured with Quantech - equipment) R < 10 kQ: max. 3 VNV
R < 100 kQ: max. 6 pVNV
R <1 MQ: max. 10 pV/V
4.23.2 Ba endurance at 1 000 hours, 125 °C; no load AR/R max.: £0.5% + 0.05 Q
upper category no visual damage
temperature
4.7 voltage proof 200 V (RMS) during 1 minute no breakdown
on insulation
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Philiﬁ Components Product sﬁlﬂcatlon

Precision resistor chip
size 0805 RC126G

FEATURES

¢ Reduced size of final equipment
o Lower assembly costs

o Higher component and
equipment reliability

» Improved performance at high
frequencies.

APPLICATIONS

o Hand held measuring equipment
o Carphones
o 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.

Mass: 0.55 gram (per 100 units).

October 1993

QUICK REFERENCE DATA

Resistance range

100 Q to 1 MQ; E24/E96 series

Resistance toierance

+i1%

Temperature coefficient

load, 1 000 hours at T, =70 °C
climatic tests
soldering

short time overload, 300 V max.

100 Q to 249 Q <100 x 108K

250 Q to 1 MQ <50 x 10-%/K
Abs. max. dissipation at T,,,,=70°C |[0.1W
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:

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.: 0.5% + 0.05 Q

MECHANICAL DATA

protective coat

resistor layer

A
055 S
+010 N

inner electrode

end termination

- 0.40+0.20

——1 r=—0.40 +0.20

protective coat

marking

-

+

r——— Oy ——

Dimensions in mm.

MBC406

L————‘— 2.00%0.15 “—J

Fig.1 Outlines.
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Philips Components

Product specification

Precision resistor chip
size 0805

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
is possible on ceramic substrates
and printed-circuit boards (PCB’s).
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 PCB's).

Soldering conditions

Surface Mounted Resistors are
tested for solderability at a
temperature of 230 °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.

October 1993

T MBASO1
()
240 B KSs
175 200 Kis
45 s max 10s e
preheating soldering cooling
Fig.2 Infrared soldering.
T MBA502
(°c)
250
200 K/s
~n f
cooling in
free air
80
5s o
preheating soldering  cooling

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

T MBAS00
(°c)

215

10s 60s o
preheating soldering cooling

Fig.4 Vapour phase soldering.
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Philips Components Product specification
Precision resistor chip RC12G
size 0805

Marking \nsr

Each resistor is marked with a four 100 +——————————

digit code on the protective coating :

to designate the nominal resistance Pmax |

value. (% Pratea) |

For values upto 976 Q the R is 50 4 :

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. ®o s 70 100 125

Tamb (°C)
1to 976 Q R
1to 9.76kQ 1 Fig.5 Maximum dissi;t)ation (Ptz,,g (aTs a ;unction of the ambient
emperatur .
10to 97.6kQ 2 P are
100to 976 kQ 3
mMQ 4 E24/E96 series for resistors with a dots of the remaining code by the
tolerance of +1%. The values of first three digits of the resistance

EXAMPLES:! these series are in accordance with value. Replace the fourth dot by a

|IEC publication 63. figure according to the following
121R =121 Q :

The limiting voltage (DC or RMS) is ~ 20I€"
4021 =4.02kQ 150 V. This is the maximum voltage
7503 =750 kQ that may be continuously applied to Tto 976Q 8

the resistor element (see IEC 10to 976Q 9

The packing is also marked and publication 115-8). 100to 976 Q 1

includes resistance value, tolerance, 1to 9.76kQ 2

TC value, catalogue number, Dissipation 10t 97.6ka 3

quantity, production period, batch The rated power that the resistor 100 to 97.6 kQ 4

number and source cods. can dissipate depends on the °

operating temperature, see Fig.5. 1™MQ 5

ELECTRICAL DATA

Ordering example
Standard values of resistance and COMPOSITION OF THE
tolerance. CATALOGUE NUMBER The catalogue number of a RC12G

Standard values of nominal
resistance are taken from the

To complete the catalogue number
(see Table 1), replace the first three

resistor, value 4750 Q, supplied on
cardboard tape of 5 000 units per
reel is: 2322 732 64752.

Table 1 The resistors have a 12-digit catalogue number starting with 2322. Subsequent digits indicate packaging

and resistance as listed in this table.

CATALOGUENUMBER 2322 ... .....
ToL CARDBOARD TAPE BLISTER TAPE
RESISTANCE RANGE +9% i SERIES 732 733
5000 10 000 5 000 10 000
reel reel reel reel
100 Q to 1 MQ 1 E24/E96 6.... 7... 6.... 7.
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Philips Components

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
accordance with IEC publication 68,

"Recommended basic climatic and
mechanical robustness testing
procedure for electronic
components"” and under standard
atmospheric conditions in
accordance with 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
(860 mbar to 1060 mbar).

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 our method of specifying.

Table 2
IEC 115-8 | IEC 68-2
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.17 Ta soldering unmounted chips completely immersed | good tinning (295%
2.20 for 2 £0.5 s in a solder bath at covered);
230 5 °C; flux 600 no damage
soldering 16 hours steam or 16 hours 155 °C; good tinning (>95%
unmounted chips completely immersed | covered);
for 2+£0.5 s in a solder bath at no damage
23015 °C; flux 600
418 Tb resistance to 10 s; 260 £5 °C; flux 600 AR/R max.: 10.25% +
soldering heat 0.05 Q
leaching unmounted chips 60 s; 260 +5 °C good tinning; no leaching
4.19 Na rapid change of 30 minutes at -55 °C and AR/R max.: +0.25% +
2.14 temperature 30 minutes at +125 °C; 5 cycles 0.05 Q
422 Fc vibration frequency: 10 to 500 Hz; displacement | no damage
2.6 1.5 mm or acceleration 10 g; AR/R max.: £0.25% + 0.05 Q
three directions; total 6 hours
420 Eb bump 3 x 1 500 bumps in three directions; no damage
229 4049 AR/R max.: £0.25% + 0.05 Q
bending resistors mounted on a glass epoxy no visual damage
resin printed-circuit board; AR/R max.: £0.5% + 0.05 Q
bending 5 mm over 90 mm
humidity load 1 000 hours; +40 °C; 90 to 95% RH,; AR/R max.: £3% + 0.1 Q
(JI1S) loaded with Pn or 150 V;
max. 1.5 hours on and 0.5 hours off
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Philips Components

Product specification

Precision resistor chip

. RC12G
size 0805
IEC 115-8 | IEC 68-2
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.23 climatic
sequence
4.23.2 Ba dry heat 16 hours; 125 °C
22
4.23.3 D damp heat 24 hours; 55 °C; 95 to 100% RH
2.30 (accel.)
1st cycle
4234 Aa cold 2 hours; -55 °C
21
4.23.5 M low air 1 hour; 8.5 kPa; 15 to 35 °C
2.13 pressure
4.23.6 D damp heat 5 days; 55 °C; 95 to 100% RH R,,, = min. 1 000 MQ
2.30 (accel.) AR/R max.: +1% + 0.05 Q
remaining
cycles
4242 Ca damp heat 56 days; 40 °C; 90 to 95% RH; loaded R, = min. 1 000 MQ
23 (steady state) |with 0.01 Pn (IEC steps: 1 to 100 V); AR/R max.: +1% + 0.05 Q
dissipation <1 mW
4.25.1 endurance 1 000 hours; 70 °C; nominal dissipation | AR/R max.: £1% + 0.05 Q
4611 insulation 100 V (DC); after 1 minute min. 10 MQ
resistance
413 short time room temperature; dissipation AR/R max.: £0.5% + 0.05 Q
overload 6.25 x 0.1 W; 5 s (voltage not more than
2 X Ve = 300 V)
4842 temperature | between -55 °C and +125 °C 100 Q to 249 Q:
coefficient <100 x 10¢/K
250 Qto 1 MQ:
<50 x 106/K
412 noise IEC publication 195 R < 1 kQ: max. 1 pyVNV
(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
4232 Ba endurance 1 000 hours; 125 °C; no load AR/R max.: £0.5% + 0.05 Q
at upper no visual damage
category
temperature
47 voitage proof | 150 V {RMS) during i minute no breakdown
on insulation
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Philips Components Product specification
]

High precision resistor chip RCO03G

size 1206
. |

FEATURES QUICK REFERENCE DATA
* Reduced size of final equipment Resistance range 100 Q to 1 MQ; E24/E96 series
* Lower assembly costs Resistance tolerance +0.5%
¢ Higher component and o o ot
N ui ment rehabmty Iemmperawudre coemiciernt
quip R<249 Q <+100 x 109K
APPLICATIONS R>249 Q<1 MQ <50 x 109K
« Power supply in small Abs.. max. dissipation at T, =70°C [0.125 W
sized equipment Maximum permissible voltage 200 V (RMS)
« Telecommunicationandautomotive | Climatic category (IEC 68) 55/125/56
* Medical and military equipment. Basic specification IEC 1158
Stability after:
DESCRIPTION load, 1 000 hours at T, = 70 °C AR/R max.: £0.5% + 0.05 Q
The resistors are constructed on a load, 8 000 hours at T,,, = 70 °C AR/R max.: 1% + 0.05 Q
high grade ceramic body (aluminium | climatic tests AR/R max.: +1% + 0.05 Q
ot);gjeg. Ln:ema\ I.c-;.alectczodec;$ are soldering AR/R max.: +0.25% + 0.05 Q
attached to each end and a .
connection is made between them short time overload, 400 V max. AR/R max.: £0.25% + 0.05 Q
using a resistive metal glaze; the
approximate resistor values are MECHANICAL DATA
dependent on the composition of
the glaze.
The resistive layer is adjusted using
laser trimming techniques to give the protective coat
requir_e nominal vglue. The re§isﬁve resistor layer
layer is covered with a protective I .
coat. Finally, two end electrodes are 0.55 inner electrode
added, the composition of which has * %10 end termination
been designed to provide ease 5&1‘ - e sub
of soldering. o 0.50 +0.25 ceramic substrate

protective coat

Mass: 1.0 g (per 100 units).

‘P] (< 0.45 +0.25 marking

0%

X
X

lI

A
X

+
gﬁp
S

Dimensions in mm.

Fig.1 Outline.
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Philips Components Product specification

High precision resistor chip

size 1206 Ao

Marking

Each resistor is marked with a four T
digit code on the protective coating to (°c)
des:ugnate the nominal 240 20 Kis
resistance value. /

For values up to 976 Q the R is used 175 200 Kis
as a decimal point.

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

of magnitude.

MBA501

45 s max 10s e
1to 9.76 kQ 1 preheating soldering cooling

10to 976kQ 2 Fig.2 Infrared soldering.
100

EXAMPLES:
MBA502

121R =121 Q (°c)
4021 = 402 kQ 250

The packing is also marked and —

includes resistance value, tolerance, N f
TC value, catalogue number, cooling in
quantity, production period, batch free air
number and source code. 8

Soldering conditions

RCO3 resistors are tested for
solderability at a temperature of
230 °C for a period of 2 seconds. The Fig.3 Wave soldering. The resistors may be soldered twice according
test condition for no leaching is to this method if necessary.

260 °C for a period of 60 seconds.
Typical examples of soldering
processes that result into reliable
joints without any damage are given

in Figs. 2, 3 and 4. T MBAS00
(°c)

5s
preheating soldering  cooling

215

10s 60s e
preheating soldering cooling

Fig.4 Vapour phase soldering.
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Product specification

High precision resistor chip

size 1206

RCO03G

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 +0.5%. The values of these
are in accordance with [EC
publication 63.

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).

The temperature coefficient is:
<+100 x 10°%/K for R values
between 100 Q and 249 Q
<450 x 109K for R values
between 249 Q and 1 MQ.

October 1993

COMPOSITION OF THE CATALOGUE NUMBER

CATALOGUE NUMBER
2322725. . ...

RESISTANCE | TOL.
RANGE % | SERIES BLISTER TAPE
5 000
100210 1MQ 05 | E24/E9% .

To complete the catalogue number (see Table above), replace the first three
dots of the remaining code by the first three digits of the resistance value.
Replace the fourth dot by a figure according to the following table:

100to 976 Q
1to 9.76 kQ
10to 97.6 kQ
100to 976 Q
1MQ

96
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Philips Components

Product specification

High precision resistor chip

size 1206

RC03G

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

' 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.

In Table 1, 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

covers the requirements specified by
EIA and EIAJ.

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

Temperature: 15 °C to 35 °C
Relative humidity: 45% to 75%

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

our method of specifying.

Table 1
IEC 68-2
e uee | TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.17 Ta soldering unmounted chips completely immersed for | good tinning; no damage
2 +0.5 s in a solder bath at 230 +10 °C;
flux 600; 0.2% Cl activated
4.18 Tb resistance to | 10 s; 260 £5 °C; flux 600 AR/R max.: £0.25% + 0.05 Q
soldering heat
4.19 Na rapid change |30 minutes at -55 °C and AR/R max.: +0.25% + 0.05 Q
of temperature | 30 minutes at +125 °C; 5 cycles
422 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
4.20 Eb bump 3 x 1 500 bumps in three directions; 40 g | no damage
AR/R max.: £0.25% + 0.05 Q
423 climatic
sequence
4.23.2 Ba dry heat 16 hours; 125 °C
4.23.3 D damp heat 24 hours; 55 °C; 95 to 100% RH
(accel.) 1st
cycle
4.23.4 Aa cold 2 hours; -55 °C
4.23.5 M low air 1 hour; 8.5 kPa; 15 to 35 °C
pressure
4.23.6 D damp heat 5 days; 55 °C; 95 to 100% RH Ris = min. 1 000 MQ
(accel.) AR/R max.: +1% + 0.05 Q
remaining
cycles
4.24.2 Ca damp heat 56 days; 40 °C; 90 to 95% RH, Ri,s = min. 1 000 MQ
(steady state) | dissipation <1.25 mW AR/R max.: £1% + 0.05 Q
4.25.1 endurance 1 000 hours; 70 °C; nominal dissipation AR/R max.: £0.5% + 0.05 Q
4.6.1.1 insulation 200V (DC) min. 10 MQ
L resistance
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Philips Components Product specification
High precision resistor chip
. RCO03G
size 1206
IEC 68-2
'ng‘Jg': TEST TEST PROCEDURE REQUIREMENTS
METHOD
413 short time 5 s; 2 x rated voltage or twice the limiting | AR/R max.: £0.25% + 0.05 Q
overload element voltage
4.8.4.2 temperature | between -55 °C and +155 °C <100 x 10%/K for R values
coefficient between 100 Q and 249 Q
<50 x 10/ for R values
between 249 Q and 1 MQ
4.12 noise IEC publication 195 R < 1kQ: max. 1 pVV
(measured with Quantech - equipment) R < 10 kQ: max. 3 uV/V
R < 100 kQ: max. 6 pV/V
4.23.2 Ba endurance at | 1 000 hours, +125 °C; no load AR/R max.: £0.5% + 0.05 Q;
upper no visual damage
category
temperature
4.7 voltage proof |200 V (RMS) during 1 minute no breakdown
on insulation
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r -

Metal film precision resistor chip
size 1206 MPCO1

FEATURES QUICK REFERENCE DATA
« Reduced size of final equipment Resistance range 100 Q to 100 kQ; preferred values
o Lower assembly costs E24 or E96 series
o Excellent pulse stability for single Resistance tolerance 10.1%
pulse conditions, typical value: Temperature coefficient <25 x 10-9/K
200 W, 1us Abs. max. dissipation at T, = 70 °C 0.125 W
« High stability and low Maximum permissible voltage 100 V (DC or RMS)
temperature coefficient. R,, according to DIN 44050 170 K/W on epoxy fenol board
Climatic category (IEC 68) 55/125/56
APPLICATIONS Basic specification IEC 115-8
o Computers Stability after:
- 0 . 0,
+ Telecommunicaton equipment | |20 0 B2 T 7 T0CT R ma 0.25% + 0.05.0
* Test and measuring equipment. climatic tests AR/R max.: 0.25% + 0.05 Q
soldering AR/R max.: 0.10% + 0.05 Q
DESCRIPTION short time overload, 200 V max. AR/R max.: 0.10% + 0.05 Q

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. protective coat
This is achieved by applying several
layers and for ease of soldering the

MECHANICAL DATA

resistor layer

outer layer consists of a lead tin 055 N inner electrode
alloy. +010 N o
- . . t \| end termination
The resistive layer is covered with a ‘ )
protective coat. _,—L 0.50+0.25 ceramic substrate
Mass: 1.00 gram (per 100 units). protective coat
’| - 0.45+0.25 )
marking
S 2
16 o P % ::E
XX >
+0.15 RS E § o
% %
: 20X o
0 .:- 2 o¥s 2 .I. o]
% MBAB45 - 1

Dimensions in mm.

Fig.1 Outlines.
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Product specification

Metal film precision resistor chip
size 1206

MPCO1

Mounting

Due to their rectangular shape and T
small tolerances on the dimensions, ©c)

Siirface Moiinted Resistors are 240

suitable for handling by automatic
placement systems. Chip placement 175

can be done on ceramic substrates
and printed-circuit boards (PCB’s).
Electrical connection to the circuit
can be made by wave, vapour
phase or infrared soldering. The end

200 K/s

MBAS501

20 K/s

terminations guarantee a reliable

45 s max 10s

contact and the protective coating
enables "face down" mounting.

The robust construction of the
device allows it to be completely

preheating soldering

Fig.2 Infrared soldering.

cooling

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 (°c)
250

other discrete components on the
reverse (mixed PCB’s).

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

first three digits are significant, the
fourth being an indication of

200 K/s f

cooling in
free air
80

MBA502

5s
preheating soldering  cooling

according to this method if necessary.

magnitude.

100 to 976 Q =R

1 to 9.76kQ =1

10 to 97.6kQ =2
100 kQ =3

(°c)

215

EXAMPLES:

121R =121 Q
4021 =4.02 kQ
1003 =100 kQ

MBA500

10s 60s

preheating soldering

Fig.4 Vapour phase soldering.

cooling
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Philips Components Product specification

Metal film precision resistor chip

size 1206 MPCO1

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

Note

MBAS77

series are marked.

Soldering conditions’

|
|
|
|
|
Only resistors from the E24 or E96 :
|
|
|

Surface Mounted Resistors MPCO1 0 50 70 100 125
are tested for solderability at 235 °C Tamb °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,

Fig.5 Maximum dissipation (P, as a function of the ambient
temperature (T,,.).

are given in Figs 2, 3and 4. The limiting voltage (DC or RMS)is  dots of the remaining code by the
100 V. This is the maximum voltage first three digits of the resistance

ELECTRICAL DATA that may be continuously appliedto  value. Replace the fourth dot by a

Standard values of resistance and the resistor element (see IEC figure according to the following

tolerance. publications 115-8). table:

Any ‘I’,‘:'(‘”e in “?: ':'t‘t?;f:" be Dissipation 100to 976 Q 1

f:::t:mé: \rlc:ll:Jeemay be eexprassed The rated power that the resistor 1o 976k 2

in three significant digits and an can dissipate depends on the 10to 97.6kQ 3

indication of magnitude. Values operating temperature, see Fig.5. 100kQ 4

which cannot be expressed in this

way, are available upon request. COMPOSITION OF THE

Resistors from the E24 or E96 CATALOGUE NUMBER

series are marked with four digits.

Resistors outside these series are To complete the catalogue number

not marked. (see Table 1), replace the first three

Table 1 The resistors have a 12-digit catalogue number starting with 2322. Subsequent digits indicate packaging
and resistance as listed in this table.

CATALOGUE NUMBER 2322741 . . . . .
RESISTANCE RANGE Tg/:" TCAR. BLISTER TAPE
1000 5 000
reel reel
100 2 to 100 k2 0.1 125 2. 3.
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Philips Components Product specification
Metal film precision resistor chip MPCO1
size 1206

TESTS AND REQUIREMENTS "Recommended basic climatic and In Table 2 the tests and

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
accordance with IEC publication 68,

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
(860 mbar to 1060 mbar).

requirements are listed with
reference to the relevant clauses of
IEC publications 115-8 and 68: a
short description of the test
procedure is also given. In some
instances deviations from the IEC
recommendations were necessary
for our method of specifying.

Table 2
IEC 115-8 | IEC 68-2
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
417 Ta soldering unmounted chips completely good tinning; no damage
2.20 immersed for 2 +0.5 s in a solder
bath at 235 +5 °C; flux 600
4.18 Tb resistance to 10 s; 260 £5 °C; flux 600 AR/R max.: £0.10% + 0.05 Q
soldering heat
4.19 Na rapid change of 30 minutes at -55 °C and AR/R max.: 0.10% + 0.05 Q
214 temperature 30 minutes at +125 °C; 5 cycles
4.22 Fc vibration frequency: 10 to 500 Hz; no damage
2.6 displacement 1.5 mm or acceleration | AR/R max.: £0.10% + 0.05 Q
10 g; three directions; total 6 hours
4.20 Eb bump 3 x 1 500 bumps in three directions; | no damage
2.29 409 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 (accel.) |24 hours; 55 °C; 95 to 100% RH
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 (accel.) |5 days; 55 °C; 95 to 100% RH R;,s = min. 1 000 MQ
remaining cycles AR/R max.: 0.10% + 0.05 Q
4.24.2 Ca damp heat (steady 56 days; 40 °C; 90 to 95% RH; R;,s = min. 1 000 MQ
2.3 state) dissipation <1.25 mW AR/R max.: 0.25% + 0.05 Q
4.25.1 endurance 1 000 hours; 70 °C; nominal AR/R max.: 0.10% + 0.05 Q
dissipation
46.1.1 insulation resistance | 100 V (DC) after 1 minute min. 10* MQ
4.13 short time overload 5 s; rated voltage or twice the limiting | AR/R max.: 0.10% + 0.05 Q
element voltage
4842 temperature between -55 °C and +125 °C <25 x 109K
coefficient
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Philips Components Product specification
Metal film precision resistor chip MPCO1
size 1206

IEC 115-8 | IEC 68-2
CLAUSE | TEST TEST PROCEDURE REQUIREMENTS
METHOD
4.12 noise IEC publication 195 <0.10 uVV
(measured with Quantech -
equipment)
4.23.2 Ba endurance at upper | 1 000 hours; 125 °C; no load no visual damage
category temperature AR/R max.: 0.10% + 0.05 Q
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% + 0.1 Q
1 s on and 25 s off; 104 cycles

October 1993
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Philips Components Preliminary specification
L]

Trimmable resistor chip
size 1206 RCO02TR

FEATURES QUICK REFERENCE DATA
« Reduced size of final equipment Resistance range 1 Q to 1 MQ; E24 series
3 0, 0,

« Lower assembly costs Resn.stance 'toler.ance 0/-20% and 0/-30%
¢ Specific electrical requirements Maximum trimming factor 2.0x

(such as HF characteristics). Temperature coefficient

1Q<R<499Q <1250 x 10
51Q<R<9.76 Q <1200 x 108

APPLICATIONS 10Q<R<1MQ <+100 x 106
e This trimmable chip_resistor is Abs. max. dlsstpatlon at Tunb =70°C 025 W

suitable for the whole electronic Maximum permissible voltage 200 V (RMS)

'r:‘;l!‘sst'ofv é}:d :a:r:z'acﬁczz"‘:’ Climatic category (IEC 68) 55/155/56

ns.
s in sevi iy Basic specification IEC 115-8
Stability after:

DESCRIPTION load, 1 000 hours at T,,,,, = 70 °C AR/R max.: 1% + 0.05 Q
The resistors are constructed on a Io.ad, 8 000 hours at T, =70 °C AR/R max.: 12%°+ 0.1Q
high grade ceramic body (aluminium chmatp tests AR/R max.: £1.5% + 0.05 Q
oxide). Internal electrodes are soldering AR/R max.: 1% + 0.05 Q
attached to each end and a short time overload, 400 V max. AR/R max.: +1% + 0.1 Q
connection is made between them
using a resistive metal glaze; the Note
approximate resistor values are These stability data are valid for non-trimmed resistors. Some properties can

dlependent on the composition of the  change after trimming because of insufficient lacquering.
glaze.

The resistive layer is coated with a MECHANICAL DATA
protective overglaze. Finally, two
end electrodes are added, the protective coat
composition of which has been
designed to provide ease of

: N
0.55
soldering. 28 §

resistor layer

inner electrode

end termination

Mass: 1.0 g (per 100 units). | N
0.50 +0.25 ceramic substrate

—

Trimming instructions with
YAG-laser showing typical values
for:

protective coat

cutting speed = 30 to 300 mm/s
laser power = 1 to 8 Watt
maximum trimming length = 60%
of resistor film width

minimum distance between end

termination and trimming cut =
0.20 mm L_____ 320* g.;g

minimum distance between cuts
(double-cut) = 0.50 mm. Dimensions in mm.

MBAS64 - 1

Fig.1 Outlines.
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Preliminary specification

Trimmable resistor chip
size 1206

RCO2TR

Protection of laser cut

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

Mounting

The rectangular shape and accurate
dimensions of this device make it
suitable for use with automatic
placement machines. The resistors
can be mounted on either ceramic
substrates or printed-circuit boards
(PCB's) and their protective coating
enables "face down" mounting.

The devices may be connected to
the circuit using a number of
techniques. The robust construction
of the device allows it to be
immersed in a solder bath at a
maximum temperature of 260 °C for
up to one minute. This allows the
surface mounted resistors to be
mounted on one side of a PCB and
other discrete components on the
reverse (mixed PCB'’s).

Soldering conditions

Surface Mounted Resistors are
tested for solderability at a
temperature of 230 °C for a period
of 2 seconds. The test condition for
no leaching is 260 °C for a period of
60 seconds. Typical examples of
soldering processes that result into
reliable joints without any damage
are given in Figs 2, 3 and 4.

Marking

These resistors are not marked.

The packing is marked and includes
resistance value, tolerance,
catalogue number, quantity,
production period and code of origin.

October 1993

MBAs01
(°c)

240 20 K/s

176

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 in
according to this method if necessary.

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

Fig.4 Vapour phase soldering.
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Philips Components

Preliminary specification

Trimmable resistor chip
size 1206

RCO02TR

ELECTRICAL DATA

Standard values of resistance and
tolerance.

Standard values of nominal
resistance are taken from the E24
series with a tolerance 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).

100

Pmax
(% Prated )

50

MBAS578

50 70

165
Tamb €C)

Fig.5 Maximum dissipation (P,,,) as a function of the ambient
temperature (T ,n)-

COMPOSITION OF THE CATALOGUE NUMBER

Table 1
CATALOGUE NUMBER 2322 7249 . . . .
CARDBOARD | BLISTER
RESISTANCE RANGE T?/a"' SERIES TAPE TAPE BULK
5000 5 000 1000
reel reel bag
Q1M 01-20 E24 ON REQUEST
1Qto1MQ 0/-30 E24
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Philips Components

Preliminary specification

Trimmable resistor chip
size 1206

RCO2TR

TESTS AND REQUIREMENTS

Essentially all tests are carried out in
accordance with the schedule of IEC
pubiication 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
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
(860 mbar to 1060 mbar).

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 our method of specifying.

Table 2
IEC 115-8 | IEC 68-2
CLAUSE | TEST TEST PROCEDURE REQUIREMENTS
METHOD
417 Ta soldering unmounted chips completely immersed | good tinning; no damage
for 2 4£0.5 s in a solder bath at
230 £10 °C; flux 600
4.18 Tb resistance to 10 s; 260 °C; flux 600 AR/R max.: £1% + 0.05 Q
soldering heat
4.19 Na rapid change of 30 minutes at -55 °C and AR/R max.: £1% + 0.05 Q
temperature 30 minutes at +155 °C; 5 cycles
4.22 Fc vibration frequency: 10 to 500 Hz; displacement | no damage
1.5 mm or acceleration 10 g; AR/R max.: 10.5% + 0.05 Q
three directions; total 6 hours
4.20 Eb bump 3 x 1 500 bumps in three directions; 40 g | no damage
AR/R max.: £0.5% + 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 Ba dry heat 16 hours; 125 °C
4.23.3 D damp heat 24 hours; 55 °C; 95 to 100% RH
(accel.)
1st cycle
4.23.4 Aa cold 2 hours; -55 °C
4235 M low air 1 hour; 8.5 kPa; 15 to 35 °C
pressure
4.23.6 D damp heat 5 days; 55 °C; 95 to 100% RH R, = min. 1 000 MQ
(accel.) AR/R max.: £1.5% + 0.05 Q
remaining
cycles
4.24.2 Ca damp heat 56 days; 40 °C; 90 to 95% RH; loaded Ri,s = min. 1 000 MQ
(steady state) with 0.01 Pn (IEC steps: 1 to 100 V) AR/R max.: £1.5% + 0.05 Q
4.25.1 endurance 1 000 hours; 70 °C; nominal dissipation | AR/R max.: £1% + 0.05 Q
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Trimmable resistor chip

. RCO2TR
size 1206
IEC 115-8 | IEC 68-2
CLAUSE | TEST TEST PROCEDURE REQUIREMENTS
METHOD
46.1.1 insulation 100V (DC) min. 10* MQ
resistance
413 short time overload | room temperature; dissipation AR/R max.: +1% + 0.05 Q
6.25 x 0.25 W; 5 s (voltage not more
than 2 x limiting voltage)
484.2 temperature between -55 °C and +155 °C 1Q<R<4.99Q:
coefficient +250 x 108
51Q<R<9.76 Q:
+200 x 10-8
10Q<R<1MQ:
+100 x 10-°
412 noise IEC publication 195 R <1 kQ: max. 1 pVAV
(measured with Quantech - equipment) | R < 10 kQ: max. 3 pV/NV
R < 100 kQ: max. 6 uV/V
R <1 MQ: max. 10 pV/V
4.23.2 Ba endurance at 1 000 hours; +155 °C; no load AR/R max.: 1% + 0.05 Q;
upper category no visual damage
temperature
47 voltage proof on 200 V (RMS) during 1 minute no breakdown
insulation
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Philips Components

Low-ohmic resistor chip

size 1206

Product specification

LRCO1

FEATURES

* Reduced size of final equipment

o Lower assembly costs

¢ Higher component and
equipment reliability

* Improved performance at high
frequencies.

APPLICATIONS

o Power supply in small sized
equipment

e Carphones
o Battery loaders
¢ 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. The inner layer consists of a
nickel barrier to prevent leaching.
For ease of soldering the outer layer
of these end terminations is an
electroplated lead/tin alloy.

Mass: 1.00 gram (per 100 units).

October 1993

QUICK REFERENCE DATA

Resistance range

100 mQ to 910 mQ; E24 series

Resistance tolerance

15%; E24 series

Temperature coefficient

load, 1 000 hours at T,,,, = 70 °C
climatic tests

100 mQ <R < 150 mQ <1000 x 10¢/K
150 mQ <R <400 mQ <1700 x 106/K
400mQ <R <1250 x 10¢/K
Abs. max. dissipation at T, = 70 °C | 0.125 W
Operating temperature range -55°C to +125 °C
Climatic category (IEC 68) 55/125/56

Basic specification IEC 115-8
Stability after:

AR/R max.: 3% + 0.1 Q (typ. 1%)
AR/R max.: 3% + 0.1 Q (typ. 1%)

soldering AR/R max.: 1% + 0.05 Q (typ. 0.25%)
short time overload AR/R max.: 1% + 0.05 Q (typ. 0.5%)
MECHANICAL DATA
protective coat
resistor layer
inner electrode
end termination
protective coat
+] ro.so:ozs marking
e 1:' S ‘: ;9~ $ yoe
+1o 15 "3&‘;3?&, gji oot
.-‘-l !! % li MRA973
+ 0.1
3270,
Dimensions in mm.
Fig.1 Outlines.
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Philips Components Product specification

Low-ohmic resistor chip

size 1206 LRCO1

Mounting
MBA501

Due to their rectangular shape and
small tolerances on the dimensions,
Surface Mounted Resistors are 240 20 Kis
suitable for handling by automatic e
placement systems. Chip placement 178 200 Kis
can be done on ceramic substrates
and printed-circuit boards (PCB's).
Electrical connection to the circuit
can be made by wave, vapour
phase or infrared soldering. The end

terminations guarantee a reliable 45 s max 10s R
contact and the protective coating preheating solderng  cooling
enables "face down" mounting.

Fig.2 Infrared soldering.
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 T
Resistors on one side of a PCB and (°c)
other discrete components on the 250
reverse (mixed PCB’s).

MBA502

200 K/s
~a f
cooling in
free air

Soldering conditions

Surface Mounted Resistors are 80
tested for solderability at a
temperature of 235 °C during
2 seconds. The test condition for no 5s
lgachlng is 260 °C for 60 seconds. preheating soidering _cooling
Figures 2, 3 and 4 show typical

examples of soldering processes
that provide reliable joints without
any damage.

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

T MBA500
©c)

215

st 60s e

preheating soldering cooling

Fig.4 Vapour phase soldering.
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Philips Components

Product specification

Low-ohmic resistor chip
size 1206

LRCO1

Marking

The resistor is marked with a four
digit code on the protective coating
to designate the nominal resistance
value. For values from 100 mQ to
910 mQ, the R is used as a decimal
point.

EXAMPLES:

R210 =0.210Q
R560 =0.560 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
determined by the maximum
applicable power. This is the
maximum rated power the resistor
may dissipate.

Dissipation

Figure 5 shows that the rated power
the resistor dissipates is dependent
on the operating temperature.

Temperature coefficient

Figure 6 shows the typical
temperature coefficient of the
resistor.

October 1993

100

Pmax
(% Prated )

50

-~
+————-——_- - ———

100 125
Tamb C)

Fig.5 Maximum dissipation (P,,,) as a function of the ambient
temperature (T o)

1000 MRA972
temperature
coefficient specification limits
1076
500 typical values
0
-500
-1000
100 200 300 500 700 1000

resistive value (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 ... ..
RESlSTA(:g? VALUE 1;?/:;. SERIES BLISTER TAPE

5000

reel
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

"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

In Table 1 the tests and
requirements are listed with
reference to the relevant clauses of
|IEC publications 115-8 and 68: a
short description of the test
procedure is also given. In some
instances deviations from the IEC
recommendations were necessary

for our method of specifying.
by ElAand EIAJ. Relative humidity: 45% to 75% v
The tests are carried out in Air pressure: 86 kPa to 106 kPa
accordance with IEC publication 68, (860 mbar to 1060 mbar).
Table 1
TEST
e auer | METHOD | TEST PROCEDURE REQUIREMENTS
IEC 68-2
Test in accordance with the schedule of IEC publication 115-8
441 visual no holes; clean surface;
examination no damages
442 dimensions gauge 0.45<T<0.65mm
(outline) 1.40<W<1.80mm
3.0<L<33mm
4.5 resistance applied voltage (+0/~10%): 0.1 V R=R,,+ max. 5%
4.18 20 (Tb) resistanceto | 10s; 260 5 °C; flux 600 AR/R max.:+1% +0.05Q
soldering heat
4.29 45 (Xa) component isopropylalcohol no visible damage
solvent H,O
resistance
4.17 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 proof |200 V (AC, RMS) during 1 minute no breakdown and
on flashover
insulation 100 V (DC) after 1 minute min. 10* mQ
4.13 short time room temperature; dissipation 6.25 x Pn; | AR/R max.:+1% + 0.05 Q
overload 5 s; (voltage not more than 2 x V,,,,)
419 14 (Na) rapid change |30 minutes at -55 °C and 'AR/R max.: +1% + 0.05 Q
of temperature | 30 minutes at +125 °C; 5 cycles
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Philips Components Product specification
Low-ohmic resistor chip LRCO1
size 1206

TEST
IEC 115-8 | eTHOD TEST PROCEDURE REQUIREMENTS
CLAUSE
IEC 68-2
Test in accordance with the schedule of IEC publication 115-8
4.23 climatic sequence
4.23.2 2 (Ba) dry heat 16 hours; 125 °C
4.23.3 30 (D) damp heat (accel.) |24 hours; 55 °C; 95 to 100% RH
1stcycle
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 (accel.) |5 days; 55 °C; 95 to 100% RH AR/R max.: +3% + 0.1 Q
remaining cycles
4.6.1.1 insulation resistance | 100 V (DC) after 1 minute R;.s = min. 104 mQ
4242 3 (Ca) damp heat 56 days; 40 °C; 90 to 95% RH; loaded | no visible damage
(steady state) with 0.01 Pn (IEC steps: 4 to 100 V) AR/R max.: £3% + 0.1 Q
4.25.1 endurance 1 000 hours; loaded with Pnor V. no visible damage
(at 70 °C) 1.5 hours on and 0.5 hour off AR/R max.: #3% + 0.1 Q
423.2 Ba endurance at upper | 1 000 hours; 125 °C; no load no visible damage
category temperature AR/R max.: £3% + 0.1 Q
4842 temperature at 20/-55/20 °C, 20/125/20 °C
coefficient 100 MQ <R < 140 mQ AR/R < £1000 x 108K
140 mQ < R <400 mQ AR/R < £700 x 109/K
400mQ<R<1Q AR/R < 250 x 10%/K
Other IEC 115-1 tests
417 20 (Tb) solderability 16 hours steam or 16 hours 155 °C; good tinning
(after ageing) unmounted chips completely immersed | (295% covered);
for 2+0.5 sin a solder bath at no damage
23515 °C; flux 600
4.22 6 (Fc) vibration frequency: 10 to 500 Hz; displacement | no damage
(mounted state) 1.5 mm or acceleration 10 g; AR/R max.: +1% +0.05Q
three directions; total 6 hours
4.20 29 (Eb) bump 3 x 1 500 bumps in three directions; no damage,
(mounted state) 409 AR/R max.: 1% +0.05 Q
Other applicable tests
leaching unmounted chips 60 s; 250 +5 °C good tinning; no leaching
damp heat 1 000 hours; +40 °C; AR/R max.: #3% +0.1 Q
(steady state) JIS) 90 to 95% RH; loaded with PnorV
1.5 hours on and 0.5 hours off
component solvent | method 215: no visual damage
resistance according | freon TMC
to MIL std 202 trichloroethane
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Philips Components Preliminary Specification
L~ - e e

Fusible resistor chip
size 1206 FRCO1

FEATURES QUICK REFERENCE DATA
« Overload protection without risk Resistance range 1 Q to 240 Q, E24 series

of fire Resistance tolerance 5%
¢ Grey coating for ease of Temperature coefficient

recognition 1Qt047Q <250 x 105/K
* Reduced size of final equipment 51Q10240 Q £200 x 109K
« Lower assembly costs Abs. max. dissipation at T, = 70 °C 0.125W
« Higher component and Maximum permissible voltage 200 V (DC or RMS)

equipment reliability. Operating temperature range -55°C to +125 °C

Climatic category (IEC 68) 55/125/56

APPLICATIONS Basic specification IEC 115-8
« Power supply in small sized Stability after:

oaul mse‘:f:p y in smat s load, 1 000 hours at T, , = 70 °C AR/R max.: 3% + 0.1 Q

quip climatic tests AR/R max.: 3% + 0.1 Q
¢ Carphones soldering AR/R max.: 1% + 0.05 Q
o Car radios short time overload, 400 V max. AR/R max.: 1% + 0.05 Q
« Portable stereo equipment.
MECHANICAL DATA
DESCRIPTION
protective coat

The resistors are constructed on a -
high grade ceramic body (aluminium _ resistive layer
oxide). Internal metal electrodes are 0,.‘55 N inner electrode
added at each end and connected +0.10 end termination
by a resistive paste which is applied | - —ﬁ‘ .
to the top surface of the substrate. - 0.50+0.25 ceramic substrate

The composition of the paste is
adjusted to give the approximate ——I (<= 0.45+0.25
resistance required and the value is

trimmed to within tolerance, by laser .
cutting of this resistive layer. 2

grey protective coat

marking

200058
X
X

%
The resistive layer is covered with a 18 ‘ :-(iés&: §
grey protective coating for ease of N X :
recognition and printed with the
resistance value. Finally, the two
external end terminations are +0.1
added. The inner layer consists of a
nickel barrier to prevent leaching.
For ease of soldering the outer layer
of these end terminations is an
electroplated lead/tin alloy. Fig.1 Outlines.

MLB205

Dimensions in mm.

Mass: 1.0 g (per 100 units)

October 1993 121



Philips Components

Preliminary Specification

Fusible resistor chip
size 1206

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
is possible on ceramic substrates
and printed-circuit boards (PCB's).
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 PCB’s).

Soldering conditions

Surface Mounted Resistors are
tested for solderability at a
temperature of 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 marked with a 4-digit
code on the protective coating to
designate the nominal resistance
value.

The R is used as a decimal point.

EXAMPLES:

1R20=12Q

22R0=22Q

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.
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T MBASO1
©c)
240 20 Kis
175 200 K/s
45 s max 10s e
preheating soldering cooling

Fig.2 Infrared soldering.

T MBAS02
(°c)
250
200 Kis
~a f
cooling in
free air
80
5s o
preheating soldering  cooling

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

(°c)

215

7

10s 60s I
preheating soldering cooling

Fig.4 Vapour phase soldering.
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Philips Components

Preliminary Specification

Fusible resistor chip
size 1206

FRCO1

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).

Dissipation

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

Fusing characteristics

The resistor will fuse without the risk
of fire and within an indicated range
of overload. Fusing means that the
resistive value of the resistor
increases at least 1 000 times.

MLB206

100

Pmax
(% Prateq)

50

3 ————

T T
100 125
Tamb ©C)

-55 "] 50

Fig.5 Maximum dissipation (P,,,,) as a function of the ambient
temperature (T ).

The fusing characteristic is
measured with mounted resistors on
a ceramic substrate.

resistor mount (FACE UP)

lead frame mount

ceramic: Al O3

40.3 X 7.6 X 0.635 mm

MsB217

conductor:  NiCr Au 1.5 um
Ni0.5 um

Au 0.1 pm
1.7X1.0mm

Fig.6 Test substrate layout
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Preliminary Specification

Fusible resistor chip

size 1206 FRCO1
100 MsB216 100 MSB219
(;) 30 (;) -
10 10
3 3
1 1
0.3 0.3
0.1 0.1
0.03 0.03
001, 3 4 5 6 7 8 001, 3

P overload (W)

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

Fig.7 Fusing characteristic: 1 Q<R < 4.7 Q.

P overload (W)

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

Fig.8 Fusing characteristic: 4.7 Q <R < 100 Q.

100 MSB220
t
©) 59
10
3
1
0.3
0.1
0.03
0.01 e i
3 4 5 6 7 8
P overload (W)

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

Fig.9 Fusing characteristic: 100 Q < R <250 Q.
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Fusible resistor chip

. FRCO1
size 1206

COMPOSITION OF THE CATALOGUE NUMBER

Table 1 The resistors have a 12-digit catalogue number starting with 2322 750. Subsequent digits indicate
packaging and resistance as listed in this table

CATALOGUE NUMBER
ToL. 2322750. . . ..
RESISTANCE RANGE % SERIES BLISTER TAPE
5 000 per reel 10 000 per reel
1Qt0240 Q 15 E24 6.... 7.

To complete the catalogue number (see Table 1), replace the first three dots of the remaining code by the first three
digits of the resistance value. Replace the fourth dot by a figure according to the following table:

ito 9.1Q: 8
10to 91Q: 9
100to 240Q: 1

Ordering Example

The catalogue number of a FRCO1 resistor, value 200 Q, packed in blister tape and supplied on a reel of 5 000 units is
2322 750 62001.
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Preliminary Specification

Fusible resistor chip
size 1206

FRCO1

TESTS AND REQUIREMENTS

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

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: 43% to 73%
Air pressure: 86 kPa to 106 kPa

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 our method of specifying.

The tests are carried out in (860 mbar to 1060 mbar).
accordance with IEC publication 68,
*Recommended basic climatic and
Table 2
IEC 115-1 | IEC 68-2
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
Tests in accordance with the schedule of IEC publication 115-8
441 visual no holes; clean surface; no
examination damage
442 dimensions gauge 0.45 mm < T <0.65 mm
(outline) 1.40 mm < W < 1.80 mm
3.0mm<L<3.3mm
45 resistance applied voltage (+0/ —10%): R =R, tmax. 5%
R<10Q: 01V
10Q<R<100Q:03V
4.18 20 (Tb) resistanceto | 10s; 260 5 °C; flux 600 AR/R max.: 1% + 0.05 Q
soldering heat
4.29 45 (Xa) component isopropylalcohol no visible damage
solvent H,0
resistance
417 20 (Ta) solderability unmounted chips completely immersed | good tinning
for 2 £0.5 s in a solder bath at (295% covered); no damage
235 15 °C; flux 600
4.7 voltage proof |200 V (AC RMS) during 1 minute no breakdown and flashover
on insulation | 100 V (DC); after 1 minute min. 10* MQ
4.13 short time room temperature; dissipation 6.25 x Pn; | AR/R max.: +1% + 0.05 Q
overload 5 s (voltage not more than 2 x V,,,,)
4.19 14 (Na) rapid change | 3C minutes at -85 °C and AR/R max.: 1% +0.05 Q
of temperature | 30 minutes at +125 °C; 5 cycles
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Preliminary Specification

Fusible resistor chip

. FRCO1
size 1206
IEC 115-1 IEC 68-2
CLAUSE TEST TEST PROCEDURE REQUIREMENTS
METHOD
Tests in accordance with the schedule of IEC publication 115-8
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% R.H.
(accel.)
1stcycle
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% R.H. AR/R max.: 1% +0.05 Q
(accel.)
remaining
cycles
46.1.1 insulation 100 V (DC) after 1 minute Ris = min. 10* MQ
resistance
4242 3 (Ca) damp heat 56 days; 40 °C; 90 to 93% R.H.; loaded | no visible damage
(steady state) | with 0.01 Pn (IEC steps: 4 to 100 V) AR/R max.: 3% + 0.1 Q
4.25.1 endurance 1 000 hours; loaded with Pnor V,,; no visible damage
(at 70 °C) 1.5 hours on and 0.5 hours off AR/R max.: £3% + 0.1 Q
4232 Ba endurance at 1 000 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; 20/125/20 °C AR/R max.: £250 x 10-8/K
coefficient 1Q<R247Q AR/R max.: £200 x 10-¢/K

51Q<R<240Q

Tests in accordance with

IEC publication 115-1

(measured with Quantech equipment)

417 20 (Tb) solderability 16 hours steam or 16 hours 155 °C; good tinning (295%
(after ageing) | unmounted chips completely immersed | covered); no damage
for 2+0.5 s in a solder bath at
23515 °C; flux 600
4.22 6 (Fc) vibration frequency 10 to 500 Hz; displacement | no damage
(mounted state) | 1.5 mm or acceleration 10 g, AR/R max.: 1% + 0.05 Q
3 directions; total 6 hours
4.20 29 (Eb) bump 3 x 1 500 bumps in 3 directions; 40 g no damage,
(mounted state) AR/R max.: +1% + 0.05 Q
4.12 noise |IEC publication 195 R <1 kQ: max. 1 uV/V

Other applicable tests

hours on and 0.5 hours off

leaching unmounted chips; 60 s; 250 5 °C good tinning; no leaching
(JIS) damp heat | 1 000 hours; +40 °C; 90 to 95% R.H.; AR/R max.: #5% + 0.1 Q
(steady state) | loaded with Pn or 200 V; max. 1.5
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Philips Components

Power resistor chip
size 1218

FEATURES

¢ Reduced size of final equipment

o Lower assembly costs

« Higher component and
equipment reliability

o Improved performance at high
frequencies.

APPLICATIONS

o Power supplies in small sized
equipment

o Camcorders

¢ Portable radios

¢ CD and cassette players.

DESCRIPTION

The resistors are constructed on a
high grade ceramic body (aluminium
oxide). Intemal 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. Finally, the two
external end terminations are
added. The inner layer consists of a
nickel barrier to prevent leaching.
For ease of soldering the outer layer
of these end terminations is an
electroplated leadAin alloy.

Mass: 3 g (per 100 units).
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QUICK REFERENCE DATA

Preliminary specification

PRC201

Resistance range

1 Qto 1 MQ; E24 series

Resistance tolerance

15%

Temperature coefficient

load, 1 000 hours at T, =70 °C
climatic tests

resistance to soldering heat test
short time overload

1Qt010Q <200 x 109K

11 Qto 1 MQ <4100 x 109K
Abs. max. dissipation at T, = 70 °C 1W
Maximum permissible voltage 200 V (DC or RMS)
Operating temperature range -55 °C to +155 °C
Basic specification IEC 115-8
Stability after:

AR/R max.: 3% + 0.10 Q
AR/R max.: 3% + 0.10 Q
AR/R max.: 1% + 0.05 Q
AR/R max.: 1% + 0.05 Q

MECHANICAL DATA

%
o,

Dimensions in mm.

L'— 3.05+0.15 J

protective coat
resistor layer
inner electrode

end termination
ceramic substrate

protective coat

MRAB29

Fig.1 Outlines.
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Philips Components Preliminary specification

Power resistor chip

size 1218 PRC201

Mounting

Due to their rectangular shape and T Measot

small tolerances on the dimensions, (°c)
Surface Mounted Resistors are 240 20Ks
suitable for handling by automatic
placement systems. Chip placement 175
is possible on ceramic substrates
and printed-circuit boards (PCB’s).
Electrical connection to the circuit is
by wave, vapour phase or infrared
soldering. The end terminations
guarantee a reliable contact and the 45 s max 10s o
protective coating enables "face preheating soldering  cooling
down" mounting.

200 K/s

Ensure that the temperature rise Fig.2 Infrared soldering.

of the resistor body does not
affect nearby components or
materials by conducted or
convected heat. T Maasoz
(°c)
250

The hot-spot temperature and the
solder joint temperature rise of the
resistor body, are dependent on
both the PCB material and mounting
position. Figure 5 shows the cooling in
hot-spot temperature and the solder - free air
joint temperature rise of the resistor

body, horizontally mounted, as a
function of dissipated power.

200 K/s

5s
The robust construction of the preheating soldering _ cooling
device allows it to be completely

immersed in a solder bath of 260 °C Fig.3 Wave soldering. The resistors may be soldered twice

for one minute. Therefore, it is according to this method if necessary.
possible to mount Surface Mounted

Resistors on one side of a PCB
board and other discrete
components on the reverse (mixed T
PCB?s). (°c)

MBA500

215

Soldering conditions

Surface Mounted Resistors are
tested for solderability at a
temperature of 235 °C during

2 seconds. The test condition for no
leaching is 260 °C for 60 seconds. y
Typical examples of soldering 10s 60s

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

Fig.4 Vapour phase soldering.
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Power resistor chip
. PRC201
size 1218
200 MRAB30 200 MRAB31
temperature A temperature B
rise rise

(°c) Co)
o pd

150 /
/ hot-spot
A

50 — 50 / " der joint.{
/\//¢ solder joint //
0 0
0 0.2 04 0.6 08 1 0 0.2 04 0.6 0.8 1
dissipated power (W) dissipated power (W)

A. PRC201 horizontally mounted on ceramic PCB.
B. PRC201 horizontally mounted on FR4 PCB.

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

Marking
100 MBDoeT The resistor is marked with the nominal resistance value.
AT For values up to 910 Q, the letter R is used as a decimal
o hot-spot —_| point.
| /
75 bottom sxlde}, / For vah_:es of 1_ kQ and upwa.rdg th.e letter K is used as
L v the decimal point for the kQ indication.
| —1
50 //’// The packing is marked and includes resistance value,
4 /SO der epol tolerance, TC value, catalogue number, quantity,
A - e production period, batch number and source code.
/
25 / v/
"4
0
0 0.2 0.4 06 0.8 1.0
load power (W)

Fig.6 Temperature rise at hot-spot and solder

joint as a function of dissipated power, for a
PRC201 resistor horizontally mounted on test

substrate.
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Power resistor chip

. PRC201
size 1218
coa 1 n electroplated (SnPb) Cu 35
2.0
20 5
85 | MBD0%6
Fig.7 Test substrate lay out.
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
publications 115-8).

Dissipation

The rated power that the resistor
dissipates is dependent on the
operating temperature, see Fig.8.

October 1993

Fnax MRAG32
(% Rated)
100
50
0 T T T Y
-55 0 50 70 100 155
Tamb (°C)

Fig.8 Maximum dissipation (P,,,,) as a function of the ambient
temperature (T,.)-
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Power resistor chip

size 1218 PRC201

COMPOSITION OF THE CATALOGUE NUMBER

Table 1 The resistors have a 12-digit catalogue number starting with 2322 735. Subsequent digits indicate
packaging and resistance as listed in this table.

CATALOGUE NUMBER 2322735 . . . . .
RESISTANCE RANGE T(?/:;' SERIES BLISTER TAPE
1000 2000 5000
per reel per reel per reel
TQto1MQ 15 E24 30... 50... 60...

To complete the catalogue number (see Table 1), replace the first two dots of the remaining code by the first two digits
of the resistance value. Replace the third dot by a figure according to the following table:

1to 91Q
i0to 91Q
100to 910Q
1to 9.1kQ
10to 91kQ
100to 910kQ
1MQ

g H WN = O o

Ordering example
The catalogue number of a PRC201 resistor, value 470 Q, supplied in a reel of 5 000 units is 2322 735 60471.
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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
55/155/56 (rated temperature range
-55 to +155 °C; damp heat, long
term, 56 days). The testing also
covers the requirements specified
by ElA and EIAJ.

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

"Recommended basic climatic and
mechanical robustness testing
procedure for electronic
components"” and under standard
atmospheric conditions in
accordance with 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
(860 mbar to 1060 mbar).

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 our method of specifying.

Table 2
IEC 115-8 | TEST
CLAUSE | METHOD TEST PROCEDURE REQUIREMENTS
IEC 68-2
Test according to the schedule of IEC publication 115-8
441 visual no holes; clean surface;
examination no damage
4.4.2 dimensions gauge 0.45mm < T<0.65 mm
(outline) 44mm<W<4.8mm
29mm<L<32mm
45 resistance applied voltage (+0/-10%): R = R,om 5% max.
R<10Q: 01V
10Q<R<100Q: 03V
100Q<R<1kQ:1V
1kQ<R<10kQ: 3V
10kQ <R <100 kQ: 10V
100kQ<R<1MQ:25V
1MQ<R: 50V
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 isopropylalcohol no visible damage
solvent H,0
resistance
4.17 20 (Ta) solderability unmounted chips completely immersed for | good tinning
210.5 sin a solder bath at 235 +5 °C; (295% covered); no damage
flux 600
4.7 voltage proof | 150V (AC, RMS) during 1 minute no breakdown or flashover
on insulation 100 V (DC) after 1 minute min. 104 MQ
4.13 short time room temperature; dissipation 6.25 x P,; AR/R max.: £1% + 0.05 Q
overload 5 s (voltage not more than 2 x V,,.,)
4.33 bending resistors mounted on a glass epoxy resin no damage
printed-circuit board (FR4): AR/R max.: 1% + 0.05 Q
bending 2 mm over 90 mm
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size 1218

IEC 115-8 | TEST

CLAUSE | METHOD TEST PROCEDURE REQUIREMENTS
IEC 68-2

Test according to the schedule of IEC publication 115-8

419 14 (Na) rapid change of 30 minutes at -55 °C and no visible damage
temperature 30 minutes at +155 °C; 5 cycles AR/R max.: £1% + 0.05 Q
423 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
(accel.)
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 AR/R max.: £3% + 0.1 Q
(accel.)
remaining cycles
46.1.1 insulation 100 V (DC) applied for 1 minute R, = min. 10* MQ
resistance
4242 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 P, or V, . 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 Ba endurance at 1 000 hours; 155 °C; no load no visible damage
upper category AR/R max.: £3% + 0.1 Q
temperature
4842 temperature at 20/-55/20 °C, 20/155/20 °C 1Q<R<10Q:
coefficient AR/R max.: 200 x 10-8/K

1M1 Q<R:
AR/R max.: £100 x 10¢/K

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

(mounted state)

417 20 (Tb) solderability 16 hours steam or 16 hours at 155 °C; good tinning
(after ageing) unmounted chips completely immersed | (295% covered); no
for 2 £0.5 s in a solder bath at damage
235 15 °C; flux 600
4.22 6 (Fc) vibration frequency 10 to 500 Hz; displacement no damage
(mounted state) 1.5 mm or acceleration 10 g; AR/R max.: £1% + 0.05 Q
three directions; total 6 hours
4.20 29 (Eb) bump 3 x 1 500 bumps in three directions; 40 g | no damage

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

Other applicable tests

leaching unmounted chips; 250 +5 °C; 60 s good tinning; no leaching
component method 215 no visual damage
solvent resistance

according to

MIL std 202
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RESISTANCE TOL. DISSIPATION CATA|
TYPE RANGE (%) °C W NumBeR | PAGE
Carbon film 1Qto 10 MQ 5 70 0.33 CR25 159
Standard film 1Qto3MQ 5 70 0.50 SFR16 169
1Qto 10 MQ 0.40 SFR25 177
0.50 SFR25H 177
CECC
Fusible 1Qto 15kQ 5 70 0.33 NFR25 189
0.50 NFR25H 199
Metal film 4.99 Q to IMQ 1 70 0.40 MRS16T 209
1Qto 10 MQ 0.60 MRS25 217
1Qto 1 MQ 0.5 0.40 MR25 225
0.50 MR30 225
4.99 Qto 1 MQ 1 1.0 MR52 225
MIL metal film 10 Qto 1 MQ 1 70 0.125 MR24D 235
0.25 MR34D 235
0.5 MR54D 235
0.75 MR74D 235
49.9 Qto 1 MQ 0.1; 0.25; 125 0.1 MR24E/C 235
0.5 0.125 MR34E/C 235
0.25 MRS54E/C 235
249 Qto 1 MQ 1 0.5 MR74E/C 235
Precision metal film 24 Q to 100 kQ 0.05; 0.02; 70 0.125 MPR24 239
0.01 0.25 MPR34 239
499 Qto 1 MQ 0.5; 0.25; 0.25 MPR24 239
0.1 0.40 MPR34 239
High voltage 100 kQ to 22 MQ 1;5; 10 70 0.25 VR25 251
100 kQ to 33 MQ 1;5 0.50 VR37 259
100 kQ to 68 MQ 1.0 VR68 259
Power metal film 1Qto1MQ 5 70 1.0 PRO1 269
2.0 PRO02 277
3.0 PRO3 285
1 Qto 27 kQ 1.60 PR37 293
30 kQ to 1 MQ 1.20 PR37 293
1 Qto51kQ 2.50 PR52 301
586 kQ to 1 MQ 2.00 PR52 301
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RESISTANCE TOL. DISSIPATION CATALOGUE
TYPE RANGE (%) at °C W NUMBER PAGE

Cemented wirewound | 0.1 Qto 1.5 kQ 5 70 0.90 ACO1 311

0.1 Qto 33kQ 5;10 40 3.00 ACO03 319

4.00 AC04 319

5.00 AC05 319

7.00 AC07 319

10.0 AC10 319

15.0 AC15 319

20.0 AC20 319

Enamelled 4.7 Q1o 100 kQ 5;10 70 4.00 WRO0617E 329

wirewound

7.00 WRO0825E 329

5 11.0 WRO0842E 329

17.0 WRO0865E 329

Stand-up miniature 0.1 Q to 560 Q 5 70 2.00 SMWO02 335
power wirewound

3.00 SMWO03 335

5.00 SMWO05 335

Precision wirewound |0.22 Q to 12 kQ +1 25 2.0 PACO02 343

3.0 PAC03 343

4.0 PAC04 343

5.0 PAC05 343

6.0 PAC06 343
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INTRODUCTION

The data are presented - whenever possible - according
to a “format®, in which the following items are stated:

TITLE

FEATURES

APPLICATION

QUICK REFERENCE DATA

DESCRIPTION

MECHANICAL DATA

Mass

Mounting

Marking

ELECTRICAL DATA

Standard values of rated resistance and tolerance
COMPOSITION OF THE CATALOGUE NUMBER
TESTS AND REQUIREMENTS

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. Fiim 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 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 L2; L1 is the body length,
L2 is the body length plus lacquer on the leads. By
specifying L1/1.2, the dimensional "clean lead to clean
lead" properties can be determined.

The length of the cylindrical body (L1) 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 (IEC publication 194).

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

L1 ——
: 1
[ ————— ]
lr—\ ‘Qd
4 MBC684
L2 2D

Fig.1 Component outline.
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28+2 l L1 1 28+ 2
7 7
_ ¥
4 LI‘{ ¥
—_ ‘ = o
L 77 }
% }
7y @D MBC673
Dimensions in mm. gauge plate

Fig.2 Measurement of dimension (L1).

0.5
max
8.7
+05
|
241
)
f
41‘.1»|
11 +1 1
23 +1
Y
206
MBCs8s U

Dimensions in mm.

The bent lead is partially covered with insulating
lacquer having a breakdown voltage of at least
50V (DC).

Fig.3 (SFR25, VR25A) are available as "stand-up”
types and shown in the ‘mounted’ position.

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

d HOLE DIAMETER
(mm) (mm)
05 0.8
0.6 1.0
0.7 1.0
0.8 12
Mass

The mass weight is given per 100 resistors.

Mounting

Most types with straight axial leads and most in the
"stand-up" version (radial leads) 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
IEC 115-1 clause 4.5. The coloured bands indicate the
nominal resistance, the tolerance on the resistance
and, if applicable, the temperature coefficient. A
maximum of bands may be used, but in some instances
there are fewer, e.g. if the products are too small. 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

October 1993

144




Philips Components

Fixed Resistors

General Introduction - leaded resistors

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 IEC publication 63 and as
indicated in the relevant data sheet and printed on the
inside cover of this book.

—{ W7

Fig.4 Marking.

%>==

MBC682

Body colours

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

tan CR25

light green SFR25/SFR16T/SFR16S

grey NFR25, NFR25H

green MR25, MR30, MR52, MR24E/C/D,
MR34E/C/D, MR54E/C/D, MR74E/C/D,
MPR24, MPR34, MRS16T, MRS25,
AC04, ACO05, AC07, AC10, AC15, AC20

light blue  VR25, VR37, VR68

red PR37, PR52, PRO1, PR02, PR0O3

brown WRO0167E, WR0842E, WR0825E,
WRO0865E

red-brown SFR25H

Certain resistors are not coded by colour bands but by a
stamp giving pertinent data (alphanumeric marking). This
is adopted with MIL types MR24E/C/D, MR34E/C/D,
MR54E/C/D and MR74E/C/D, as well as PR37 and
PR52. Resistors outside the standard IEC 63 series of
types MPR24 and MPR34, are stamped. All wirewound
resistors are stamped.

October 1993

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 = Ax P. The
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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 materiais used and to a iesser degiese,
the way of mounting. The sum of the temperature rise
and the ambient temperature is:

T = Tams + AT
where

T, = hot-spot temperature
T.m = 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.

Summarizing

dimensions and conductance heat resistance

of materials determine

heat resistance x dissipation
temperature rise + ambient
temperature

hot-spot temperature and
resistance value determine

= temperature rise
= hot-spot temperature

stability

October 1993

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 Pand T,, = T, + AT it follows that:

Tm - Tamb
P= A

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 |

ar,” A

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

The stability %q 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 %? is plotted against T,

A combination of the graphs of P and %? against T,

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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0.8

w)
0.4 4
0.3 4
AR 27
Y (%) 0.1
T

-
—_——————-39m

Fig.5 Performance nomogram (for a fictitious resistor) illustrating the way of specifying the performance of
film resistors.

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
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.

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 10 000 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 of
0.5% intersects the 100 Q resistance line at (point b),
corresponding to a hot-spot temperature of 112 °C
(point ¢).

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 °C 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
R,om = 1 MQ between -55 °C and +155 °C is
+100 x 10-9/K its resistance will be:

at 25 °C:

1 000 000 Q (nominal = rated value)

at+155 °C:

1 000 000 Q +(130 x 100 x 10-%) x 1 000 000 Q

=1013 000 Q or 987 000 Q

at -55 °C:

1 000 000  +(80 x 100 x 10-6) x 1 000 000 Q

=1008 000 Q or 992 000 Q

If the temperature coefficient is specified as <100 x 10-¢/K
the resistance will be within the shaded area.

+1.3%

+0.8%

Rnom

-0.8%

-1.3%

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

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 (T,s) of the resistor in
relation to the ambient temperature (T,,,,) and the load
(P) of the resistor, as follows:

Ths = Tamo + P X Ry,

The thermal resistance given in the specification is
determined according to the following arrangement
(Part DIN 44050) (T, between 20 and 25 °C).

The resistor is mounted on a PCB which is set up
vertically, with the resistor horizontal. Using an infrared
camera, a thermal image is made of the resistor, thus

e P R P PRI O

defining the hot-spot and soider-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 load 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
peak pulse power, P, and pulse duration, . 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
loading.

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.

—’r—LS

connecting
point

copper 35 um
not tinned

Dimensions in mm. i
e

T
]\ hole © 1.2

MLB380

Fig.7 Mounting dimensions.

October 1993

149




Philips Components

Fixed Resistors General Introduction - leaded resistors
103 MBC677
A N
Pmax [N
™ I~ N ~
S| P for single pulseH
TH '\\ (theoretical)
102 lp/ﬁi = ad N
e~ 10\00 ClH < Il — afor single pulse ~
\\~ = 00 ! =l 1] (experimental) H
2 +
\ il .
LT 200 [ ! ~N
T T T oo | N
L M~ W
o T 50 ) | [Ty N
+ ~
T 20 ! N
— N
70 t s
fl T —
4 5 4 L TTINN ™
t 1 P~ N
e~ A N
, | . | M_’\Et Pmax loJr\\_
= . pulses gl
T T — i
T - T T =TT HHE =TT HHE = ARRequalito [T
¥ +—P for continuous load continuous load
1 1
[ 1
[ 1
107! -
1076 1075 10” 1073 1072 1071 t; (8 1

Fig.8 Max. permissible peak pulse power (ﬁ’m) as a function of pulse duration (t) for a typical resistor.

MBC678
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]
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Fig.9 Max. permissible peak pulse voltage (me) as a function of pulse duration (t) for a typical resistor.
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MGA208

Vil-

Fig.10 Rectangular pulses.

MGA207

Fig.11 Exponential pulses.

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

P = applied peak pulse power

f’m = maximum permissible peak pulse power (Fig.8)
V, = applied peak pulse voltage (Figs 10 and 11)
\7,,,, = maximum pemissible peak pulse voltage (Fig.9)
R, = nominal resistance value

t = pulse duration (rectangular pulses)

t = puise repetition time

r = time constant (exponential pulses)

T.mp = ambient temperature

Thep = maximum hot-spot temperature of the resistor.

Definitions of pulse load behaviour; metal film
resistors (R > 10 Q)

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.

October 1993

Determination of pulse loading

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

~Tem=70°C

- Thep 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.

For repetitive rectangular pulses:

2

vV, .
- —,’? must be lower than the value of P, given by

the solid lines of Fig.8 for the applicable value of t;
and duty cycle t A,

- V, must be lower than the value of V,,, given in
Fig.9 for the applicable value of t.

For repetitive exponential pulses:
— As for rectangular pulses, except thatt, =0.5r.

o For single rectangular pulses:

151

2

Vv, .
- —'; 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 \7,,,,, given in
Fig.9 for the applicable value of t.




Philips Components

Fixed Resistors

General Introduction - leaded resistors

Examples

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

1. CONTINUOUS PULSE TRAIN
A 100 Q resistor is required to operate under the
following conditions: V;=40 V; = 105 s; t, = 103 s.
Therefore:

.
~100

For

1
1

T

P

- =100

t
=16 Wand-f:
i

Q

t
t=10-°sand £ =100
i

figure 8 gives Ismnx =19 W and Fig.9 gives
Vax = 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:

V,;=200V;t=10*s.

Therefore:
_ 2002

max~ 1000

The dashed curve of Fig.8 shows thatatt = 10 s,

the permissible P, = 70 W and Fig.9 shows a

permissible V,,, of 480 V, so again this resistor may

be used.

P =40W.
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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 IEC 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 PACKING

Most types may be processed automatically and are
supplied on tape for this purpose, i.e. 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 13.
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AN 0.8 max displacement between any SN
[+ 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 = centricity
0.5 mm is the maximum displacement between any two resistors for types SFR16T, MRS16T, and MRS16TIi.

Fig.12 Axial on tape.
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Ah\w*Ah
U

' 1

i

Hy

[

R ::Vn VXVZVU /%’K
I‘_)E; 6 : it 3\ 0 w, {_\}

pR e
ay Jdelle el ol

MBC676

1
' l’i_\[ ' 00=30° to 40° Ly
Jalh dah asseee, a0,

detail A

Dimensions in mm.

Fig.13 Radial on bandolier (see Table 3).
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Extraction force for components in the tape plane, vertically to the direction of unreeling: >5N.

~al

Bandoliers may be supplied concertinaed in a cardboard box ("ammopack®).

Fig.14 Bandolier in ammopack.

Table 3 Taping dimensions
Body diameter
Body length
Lead wire diameter
Pitch of components
Feed hole pitch
Cummulative pitch error

Feed hole centre to lead at topside of the tape P,

Feed hole centre to body centre
Lead to lead distance
Component alignment
Component alignment

Tape width

Hold down tape

Hola nosition

iole position
Hold down tape position

Lead wire clinch height

Component height

Feed hole diameter

Total tape thickness

Length of snipped lead

Lead wire (tape portion) shortest lead

October 1993
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229030' (16x)

XX

r1

30 77 856 Q

IR

- [ 225

"

MBCes7
-\ —!

-—— R—>
220 mm leader at
beginning and end

'

Dimensions in mm.

Fig.15 Bandolier on reel.
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Product specification

Carbon film resistor

FEATURE

e Low cost.

APPLICATIONS

o Low cost/low performance
o Commodity products.

DESCRIPTION

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

CR25
L]

QUICK REFERENCE DATA

Resistance range 1 Q to 10 MQ, E24 series
Resistance tolerance 15%

Absolute maximum dissipation at 0.33W

Toms = 70 °C; note

Basic specifications IEC 115-1 and 115-2

Climatic category 55/155/56

Stability after

load (see Fig. 2)

climatic tests

R <220 kQ AR/R max. 1.5% +0.1 Q

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

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 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.

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 nominal resistance, tolerance
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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1. Dissipation at T,,, = 70 °C which causes the maximum permissible hot-spot
temperature of 155 °C to occur, irrespective of the resistance drift provoked
by this condition.

MECHANICAL DATA
L1
_ L] .
( ' 1—0d
— }
_' } MBCs84
oD
L2
Dimensions in mm.
Fig.1 Component outline.
Table 1
TVDE n 14 19 n
TYPE Duax. L1 L2ax. D
CR25 25 6.5 7.5 0.6

The length of the body L1 (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

(IEC publication 294).
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Carbon film resistor CR25
ELECTRICAL DATA
MEA55]{ Tamb=
Standard values of rated 0.6 | |2000
resistance and tolerance P | '
(W)
Standard values of rated resistance 05 40°C
(nominal resistance) are taken from ’
the E24 series within the range 1 Qto 609G
10 MQ. The tolerance on the rated 044 f
resistance is 5%.
. ] 80°C
The limiting voltage (DC or RMS) is
250 V. This is the maximum voltage 031 .
that may be continuously applied to Hp10Te
the resistor element, see IEC | |
publication 115-1. 02 120°C
Figure 2 is a performance nomogram
showing the relationship between 0.1 140°C
power dissipation (P), ambient | ;
temperature (T,,,), hot-spot 1] 155 °C
temperature (T,,), resistance value 5 ) &
60 100 | 120 Tm ©
(R), and maximum resistance drift 140 Tm (0
(AR/R) after 1000 hours of operation. | R=
0.5 ¢ ~ ~ AN [ =<1000Q
For continuous operation longer or %‘ ~— i N
shorter than 1000 hours (t,), the after 1000 | ~ | N N | T4 1k
stability can be approximated by hours N \\\\ \\|
multiplying the drift (AR/R) after 1000 ) 2 N I 10ka
hours, with the square root of the time ~ |
ratio as in the following equation: 5 P> - S~ 100 kQ
(AR/R after x h) = 0 = = 1 Mo
(AR/R after 1000 h) x (t/1000)"2. N ;
Notes on nomogram 20 3
10MQ
1. The nomogram should not be l

extended beyond the maximum
permissible hot-spot temperature
of 155 °C.

2. The resistance change given by the
nomogram for P = O 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 for 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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Fig.2 Drift nomogram.

5. IEC publication 115-1 is still based
on the conventional method of rating
resistors by a fixed “rated dissipation
at 70 °C requiring at that dissipation a
fixed maximum permissibie 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 bridge
the gap between the system of IEC
115-1 and our system. In this figure

160

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 shouid not rise above
155 °C (horizontal part of the curve).
In our specification the curve of Fig.2
replaces the rated dissipation.
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Carbon film resistor CR25
10 MEAS588
P
W)
1
S
= Sa CR25
'\\\
10!
T N\
1072 \‘
<102 103 104 108 108 R (@) 107

Fig.3 Maximum permissible dissipation at T,,,, = 70 °C as a function of the resistance value for a resistance dr
of 1.5% after 1000 hours, or for a maximum temperature of 155 °C without reaching the resistance drift

1.5%, limiting voltage being taken into account.

MEA590
-800
temp. coeff. | o
106
(107°/K) )
/
-600 y
’f
)4
'I
/| Pg
v A
P A
-400 oy o
90 % confidence interval | _-HT // A%y
[ 4 HE - | i+ _r
T i __—————-—"—‘——_--—-’:_ | e | ==t =TT -
-200 ——F T [
T
0 2 3 4 s s ,
10 10 10 10 10 R (@) 10

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

Fig.4 Temperature coefficient as a function of the resistance value.

L
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Carbon film resistor CR25
20 MEA589 9
16 6.6
) L o
12 4
o
8 it 25
CcR25|_171
e
4 /_,/ 17
/f‘
0 1
—4 A 0.67
P
-8 > 1 0.4
w""
-12 ] 0.25
A
W
-16 = 0.15
1]
-20 e 0.1
10 102 103 104 105 108 R@ 107
95% higher confidence limits.
Fig.5 Noise as a function of the resistance value; 0 dB = 1 uV/V.

High frequency behaviour
The behaviour of a resistor at high

PPN PP P PR gy Ry

frequencies is influenced not only by
its construction but also by external ;@—1
factors such as the length of the g !
leads, environmental stray [] 20
capacitances and the measuring T
apparatus. These factors have to be @_'
considered when measuring. The

following table gives typical values

under test conditions at 250 MHz
using the measuring arrangement

6
shown in Fig.6. An RX-meter type 3
250 A of Boonton Radio Corporation Z

is used. ? MEAS93

Fig.6 Measuring arrangement.
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Carbon film resistor

CR25

Table 2 Frequency: 250 MHz

CR25
RNOM !ZI a
Q) Rn(_)m (deg)
10 2.97 70
22 1.61 51
56 1.07 28
100 1.02 22
220 0.99 9
560 0.97 -5
1000 0.92 -15
2200 0.82 -35
5600 0.41 -66
COMPOSITION OF THE 1109.1Q 8 Ordering Example
CATALOGUE NUMBER 101091 Q 9 The catalogue number of a CR25
To complete the catalogue number 100t0910Q 1 resistor, value 5600 Q +5%, on a
(see Table 3), replace the first two 1109.1 kQ 2 52 mm bandolier of 5000 units is
dots of the remaining code by the first 2322 211 23562.
two digits of the resistance value. 0w09lka 3
Replace the third dot by a figure 100to 910kQ 4
according to the following table: 1t09.13MQ 5
10 MQ 6

Table 3 The resistors have a 12-digit catalogue number starting with 2322. Subsequent digits indicate packaging and

resistance as listed in this table

LIMITING
RESISTANCE TOL. VOLTAGE CATALOGUE
TYPE RANGE (%) RMS VALUE | PACKING | QUANTITY NUMBER
(\)]
CR25 1Qto 10MQ 15 250 on reel 5000 2322 211 23...
TQt0 10MQ 5 250 in box 5000 2322 211 73...
Note

1. Other packing versions are available upon request

October 1993
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Carbon film resistor

CR25

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 to +155 °C; damp heat, long

term, 56 days) and in accordance with
IEC publication 68 ‘Recommended
basic climatic and mechanical
robustness testing procedure for
electronic components’. In 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 IEC
recommendation were necessary for
our method of specifying.

Table 4
IEC IEC 68
115-1-4 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD
U robustness of
terminations
4.16.2 Ua tensile all 0.6 mm; load 10N; 10 s number of failures <10 x 10-¢
samples
4.16.3 Ub bending half |& 0.6 mm;load 5 N; 4 x 90° number of failures <10 x 108
number of
samples
4.16.4 Uc torsion other | 3 x 360° in opposite directions no damage;
half number of AR max. 0.5% +0.05 Q
samples
417 T, soldering solderability: 2 s; 235 °C; flux 600 good tinning; no damage
4.18 thermal shock: 3 s; 350 °C; AR max. 0.5% +0.05 Q
6 mm from body
419 Na rapid change |30 minutes at —55 °C and AR max. 0.5% +0.05 Q
of temperature | 30 minutes at +155 °C; 5 cycles
4.20 Eb bump 3 x 1500 bumps in three directions; 40 g no damage
AR 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 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% R.H.
(accel)
1st cycle
4234 Aa cold 2 hours; -55 °C
4235 M low air 2 hours; 8.5 kPa; 15 to 35 °C
pressure
4.23.6 D, damp heat 5 days; 55 °C; 95 to 100% R.H. R, min. 1000 MQ
(accel) AR max. 1.56% +0.1 Q
remaining for R <220 kQ
cycles AR max. 3% for R >220 kQ

October 1993
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Carbon film resistor CR25
IEC IEC 68
115-1-4 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD
4242 Ca damp heat 56 days; 40 °C; 90 to 95% R.H.; R,,s min. 1000 MQ
steady state | the dissipation should not exceed 1% of the | AR max. 1.5% +0.1 Q
value indicated by Fig.3 for R <220 kQ;
AR max. 3% 0.1 Q
for R >220 kQ
4.25.1 endurance 1000 hours at 70 °C; dissipation taken from | AR max. 1.5% +0.1 Q
Fig.3 for R <1 MQ
AR max. 2% 0.1 Q
for R>1 MQ
48.4 temperature | between -55 °C and +155 °C see Fig.4
coefficient
47 voltage proof | 500 V (RMS) during 1 minute; V-block no breakdown
on insulation | method
412 noise |IEC publication 195 see Fig.5
46.1.1 insulation 100 V (DC) during 1 minute; V-block method | min. 10¢ MQ
resistance
4.13 short time room temperature, dissipation 6.25 x value | AR max. 1% +0.05 Q
overload taken from Fig.3 (voltage not more than
2 x limiting voltage); 10 cycles; 5 s on and
45 s off
4.11 voltage <5x10®
coefficient
PACKING

The resistors are supplied on bandolier; either in ammopack or on reel. See General section for details.

Table 5 Dimensions of bandolier

A A B,-B, s T
TYPE max. MAXIMUM DEVIATION
(mm) (mm) (mm) (SPACING) OF SPACING
CR25 6 0.5 52.5+1.5 +1.2 5 1 mm per 10 spacings
Table 6 Dimensions of ammopack
M N P
QUANTITY (mm) (mm) (mm)
5000 78 98 270
Table 7 Dimensions of reel
TYPE QUANTITY Q M
(mm) (mm)
CR25 5000 305 73
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. |

Standard metal film resistor SFR16
e
FEATURES QUICK REFERENCE DATA
o Small size Resistance range 1 Q to 3 MQ; E24 series
¢ Low noise. Resistance tolerance +5%

Temperature coefficient
APPLICATIONS R<47Q < 250 x 109K
« Commodity products 47Q< R<100kQ < +100 x 109K
* Equipment requiring CECC R>100 k2 < 2250 x 109K

approval (SFR16T CECC only). Rated dissipation, P, at T, = 70 °C | 0.50 W

Thermal resistance, Ry, 170 KW
DESCRIPTION Vinex 200V
A homogeneous film of metal alloyis | NOise
deposited on a high grade ceramic R<68kQ max. 0.1 pVV
body. After a helical groove has been 68kQ <R <100 kQ max. 0.5 pVNV
cutin tt;e resi.stive :‘ay'er,ttir:;teid R > 100 kQ max. 1.5 pVN
connecting wires of electrolytic - —
copper are welded to the end caps. Ballsm s.specmcatlons IEC 115-1 and 115-2
The resistors are coated with a Climatic category (IEC 68) 55/155/56
coloured lacquer (light-green for type | Approval (SFR16T CECC only) CECC 40 101

T and T CECC,; light-blue for type S) Stability after
which provides electrical, mechanical

and climatic protection. The Io.ad ‘ AR/R max. £1% +0.05 Q
encapsulation is resistant to all climatic tests AR/R max. 1% +0.05 Q
cleaning solvents, in accordance with | soldering AR/R max. £0.25% +0.05 Q
MIL-STD-202E, method 215 and short time overload AR/R max. +0.25% +0.05 Q

IEC 68-2045.
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Standard metal film resistor

SFR16

MECHANICAL DATA
Mass: 12.5 g (per 100 units)

Mounting

The resistors are suitable for
processing on automatic insertion
equipment in addition to cutting and
bending machines. The minimum
pitch for this type is 2e (5 mm).
Figure 4 shows the temperature rise
at the soldering point.

Marking

The nominal resistance, tolerance
and temperature coefficient are
marked on the resistors by four
coloured bands in accordance with
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 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
the data handbook. 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
permisssible hot-spot temperature
is 155 °C.

October 1993

L1

[} MBC684
2D

Dimensions in mm.

Standard version, specially made to obtain a minimum “clean lead to clean lead” dimension L2
(bare bottom).

Fig.1 Component outline.

D L1 L2 D
TYPE (mm) (mm) (mx’)L (mm)
SFR16S 1.7 3.2 34 0.45 +0.05
SFR16T 1.9 3.5 3.7 0.45 +0.05
SFR16T CECC (1.9 35 3.7 0.5-0.04

The length of the body L1 (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 (IEC publication
294).

P 0.5 MEA594
rated |
W, [
W) 0.4 4 |
|
|
0.3 :
|
0.2 1 !
| \ \\\
0.14 ! | N
: : R>100kQ | S~
| J ~
0 T T T T T T T
40 60 70 80 100 120 140 155
Tamt°C)

Fig.2 Maximum dissipation (P,,,) as a function of ambient
temperature (T,,,).
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Standard metal film resistor SFR16
Tamb = 40°C 70°C

05

P /

w)
0.4 -
03 100°C
02 1 125°C
0.1

1550C

15 10 07 02

05 0.3 01%  AR/RforR<100kQ
7 20 15 10 07 05 03 02%  AR/RforR>100kQ -
Fig.3 Drift nomogram.
MEASD! MEASS2
/ % T 7V ]
/ 2 510 15mm—
100 AT Y 9 Aavi
/ ® /i
o« EEET » /44
K /1 ,///7/
A V74
! W/
50 1 /
| 20 74
D4 I /
/ !
4 t
/ , |
0 1 0
0 0.2 0.4 06 p ) 08 o 0.2 04 06 p ) 08
Fig.5 Temperature rise (AT) at the end of the lead
Fig.4 Hot-spot temperature rise (AT) as a (soldering point) as a function of dissipated
function of dissipated power. power at various lead lengths after mounting.
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Standard metal film resistor SFR16
103 MEASSS5 - 1
Smax
W)
™~ ~ o
102
tp/t = 1000 T =
[ 500 =
\'\~_~ .:' ?% TN ~N
10 === ~
20 s ~
10 ~
5 AL d
T ~
1 P —— ~
1071
1078 1075 1074 1078 1072 107! t; () 1
Fig.6 Maximum permissible peak pulse power (P, ) as a function of pulse duration (t, ).
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A
Vmax
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MEA689
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Fig.7 Maximum permissible peak pulse voltage (V.. ) as a function of pulse duration.
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Standard metal film resistor

SFR16

COMPOSITION OF THE
CATALOGUE NUMBER

To complete the catalogue number
(see Table 1), replace the first two
dots of the remaining code by the first

two digits of the resistance value.
Replace the third dot by a figure
according to the following table:

Table 1 The resistors have a 12-digit catalogue number starting with 2322. Subsequent digits indicate packaging and
resistance as listed in this table

1t109.1Q
10t0 91 Q

100t0 910 Q

1109.1kQ
10t0 91 kQ

100 to 910 kQ

1 to 3 MQ

g H ON -+ © ®

Ordering Example

The catalogue number of a SFR16T

resistor, value 5600 Q 5%, on a
52 mm bandolier of 1 000 units in

ammopack is 2322 180 73562. For a

CECC approved resistor the
catalogue number is
2322 180 76563.

RESISTANCE TOL. BANDOLIER CATALOGUE

TYPE RANGE (%) V:Irl'l‘)n'l";-l PACKING | QUANTITY NUMBER
SFR16S 1 Qto3MQ +5 26 ammopack 5000 2322 187 43...
1 Qto3MQ 5 52 ammopack 5000 2322 187 53...
1Qto3MQ 15 52 on reel 5000 2322 187 83...
SFR16T 1 Qto3MQ +5 26 ammopack 5000 2322 180 43...
1Qto3MQ 5 52 ammopack 1000 2322 180 73...
1Qto3MQ +5 52 ammopack 5000 2322 180 53...
1Qto3MQ 5 52 on reel 5000 2322 180 83...
SFR16T 1Qto3MQ +5 52 ammopack 1000 2322 180 76...
CECC 1Qto3MQ +5 52 ammopack 5000 2322 180 56...
1 Qto 3MQ 5 52 on reel 5000 2322 180 86...
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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 to +155 °C; damp heat, long

term, 56 days) and in accordance with
IEC 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
recommendation were necessary for
our method of specifying.

Table 2
IEC IEC 68
115-1-4 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD
U robustness of
terminations
4.16.2 Ua tensile all 205mm;load5N;10s number of failures <10 x 106
samples
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 | 3 x 360° in opposite directions no damage
half number of AR max. 0.25% +0.05 Q
samples
417 Ta soldering solderability: 2 s; 235 °C; flux 600 good tinning, no damage
4.18 thermal shock: 3 s; 350 °C; AR max. 0.25% +0.05 Q
6 mm from body
4.19 Na rapid change |30 minutes at -55 °C and AR max. 0.25% +0.05 Q
of temperature | 30 minutes at +155 °C; 5 cycles
4.20 Eb bump 3 x 1 500 bumps in three directions; 40 g | no damage
AR 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 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; 1565 °C
4.23.3 Db damp heat 24 hours; 55 °C; 90 to 100% R.H.
(accel) 1st
cycle
4.23.4 Aa cold 2 hours; -55 °C
4.23.5 M low air 2 hours; 8.5 kPa; 15 to 35 °C
pressure
4.23.6 Dy damp heat 5 days; 55 °C; 95 to 100% R.H. R;,s min. 1 000 MQ
(accel) AR max. 1% +0.05 Q
remaining
cycles
4242 Ca damp heat 56 days; 40 °C; 90 to 95% R.H. R;,s min. 1 000 MQ
steady state dissipation 0.01 P, AR max. 1% +0.05 Q
4.25.1 endurance 1 000 hours at 70 °C; P, or V, ., AR max. 1% +0.05 Q
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Standard metal film resistor SFR16
IEC IEC 68
115-14 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD
48.4 temperature | between -55 °C and +155 °C R<4.7 Q: <4250 x 10¢/K
coefficient 4.7 Q<R <100 kQ:
<+100x 10K
R > 100 kQ: <250 x 10¢/K
4.7 voltage proof | 400 V (RMS) during 1 minute; V-block no breakdown
on insulation | method
4.12 noise IEC publication 195 R <68 kQ: max. 0.1 pV/V
68 kQ < R < 100 kQ: max.
0.5 uVV
R > 100 kQ: max. 1.5 pV/V
4.6.1.1 insulation 100 V (DC or RMS) during 1 minute; min. 10* MQ
resistance V-block method
4.13 shoit time room temperature; dissipation AR max. 0.25% +0.05 @
overload 6.25 x 0.25 W (voltage not more than
2 x limiting voltage);
10 cycles; 5 s on and 45 s off
intermittent 16 X 0.16 W; 1 s on and 25 s off; AR max. 0.75% +0.05 Q
overload in 10 000 +200 cycles; V,,,, 600V
accordance
with
JIS-C5202 5.8
See 2nd amendment | Pulse load Figs 6 and 7
to IEC 115-1, Jan. 87.
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Philips Components

Product specification

Standard metal film resistor

SFR16

PACKING

The resistors are supplied on bandolier in ammopack, or on reel. See General section for details.

QUANTITY PER BOX

TYPE BANDOLIER BANDOLIER
IN AMMOPACK ON REEL
52 mm 26 mm 52 mm
SFR16S 1000 or 5000 5000 5000
SFR16T 1000 or 5000 1000 5000
Dimensions of bandolier
B, - B. T
a A 172 S
TYPE max. . MAXIMUM
(mm) (mm) (mm) (spacing) DEVIATION OF SPACING
SFR16 610.5 52.5+1.5 +0.5 5 1 mm per 10 spacings
(all types) .
610.5 26 +1.5/-0 +0.5 0.5 mm per 5 spacings
Dimensions of ammopack
M N P
QUANTITY (mm) (mm) (mm)
1000 75 30 140
5000 75 73 270
Dimensions of reel
Q R v
QUANTITY (mm) (mm) (mm)
5000 265 75 86
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Product specification

Standard metal film resistor
L |

FEATURES

o Low cost
o Low noise.

APPLICATIONS
¢ 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 wires 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.

October 1993

QUICK REFERENCE DATA

SFR25

PARAMETER

SFR25 |

SFR25H CECC

Resistance range

1Qto 10 MQ,

E24 series and jumper (0 Q)

Resistance tolerance

5%

Temp. coefficient

R<1MQ <4100 x 10%/K

R>1MQ <4250 x 10°%/K

Rated dissipation, P,

atT,,=70°C 04W 05w

Thermal resistance, R, 200 KW 150 KW

V max 250V 350 V
[ Noise

R<1MQ max. 0.1 pV/V

R>1MQ max. 1.5 pyV/V

Basic specifications IEC 115-1 and 115-2

Approval CECC 40 101

Climatic category 55/155/56

(IEC 68)

Stability, AR/R max., R<1MQ R>1MQ
after:

load +1% +0.05 Q +1% +0.05Q 2% +0.05 Q
climatic tests +1% +0.05 Q +1% +0.05 Q 2% +0.05 Q
soldering +0.25% +0.05 Q | £0.25%+0.05 Q +0.25%+0.05 Q
short time overload +0.25% +0.05 Q| £1% +0.05 Q +1% +0.05 Q




Philips Components Product specification
Standard metal film resistor SFR25
MECHANICAL DATA
L —
Mass: 25 g (per 100 units)
NI
N——— ]
Mounting [ eee——— ‘ I I — :e d
The resistors are suitable for = 3 MBCss4
processing on automatic insertion 2 2D
equipment in addition to cutting and o
bending machines. The minimum Dimensions in mm. . .
pitch for this type is 4e (10.2 mm). Fig.1 Component outline.
Figure 5 shows temperature rise at
soldering point.
Table 1
Marking TYPE Dun | Llux |R2uax d
The nominal resistance, tolerance (mm) (mm) (mm) (mm)
a"drgeg'Pefti‘ufe 9°ffﬁ°:)enft are . SFR25 2.5 6.5 7.0 0.55 +0.05
marked on the resistors by four or five
coloured bands in accordance with SFR25H CECC il 65 7.0 0.640.03

|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 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
permisssible hot-spot temperature
is 155 °C.

October 1993

The length of the body (L1) 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).

P 0.4+ MLB385
rated |
W) }
0.3 1 :
|
|
0.2 1 |
|
|
| ~
l ~
0.14 } R>1MQ | \\\\
| ~
| ~
| l \\>
0 T T T T T T T
40 60 70 80 100 120 d°C) 140 155
Tam

Fig.2 Maximum dissipation (P, ) as a function of ambient
temperature (T ).
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Philips Components Product specification

Standard metal film resistor SFR25
Tamb = 40 °C 70°C
0.4 1
W
03 | 100 °C
021 125 °C
0.1 1
155 °C
20 1. AR/Rfor R<1MQ
30 20 AR/RforR>1MQ -
Fig.3 Drift nomogram.
MLB387 MLB38s
100 40 }
AT
AT
(K) 5mm
(K)
° & V|
30 / / / 10
60 / /// - 5]
20 A A
Ve d
40 Aé/
10 -
20
0 0
0 0.1 02 03 04 05 0 0.1 0.2 03 04 05
P (W) P (W)
. . 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 SFR25
108 MLB389
P
max
3
w) SBN
102 =
P — lp/l i= 1000 -
- RIS 500 I
T o
] ._100-2;5'«-1-. T~ —
10 F=50 =
20 1
10 i = TH
P—t— ™
s BEREN I~
! 2
=5
107!
1078 1078 1074 1073 1072 107! ti (s) 1

Fig.6 Maximum permissible peak pulse power (P,,,) as a function of pulse duration (t).

MEA678

600

A
Vmax
v)

500 ~

400

)4
7/
7
V4
7

300

200

0
-6 -5 -4 -3 -2 -1
10 10 10 10 10 10 t (s)

Fig.7 Maximum permissible peak pulse voltage (Vm)as a function of pulse duration.
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Philips Components

Product specification

Standard metal film resistor

SFR25

COMPOSITION OF THE

CATALOGUE NUMBER 1109.76Q 8
10t097.6 Q 9

10 complote the catalogue mber 409 to 976 0 1

{S66 18018 ¢}, FePIace s 1irst WO

dots of the remaining code by the first 110 9-76 kQ 2

two digits of the resistance value. 10 t0 97.6 kQ 3

Replace the third dot by a figure 100 to 976 kQ 4

according to the following table: 110 9.76 MQ 5
10 MQ 6

Ordering Example

The catalogue number of a SFR25
resistor, value 5600 Q +5%, taped on

a handaliar Af ENNN 11nite in
a vaiiuuviicil Ui JUuvv uiine i

ammopack is: 2322 181 43562.

Table 2 The resistors have a 12-digit catalogue number starting with 2322. Subsequent digits indicate packaging and

resistance as listed in this table

BANDOLIER
RESISTANCE TOL. CATALOGUE
TYPE RANGE (%) WIDTH PACKING | QUANTITY NUMBER
(mm)
SFR25 1 to 10 MQ 5 52 ammopack 5000 2322 181 43...
(note 1) +5 on reel 5000 2322 181 63...
SFR25H 1to 10 MQ 5 52 ammopack 1000 2322 186 16...
CECC 5000 2322 186 76...
on reel 5000 2322 186 26...
SFR25AS 1Qto 10 MQ +5 - in box on 4000 2322 184 43...
radial taped reel
Note

1. A jumper (0 Q resistor, maximum 10 mQ at 5 A) is available:

5000 items on bandolier in ammopack, catalogue number 2322 181 90019.
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Philips Components

Product specification

Standard metal film resistor

SFR25

TESTS AND REQUIREMENTS

Essentially all tests are carried out in

term, 56 days) and in accordance with
IEC publication 68 ‘Recommended

accordance with the schedule of
IEC publication 115-1, category
55/155/56 (rated temperature range
-55 to +155 °C; damp heat, long

basic climatic and mechanical
robustness testing procedure for
electronic components’. In Table 3
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 recommendation were necessary
for our method of specifying.

Table 3
IEC 115-1-| IEC 68
4 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD
U robustness of
terminations
4.16.2 Ua tensile all & 0.5mm;load5N; 10 s number of failures 1 x 106
samples
4.16.3 Ub bending half |& 0.5 mm,; load 2.5 N; 4 x 90° number of failures 1 x 108
number of
samples
4.16.4 Uc torsion other | 3 x 360° in opposite directions no damage
half number of AR max. 0.25% +0.05 Q
samples
417 T, soldering solderability: 2 s; 235 °C; flux 600 good tinning; no damage
4.18 thermal shock: 3 s; 350 °C; AR max. 0.25% +0.05 Q
6 mm from body
419 Na rapid change |30 minutes at -55 °C and AR max. 0.25% +0.05 Q
of temperature | 30 minutes at +155 °C; 5 cycles
4.20 Eb bump 3 x 1500 bumps in three directions; 40 g | no damage
AR 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 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% R.H.
(accel)
1st cycle
4234 Aa cold 2 hours; -55 °C
4.235 M low air 2 hours; 8.5 kPa; 15 to 35 °C
pressure
4.23.6 D, damp heat 5 days; 55 °C; 95 to 100% R.H. R, min. 1 000 MQ
(accel) AR max. 1% +0.05 Q
remaining
cycles
4242 Ca damp heat 56 days; 40 °C; 90 to 95% R.H.; Rins min. 1 000 MQ
steady state | dissipation 0.01 P, AR max. 1% +0.05 Q
4.25.1 endurance 1,000 hours at 70 °C; P, or V, AR max. 1% +0.05 Q
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Philips Components

Product specification

Standard metal film resistor SFR25
IEC 115-1-| IEC 68
4 TEST TEST PROCEDURE REQUIREMENTS
CLAUSE | METHOD
4.8.4 temperature | between -55 °C and +155 °C R <1 MQ:<+100 x 109K
coefficient R > 1 MQ: <4250 x 109K
4.7 voltage proof | 600 V (RMS) during 1 minute; no breakdown
on insulation | V-block method
412 noise IEC publication 195 R <1 MQ: max. 0.1 pVV
R > 1 MQ: max. 1.5 pyVNV
4.6.1.1 insulation 500 V (DC or RMS) during 1 minute; min. 10* MQ
resistance V-block method
413 short time room temperature; dissipation AR max. 0.25% +0.05 Q
overload 6.25 x 0.25 W (voltage not more than
2 x limiting voltage); 10 cycles;
5 s on and 45 s off
See 2nd amendment pulse-load (see Figs 6 and 7)

to IEC 115-1, Jan.87.

PACKING

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 see General section.

QUANTITY PER BOX
TYPE
bandolier in ammopack bandolier on reel
SFR25 5000 5000
SFR25H CECC 1000 or 5000 5000
SFR25AS - 4000
Dimensions of bandolier
a A B,-B, s A T
TYPE max. XIMUM DEVIATION
(mm) (mm) (mm) (spacing) OF SPACING
SFR25 6+0.5 52.5+1.5 +1.2 5 1 mm per 10 spacings
0.5 mm per 5 spacings
Dimensions of ammopack
M N P
QUANTITY (mm) (mm) (mm)
5000 78 98 270
Dimensions of reel
Q v
TYPE QUANTITY (mm) (mm)
SFR25 5000 305 75
SFR25AS 4000 356 40
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Philips Components

Product specification
Standard metal film resistor SFR25
= P2 - P '\Agl‘ Ah Ah

HJ)(): R H:ﬁiU:S\ 1
—ere-oraig T o]

a‘lﬂ\/\,ﬂ’a » F <—-<—P0—>’P1<» JD()’¢

MBCs76
/ \
| I
i F—i[’ i 0=30° to 40°

| 0 a0
ale a=>09_ g, __4!

detail A

SFR25AS (Euroform).

Fig.8 Bandolier for types with radial leads.
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Philips Components Product specification
Standard metal film resistor SFR25
Table 4 Taping dimensions. All values and tolerances in mm, unless otherwise stated.
SYMBOL PARAMETER VALUE TOLERANCE
D maximum body diameter 2.50 -
A maximum body length 7.00 -
d lead wire diameter 0.60 +0.06
-0.05
P pitch of components 12.7 +1.0
P, feed-hole pitch 12.7 +0.2
cumulative pitch error 1.0 per 20 spacings
P, feed hole centre to lead at topside of the tape 3.85 +0.5
P, feed hole centre to body centre 6.35 +1.0
F lead-to-lead distance 4.8 -5.5
Ah component alignment 0° +1.2
Ag component alignment 0 +3°
w tape width 18.0 +0.5
W, minimum hold down tape width 55 -
W, hole position 9.0 +0.5
W, maximum hold down tape position 0.5 -
H, lead wire clinch height 16.5 0.5
H, component height 19.5t0 32
D, feed-hole diameter 4.0 0.2
t total tape thickness +0.4 -
-0.9
L maximum length of snipped lead 11.0 -
L, minimum lead wire (tape portion) shortest lead 25 -

Note

Extraction force for components in the tape plane, vertically to the direction of unreeling: 25 N.
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NFR25

FUSIBLE RESISTORS

metal film
QUICK REFERENCE DATA
Resistance range 1 8 to 15 k2, E24 series
Resistance tolerance + 5%
Temperature coefficient R>15%Q <100. 10¢/K
R<15% <200. 10¢/K
Thermal resistance Rth 240 K/W
Vimax 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/Rmax. 1%+ 0.06Q
climatic tests AR/R max. 1% + 0.05 2
soldering AR/R max. 0.25% + 0.05Q
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 6 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.

- | —»
01->|<— —>edy +
{

MECHANICAL DATA

3
:n—.:%_,— ——— gD
72665604 A
I
pd t
Fig. 1.
type Dmax Lmax d aj +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 a ner 100
23 g per 1Lv

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 k2. 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 |EC publications 115-1 and 115-4. The maximum permissible
hot-spot temperature is 155 ©C,

Composition of the catalogue number

2322205.....

"L resistance code: first two
figures of the resistance
(in £2) followed by
8forRof 1to 9.1Q

packing:
13 for 1000 items on bandolier ?;g: 2 g; 12)8 :g 9?(') g

23 for 5000 items on reel 2forRof 1to 9.1kQ
3forRof 10to 15 kQ

190
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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.

*uma hoamAdaliae mank ime Miiamtisy roaciatanan +alaraman natalann

Lty pe warnuwviics Mauvni ly Yuaiiut 1S Lalive wicianive valaivyuc
width (mm) range (£2) % number

NFR25 | 525+1.5 | ammopack 1000 1-15k 5 2322205 13...
525+15 | reel 5000 1-15k 5 232220523...
525+ 15 ammopack 5000 1—-15k 5 2322205 33...

Radial taped

NFR25 J 525+ 1.5 | ammopack | 4000 | 1-15k 5 r 232220483. ..

Prated
(W)

MCA382

0.33

0.2

0.1

40

6 70

80

Time to interruption as a function of overload
"Interruption’’ means that the nominal resistance has increased at least 1000 times.

103 7282410.3
t
(s)
102
10
7. 7479 "’;
: \GH %Y o7
7
V219
7,
10~!
0 2 4 6 8 10 1
Poverload (W)

Fig.3 NFR25; R<15%.

2

100

120

140 155
Tomb (°C)

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

103 7282408.3
t
(s)
102
N
V,
10 //
Vo
;/ N
2722,
1 h D
10~!
0 4 6 8 10 12

Poverload (W)

Fig.4 NFR25;15 Q2 <R <15 k.
These graphs are based on measured data which may deviate according to the application.
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MCA385
100

AT
(K) V

80 /

60

20 //f

0 0.2 0.4 0.6
P (W)

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

MCA383

50
AT
(K)
40
’/,Svnnn“__“
|
30 & | —
74 10 mm
AT
//;/' /JSmm
20 /,/
2%
72
10 ///
0
0 0.2 0.4 0.6

P (W)

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

729464
108 £
A
Pmax
(W)
~
N
102 B
<
NN
L )
tp/tj= 1000 N
NS P 5001 L
200 ~
NS 100 ~~d
10 =
- i
‘50. —4 i L.
R 20
e 10 TN
5 ] Ny \\
Tt T RN
. m " § N
2
10—' 6 4
10- 105 10” 1073 1072 107! tj (s) 1

Fig.7 Max. permissible peak pulse power as a function of pulse duration for R <15 £2.

7294544
103
A
PI'I'Ia)(
(W)
102
\w
N
™~ N
.
10 i
ftp/tj= 1000 ~= 1
C
T~
100 | TN [ N
H N
— \‘\ ™~ ™
. '\\_‘h 20 N\._.. _ \\~~ >
— == I
2 R —
-
107! 6 5 -4 -3 -2 -1
10° 107 10 10 10 10 tj (s) 1

Fig.8 Max. permissible peak pulse power as a function of pulse duration for R > 15 .
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72912921

700

<>

max

(V)

600

500 39

400 N

300

200

100

0
1076 1078 107 1073 1072 1077t (s)

Fig.9 Maximum permissible peak pulse voltage as a function of pulse duration.
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Fusible resistors

NFR25

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 1EC 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 IEC publications 115-1 and 68; a short description is also given of the test proce-
dure and requirements. In some instances deviations from the |EC 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
<10
4.16.3 Ub | Bending load 5 N, 4 x 900 ppm
half number
of samples
4.16.4 Uc Torsion 3 x 3600 in opposite directions | no damage
other half AR max. 0.25% + 0.05
number of
samples
4.17 Ta Soldering solderability: 2's good tinning
235 oC, flux 600 no damage
4.18 Tb thermal shock: 3 s AR max. 0.25% + 0.05
350 9C, 6 mm from body
4.19 Na Rapid change | % h —5590C/% h + 165 0C AR max. 0.25% + 0.05 Q
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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IEC 115-1 | IEC 68
clause test test procedure requirements
method

4.23 Climatic
sequence

4.23.2 Ba Dry heat 16 h; 1565 0C

4.23.3 Db Damp heat 24 h; 55 0C; 95-100% R.H.
(accel)
1st cycle

4234 Aa Cold 2h; —-650C

4.235 M Low air 2 h; 8,5 kPa; 15-35 0C
pressure

4.23.6 Db Damp heat 5 days; 55 0C; 95-100% R.H. Rins min. 1000 M
(accel) AR max. 1.0% + 0.05
remaining
cycles

4,242 Ca Damp heat 56 days; 40 °C; 90-95% R.H. Rins min. 1000 M
(steady state) | dissipation 0,01 Pp, AR max. 1.0% + 0.05

4251 - Endurance 1000 hours; 70 ©C; nominal AR max. 1.0% + 0.05

dissipation or Vmgax

48.4.2 - Temperature | between —550C and + 1550C | R > 15 : < 100. 10-%/K
coefficient R <15 £:<200.10%/K

4.7 - Voltage proof | 500 V (RMS) no breakdown
on insulation | 1 minute V block method

4.12 — Noise 1EC publication 195 <0.1upv/vV

4.6.1.1 — Insulation 500 V (DC) min. 10* MQ
resistance 1 minute V block method

426 — Accidental cheese cloth no inflammation
overload

See 2nd amendment

to IEC 115-1, Jan.87. | pulse load see Figs 7to 9
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Fusible resistors

NFR25

PACKING

The resistors are supplied on bandolier; either 1000 resistors in ammopack or 5000 resistors on reel.

For details see General section.

Dimensions of bandolier
a A B1-B2 S T
type +05 +15 + max. (spacing) (max. deviation of spacing)
1 mm per 10 spacings,
NFR25 6 52.5 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 360 260 360
Dimensions of reel
Quantity Q \) R
NFR25 5000 305 75 86

The dimensions in above tables are in mm.
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NFR25H

SUPERSEDES DATA OF OCTOBER 1987
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
Vimax 350 V
Temperature coefficient R<47Q <200.10¢/K
R>47Q <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% +0.058
climatic tests AR/R max. 1% +0.05Q
soldering AR/R max. 0.25% + 0.05 Q2
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

aq-» e ] az *

| ] %

72665604

9d '
Fig. 1 Component Outline.

Table 1 Physical Dimensions

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

MECHANICAL DATA (continued)

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

Composition of the catalogue number

2322 207
resistance code: first two figures of
the code represent the first two
Packing: figures of the resistance value (§2)
followed by:
13 for 1000 items in a box 8 for R values 1 t0 9,1
23 for 5000 items on a reel 9 for R values 10 to 91 2

1 for R values 100 to 910
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 k2, 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 (£2) % number
NFR25H | 525+ 1.5 ammopack 1000 182 — 15k +5 2322207 13...
525+ 15 reel 5000 102 —-15kQ +5 232220523...
525+ 1.5 ammopack 5000 19— 15k +5 2322207 33...
Radial taped
NFR25H [ 525+ 1.5 | ammopack [ 2000 | 19-15kQ | 5 [ 2306 207 83 ...
7224842
05 4
. [
rated |
W) |
0.25 4 :
|
|
|
0 T J ™ T T T T
40 60 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.

103 7222090
t
(s)
102
10
A%
L 7707
1 7
10-!
4 8 12 16 20 24
Poverload (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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100 MCA386
AT
(K)
80 A
/]
y
60
//
40 P
0
2 7
V
0
0 0.2 0.4 0.6
P (W)

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

MCA387

50
AT
®) e
40 7
P mmy
1|0 mmg A
15 mm /
30 >
/ A+
20 AT
e
// o
MRy Z
|
0
0 0.2 0.4 0.6

P (W)

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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Fusible resistor

72912971

103

Prmax <o
(W) T

]
T

tp/ti -
p ~
~~ 1000 TS

500 —

ruai

T

200 — q
M44100 s

ImWriva
v
/

20

/
i1/,

10 -~

JANIV/ 4

10~ 1078 1074 1073 1072 107! ti (s 1

Fig.6 Maximum permissible peak pulse power as a function of pulse duration for critical value.

1200 oo
Vmax
\
~J
\
800 N
400 A
INHH
0
10-6 10-5 10-4 10-3 10-2 10-1 1
ti (s)

Fig.7 Maximum permissible peak pulse voltage as a function of pulse duration.
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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 OC to + 155 ©C; damp heat, long term, 56 days),
and in line with |EC 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 method 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

IEC115-1 | IEC68 .
clause test method test procedure requirements
4.16 robustness of
terminations
4.16.2 Ua tensile all samples load 10N, 10 s number of 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
419 Na rapid change 0,5 hour —55 0C AR/R max.
of temperature 0,5 hour + 155 °C 0,25% + 0,05
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 2

204
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Fusible resistor N FR25H
IEC 115-1 1EC 68 .
clause test method test procedure requirements
4.23 climatic sequence
4.23.2 Ba dry heat 16 hours, + 1655 0C
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 Rjns > 1000 MQ
(accelerated) 95 - 100% relative AR/R max.
remaining cycles humidity 1% + 0,05 Q2
4.24.2 Ca damp heat 56 days, + 40 °C Rins > 1000 MQ
(steady state) 90 - 95% relative AR/R max.
humidity dissipation |1% + 0,05 2
0,01 P,
4.25.1 - endurance 1000 hours, + 70 °C |AR/R max.
dissipation 0,5 W 1% + 0,05 Q
48.4.2 - temperature between —55 OC <100.10¢/K
coefficient and + 165 0C forR >47 Q2
<200.10¢/K
forR <47 Q
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
46.1.1 - insulation 500 V (DC) min. 10° MQ
resistance 1 min., V-block method
4.26 - accidental overload | cheese-cloth non-inflammable
See 2nd amendment pulseload see RSV-41/4013 see Figs 6 and 7
to IEC 115-1 and
TCA40 central office
532 and 533
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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
05 +15 + max. (spacing) (max. deviation of spacing)
NFR25H 6 52.5 12 5 1 mm per 10 spacings
0.5 mm per 5 spacings

Dimensions of ammopack

Quantity M N P
NFR25H 1000 82 28 262
5000 98 78 270
4000 360 260 360
Dimensions of reel
Quantity Q \Y R
NFR25H 5000 305 75 86

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 Tamp = 70 °C*
Thermal resistance, Ry
Vmax

Noise
R <68 k2
R > 68 k2 < 100 k§2
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 Q to 1 MQ2, E24/E96 series
+1%
<*50.10°%K

0.40W
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 < 100 k2
0.5% + 0.05 ©
0.5% + 0.05
0.1% + 0.01 Q
0.25% +0.05 2

| R>100kQ

1.0% + 0.05
1.0% + 0.05 2
0.2% + 0.05
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 and

IEC 68-2-45.

MECHANICAL DATA

|

—r
t
7285008.2
type and style l D ' L1 | L2 max ' d
+0.2 +0.2 +0.00
MRS16T l 1770 ’ 357 s l 37 ’ 05" o
* See Fig.2.
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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.5 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 M. These values are given in the table “‘Standard series of values in a decade” at
the back of the handbook. The tolerance on the rates 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 155 ©C.

. . . tolerance
type J packing quantity resistance range +9 catalogue number
MRS16T ammopack 1000 4,99 Q to 1 MQ 1 2322 157 1....
ammopack 5000 499 Q to 1 MQ 1 2322 157 2....
on reel 5000 499 Q to 1 MQ2 1 2322 157 3....
MRS16Tli ammopack 2000 499 Q to 1 MQ 1 2322 157 4....

COMPOSITION OF THE CATALOGUE NUMBER

The catalogue number in the above is completed by inserting the. resistance code: the first three figures
of the resistance (in £2) followed by:

8forR=4,991t09.76
9forR= 10t097.6 Q
1forR= 100to 976
2forR= 11t09.76 kQ
3forR= 10t097.6 k2
4 for R= 100 to 976 k2
5forR = 1 MQ

Example

The catalogue number of a resistor MRS16T of 750 £2 £ 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
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Metal film resistors MRS16T
0.4
Prated
W)
0.3 4
0.2 {
0.1 -
\\\
~,
\\\
0 . . S
MCAS72 40 60 140 155
Tamb (°C)

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

Tamb = 40 °C 700C
0.4
P 1000¢
(w)
0.21 / 1250°C
1550°C
Tm (°C)
n
<
100 e 3 !
A B <20
220 kﬂ kg
T T T T T T
1.5 1.0 0.7 05 0.3 0.2 0.1 % AR/R for R £220 kQ
T T T T T T T -
20 15 1.0 0.7 0.5 0.3 0.2 % AR/R for R >220 kQ

MCA571

Fig.3 Drift nomogram.
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100 7292810
AT
(K)
80
' N N N _ /
60 |
|
4 f
40 A J
x '
// |
20 7 4
/ |
f
0 |
0 0,1 0,2 03 04 0,5
P (W)

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

7292812
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Pmax
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— 5 P~ Nl
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Fig.6 Max. permissible peak pulse power (%max) 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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7287761.1
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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 |IEC publication 115-1, category
55/155/56 (rated temperature range —55 to + 155 ©C: damp heat, long term, 56 days) are carried out
and along the lines of |EC 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 |EC publications 115-1 and 68; a short description is also given of the test
procedure and requirements. |n some instances deviations from the |EC specification were necessary
for our method of specifying.

Table
IEC 68
IEC 115-14 test test procedure requirements
clause method
Robustness of
terminations
4.16.2 Ua Tensile all number of failures
samples ¢ 0.5 mm; load 5N; 10's <10 ppm
4.16.3 Ub Bending
half number ¢ 0.5 mm; load 2.6N; 4 x 90°
of samples
4.16.4 Uc Torsion 3 x 3600 in opposite direc- no damage
other half 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 kS2:
4.18 Th thermal shock: 3 s AR max. 0.1% + 0.01
350 °C, 6 mm from body R > 100 kQ:
AR max. 0.25% + 0.05

214
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MRS16T

IEC68
IEC 115-1-4 test test procedure requirements
clause method
4.19 Na Rapid change % h =65 OC/% h + 165 °C R < 100 k§2:
of temperature | 5 cycles AR max. 0.1% + 0.01
R > 100 k2:
AR max. 0.25% + 0.05 2
4.20 Eb Bump 3 x 1500 bumps in three no damage
directions, 40g AR max. 0.1% + 0.01 Q2
4.22 Fc Vibration frequency 10-500 Hz, no damage
displacement 1.5 mm or AR max. 0.1% + 0.01 2
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 Dp Damp heat
(accel)
1st cycle 24 h; 55 0C; 95-100% R.H.
4.23.4 Aa Cold 2 h; -5650C
4,235 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. | Rjns min. 1000 MQ2
(accel) R < 100 k2:
remaining AR max. 0.5% + 0.05
cycles R > 100 kQ2:
AR max. 1% +0.05 2
4.24.2 Ca Damp heat 56 days; 40 °C; 90-95% R.H. | Rjns min. 1000 k2
steady state dissipation 0.01 P R < 100 kQ2:
AR max. 0.5% + 0.05
R > 100 k2:
AR max. 1% + 0.05 Q
4.25.1 - Endurance 1000 hours; 70 °C R < 100 k2:
nominal dissipation or Vijax | AR max. 0.5% + 0.05 £
R > 100 kQ2:
AR max. 1% + 0.05
48.4.2 - Temperature between —55 °C and <50.10°%/K
coefficient + 155 °C
47 - Voltage proof 400 V (RMS) no breakdown

on insulation

during 1 minute;
V-block method
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TESTS AND REQUIREMENTS (continued)

IEC 68
IEC 115-1-4 test test procedure requirements
clause
method
412 - Noise 1EC publication 195 R <68 k2:
max. 0.1 uV/V
68 k2 <R <100 kQ2:
max. 0.5 uV/V
R > 100 k2:
max. 1.5 uV/V
4.6.1.1 - Insulation 100 V (DC) min. 10* MQ
resistance 1 minute; V-block method
413 - short-term room temp. diss. 6.25 x AR max. 0.25% + 0.05
0.25 W (voltage not more
than 2 x limiting voltage).
10 cycles: 5 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 1.5 * max. (spacing) (max. deviation of spacing)
6 525+ 15 0.5 5 ] 1 mm per 10 spacings
26 +1.5/-0 0.5 5 J 0.5 mm per 5 spacings

Dimensions of ammopack

M N P

1000 resistors 75 30 140
2000 resistors 50 34 256
5000 resistors 75 73 270

Dimensions of reel

Q Vv

5000 resistors 265 75

The dimensions in above tables are in mm.

216 November 1993



MRS25

METAL FILM RESISTORS | =
QUICK REFERENCE DATA
Resistance range 1 Q to 10 MQ2, E24/E96 series
Resistance tolerance +1%
Temperature coefficient
R<4,99 Q < 100.10°%/K
R>4,99Q <50.10°%K
Rated dissipation at Tamp = 70 °C* 0,60wW
Thermal resistance R¢p 150 K/W
Vmax 350 V
Noise
R<1MQ max. 0,1 uV/V
R >1MQ max. 1,6 uV/V
Basic specifications IEC 115-1 and 115-2
Climatic category (IEC 68) 55/155/56
Approval = CECC 40101
Stability after R<1MQ R>1MQ
load AR/R max. 0.5%+0.05Q 1.0%+0.05%
climatic tests AR/Rmax. 0.5%+0.05Q2 1.0%+0.05Q
soldering AR/Rmax. 0.1%+0.01Q2 0.1%+0.01Q
short-term overload AR/R max. 0.25% +0.05 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 |IEC 68-2-45.

MECHANICAL DATA

- |

- F‘\__—ﬂ J“—“Tﬂd

—»’

L2 @D 7285008.2
Fig. 1.
type [ D l L1 k L2 max 1 d
MRS25 | 25 | 6,5 l 7,0 l 0,6 £ 0,03

* See Fig.2.
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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 IEC 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 publications 115-1 and 115-4. For temperature rise
at soldering point, see Fig. 5.

Table 1
type packing quantity resistance tolerance catalogue
range % number
MRS25 ammopack 1000 182 to 10 MQ 1 2322 156 1....
5000 1 to 10 MQ 1 2322 156 2....
on reel 5000 18 to 10 MQ 1 2322 156 3....
MRS25ST ammopack 2000 12 to 10 MQ 1 2322 156 4....
MRS25li ammopack 1000 512t 1kQ 1 2322 156 0....

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 £2), followed by:

8forR= 1to 9,76 Q 3forR= 10to 97,6 k&
9forR= 10to 97,6 Q 4forR=100t0 976 kQ
1forR=100t0976 5forR= 1to 9,76 MQ
2forR= 1to 9,76k 6 forR= 10 MQ2

Example

The catalogue number of a resistor MRS25 of 760 £ + 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 § 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)
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Fig.2 Maximum dissipation (Pmax) as a function of ambient temperature (Tamb).
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Fig.3 Drift nomogram.
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Fig.6 Maximum permissible peak pulse power (ﬁ’max) as a function of pulse duration for critical value.
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MRS25
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Fig.7 Impedance behaviour at high frequencies, MRS25li, lead length 4 mm.
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Fig.8 Phase angle behaviour at high frequencies, MRS25li, lead length 4 mm.
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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 IEC publication 115-1, category
55/155/56 (rated temperature range --55 to + 155 9C; 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 |EC publications 115-1 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 2
IEC115.1-4| 'ECG8 .
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 number ¢ 0,6 mm; load 5N; 4 x 90°
of samples
4.16.4 Uc Torsion 3 x 3609 in opposite directions | no damage
other half AR max. 0,1% + 0,01 @
number of
samples
417 Ta Soldering solderability: 2's good tinning,
235 OC, flux 600 no damage
418 Tb thermal shock: 3 's AR max. 0,1% + 0,01
350 ©C, 6 mm from body
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Metal film resistors

MRS25

IEC68
IEC115-1-4 test test procedure requirements
clause method
4.19 Na Rapid change % h —565 OC/% h + 155 °C R<1MQ:
of temperature | 5 cycles AR max. 0,1% + 0,01 2
R>1MQ:
AR max. 0,25% + 0,05 2
4.20 Eb Bump 3 x 1500 bumps in three no damage
directions, 40g AR max. 0,1% + 0,01
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; -5590C
4.23.5 M Low air
pressure 2 h; 8,5 kPa; 15-35 °C
4.23.6 Dy Damp heat 5 days; 55 OC; 95-100% R.H. |Rjng min. 1000 MQ
(accel) R<1MQ:
remaining AR max. 0,5% + 0,05
cycles R>1MQ:
AR max. 1% + 0,05 Q
4.24.2 Ca Damp heat 56 days; 40 °C; 90-95% R.H. | Rjhg min. 1000 MQ
steady state dissipation 0,01 P7q R<1MQ:
AR max. 0,5% + 0,05 2
R>1MQ:
AR max. 1,0% + 0,05
4.25.1 - Endurance 1000 hours; 70 °C R<1MQ:
P70 or Vmax AR max. 0,56% + 0,05
R>1MQ:
AR max. 1,0% + 0,05 Q
48.4 - Temperature between —55 ©C and + 155 °C| R < 4,99 © < 100.10°¢/K
coefficient R>499 Q< 50.10%K
4.7 - Voltage proof 700 V (RMS) during no breakdown
on insulation 1 minute; V-block method
4,12 - Noise 1EC publication 195 R <1 M max. 0,1 uV/V
R > 1 MQ 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 Q

overload dissipation 6,25 P, (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

+0,5 * max. (spacing) (max. deviation of spacing)
MRS25 6 525+1,5 1,2 5 | 1 mm per 10 spacings
MRS25ST | 6 2 *0° 038 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 R \
5000 resistors 305 86 75

The dimensions in above tables are in mm.
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MR25
MR25 and MR30 are maintenance types MR30
MR52

METAL FILM RESISTORS
[ —

QUICK REFERENCE DATA c
Type MR25 MR30 MR52
Resistance range 1Q2to1MQ 1Q2t01MQ 4,99 Qto 1 MQ
Series E192 E192 E24; E96
Resistance tolerance +0,5% +0,5% + 1%
Temperature coefficient +50.10°¢/K +50.10°¢/K +50.10°8/K
Absolute max. dissipation at

Tamb =700°C 04 W 05W 1W
Basic specification IEC 115-1
Climatic category (1EC 68) 55/155/56
Approval & CEcc40101
Stability after

load AR/R see nomogram

climatic tests AR/R max.0,5% + 0,05

soldering AR/R max.0,1% + 0,01

short time overload AR/R max. 0,256% + 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 |EC 68-2-45.

MECHANICAL DATA

L1 — ‘
’ ’ ) }ﬂd

? }

L2 @D 7285008.2

Fig. 1 Thisstandard version is specially made to obtain a minimum “clean lead to clean lead" dimension L2.

Tabie 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 175 ©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 MR3O
MR52

Table 2

type packing [quantity resistance tol. | series temp. limiting | catalogue number

range % coefficient | voltage | 2322 followed
+10°%/K \% by:

MR25 [ammopack| 1000 {1 to 1 MQ 0,5 [E192 + 50* 250 161 7....

MR30 {ammopack| 1000 |1 to 1 MQ 0,5 [E192 + 50* 350 152 7....

MR52 [ammopack| 1000 (4,998 to 1MQ |1 E24/96 + 50 500 153 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= 11t09,76 Q2 Example: the catalogue number of a resistor
9forR= 101t097,6 Q (see note) MR52 of 3650  + 0,54 in ammopack of 1000 is
1 for R =100 to 976 2322 153 73652

2forR= 1109,76 kQ
3forR= 1010 97,6 kQ
4 for R =100 to 976 kQ
5forR=1MQ

Note

The composition of catalogue number is not applicable for R = 49,9 Q the relevant catalogue numbers
will be indicated on request.

* For R<4,99 Q: 100.10%/K.
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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 permissibie hot-spot temperature of 175 0C.

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
Rin (K/W) 240 200 133 Tamb=
limiting voltage(v) | 250 350 500 20°C
] ] 171, 25%
i 1,1
P 06 ’ A 40°C
7._
(W) LT ] // ,
051 061 09 AA 0L
1 1 1 /]
0,81 / o
, '/ 80°C
04 | 05 1 o7 /// |
1 ost op A 100°%
031 1 1 A 1
+ 03+ 05 // | L1202
| 'y 1 0,b~ // 125°C
0,21 1 74 | woc
T o027 03 7 7
01 o1t 0.2 74 74 Jr 160°C
8 7 v v
| 1l 0,4 // ,/ -
i . T / / i
‘ ‘ A 40 so\\ 100~120_| 140 | 160 Tm(°C)
N~
! ’/// / \\\r\ ’\\\...] =
/ A \ ~+100
7 A0 L0 i N \< —HH
V4l N
/A// / \\i\ " r00n
AN \
4
YA/ NS 1 NN Y
//7/, i S R ~N [T 10
110000 h S AAA aa - NON
- 700004 »d T ANANAL
- 5000h ,A // \\\1 10kN
/é«:{ qu \] 100 k0
Y % 1MQ
2 1 05 AR g, 02 0,1 0,05 0,02 7260658.3B

R
Fig. 2 Performance nomogram for different styles of resistor, showing the relationship between power dissipation P, ambient
temperature Tamp, hot-spot temperature (T,;,) and max. resistance drift AR/R after 1000 to 10 000 hours of operation.
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Metal film resistors MR30
MR52
100 7292292 40 7292293
AT 74 AT
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Fig. 3 MR25. Hot-spot temperature rise (AT)
versus dissipated power.
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Fig. 5 MR30. Hot-spot temperature rise (AT)
versus dissipated power.

20 -
4/

0 0,1 0,2 03 04 05
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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 ,SFm
. 10{nn1
V /
15 mm
20 //,1’
v
//
10 N
v
| 1/4/
0

0 0,1 0,2 03 04 05 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
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i a
/|
80
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Fig. 7 MR52. Hot-spot temperature rise (AT)
versus dissipated power.
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Fig. 8 MR52. Temperature rise (AT) at the
end of lead (soldering point) versus dissipated
power, at various lead lengths after mounting.
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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 ©C, 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 3609 in opposite directions | no damage
number of samples AR max.0,1% +0,01 Q2
417 Ta Soldering solderability: 2 s good tinning
230 °C, 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 —559C/% h + 155 OC, AR max.0,1% + 0,01 Q
of temperature 5 cycles
422 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 Q2
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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 2h;-550C
4.23.5 M Low air pressure 1h;8,5kPa; 156-35°C
4.23.6 D Damp heat (accel.) | 5 days; Rjns min. 1000 MQ
remaining cycles 55 0C;95-100% R.H. AR max.0,5% + 0,05
4.24.2 Ca Damp heat 56 days; Rjns min. 1000 MQ
(long-term exposure) | 40 ©C; 90-95% R.H. dissipation:
MR25: <2,6 mW
MR30: <3 mW AR max.0,5% +0,05Q2
MR52: <5 mW
4.25.1 — Endurance 1000 h: 70 OC: dissipation: AR max.0,5% + 0,05
MR25:0,25 W
MR30:0,3W or Vimax
MR52:0,45 W J
4.8.4.2 - Temperature between —55 ©C and + 165 9C |+ 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 IEC publication 195
R <100k max. 0,25 uV/V
R > 100 k2 max. 0,5 uV/V
_ . . 100 V (DC) . 4
4.6.1.1 Insulation resistance 1 min;: V-block method min. 10° M2
4.13 - Short-time Tamb =25°C AR max. 0,26% +0,05
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 60,5 524+15 1,2 5

1 mm per 10 spacings,
MR30 6+0,5 524+15 1,2 5 ] 0,5 mm per 5 spacings
MR52 6+0,5 66,715 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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A

MR24E/C/D
MR34E/C/D
MR54E/C/D
MR74E/C/D

LACQUERED METAL FILM RESISTORS

QUICK REFERENCE DATA

according to MIL-R-10509F

Resistance range
Resistance tolerance

Rated dissipation at
Tamb=70°C

Tamb = 125 ©C

Basic specification
Stability after
load
climatic tests
soldering
short-time overload

MR24D
MR34D
MR54D
MR74D

MR24E/C
MR34E/C
MRS4E/C
MR74E/C

AR/R
AR/R
AR/R
AR/R

10 2 to 1 MS2, E96 and E192 series

+0,1;0,25; 0,5; 1%

0,125wW
0,26 W
05 W
075 W
01 W
0,125 W
0,25 W
05 W

MIL-R-10509F

max. 0,6% +0,05 2
max.0,5% +0,05Q
max. 0,1% +0,05 Q
max. 0,256% +0,05 2

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 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

[—3Bt3 —>j—— L —»

Table 1
a1, a
type Dmax | Lmax 3‘1' +a§ d
MR24E/C/D 24 6,5 <1 0,6
MR34E/C/D 3,1 10,5 <1 0,6
MR54E/C/D 5,2 16,5 <1 0,6
MR74E/C/D 6,8 20,5 <1 0,8

<+— 3813 —»
-»>|=a, a1
' v
q | l | éﬂd
KJI_-\_A
3
@D 726876041
Fig. 1
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MR24E/C/D
MR34E/C/D
MRS4E/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 |EC publication 294).

Mass

MR24E/C/D 25 g per 100
MR34E/C/D 32 g per 100
MR54E/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=+0,25%; 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 E 192 series, provided the value can be indicated with no more
than three significant figures. The values of the E96 and E 192 series are given at the back of this book.
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MR24E/C/D

i i -R- MR34E/C/D
Lacquered metal film resistors (to MIL-R-10509F) MR54E/G/D
MR74E/C/D
Table 2
rated maximum . max. MIL catalogue number
style dissipation temp?r.a ture | resistance range voltage 2322 followed
W coefficient and tolerance v style by
.10%/K ) '
at 125 0C + 0,1/0,25/0,5%
E192 series
1% E96 series
MR24E 0,1 25 499 Q to1 MQ 200 RNS5E| 160.....
MR24C 0,1 50 49,9 Q to 1 MQ 200 RN55C| 161.....
MR34E 0,125 25 49,9 Q2 to 1 MQ 250 RN6OE| 163.....
MR34C 0,125 50 499 Q to 1 MQ 250 RN60OC| 164.....
MR54E 0,25 25 499 Q to 1 MQ 300 RNG5E| 166.....
MR54C 0,25 50 49,9 ©2 to 1 MQ2 300 RN65C| 167.....
MR74E 0,5 25 24,9 Q to 1 MQ 350 RN70E| 169.....
MR74C 0,5 50 24,9 Q to 1 MQ 350 RN70C| 170.....
at70°C * 1% E96 series
MR24D 0,125 100 102 to 1 MQ 200 RN55D| 162.....
MR34D 0,25 100 102 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
see Table 2

tolerance code
1for 1%

2 for + 0,5%

3 for +0,25%
4 for £ 0,1%

resistance value code: first three significant

figures of the resistance value (in §2) followed

by

9forRof 10to 98,8
1forRof 10010988
2for Rof 1to

3forRof 10to 98,8 k2
4 for R of 100 to 988

5 for R of
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.

9,88 k2
k&2
1T MQ
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MR24E/C/D

MR34E/C/D

MR54E/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 requirement
R 10509F STD 202 MIL-R-10509F . N
procedure requirement
paragraph method paragraph
46.4 102 Temperature cycling 39 AR <0,25% +0,05 Q2
46.5 - Low-temperature operation 3.10 AR <0,25% +0,05
4.6.6 - Short-time overload 3.1 AR < 0,25% +0,05 2
4.6.7 21 Terminal strength 3.12 AR< 0,2% +0,05 2
46.8 301/105 Dielectric withstanding 3.13 AR < 0,25% +0,05 2
voltage
4.6.9 302 Insulation resistance 3.14 Rins = 10 000 MQ
46.10 210 Resistance to soldering heat 3.15 AR<0,1% +0,05
4.6.11 106 Moisture resistance 3.16 AR <0,5% +0,05 2
Rjns = 100 MQ
46.13 108 Life 3.18 AR<0,5% +0,05%
4.6.15 205 Shock, medium impact 3.20 AR <0,25% +0,05 Q2
46.16 204 Vibration 3.21 AR <0,25% +0,05 2
PACKAGING

Bulk packing, 100 per box.

* Although resistors with a temperature coefficient of 100.10°6/K correspond with characteristic D
resistors of MIL-R-10509F, they meet the more severe test requirements of characteristic C and E

resistors.

238

November 1993



MPR24
MPR34
METAL FILM PRECISION RESISTORS
QUICK REFERENCE DATA
Resistance range 24 2 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 0,125 W 0,250 W
MPR34 0,25W 0,40 W
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. + 0,060% (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 Q
AR/R max. 0,01% + 0,01 Q
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.
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MPR24
MPR34

MECHANICAL DATA

L1
l — iﬂd
L2 @D 7285008.2
Fig. 1.
type D L1 L2 max d
MPR24 25 6,5 75 0,6
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):

Coding

MPR24 — 25¢
MPR34 — 30g

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 |EC publication 62
“’Colour code for fixed resistors’’. See also General Section. All other resistors, including those in
cassette packing, are marked.

Colour coding
I

significant - tol. TC
colour figures multiplier % 10°9/K
black 0 1x
brown 1 10 x
red 2 100 x 50
orange 3 1000 x +15
yellow 4 10000 x 25
green 5 100000 x +0,5
blue 6 1000 000 x +0,25 +10
violet 7 +0,1 5
grey 8
white 9
silver - 0,01 x
gold - 0,1x

240
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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
code for tolerance * > temp. coefficient
!

X oy

R T B R

- > - — .

| X X X X X |- —1 - resistance value

| I

|
\X_ X X __ %
7282651

Tolerance: (acc IEC62).

+05 %=D
+0,25% =C
+0,1 %=8B
+0,056% =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 Q2

27R83=27,83Q
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MPR24
MPR34

ELECTRICAL DATA

Maximum permissible voltage
MPR24
MPR34

Insulation voltage (RMS)
MPR24
MPR34

Resistance range
Resistance tolerance
Climatic category (IEC68)

Failure level
Absolute maximum dissipation
at Tamp =70°C MPR24
MPR34

Temperature coefficient

250 \"
350 \
500 \"
700 \
24 Q to 100 k2 4,99 Q to 1 MQ
+0,05;0,02;0,01% +0,5;0,25;0,1%
25/125/56 55/155/56
S R
0,125wW 0,250 W
0,25 W 0,40 W
+5,10,15,25-10°%/K +5,10,15,25-10°5/K

Resistors in the range 24 2 to 200 £2, tolerance < 0,1%, are of low inductance.

Derating at temperatures above 70 °C

7282652
100 100

I

Prmax | Pmax :

(%Prateq) [ (%Prated) |

' |

! |

' |

0 1 0 H

+70 +125 +70 +155
Tamb (°C) Tamb (°C)

Fig. 2a Maximum dissipation (Ppyax)
as a function of Ty, for R tolerances
of 0,05, 0,02 and 0,01%.

Fig. 2b Maximum dissipation (P ax)
as a function of Ty for R tolerances of
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 (W) | 240 | 200 Tamb =
limiting voltage (V) | 250 350 MBC8s9 - 2 20:0
T7(,25°C
I 2
. 061 o, /, | | s00c
w) //
051 o8 A | Jeooc
Z Y 4 700¢
‘A 80°C
0.4 08 //
04 /’/ ; 10°c
o2 /// 120°C
03 4 125 °C
A
02 d P11 1400c
02 ra %
i /i
LXE /// 7// : 180°C
A /
- 974 74 < 74 l
A 40 | 60 100120 | 140 | 160 Tm (°C)
//// \\Q:\:\\\\ 1| R-
///// \\\ N Nt 100
i L A A N I
N
A / / \\\\\ [t woa
/44 NN
wwon |A/A/N / NN Y
VAN - N
_ Vs ////// . \\ L] @
LA 4 ANANIIE T}
™ [}
ot //&é 3000 h \\{ 100 kQ
% Y/ / 2000 h 1M
/// A ™ 1o00n |
y.4%8Y. Il . I
02 0.1 005 ARy 002 001 0005 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%

bandoliers of
100 and 1000

2322 14X XXXXX

|

Any value within the range can be supplied in colour-coded versions provided the
resistance value can be expressed in 3-colour-code bands. All other resistors are available

resistors
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 Q2 are of low inductance value.
0 100
] 0.5 T000 +0,5% +0,25% 0,1%
i .C. r r colour
; :::f 0.25 1(1)23 packing ::Igs:ance -T;"/K ;t::lg:;d ggg:{ marked 233’; marked cogeq | Marked
4 ce 100 8th and 9th digit of the catalogue number
5 % 0.1 1000 100 00xxx | 04xxx |20xxx | 24xxx | 40xxx | 44xxx
£25 [ 1000 | 10xxx | 14xxx | 30xxx | 34xxx | 50xxx | Sdxxx
0 25 100 01xxx | 05xxx |21xxx | 25xxx | 41xxx | 45xxx
! *15|  colour "'gtgn £15 177000 | 1o | 150x | 3w | 35cx | 5w | BB
2 10 coded 1Mc;) 100 | 02xxx | 06xxx {22xxx | 26xxx | 42xxx | 46xxx
3| 1Cc |58 10 17000 | 1200 | 160k | 3200 | 36300 | 5200k | 56xxx
4 | 10°/K | £25 100 03xxx | 07xxx | 23xxx | 27xxx | 43xxx | 47xxx
5 £15 marked *5 1000 13xxx | 17xxx | 33xxx | 37xxx | 53xxx | 57xxx
6 +10
7 t 5
bandoliers of
500 and 5000
resistors 2322 14X XXXXX
3 MPR24 ayle { +0,5% +0,25% 0,1%
! MPR34 ::rs:gs:ance ,'g_'sc /K :t:cr:(c::rgd ;ggoetg marked ggll;:;r marked :::z::loel;q marked
9 0.5 500 8th and 9th digit of the catalogue number
L1 5000 500 | 00xxx | Od4xxx | 20xxx | 24xxx | 40xxx | 44xxx
2 | tole- 500 + 25
3| ran- 0.25 5000 packing 5000 | 10xxx | 14xxx | 30xxx |34xxx | 50xxx | 54xxx
T ce £15 500 01xxx | 05xxx | 21xxx | 25xxx | 41xxx | 45xxx
— % 0.1 500 4990 5000 T1xxx | 15xxx | 31xxx | 35xxx | 51xxx | 55xxx
5 5000 ”:122 £10 500 | 02xxx | 06xxx | 22xxx | 26xxx | 42xxx | 46xxx
0 + 25 5000 12xxx | 16xxx | 32xxx | 36xxx | 52xxx | 56xxx
I +15 colour : 8 500 | 03xxx | 07xxx | 23xxx |27xxx | 43xxx | 47xxx
2 +10 coded 5000 13xxx | 17xxx | 33xxx | 37xxx | 53xxx | 57xxx
(3| ¢ [z 5
4 | <10°/K |25
5 | +15
—G— T marked
7 | : 5
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Metal film precision resistors

MPR24
MPR34

b. For tolerances + 0,05; + 0,02 and *+ 0,01%

2322 14X X%(XXX

cassettes of 20 resistors
and
bandoliers of 100
1 MPR24
style
2 MPR34
6 + 0,05%
7 +0,02% tolerance
8 +0,01%
0 25
1 15
20
2 +10
3 _|TC t 5 i
4 |"109K [t 285 packing
5 + 156
100
6 +10
7 t 5
bandoliers of 500
and 1000 resistors
2322 14X XXXXX
3 MPR24
style
4 MPR34
6 + 0,05%
7 +0,02% tolerance
8 +0,01%
0 25
1 t 15
—— 500
2 + 10|
TC t 5
3 .
" packing
4| 10K |4 o
15
5 1000
6 + 10
7 t 5

Any value within the range will be supplied in marked versions

provided the 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 supplier.

Tolerance < 0,1%; the values 24 Q to 200 2 are of low inductance

value.
Quantities of 20 are accompanied by a list with individual measuring
details.
+0,05% +0,02% | £0,01%
resistance TC. standard MARKED
range packing 8th and 9th digit of the
catalogue number
+ 25 20 60xxx 70xxx 80xxx
+15 20 61xxx 7 1xxx B1xxx
24Q + 10 20 62xxx 72xxx 82xxx
to t 5 20 63xxx 73xxx 83xxx
100 kQ +25 100 64xxx 74xxx 84xxx
+ 15 100 65xxx 75xxx 865xxx
+10 100 66xxx 76xxx 86xxx
t 6 100 67xxx 77xxx 87xxx
+0,05% l +0,02% ] +0,01%
resistance TC. standard MARKED
range packing 8th and Sth digit of the
catalogue number
+ 25 500 60xxx 70xxx 80xxx
+ 15 500 61xxx 71xxx 81xxx
24Q +10 500 62xxx 72xxx 82xxx
to + 5 500 63xxx 73xxx 83xxx
100 k2 + 25 1000 64xxx 74xxx 84xxx
+15 1000 65xxx 75xxx 85xxx
10 1000 66xxx 76xxx 86xxx
+ 5 1000 67xxx 77xxx 87xxx
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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 0,5%, 0,25% and 0,1% tolerance classes) and category 25/125/56 (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 IEC 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 | £c 68
40.000 .
test test procedure requirements
test
method
method
45 Insulation resistance MPR24: 500 V (d.c.) min. 10* MQ
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<+510°%K
(b) between —55 OC and + 1565 0C| <z 25, 10-9/K
*
4.10 Noise IEC publication 195 <0.50 uVv/V for R >100 K
<0.25 uV/V for R <100 K
41 Overload 55, 6,25 x P oy or 2 x limi- ARax <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 ARmax <0,01%+0,01
4.15 Ta Soldering solderability: 2S good timing
230 °C flux 600 no damage
Tb Thermal shock: 3 S
350 °C 6 mm from body ARpax <0,01% + 0,01 Q2
4.16 Na Rapid change of (a) %2h —250C/% h + 125 oC ARpax <0,01%+ 0,01 2
temperature 5 cycles
(b) %2 h —550C/% h + 155 oC ARmax <0,01% + 0,01
5 cycles *
417 Eb Bump 3 x 1500 bumps in three no damage
directions, 40 g ARmpax <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

MPR34
CEcC IEC68
40000 .
test 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 6h ARmax <0,01% + 0,01
4.20 Climatic sequence
4.20.2 B Dry heat (a) 16h;125°C
(b) 16h;1565°C *
4.20.3 D Damp heat (accel.) 24 h; 95 - 100% R.H.
1st cycle
4.204 Aa Cold (a) 2h;-25°C
(b) 2h;-55°C *
4.20.5 M Low air pressure 1h;8,5kPa; 15-35°C
4.20.6 D Damp heat (accel.) 5 days; 95 - 100% R.H. Rins min. 100 M2
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
<1,25 mW ARmax <0,05% + 0,01
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 2
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

tvpe a A B1-B2 S T
P +0,2 15 * max. spacing max. deviation of spacing
MPR24 6 63,5 1,2 5 1 mm per 10 spacings
MPR34 6 63,5 1,2 5 0,5 mm per 5 spacings
Dimensions of ammopack

M N i P o
MPR24 97 29 262
MPR34 . 97 39 262
Dimensions of reel

Q \Y
MPR 305 90
MPR34 356 920

* (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

QUICK REFERENCE DATA

Resistance range

Resistance tolerance

220 k2 to 15 M2, E24/E96 series
100 k2 to 10 MS2, E24 series
12 MQ to 22 MQ2, E12 series

+ 1% (E24/E96), + 5% (E24), + 10% (E12)

Max. permissible body temperature (hot spot) 155 0C

Temperature coefficient

Rated dissipation at Tyyp = 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

+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

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 —

i

| ——@d

; }

«~—— L2 —— @D 7285008.2

Fig. 1 Axial leads.

Table 1
type Dmax L1 max L2 max d
VR25 25 6,5 75 0,6
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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).

Fig. 2 “Stand-up’’ type VR25A, for vertical
mounting; resistor shown in the mounted
position. The bent lead is partly covered with an
insulating lacquer with a breakdown voltage

of at least 50 V (DC).

23
*1
»lle
20,6
7246598.8 v
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.

252
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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 MS2 to 22 M2 for R + 10%,

E24 series within the range 100 kS2 to 10 MS2 for R + 5% and

E24/E96 series within the range 220k$2 to 15 M2 for R + 1%
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 applied continuously
to the resistor element; see |EC publications 115-1 and 115-2. This voltage is 1600 V (DC) or
1150 V (RMS).

Table 2
. . resistance tolerance . catalogue number
type packing | quantity range +% series 2322 followed by:
VR25 ammopack | 1000 220kS2 to 15 MQ 1 E24/E96 2418....
100 k§2 to 10 MQ 5 E24 241 13...
12 MQ to 22 MQ 10 E12 241 12...
5000 100 k2 to 10 MQ2 5 E24 241 53...
12 M2 to 22 MQ 10 E12 241 52...
on reel 5000 100 k2 to 10 MQ2 5 E24 241 23...
12 MQ2 to 22 MQ 10 E12 241 22...
VR25 ammopack | 2000 100 k€2 to 10 MQ 5 E24 241 43...
2000 12 MQ2 to 22 MQ 10 E12 241 42...
26 mm
bandolier
VR25A in box 1000 100 k2 to 10 MQ 5 E24 241 33...
"stand-up’’ | (loose) 12 MS2 to 22 M2 10 E12 241 32...

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 MQ
6 for R > 10 MQ
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0.25 4
Prated
W,
™) 0.20 4
0.15 4
OJOW
0.05 4
0 v + T —
MCA381 0 50 70 100 55

1
Tamb (°C)

Fig. 3 Maximum dissipation (Pr5x) as a function of the ambient temperature (Tamp).

10 7288532
P
(W)

1

VR25 1150V 0,25W
N

10~ N
102 - ,

10 1 10 oma) 10

Fig. 4 Maximum permissible dissipation at Tymp = 70 OC as a function of the resistance.
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High-ohmic/high-voltage resistors VR25

100 MCA384

AT
)
80

60

20

0 0.2 0.4 0.6
P (W)

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

50 MCA383
AT
(K)
40
5mm T ]
30 /l/ 10Irnm_‘
AN
//r /15 mmT ]
20 Cl
,/ A
10 ’/
0
0 0.2 04 06
P (W)

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 IEC publication 115-1, category
55/155/56 (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
IEC 68
I ElC 1151 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 2
number of
samples
4.17 Ta Soldering solderability: 2 s good tinning,
235 0C, flux 600 no damage
4.18 Tb thermal shock: 3's AR max. 0,5% + 0,05
350 9C, 6 mm from body
i % h —55 O o
4.19 Na Rapid change %2 h =55 O0C/% h + 155 OC, AR max. 0,5% + 0,05 Q
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 (3x 2 h)
4.20 Eb Bump 3 x 1500 bumps in three no damage
directions, 40g AR max. 0,5% + 0,05
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High-ohmic/high-voltage resistors

VR25

IEC 68
IEC115-1 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 9C; 95-100% R.H.
4234 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 ©C;95-100% R.H. Rins min. 1000 MQ
(accel.) re- AR max. 1.5%
maining cycles
4242 Ca Damp heat 56 days; 40 ©C;90-95% R.H. Rjns min. 1000 MQ
steady state dissipation < 0,01 P, AR max. 1.5%
limiting voltage 16 V (DC)
4,251 - Endurance 1000 hours; 70 °C AR max. 1.5%
nominal dissipation or Vyax
4842 - 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 IEC publication 195 max. 5 uV/V
46.1.1 - Insulation 500 V (DC) 1 minute; min. 10° MQ
resistance V block method
4.13 - Short time Room temperature, AR max. 0,5% + 0,05 Q
overload dissipation 6,25 P,

(voltage not more than
2 x limiting voltage),
10 cycles 5 s on,

45 s off
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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.

quantity per box
type bandolier bulk bandolier
ammopack loose on reel
VR25 1000/2000/5000 - 5000
VR25A - 1000 -

Dimensions of bandolier

a B1-B2 S T
type +056 A + max. (spacing) (max. deviation of spacing)
VR25 6 525+15 1,2 5 } 1 mm per 10 spacings
VR25 6 26+15-0 1,0 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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VR68
HIGH-OHMIC/HIGH-VOLTAGE RESISTORS
QUICK REFERENCE DATA
Type VR37 VR68
Resistance range
E24 series 100 k€2 to 33 MQ | 100 kS2 to 68 M2
E24/E96 series 100 k2 to 33 M2 | 100 k§2 to 68 MS2
Resistance tolerance
E24 series + 5% + 5%
E24/E96 series +1% +1%
Thermal resistance 120 K/W 70 K/W
Max. permissible body temperature (hot spot) 155 °C 155 °C
Temperature coefficient + 200.10°¢/K + 200.10°¢/K
Rated dissipation at Tymp =70 ©C* 0.5W 1.0W
Limiting voltage
DC 3.5kV 10 kV
RMS 2.5kV 7kV
Dielectric withstanding voltage
of the insulation for 1 minute min. 700 Vv 700 V
Basic specification IEC115-1B IEC115-1B
Climatic category (IEC 68) 55/155/56 55/155/56
Stability after:
1000 h max. load AR/R max. (req.: 1.5%) +0.1Q | typ.0.5% typ. 1%
6 days damp-heat test AR/R max. (req.: 1.5%) + 0.1 Q | typ.0.56% typ. 1%
56 days damp-heat test AR/R max. (req.: 1.5%) + 0.1 Q | typ.0.5% typ.0.5%
Noise max. (req.: 2.5 uV/V) typ. 0.5 uV/V typ.0.5 uV/V
APPLICATION

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

—— A

the safety requirements of IEC 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

L1

i

— ' ! :t___———:lz?ﬂd
t
- - 12— @D 7285008.2
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
* See Fig.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 1EC 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 + 5%) within the range 100 k2 to 33 MS2 for type VR37 and 100 k2

to 68 MQ for type VR68. Values up to 220 MS2 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 |IEC publications 115-1 and 115-2. This voltage is 3500 V (DC)
or 2500 V (RMS) for type VR37 and 10 kV (DC) or 7 kV (RMS) for type VRE8.

Table 2
. . resistance tolerance . catalogue number
t
ype packing | quantity range £9% Series | 2322 followed by:
VR37 ammopack 1000 100 k2 to 33 MQ2 1 E24/E96 2428 . ...
5 E24 24213...
on reel 5000 100 kS2 to 33 MQ 1 E24/E96 2427....
5000 5 E24 24223 ...
VR68 ammopack 500 100 kS2 to 68 M2 1 E24/E96 2448. ...
5 E24 24413...

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 t0976 k&

5forR= 1MQ to 9.76 MQ

6forR= 10MQ to 68 MQ
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High-ohmic/high-voltage resistors VR37

VR68

1.0 VR68
Prated
w)
0.75 4
7
0.5 VRS
0.25 4
(1] v } T :
MCA389 0 50 70 100 55

1
Tamb (°C)

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

10 7288533
-]
(W)
VR68 7000V 1W
1
I AN
[ VR37 2500V 0,5W
10!
102
10~ 1 10 .0y 102
H (VA2

Fig. 3 Power versus resistance value of high-voltage resistors at Ty = 70 OC.
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VR37
VR68

MCA391
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9 VR68
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VR37 ) 4
y
/
40 % d
20 ///
/|
4
0
0 0.4 0.8 1.2
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Fig.4 Hot-spot temperature rise (AT) as a function of dissipated power.

MCA390
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AT [ [
K +—+
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40 / Lt
5mm 1
i 44
110"""“ L7 | 115 mm
30 4 > A
15 %
mml 7/// =
' 1
4
20 7/' 744
"
7
4
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{4
0
0 0.4 0.8 1.2
P (W)
VR37
————————— VRE8

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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High-ohmic/high-voltage resistors

VR37
VR68

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 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 IEC 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
|[EC115.1 | 'EC68 .
test 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 90°
ber of
samples
Uc Torsion 3 x 3609 in opposite directions | no damage
other half AR max.0.5% + 0.05 2
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 —55 0C/% 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
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 Q
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VR37

VR68
IEC1151 | 'EC68 .
test test procedure requirements
clause
method

23 Climatic
sequence

23.2 Ba Dry heat 16 h, 165 °C

23.3 Db Damp heat
(accel)
1st cycle 24 h;550C;95-100% R.H.

234 Aa Cold 2h;-550C

235 M Low air
pressure 2 h;8.5kPa; 15-35 °C

23.6 Db Damp heat 5 days; 55 ©C;95-100% R.H. Rjns min. 1000 M2
(accel) re- AR max.1.5% + 0.1 Q
maining cycles

242 Ca Damp heat 56 days; 40 0C;90-95% R.H. Rjng min. 1000 MQ
steady state dissipation <0.01 P, AR max.1.5% +0.1 Q

limiting voltage 16 V (DC)
26.2 - Endurance 1000 hours; 70 ©C AR max.1.5% +0.1Q
nominal dissipation or Vijax

1 - Temperature between —55 OC and + 155 °C | + 200.10°%/K
coefficient

10 - Voltage proof | 700 V (RMS), 1 minute no breakdown
on insulation

14 - Noise |EC publication 195 max. 2.5 uV/V

9 - Insulation min. 10* MQ
resistance

264
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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 +15 + max. (spacing) (max. deviation of spacing)
VR37 6 52.5 1.2 5 \ 1 mm per 10 spacings
VR68 5 66.7 1.2 10 | 0.5 mm per 5 spacings
Dimensions of ammopack

M N P
VR37 83 60 262
VR68 85 112 258
Dimensions of reel

Q Vv
VR37 356 75

The dimensions in above tables are in mm.
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PRO1

POWER METAL FILM RESISTOR

QUICK REFERENCE DATA

Resistance range
Resistance tolerance

Rated dissipation at Tamp = 70 °C; P7g*

Thermal resistance Rth
Temperature coefficient

Vmax. .
Basic specifications

0.22 Q to 1 M2, E24 series

+5%

0.22Q<R<1Q 06W
1Q<R<1M 1w
135 K/W

<£250x 10%/K

350 V (DC or RMS)
IEC 115-1 and 115-4

Climatic category (IEC 68) 55/155/56
Stability after:
load AR/R max. 5% + 0.1 2
climatic tests AR/R max. 3% + 0.1 8
soldering AR/R max. 1% + 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 red, inflammable 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.

COMPOSITION OF THE CATALOGUE NUMBER

Table 1 Composition of the catalogue number

Ftype bandolier | packing quantity resistance tolerance | catalogue
width range number
PRO1 | 7356 ammopack 1000 121t 1MQ + 5% 2322 19313...
73.5 reel 5000 192t 1 MQ +5% 2322 19323...
cropped and formed | loose/box 1000 1Qto 1 MQ +5% 2322 19333...

The catalogue number in the above table is completed by inserting the first two digits of the numerical
resistor value followed by:

8 for R values between 1 §2 and 9.1 Q
9 for R values between 10 £ and 91 2
1 for R values between 100 £2 and 910 2
2 for R values between 1 k§2 and 9.1 k2
3 for R values between 10 k2 and 91 kQ2
4 for R values between 100 k2 and 910 k2
5 for R value of 1 MQ
Values below 1 § are available upon request,
Example:
The catalogue number of resistor value 750 §2, on a bandolier of 1000 pieces, in ammopack, is

2322 193 13751.
* See Fig.3.
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PRO1

MECHANICAL DATA All dimensions in mm

!

— J S |
—————— | I I I_,_—_::‘:ﬂd
f
L2 2D
7285005.2

Fig. 1 Version with straight leads, see Table 2.

i P+05 I' »'ﬂDr—
ol L
L <24

L2 { {
2min +1
[ x

bt | N L p+01 ! !

. |

P(7e) ! 7295056

7285004.4

Fig.2 Version with cropped and formed leads; see Table 2.

Table 2 Physical dimensions

type SDmax | L1 | L2max | ¢d | b h | P Smax | $Bmax
PRO1 25 65 | 9.0 0.6
25 65 | 9.0 06 | 11| 8 | 178 | 2 1.0

The length of the body (L 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). Resistors with lead lengths of 64/53/26 mm are available on special request.

Mass:
29 grams per 100 pieces.

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

The minimum pitch for this type is 5e. Figure 5 shows the temperature rise at the solder spot as a
function of lead lengths after mounting.
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Power metal film resistor PRO1

Marking

The nominal resistance and tolerance are marked on the resistor using four coloured bands in
accordance with |EC publication 62, ""Colour codes for fixed resistors"’.

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 £ to
1 M . The values of this series 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 + 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 205 °C.

7281763

Prated

W)

0.5

)
1
|
1
|
|
|
|
|
1
|
1
1
|
[l
|
1
|
[}
!
!
T

+70 o +155
Tamb (°C)

Fig. 3 Prated as a function of Tamp.
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PRO1
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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 lead end (soldering point) as a function of

dissipated power at various lead lengths after mounting.
Resistor body print distance 1 mm minimum.
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Power metal film resistor PRO1

1200 7281764.1
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Fig. 6 Maximum permissible peak pulse voltage (Vy,4x) as a function of pulse duration (t;).
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Fig. 7 Maximum permissible peak pulse power (pmax) as a function of pulse duration (t;).
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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 0C; damp heat, long term, 56 days), and along
the lines of 1EC publication 68, ""Recommended basic climatic and mechanical robustness testing

procedure for electronic components”.

In Table 3, the tests are listed with reference to the relevant clauses of |EC publications 115-1 and 68.
A short description of the test procedures and requirements is also given. In some cases, deviations
from the |EC publication were necessary for our method of specifying results.

Table 3 Tests and requirements

IEC 115-1-4 | IEC 68 | test procedure requirements
method test
method
4.16 robustness of terminations
4.16.2 Ua tensile all samples 0.6 mm, load 10N, 10 total number of failures
4.16.3 Ub bending half number of ¢ 0.6 mm,load5 N, <10¢
samples 4 x 900
4.16.4 Uc torsion other half number | 3 x 360° in opposite no damage,
of samples directions AR/R max. 0.5% + 0.05 2
4.17 Ta soldering solderability, good tinning, no damage
2 s at 235 OC, flux 600
4.18 Tb thermal shock, AR/R max. 1% + 0.05 £
3 s at 350 °C, 6 mm from body
4.19 Na rapid change of temperature | 0.5 hour at —55 0C no damage
0.5 hour at + 155 0C AR/R max. 1% + 0.05 §2
5 cycles
4.20 Eb bump 3 x 1500 bumps in three no damage
directions, 40 g AR/R max. 0.5% + 0.05
4.22 Fc vibration frequency 10 - 500 Hz, no damage
displacement 1.6 mm or AR/R max. 0.5% + 0.05 2
acceleration 10 g, three
directions, total 6 hours
(3 x 2 hours)
4.23 climatic sequence
4.23.2 Ba dry heat 16 hours at + 155 0C
4233 Db damp heat (accelerated), 24 hours at + 55 °C,
1st cycle 90 - 100% relative humidity
4234 Aa cold 2 hours at —55 °C
4.235 M low air pressure 2 hours, 8.5 kPa,
15-350C
4.23.6 Db damp heat (accelerated), 5 days at + 55 °C, Rins min. 1000 MS2
remaining cycles 90 - 100% relative humidity AR/R max. 3% + 0.1 2
4242 Ca damp heat (steady state) 56 days at + 40 °C,
90 - 95% relative humidity Rins min. 1000 MS2
dissipation 0.01 Py AR/R max. 3% + 0.1 2
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Power metal film resistor

PRO1

Table 3 (continued)

IEC 115-14 | IEC 68 | test procedure requirements
method test
method

4251 —_ endurance 1000 hours at + 70 °C, AR/R max. 5% + 0.1 2
P70 or Vmax.

48.4.2 - temperature coefficient between —556 OC and + 155 OC | < + 250 x 10°¢

4.7 - voltage proof on insulation | 500 V (RMS) for 1 minute, no breakdown
V-block method

46.1.1 —_ insulation resistance 500 V (DC) for 1 min., min. 10° MQ
V-block method

see 2nd amendment to | pulse load See Figs. 6 and 7

IEC 115-1, Jan. 87

PACKING

The resistors may be supplied on bandolier in ammopack or on a reel or loose in box.

Table 4 Dimensions of bandolier

type a A B1-B2 S T
+0.5 +15 + max spacing maximum deviation of
mm mm mm mm spacing
PRO1 6 73.0 1.2 5 1 mm per 10 spacings
0.5 mm per 5 spacings

52 mm and 26 mm tape is available upon request.

Table 5 Dimensions of reel

quantity

Q \

5000 pieces

305 mm 90 mm

Table 6 Dimensions of ammopack

Quantity

M N

1000 pieces

97 mm 28 mm

262 mm

November 1993

275






PRO2

POWER METAL FILM RESISTOR

QUICK REFERENCE DATA

Resistance range 0.332 to 1 MQ, E24 series
Resistance tolerance +5%
L 033Q<R<1Q 1.2W
Rated dissipation at Tamp = 70 °C; P79* 1Q<R<1M 2w
Thermal resistance Ryp, 75 K/W
Temperature coefficient <+250x 10°°/K
Vmax. 500 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 2
climatic tests AR/R max. 3% + 0.1
soldering AR/R max. 1% + 0.05 Q
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 red, inflammable 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.

COMPOSITION OF THE CATALOGUE NUMBER

Table 1 Composition of the catalogue number

style packing quantity mounting tolerance catalogue number
height

straight leads | ammopack 1000 + 5% 2322 19413...

cropped and loose/box 1000 8 mm + 5% 2322194 33...

formed loose/box 500 15 mm +5% 2322194 43...

The catalogue number in Table 1 is completed by inserting the first two digits of the numerical
resistor value followed by:

8 for R values between 1 2 and 9.1 2

9 for R values between 10 2 and 91 2

1 for R values between 100 2 and 910 2

2 for R values between 1 k§2 and 9.1 k2

3 for R values between 10 k2 and 91 k2

4 for R values between 100 k€2 and 910 k2

5 for R value of 1 MQ
Values below 1 2 are available upon request.
Example:
The catalogue number of resistor value 750 £2, on a bandolier of 1000 pieces, in ammopack, is
2322 194 13751.

* See Fig.3.
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PRO2

MECHANICAL DATA

!
R +
| I ‘L.__ :—? ad
f
L2 2D 7285005.2

Fig.1 Version with straight leads, see Table 2.

0D,<—

L1 -—gd

> 7295056
7Z85004.4
Fig.2 Version with cropped and formed leads.

Table 2 Physical dimensions

¢ Dmax Limax | L2max | #d 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

The length of the body L1 is measured by inserting the leads into holes of two identical gauge plates
and moving these plates parallel to each other until the resistor body is clamped without deformation
(IEC publication 294). Resistors with lead lengths of 64/53/26 mm are available on special request.

Mass:
40 grams per 100 pieces

Mounting

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

The minimum pitch for this type is 6e. Figure 5 shows the temperature rise at the solder spot as a
function of various lead lengths after mounting.
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Power metal film resistor PRO2

Marking

The nominal resistance and tolerance are marked on the resistor using four coloured bands in accordance
with |EC publication 62, "Colour codes for fixed resistors".

Standard values of rated resistance and tolerance

Standard values of rated (nominal) resistance are taken from the E24 series within the range 1 £ to

1 MQ. The values of this series 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 + 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 OC.

P 7281727

Prated

W)

T
+70 o +155
Tamp (°C)

Fig.3 Prated as a function of Tymp.

January 1992

279



PRO2

200
AT
(K)

160

120

80

40

7281729

0.8

1.6 24
P (W)

Fig.4 Hot spot temperature rise (AT) as a function of dissipated power.
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Fig.5 Temperature rise (AT) at the lead end (soldering point) as a function of dissipated power at
various lead lengths after mounting.
Resistor body print distance 1 mm minimum.
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PRO2

Power metal film resistor

1700 7281728
Vmax
1500
~
N
1300 N
N\
\\
900
\
N
700 N
N
500 s
1076 10-5 1074 1073 102 107!
ti (s)
Fig.6 Maximum permissible peak pulse voltage (Vmax) versus pulse duration (t;).
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Fig.7 Maximum permissible peak pulse power (':"max) versus pulse duration (tj).
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TESTS AND REQUIREMENTS

Essentially all tests are carried out in accordance with the schedule of IEC publication 115-1,
category 55/1556/56 (rated temperature range —55 OC to + 155 OC; 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’’.

e 12 ..LH:A--L:.\—-.. —- N0

in Tabie 2, the tests are listed with reference to the relevant cle 5 blications 115-1 and 68.
A short description of the test procedures and requirements is also given. In some cases, deviations from
the IEC publication were necessary for our method of specifying results.

Table 3 Tests and requirements

R I S —
IEC 115-1-4 | IEC 68 | test procedure requirements
method test
method
4.16 robustness of terminations
4.16.2 Ua tensile all samples $0.8 mm, load 5N, 10s total number of failures
4.16.3 Ub bending half number of $0.8 mm, load 2.5 N, <10¢
samples 4 x 900
4.16.4 Uc torsion other half number | 3 x 360° in opposite no damage,
of samples directions AR/R max. 0.5% + 0.05 £
4.17 Ta soldering solderability, good tinning, no damage
2 s at 235 0C, flux 600
418 Tb thermal shock, AR/R max. 1% + 0.05 2
3 s at 360 °C, 6 mm from
body
4.19 Na rapid change of temperature | 0.5 hour at —55 0C no damage
0.5 hour at + 155 °C AR/R max 1% + 0.05 2
5 cycles
4.20 Eb bump 3 x 1500 bumps in three no damage
directions, 40 g AR/R max. 0.5% + 0.05 §2
4.22 Fc vibration frequency 10 - 500 Hz, no damage
displacement 1.5 mm or AR/R max. 0.5% + 0.05 2

acceleration 10 g, three
directions, total 6 hours
(3 x 2 hours)

4.23 climatic sequence
4.23.2 Ba dry heat 16 hours at + 155 °C
4.23.3 Db damp heat (accelerated), 24 hours at + 55 °C,
st cycle 90 - 100% relative humidity
4.23.4 Aa cold 2 hours at —55 °C
4.23.5 M low air pressure 2 hours, 8.5 kPa,
15-350C
4.23.6 Db damp heat (accelerated), 5 days at + 55 °C, Rins min. 1000 M2
remaining cycles 90 - 100% relative humidity AR/R max. 3% + 0.1 £
4242 Ca damp heat (steady state) 56 days at + 40 °C,
90 - 95% relative humidity Rins min. 1000 M$2
dissipation 0.01 P79 AR/R max. 3% +0.1 Q2
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Power metal film resistor

PRO2

Table 3 (continued)

’TEC 115-1-4 | IEC 68 | test procedure requirements
method test
method

425.1 —_ endurance 1000 hours at + 70 °C, AR/R max. 5% + 0.1 §2
P70 or Vimax.

484.2 —_ temperature coefficient between —55 OC and + 155 °C | < £ 250 x 10°°

47 —_ voltage proof on insulation | 500 V (RMS) for 1 minute, no breakdown
V-block method

46.1.1 - insulation resistance 500 V (DC) for 1 min,, min. 10* MQ
V-block method

see 2nd amendment to | pulse load see Figs. 6 and 7

IEC 115-1, Jan. 87.

PACKING

The resistors may be supplied on bandolier in ammopack or loose in a box.

Table 4 Dimensions of bandolier

type a A B1-B2 S T
+0.5 15 + max spacing maximum deviation of
mm mm mm mm spacing
PRO2 6 73.0 1.2 5 1 mm per 10 spacings
0.5 mm per 5 spacings

52 mm tape is available upon request.

Table 5 Dimensions of ammopack (in mm)

quantity M N

P

1000 pieces | 97 | 59

262
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POWER METAL FILM RESISTOR

QUICK REFERENCE DATA

Resistance range
Resistance tolerance

Rated dissipation at Tamp = 70 °C; P7g*

Thermal resistance RTH

Temperature coefficient

Vmax.
Basic specifications

1Q to 1 MQ, E24 series

+5%
3w

60 K/W

<+250x 10°/K
750 V (DC or RMS)

IEC 115-1 and 115-4

Climatic category (I1EC 68) 55/155/56
Stability after:
load AR/R max. 5% + 0.1 Q2
climatic tests AR/R max. 3% + 0.1
soldering AR/R max. 1% + 0.05 Q
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 red, non-inflammable 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.
COMPOSITION OF THE CATALOGUE NUMBER

Table 1 Composition of the catalogue number

style packing quantity mounting tolerance catalogue number
height

straight leads | ammopack 500 +5% 2322 19513...

cropped and | loose/box 500 8 mm +5% 232219533...

formed loose/box 250 15 mm +5% 232219543. ..

The catalogue number in Table 1 is completed by inserting the first two digits of the numerical
resistor value followed by:

8 for R values between 1 £ and 9.1 Q

9 for R values between 10 2 and 91

1 for R values between 100 £ and 910 2

2 for R values between 1 k2 and 9.1 k2

3 for R vaiues between 10 k§2 and 91 k2

4 for R values between 100 k2 and 910 k2
5 for R value of 1 MQ

Example:

The catalogue number of resistor value 750 £2, on a bandolier of 1000 pieces, in ammopack, is

2322 195 13751.
* See Fig.3.
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MECHANICAL DATA

7285005.2

Fig.1 Version with straight leads, see Table 2.

|<-———— P+0,5 ——»l *IGD"—
)=
L/"—\_J
L1
<« @d
L2 | —
. - 5+1
P+3 '<_b+8,1 'L—EB [
—| S L |<__ P(10e)— 7222973
7285004.4
Fig.2 Version with cropped and formed leads.
Table 2 Physical dimensions
#Dmax Limax | L2max | ¢d b h P Smax #Bmax
5.2 16.7 20.0 0.8 1.3 8 25.4 2 1.2
5.2 16.7 20.0 0.8 1.3 15 25.4 3 1.2

The length of the body L1 is measured by inserting the leads into holes of two identical gauge plates
and moving these plates parallel to each other until the resistor body is clamped without deformation
(IEC publication 294).

Mass:
92 grams per 100 pieces

Mounting

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

The minimum pitch for this type is 9e. Fig.5 shows the temperature rise at the solder spot as a function
of lead lengths after soldering.

Marking

The nominal resistance and tolerance are marked on the resistor using four coloured bands in
accordance with |EC publication 62, ""Colour codes for fixed resistors’’.
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Power metal film resistor PR 03

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 £ to
1 MQ. The values of this series 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 * 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 temperature is 250 ©C.

3 7281730

Prated
(W)

T
+70 o +155
Tamp (")

Fig.3 Prateq as a function of Tymp-
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Fig.4 Hot spot temperature rise (AT) as a function of dissipated power.
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Power metal film resistor

PRO3

-

Fig.7 Maximum permissible peak pulse
voltage as a function of pulse duration.
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Fig.6 Maximum permissible peak pulse power as a
function of pulse duration for critical value.
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PRO3

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 O0C; 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”.

1 Ciaustes O

In Table 3 the tests are listed with reference to the relevant clauses of |EC pnhlinntinnc 115-1 and 68
in Table 3, the tests are listeg with reterence 10 the relevan tEC publications 11 .

A short description of the test procedures and requirements is also given. In some cases, deviations
from the IEC publication were necessary for our method of specifying results.

Table 3 Tests and requirements

290 November 1993

IEC 115-1-4 | IEC 68 | test procedure requirements
method test
method
4.16 robustness of terminations
4.16.2 Ua tensile all samples ¢ 0.8 mm, load 10N, 10s total number of failures
4.16.3 Ub bending half number of ¢ 0.8 mm, load 5 N, <10¢
samples 4 x 900
4.16.4 Uc torsion other half number | 3 x 360° in opposite no damage,
of samples directions AR/R max. 0.5% + 0.05 2
4.17 Ta soldering solderability, good tinning, no damage
2 s at 235 °C, flux 600
4.18 Tb thermal shock, AR/R max. 1.0% + 0.05 2
3 s at 350 °C, 6 mm from body
4.19 Na rapid change of temperature | 0.5 hour at —55 °C no damage
0.5 hour at + 155 0C AR/R max. 2% + 0.05 §2
5 cycles
4.20 Eb bump 3 x 1500 bumps in three no damage
directions, 40 g AR/R max. 0.5% + 0.05
4.22 Fc vibration frequency 10 - 500 Hz, no damage
displacement 1.5 mm or AR/R max. 0.5% + 0.05 2
acceleration 10 g, three
directions, total 6 hours
(3 x 2 hours)
4.23 climatic sequence
4.23.2 Ba dry heat 16 hours at + 155 °C
4.23.3 Db damp heat (accelerated), 24 hours at + 55 0C,
1st cycle 90 - 100% relative humidity
4234 Aa cold 2 hours at —55 0C
4.235 M low air pressure 2 hours, 8.5 kPa,
15-350°C
4.23.6 Db damp heat (accelerated), 5 days at + 55 °C, Rins min. 1000 M2
remaining cycles 90 - 100% relative humidity AR/R max. 3% + 0.1 §2
4.24.2 Ca damp heat (steady state) 56 days at + 40 °C,
90 - 95% relative humidity Rins min. 1000 MS2
dissipation 0.01 P7q AR/R max. 3% + 0.1 Q




Power metal film resistor PRO3

Table 3 (continued)

IEC 115-14 | IEC 68 | test procedure requirements
method test
method

4.25.1 - endurance 1000 hours at + 70 °C, AR/R max. 5% + 0.1
P70 or Vmax.

484.2 - temperature coefficient between —55 ©C and + 155 °C | < + 250 x 10°®

4.7 —_— voltage proof on insulation | 500 V (RMS) for 1 minute, no breakdown
V-block method

46.1.1 —_ insulation resistance 500 V (DC) for 1 min., min. 10* MQ
V-block method

see 2nd amendment to | pulse load see Figs 6 and 7
IEC 115-1, Jan. 87.

PACKING
The resistors may be supplied on bandolier in ammopack or loose in a box.

Table 4 Dimensions of bandolier

type a A B1-B2 S T
+0.5 +15 + max spacing maximum deviation of
mm mm mm mm spacing
PRO3 6 80.0 1.2 10 1 mm per 10 spacings
0.5 mm per 5 spacings

Table 5 Dimensions of ammopack (in mm)

quantity M N P
500 pieces 99 | 77 | 259
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MAINTENANCE TYPE PR37

POWER METAL FILM RESISTORS

QUICK REFERENCE DATA

Resistance range 12 to 1 MQ, E24 series
Resistance tolerance + 5%
Max. body temperature (hot spot) 300 °C
Rated dissipation at Tgp,p = 70 °C
R <27k 1,6 W
R>27kQ 1,2W
Vmax 500 V
Basic specification IEC 115-4 and MIL-R-11804/2, char. G
Climatic category (IEC 68) 55/200/56
requirement I typical values
Stability after, R <27 kQ R > 27 kQ
1000 h max. load AR/R max. 5% <2,5% <5%
climatic tests AR/R max. 3% <0,5% <1%
soldering test AR/R max. 1% <0,1% <0,1%
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, which are force-fitted to the body.

The resistor has a red non-inflammable coating of a protective silicon lacquer which can withstand
500 V (r.m.s.) and is resistant against most of the commonly used cleaning solvents in accordance with
MIL-STD-202E, method 215 and |EC 68-2-45.

COMPOSITION OF THE CATALOGUE NUMBER

2322 191 Py
Lgforr= 1 to 9,19
9forR= 10 to 91 Q
1for R= 100 to 910 Q
2for R = 1000 to 9100 Q
style code 3for R= 10000 to 91 000 &
3 = straight copper-clad iron leads, ¢ 0,6 4forR= 100000 to910000 £
4 = cropped and formed copper-clad iron leads ¢ 0,6 5for R=1000000 £
5 = straight copper leads, ¢ 0,8
6 = cropped and formed copper leads, ¢ 0,8 L—mounting height (h), Fig. 2
(1): 15 cropped and formed version
0 = straight lead version
L first two digits of the resistance value

(E24 series)
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PR37

MECHANICAL DATA

1—'——_::\U’__x||/__ n‘——}ﬂd

-

L2 a0

7285005.2

Fig. 1 Version with straight leads, see Table 1.

[ P05 ——] —»loo’«
e —
N ————Y
L1 «—gd
L2 b et ez g
H 2 min I ¢
e *
— P+3 ——» —| b+8.1 i<—ﬂB I
— s [._ I P(7e) ! 7295056
7285004.4

Fig. 2 Version with cropped and formed leads.

Table 1
B
type leads Dmax | L1imax | L2max| d b h Smax P é
max
copper-clad { 3.9 10 1" 0,6 1.1 8 2 17,8 1,0
iron 3.9 10 11 0,6 1.1 15 3 17,8 1,0
PR37
copper { 3,9 10 11 0,8 1,3 8 2 17,8 1,2
PP 3,9 10 1 |o8 | 1,3 | 15 3 178 | 12
Mass (per 100): 404
Mounting

The resistors must be mounted stress free so as to allow thermal expansion over the wide permissible
temperature range. The mounting pitch of version with cropped and formed leads is 7e.

Marking
Each resistor is marked with: Example: 27 R + 5%.

— resistance value (R for §2, K for k€2 and M for M£2).
— tolerance on resistance in %.
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Power metal film resistors

PR37

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
2,2 Q2 to 1 MSQ2. E24 series of values is given in the table “Standard series of values in a decade’ at the
back of the handbook. The tolerance on the rated resistance is + 5%.

Table 2
leads mounting resistance catalogue number
type style dia. material height range 2322 followed
mm (h, Fig. 2) by
PR37W 7 Mstraight R 6,67 h copper-clad iron - 1Qto1MQ 1913..0.
0,8 copper - 1915..0.
croppedand | 0,6 copper-clad iron 8 1Qto1MQ 1914..0.
formed 0,8 copper 8 1916..0.
0,6 copper-clad iron 15 1914..1.
0,8 copper 15 1916..1.

To complete the catalogue number, see Composition of the Catalogue Number. For quantities and

packing see Standard packaging.
Temperature coefficient

IEC 115-4 and MIL-R-11804/E, char. G

R=>10Q max. = 250.10¢/K
R<108Q max. * 350.107¢/K
Maximum body temperature (hot spot) 300 °C
Rated dissipation at Tymp = 70 °C R <27 k2 1,6W
R>27 k2 1,2W
Maximum voltage 500 V
Dielectric withstanding RMS voltage
of the insulation for 1 min min. 500 V
Basic specification
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 (1) as a function of dissipation with
temperature rise at end of lead (soldering place)
as parameter see Figs 6 and 7
7295057
100
P |
max [
(% Prated) |
|
0 ! T
70 Tamb (°C) 300

Fig. 3 Maximum dissipation (Pyax) as a function of the ambient temperature (Tamp).
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7282404 7282405
300
300 =28 mm
AT 20mm [ AT ||
(K) 12mm (K) .
200 2 200
/
100 100 Wi
|| /4 /|
4
y/
0 0
0 1 2 pw 3 0 1 2 pw 3
Fig. 4 Hot-spot temperature rise (AT) versus Fig. 5 Hot-spot temperature rise (AT) versus
dissipated power (P) at different lead lengths (1), dissipated power (P), copper leads ¢ = 0,8 mm.

copper-clad iron leads ¢ = 0,6 mm.
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Fig. 6 Lead length | versus dissipated power Fig. 7 Lead length | versus dissipated power
with AT as a parameter, copper-clad iron leads  with AT as a parameter, copper leads ¢ = 0,8 mm.
¢=0,6 mm.
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Power metal film resistors PR37

7293053.1
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Fig. 8 Max. permissible peak pulse voltage (V54) versus pulse duration (t;).
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Fig. 9 Max. permissible peak pulse power (Py,4,) versus pulse duration (t;).
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PR37

TESTS AND REQUIREMENTS

Essentially all tests are carried out according to the schedule of IEC publication 115-1, category
55/200/56 (rated temperature range —55 to + 200 OC; damp heat, long term, 56 days) and along the
lines of 1EC 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 |EC publications 115-1 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 4
IEC 68
IEC 115-1 test test procedure requirements
clause
method
416 Robustness of
terminations
4.16.2 Ua Tensile all load 10N; 10's number of failures
samples <10 ppm
4.16.3 Ub Bending
half number of | load 5N; 4 x 90°
samples
4.16.4 Uc Torsion other 3 x 360° in opposite directions | no damage
half number AR max. 0,5% + 0,05
of samples
4.17 Ta Soldering solderability: 2 s good tinning,
230 9C, flux 600 no damage
418 Tb thermal shock: 3's AR max. 0,5% + 0,05 Q
350 °C, 6 mm from body
4.19 Na Rapid change Y. h =55 OC/% h + 155 OC, AR max. 2%
of temperature | 5 cycles no damage
4.20 Eb Bump 3 x 1500 bumps in three no damage
directions, 40g AR max. 0,5% + 0,05
4.22 Fc Vibration frequency 10-500 Hz, no damage

displacement 1,5 mm or
acceleration 10g, three
dimensions; total 6 h (3 x 2 h)

AR max. 0,5% + 0,05 Q
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Power metal film resistors

PR37

IEC 115.1| 'EC68 .
clause test test procedure requirements
method
4.23 Climatic
sequence
4.23.2 Ba Dry heat 16 h, 155 0C
4.23.3 Db Damp heat
(accel.)
1st cycle 24 h; 55 °C; 95-100% R.H.
4.23.4 Aa Cold 2 h; =55 °C
4.23.5 M Low air
pressure 1 h; 8,5 kPa; 15-35 °C
4.23.6 Db Damp heat 5 days; 55 ©C; 95-100% R.H. Rijns min. 1000 MQ
(accel.)
remaining AR max. 3%
cycles
4.24.2 Ca Damp heat 56 days; 40 °C; 90-95% R.H. Rjns min. 1000 MQ
steady state dissipation 0,01 P, AR max. 3%
4.25.1 - Endurance 1000 hours; 70 °C
Pn or Vimax AR max. 5%
484.2 - Temperature between —55 °C and +155°C | R <10 Q: <+ 350.10°%/K
coefficient R>10Q: <+250.10¢/K
4.7 - Voltage proof | 500 V (RMS)
on insulation during 1 min., V. block method | no breakdown
4.12 - Noise IEC publication 195
4.6.1.1 - Insulation 500 V (DC) min. 10* MQ
resistance during 1 minute
V block method
* - Pulse load see Figs 8 and 9

*See 2nd amendment to IEC 115-1 and present 40 central office 532 & 533.
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STANDARD PACKING

The resistors with straight leads are supplied on bandolier in ammopack. Those with bent leads are

supplied loose in a box. For details see General section.

quantity per box

type and style

on bandolier bulk
ammopack loose
straight leads 1000
cropped and formed leads, h = 8 mm 1000
h=15mm 500
Dimensions of bandolier
¢ a A B1-B2 S T
ype +0,5 +156 + max. (spacing) (max. deviation of spacing)
| 1 mm per 10 spacings
PR37 6 73 1.2 5 | 0,6 mm per 5 spacings
Dimensions of ammopack
M N P
1000 resistors 97 59 262

The dimensions in above tables are in mm.
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MAINTENANCE TYPE PR52
POWER METAL FILM RESISTORS
QUICK REFERENCE DATA
Resistance range 1 to 1 MQ2, E24 series
Resistance tolerance +5%
Max. body temperature (hot spot) 300°C
Rated dissipation at Tymp = 70 °C
R<51kQ 25W
R>51kQ 20W
Vmax 750 V
Basic specification MIL-R-11804/2, char. G and IEC 115-4
Climatic category (IEC 68) 55/200/56

requirement | typical values

Stability after, R<51k2 | R>51kQ
1000 h max. load AR/R max. 5% <2,5% < 2,5%
climatic tests AR/R max. 3% <0,5% <1%
soldering test AR/R max. 1% <0,1% <0,1%

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, which are force-fitted to the body.

The resistor has a red non-inflammable coating of a protective silicon lacquer which can withstand
500 V (r.m.s.) and is resistant against most of the commonly used cleaning solvents in accordance with

MIL-STD-202E, method 215 and IEC 68-2-45.

COMPOSITION OF THE CATALOGUE NUMBER

2322192 .

style code
3 = straight copper-clad iron leads, ¢ 0,6

4 = cropped and formed copper-clad iron leads ¢ 0,6
5 = straight copper leads, ¢ 0,8

6 = cropped and formed copper leads, ¢ 0,8

L_gforR= 1

to 9,1 Q
9forR= 10 to 91 Q
1forR= 100 to 910 Q
2forR= 1000 to 9100
3forR= 10000 to 91000
4forR= 100000 to910000 &
5for R=1000000

L mounting height (h), Fig. 2

0=8
1=15
0 = straight lead version

cropped and formed version

first two digits of the resistance value
(E24 series)
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MECHANICAL DATA

L1 L
" !
1—— @d
D— = !
L2 a0
7285005.2

Fig. 1 Version with straight leads, see Table 1.
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7285004.4
Fig. 2 Version with cropped and formed leads.
Table 1
B
type leads Dmax | L1max |L2max] d b h | Smax P s
max
copper-clad 5,2 16,7 17,9 | 0,6 1.1 8 2 25,4 1,0
PRE2 iron 5,2 16,7 17,9 | 0,6 11 15 3 25,4 1,0
copper 5,2 16,7 17,9 |08 1,3 8 2 25,4 1,2
PP 5,2 167 |[179 |08 | 13 | 15| 3 254 | 12

Mass 92 g per 100 resistors

Mounting

The resistors must be mounted stress free so as to allow thermal expansion over the wide permissible
temperature range. The mounting pitch of version with cropped and formed leads is 10e.

Marking

Each resistor is marked with: Example: 27 R + 5%.
— resistance value (R for §2, K for k2 and M for MQ2).
— tolerance on resistance in %.
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Power metal film resistors PR52

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
2,2 Q2 to 1 MQ. E24 series of values is given in the table “‘Standard series of values in a decade” at the

back of the handbook. The tolerance on the rated resistance is + 5%.

Table 2
leads mounting . catalogue number
type vl § orial height resistance 2322 followed
yle ia. materia (h, Fig. 2) range by
mm
PR52 straight 0,6 copper-clad iron - 1821t 1MQ 1923..0.
0,8 copper - 1925..0.
cropped and| 0,6 copper-clad iron 8 1Qto1MQ 1924..0.
formed 0,8 copper 8 1926..0.
0,6 copper-clad iron 15 1924..1.
0,6 copper 15 1926..1.

To complete the catalogue number, see Composition of the Catalogue Number. For quantities and
packing see Standard packaging.

Temperature coefficient

R=108Q max. + 250.10°¢/K
R<10Q max. + 350.1076/K
Maximum body temperature (hot spot) 300°C
Rated dissipation at Tgmpp = 70 °C R<51k2 25W

R>51k2 2,0W
Dielectric withstanding RMS voltage

of the insulation for 1 min min. 500 V
Maximum voltage 750 V
Basic specification IEC 115-4 and MIL-R-11804/E, char. G
Climatic category (IEC 68) 55/200/56
Temperature rise (AT) of the resistor
body as a function of dissipation see Figs4 and 5

Lead length (1) as a function of dissipation with
temperature rise at end of lead (soldering place)

as parameter see Figs 6 and 7
7295057
100
|
Pmax |
(% Prated) |
|
0 ! T
70 Tamb (°C) 300

Fig. 3 Maximum dissipation (Prpax) @s a function of the ambient temperature (Tamp)-
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Fig. 4 Hot-spot temperature rise (AT) versus
dissipated power (P) copper-clad iron leads

¢=0,6 mm.
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Fig. 6 Lead length ! versus dissipated power
with AT as a parameter, copper-clad iron
leads ¢ = 0,6 mm.
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Fig. 5 Hot-spot temperature rise (AT) versus
dissipated power (P), copper leads ¢ = 0,8 mm.
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Fig. 7 Lead length | versus dissipated power
with AT as a parameter, copper leads ¢ = 0,8 mm,
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PR52
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Fig. 8 Max. permissible peak pulse voltage (Vmyax) versus pulse duration (t;).
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Fig. 9 Max. permissible peak pulse power (ﬁmax) versus pulse duration (t;).
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PR52

TESTS AND REQUIREMENTS

Essentially all tests are carried out according to the schedule of IEC publication 115-1, category
55/200/56 (rated temperature range —55 to + 200 O©C; damp heat, long term, 56 days) and along the
lines of 1EC 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 |EC publications 115-1 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 out

method of specifying.

Table 4
IEC 115-1 IEC 68 test procedure requirements
clause test
method
4.16 Robustness of
terminations
4.16.2 Ua Tensile all load 10N; 10s number of failures
samples <10 ppm
4.16.3 Ub Bending half
number of load 5N; 4 x 90°
samples
4.16.4 Uc Torsion other 3 x 36009 in opposite directions no damage
half number AR max. 0,5% + 0,05 2
of samples
4.17 Ta Soldering solderability: 2's good tinning.
230 ©C, flux 600 no damage
4.18 Tb thermal shock: 3 s AR max. 0,5% + 0,05 2
350 ©C, 6 mm from body
4.19 Na Rapid change | % h —5509C/% h + 155 OC. AR max. 2%
of temperature | 5 cycles no damage
4.20 Eb Bump 3 x 1500 bumps in three no damage
directions, 40g AR max. 0,5% + 0,05 2
4.22 Fc Vibration frequency 10-500 Hz, no damage

displacement 1,5 mm or
acceleration 10g, three
dimensions; total 6 h (3x 2 h)

AR max. 0,5% + 0,05 2
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Power metal film resistors

PR52

IEC 115-1 IEC 68 test procedure requirements
clause test
method
4.23 Climatic
sequence
4.23.2 Ba Dry heat 16 h, 155 °C
4.23.3 Db Damp heat
(accel.)
1st cycle 24 h; 55 ©C; 95-100% R.H.
4.23.4 Aa Cold 2h; -550C
4.23.5 M Low air
pressure 1 h; 8,5 kPa; 15-35 °C
4.23.6 Db Damp heat 5 days; 55 ©C; 95-100% R.H. Ring min. 1000 M2
(accel.)
remaining AR max. 3%
cycles
4.24.2 Ca Damp heat 56 days; 40 °C; 90-95% R.H. Rijns min. 1000 MQ
steady state dissipation 0,01 P, AR max. 3%
4.25.1 - Endurance 1000 hours; 70 °C
Pp or Vimax AR max. 5%
48.4.2 - Temperature between —55 ©C and + 155 ©C R<1002<+35010¢%K
coefficient R>1002<125010¢K
4.7 - Voltage proof | 500 (RMS)
on insulation during 1 min., V. block method no breakdown
4.12 - Noise IEC publication 195
4.6.1.1 - Insulation 500 V (DC) min. 106 MQ
resistance during 1 minute
V block method
* - Pulse load see Figs8and 9

* See 2nd amendment to IEC 115-1 and present 40 Central Office 532 & 533.

January 1992
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PR52

STANDARD PACKING

The resistors with straight leads are supplied on bandolier in ammopack. Those with bent leads are -

supplied loose in a box. For details see General section.

quantity per box

type and style on bandolier bulk
ammopack loose
straight leads 500
cropped and formed leads, h = 8 mm 500
h=15mm 250
Dimensions of bandolier
type a A B1-B2 S T
+0,5 1,5 * max. (spacing) (max. deviation of spacing)
| 1 mm per 10 spacings
PRG2 6 80 1.2 10 | 0,5 mm per 5 spacings
Dimensions of ammopack
M N P
500 resistors 99 77 259

The dimensions in above tables are in mm.
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Philips Components Preliminary Specification

Cemented Wirewound Resistor ACO1

FEATURES

¢ High power dissipation in small
volume

o High pulse load handling
capabilities.

APPLICATIONS

» Balast switching
o Shunt in small electric motors.

DESCRIPTION

The resistor element is a resistive
wire which is wound in a single layer
on a ceramic rod. Metal caps are
pressed over the ends of the rod.
The ends of the resistance wire and
the leads are connected to the caps
by welding. Tinned copper-clad iron
leads with poor heat conductivity are
employed permitting the use of
relatively short leads to obtain stable
mounting without overheating the
solder joint. The resistor is coated
with a green silicon cement which is
non-flammable, will not drip even at
high overloads and is resistant to
most commonly used cleaning
solvents, in accordance with
MIL-STD-202E method 215 and

IEC 68-2-45.

March 1992

QUICK REFERENCE DATA

Resistance range

0.1 Qto 1.5 kQ; E24 series

Resistance tolerance

+5%

Maximum permissible body 350 °C
temperature

Rated dissipation at T, = 40 °C 1w
Rated dissipation at T, = 70 °C 09w
Climatic category (IEC 68) 40/200/56
Basic specification IEC 266

Stability after:

load, 1000 hours
climatic tests

short time overload

AR/R max. 5% +0.1 Q
AR/R max. 1% +0.05 Q
AR/R max. 2% +0.1 Q

MECHANICAL DATA

Dimensions in mm.

— :Et:\/j: ‘,:_tl) ¢Io

MRAS571
Fig.1 Outlines.
Lrmax Dpnax d
TYPE (mm) (mm) (mm)
ACO1 10 4.3 0.8
311




Philips Components

Preliminary Specification

Cemented Wirewound Resistor ACO1

Mass: 55 gram (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 materials 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 T, = 40 °C.

For values upto 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 packing is marked and includes
resistance value, tolerance,
catalogue number, quantity,
production period, batch number
and source code.

March 1992

MRA572
o T Ty T )
temperature f
rise 120 —t LA
at hot spot I A\
°C) 100 e ———
80 T I B E—
60 7

oA

O 1
0 0,2 04 0,6 08 1

dissipation (W)

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

MRA573

25 temperéture

rise at
L solder spot

20
/20 °c

lead length
(mm)

/
30°C

l
0 0.2 0,4 0,6 08 1
dissipation (W)

Fig.3 Lead length as a function of dissipated power and temperature
rise.
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Philips Components

Preliminary Specification

Cemented Wirewound Resistor ACO1

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
NPom X R

This is the maximum voltage that
may be continuously applied to the
resistor (see |EC publications 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.

COMPOSITION of the
CATALOGUE NUMBER

To complete the catalogue number
(see Table 1), replace the first two
dots of the remaining code by the
first two digits of the resistance
value. Replace the third dot by a
figure according to the following
table:

100 -

(%)

50

0 T t ! — I
-40 0 40 70 2
Tamb ( °C)

MRA574

Fig.4 Maximum dissipation (P,,,) as a function of the ambient
temperature (T )-

N N

MRA575

Fig.5 Method for testing robustness of resistor body.

0.1to 091 Q 7 Example
1to 9.1Q 8 To order an ACO1 resistor, value
10to 91 Q 9 47 Q, the ordering code is 2306 328
100to 910Q 1 33479.
1t0 1.5kQ 2 Product specifications deviating

from the standard are available on

request.
Table 1 The resistors have a 12-digit catalogue number as listed in this table
RATED DISSIPATION (W) RESISTANCE TOL. CATALOGUE
TYPE RANGE
T.mb =40 oc T!m = 70 °C (Q) (%’) NUMBER
ACO1 1 0.9 0.1 -1500 5 2306 328 33...

March 1992
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Philips Components

Preliminary Specification

Cemented Wirewound Resistor

ACO1

TESTS and REQUIREMENTS

Essentially all tests are carried out
according to 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).

The tests are carried out in
accordance with IEC publication 68,
"Recommended basic climatic and

mechanical robustness testing
procedure for electronic
components” and under standard
atmospheric conditions in
accordance with IEC 68-1 subclause
5.3 unless otherwise specified:

temperature: 15 °C - 35 °C
relative humidity: 45% - 75%
air pressure: 86 kPa - 106 kPa
(860 mbar - 1060 mbar).

In Table 2 the tests are listed with
reference to the relevant clauses of
IEC publications 266, 266A and 68;
a short description of the test
procedure and requirements is also
given. In some instances deviations
from the IEC recommendations
were necessary for our method of
specifying.

Table 2
IEC 266 TEST
CLAUSE | METHOD TEST PROCEDURE REQUIREMENTS
IEC 68-2
Test according to the schedule of IEC publication 266
14 robustness of | Figure 5, load 200 +10 N no visible damage
resistor body AR/R <0.5% +0.05 Q
15 v robustness of
terminations:
Ua tensile all load 1ON; 10 s
samples
Ub bending half |load 5 N; 90°, 180°, 90°
number of
samples
Uc torsion other | 2 x 180° in opposite directions no visible damage
half number AR/R £0.5% +0.05 Q
of samples
16 T soldering 210.5 s; 235 5 °C; flux 600; good tinning, no damage
thermal shock: 3 s; 350 °C; AR/R <0.5% +0.05 Q
2.5 mm from body
17 Na rapid change |30 minutes at —40 °C/ no visible damage
of temperature | 30 minutes at +200 °C; 5 cycles AR/R max. +1% +0.05 Q
18 Fc vibration frequency 10-500 Hz; displacement no damage
0.75 mm or acceleration 10 g; AR/R max. +0.5% +0.05 Q
three directions; total 6 hours
19 Eb bump 4000 bumps; 390 m/s? no damage
AR/R max. £0.5% +0.05 Q

March 1992
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Philips Components

Preliminary Specification

Cemented Wirewound Resistor ACO1
IEC 266 TEST
CLAUSE | METHOD TEST PROCEDURE REQUIREMENTS
IEC 68-2
Test according to the schedule of IEC publication 266
20 climatic
sequence:
20.2 Ba dry heat 16 hours, 200 °C
20.3 D damp heat 24 hours; 55 °C; 95-100% R.H.
(accel) 1st
cycle
204 Aa cold 2 hours; -40 °C
20.5 M low air 1 hour; 8.5 kPa; 15-35 °C
pressure
20.6 D damp heat 5 days; 55 °C; 95-100% R.H. AR/R max. £1% +0.05 Q
(accel)
remaining
cycles
21 Ca damp heat 56 days; 40 °C; 90-95% R.H.; loaded no visible damage
(steady state) |with 0.01 P, (IEC steps: 4-100 V) AR/R max. +1% +0.05 Q
13.3 temperature at 20/-40/20 °C, 20/200/20 °C
coefficient R<10Q TCR <1600.10-¢K
R210Q -80 < TCR < +140.109/K
13.5 temperature horizontally mounted, hot-spot temperature less
rise loaded with P, than maximum body
temperature
13.6 short time room temperature, dissipation 10 x P; AR/R max. £2% +0.1 Q
overload 5 s (voltage not more than
1000 V/25 mm)
22 endurance
(at 40 °C) 1000 hours; loaded with P,; no visible damage
1.5 hours on, 0.5 hours off AR/R max. 15% +0.1 Q
(at 70 °C) 1000 hours; loaded with 0.9 P,; no visible damage
1.5 hours on, 0.5 hours off AR/R max. £5% +0.1 Q
23 Ba endurance at | 1000 hours, 200 °C; no load no visible damage
upper AR/R max. £5% +0.1 Q
category
temperature
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Philips Components

Preliminary Specification

Cemented Wirewound Resistor

ACO1

IEC 266 TEST
CLAUSE | METHOD TEST PROCEDURE REQUIREMENTS
IEC 68-2
Other tests in accordance with IEC 115 clauses and IEC 68 test method
4.29 45 (Xa) component - 70% 1.1.2 trichlorotrifluoroethane/ no visisble damage
solvent 30% isopropy! alcohol
resistance -H0 )
4.18 20 (Tb) resistance to 10 s; 260 £5 °C; flux 600 AR/R max. £0.5% +0.05 Q
soldering heat
417 20 (Tb) solderability 16 hours steam or 16 hours at 155 °C; good tinning
(after ageing) |2+0.5 s in solder at 235 £5 °C; flux 600 | (295% covered), no damage
45 tolerance on applied voltage (+/-10%): R = R,om 5% max.
resistance R<10Q:0.1V
10Q <R <100Q:0.3V
100 Q <R <1kQ:1 V
1kQ<R<1.5kQ:3V
Other tests applicable
solvent method 215 no visual damage
resistance in - freon TMC
accordance - trichloroethane
with
MIL std 202

March 1992
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Philips Components Preliminary Specification

Cemented Wirewound Resistor ACO1

STANDARD PACKING
The resistor ACO1 is supplied on

PPV V. VN

bandolier in ammopack of 1000

units.

Table 3 Dimensions of bandolier

a A IB, - B,l S T
TYPE (spacing) MAXIMUM DEVIATION
(mm) (mm) (mm) (mm) OF SPACING
ACO1 510.5 63 14 1.2 10 1 mm per 10 spacings
0.5 mm per 5 spacings

0.8 max displacement between any SN
r\/\,\ | [ two resistors

Dimensions in mm.

MBA504

Fig.6 Dimensions of bandolier.

March 1992

317






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 Tgpp, = 40 °C

Basic specification
Climatic category (IEC68)
Stability after

load

climatic tests

short time overload

0,1 Q2 to 33 k2, E24 series
+ 5% or £ 10%

350 °C

AC03:3W

AC04:4W, AC10=10W
AC05:5W, AC156=15W
ACO07: 7W, AC20=20W
IEC 266

40/200/56

AR/R max. 5% + 0.1 Q
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 IEC68-2-45,
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ACO03 ACO4
ACO5 ACO7
AC10 AC15 AC20

MECHANICAL DATA

- 2812 L 282 —>
— 1 *
1 Bl v |
z_w ‘):c? 2D
7286566 - - T +
2d
Fig. 1a.

Note: The lead length (28 + 2 mm) only applies to untaped resistors, i.e. types AC10, AC15 and AC20.

'4—— P+0,5 —-——-—»l -’190‘4—
L_‘ L —’| »|lezd
+ ZZ3 ) (2 5 +1
:x 2 min " ; 0
— Pt4 — {—IiLb’”g'1 +l|l«< g8
-»zma;- P 7293593
Fig. 1b Version with cropped and formed leads.
Only for AC03, AC04, AC05 and ACQ7; available on special request.
Table 1
type Fig. Dmax Lmax d b P B
¢ max
ACO03 1a 5,5 13 0,8 1,3 10e 1,2
AC04 1a, 1b 5,5 17 0,8 1,3 10e 1,2
ACO05 1a, 1b 7,5 17 0,8 1,3 10e 1,2
ACO07 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
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ACO3 ACO4
Cemented wirewound resistors ACO05 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¢g
AC04 100g
AC05 175¢g
ACO7 225¢

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.

300 MCA482
ACO3 ACO4 | /I
temp. ACO05 ACO7
rise / // // //
AT
()
" ///// /
W/
100 7/
0
0 2 4 8 8 Fig. 2 Temperature rise of the
dissipation (W) resistor body as a function of
400 MCA481 the dissipation.
temp. AC10 AC15 | AC20
rise /
AT
(K) /7 A A
Y
200 Vi / //
/ VYV
// /
0
0 6 12 24

18
dissipation (W)
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ACO3 ACO4
ACO05 ACO7
AC10 AC15 AC20

MCA483

25 T I
AT= 400C 500C
tongth / socc
= TTA
20 / f
/ / 700C
. N/
/ / // //
RN
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.

# 1 /I 71 /

lead AT=400C/ 50°C/60°C

length

(mm) /
20 / / / 700C
15 / / 8o°ocC

// //

LN

0 1 2 3 4
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, for style ACO4. MCAGBS
25

ULy T T
AT=400C/[ 50°C 60°(/‘70°C

longth /
= Y
20 / 80 °C
. / / / 90 °C
/ / 100 °C
10 / / / / /

0 1 2 3 4 5
dissipation P (W)
Fig. 5 Lead length as a function of the dissipation with the temperature rise at tne end of the lead
(soldering spot) as parameter, for style AC05.
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ACO03 ACO4
ACO05 ACO7
AC10 AC15 AC20

Cemented wirewound resistors

MCA486

BT | 71
I AT=400C 50 609°C /700°C
ead oC |
length t
0 °C
’ / i
/ 90 °C

L/
o LA/

6
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% 7276004
lo"'ﬁod S s
|512t’h //$ /_.,g Ay,
(mm) 'gl
2 AN EV/RY/
/
II / y
15 II
/
y
iV A
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
ACO05 ACO7
AC10 AC15 AC20

25 i . 7276005
» SIS AT
Iefl;th "9 "“’?}L“‘? W,
(mm) TV 4
/
20
/
I 1/
I
/ 4
JARVARVA
8 / [ 1/
/ /
Jil4
4
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.

2 o — | L’7z7eoos
lead IS o/ N /11 ]
length b Wa Qoz
(mm) "/ / /\/

) A 4
20 ] /
/ /! /
I 4
/
y
15 A
/ 4
/ y
11/ /
10 /
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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ACO03 ACO4
Cemented wirewound resistors ACO5 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 vaiues of rated resistance and toierance

For ACO3, AC04, ACO5 and ACO7, standard values of rated resistance (nominal resistance) are taken
from the E24 series, tolerance + 5% or + 10% within the range 0.1 £ to 15 k£2 as per Table 2.

For AC10, AC15 and AC20, standard values of rated resistance (nominal resistance) are taken from

the E24 series for * 5% and E 12 series for + 10% 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 %
AC03 3 2,5 0,1 -8,2 10 232232933...
10 -3000 5 232232903. ..
AC04 4 3,5 0,1 -8,2 10 232232934. ..
10 -6800 5 232232904 ...
AC05 5 4,7 0,1 -8,2 10 2322329 35...
10 -8200 5 232232905. ..
ACO07 7 5,8 0,1 -8,2 10 232232937...
10 -15000 5 232232907...
AC10 10 8,4 0,68 -8,2 10 232232940...
10 -15000 5 2322329 10...
AC15 15 12,5 0,82-8,2 10 232232945. ..
10 -22000 5 2322329 15...
AC20 20 16 1,2 -8,2 10 232232950...
10 -33000 5 2322329 20...
Limiting voltage
ACO3 1000 V
AC04, ACO5 1500 V
ACO7 2500 V
Maximum permissible body temperature 350 °C
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

fimirae nf tha racictanna fallaweod hy-
TIGUT eSS U uic 7SoiSanive iUnUwel Uy .

7forR= 0,1to 0,828
8forR= 1 to 82
9forR= 10 to 91 Q
1forR=100 10910 Q
2forR= 1 to 9,1 k&
3forR= 10 to 33 k&2

* Values from 25 m£2 to 100 m&2 are available on request.
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ACO3 ACO4
ACO05 ACO7
AC10 AC15 AC20

TESTS AND REQUIREMENTS

Essentially all tests are carried out according to 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 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 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 4
IEC 266 IEC68
clause test test procedure requirements
method
14 Robustness of - load 200 no visible damage
resistor body Reemm -+ 10N 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 900
Uc Torsion other 2 x 1809 in opposite directions | no visible damage
half number of AR max. 0,5% + 0,05 Q
samples
16 T Soldering solderability: 2 s good tinning,
230 OC, 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 ©C/% h + 200 °C, no visible damage
of temperature | 5cycles 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 390 m/s? no visible damage
AR max. 0,5% + 0,05 Q
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ACO3 ACO04
Cemented wirewound resistors 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 0C; 95-100% R.H.
20.4 Aa Cold 2 h; -400C
20.5 M Low air
pressure 1 h; 8,5 kPa; 15-35 °C
20.6 D Damp heat 5 days; 55 °C; 95-100% R.H. after 24 h at P
) (accel) re- AR max. 1% + 0,05 Q
maining cycles
21 Ca Damp heat 56 days; 40 °C; 90-95% R.H. AR max. 1% + 0,05 2
steady state dissipation < 0,01 P,
22 - Endurance 1000 h at 40 ©C AR max. 5% +0.1 Q
13.6 Overload 10x Py, 5s AR max. 2% + 0.1 Q

November 1993 327



ACO3 ACO4
ACO05 ACO7

AC10 AC15 AC20

STANDARD PACKING

The resistors ACO3, 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.

Dimensions of bandolier

type a A B1-B2 S T
P +0,56 +4 + max. (spacing) (max. deviation of spacing)
ACO03 5 66 1,2 10
AC04 5o0r6 66 1,2 10 l 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
ACO03 85 77 259
ACO04 85 77 259
AC05 85 115 259
ACO07 93 115 259

The dimensions in above tables are in mm.
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WRO0617E 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

WRO0617E
WRO0825E
WRO0842E
WRO0865E

4,7  to 100 kS2,
E24 or E12 series

5% or +10%
400 °C

4W

7W

1w
17W

IEC publication 266, type 2
55/200/56

AR/R max. 5%
AR/R max. 1%
AR/R max. 0,5%
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 body. The

resistor is coated with brown enamel.

MECHANICAL DATA

L2 —

Fig. 1.

U

Table 1

type Dmax [L1 max{l.2 max|dmax
WRO0617E 6 17 23 0.7
WRO0825E 8 26 32 0.8
WRO0842E 8 44 50 0.8
WRO865E 8 67 73 0.8

* 1
i
@D 7285008.2
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WRO617E  WR0842E
WRO0825E WROB65E

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 IEC publication 294). The diameter of the holes in the gauge plate is 1,0 mm.

Mass (per 100 pieces)

WRO0617E 116 g
WRO0825E 2104¢
WRO0842E 335¢
WRO0865E 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 , K for k)
e.g.27 =27R
27 k2 =27K

— tolerance on resistance in %
— rated dissipation at Tymp = 70 °C

Example: 27R 10%
4w

ELECTRICAL DATA

Table 2
type rated dissipation at resistance range | tol. series catalogue
Tamb =70°C number
w Q % *
WRO0617E 4 4,7 — 4700 5 E24 232233022...
4,7 — 47 10 E12 232233021...
WRO0825E 7 6,8 — 27000 5 E24 232233032...
6,8 — 27 10 E12 232233031...
WRO0842E 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 (IEC 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 WROG17E WRO842E
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 ) followed by:
8forRof 47t0o 9,1Q

9forRof 10 to 91 Q
1forRof 100 to 910 Q
2forRof 1 to 9,1k

3forRof 10 to 91 k&

4 for R of 100 k&
AOC 7260299
HEEEEN 1]
AT WROG17E | WRO0825E WR0842E
(deg C) / /| L~ WRO865E
yd A
/
300
/ B
) A4
/ //
W)
/
200
/
/
1184 /
[/ /
100
y
tl/
% 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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WRO61T7E  WRO0842E
WRO0825E WRO865E

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 OC 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 |EC 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
IEIC 266 test test procedure requirements
Clause method
load

14 Robustness of load 200 [no visible damage

resistor body R=6mm + 10N |AR<0,5%0r0,05Q

15 U Robustness of

terminations
Ua Tensile all
samples load 10N; 10's
Ub Bending half load 5N; 4 x 900
number of
samples
Uc Torsion other 2 x 1809 in opposite no visible damage
half number directions AR max. 0,5% + 0,05 Q
of samples

16 T Soldering 25s,2300°cC, good tinning,
flux 600 no damage
thermal shock: 3 s AR max. 0,5% + 0,05
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%

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 (3x 2 h)

19 Eb Bump 4000 = 10 bumps no visible damage
390 m/s? AR max. 0,5% + 0,05
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Enamelled wirewound resistors WRO617E  WRO0842E
WRO825E WROS865E

IEC 68
IEC 266 test test procedure requirements
clause
method
20 Climatic sequence
20.2 Ba Dry heat 16 h, 200 °C
203 D Damp heat
(accel)
1st cycle 24 h; 55 ©C; 95-100% R.H.
204 Aa Cold 2 h; =55 0C
20.5 M Low air pressure |1 h; 8,5 kPa; 15-35 °C
20.6 D Damp heat 5 days; 55 ©C; 95-100% R.H. | after 24 h at P,
(accel) remaining AR max. 5%
cycles
21 Ca Damp heat 56 days; 40 O©C; 90-95% R.H. | after 24 h at P,
steady state dissipation < 0,01 P, AR max; 1%
22 - Endurance 1000 h at 70 °C AR max. 5%
23 1000 h at 200 °C AR max. 5%
136 - Overload 10xP,,5s AR max. 2%
2 x Py, 10 min.
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WRO617E  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

4 +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 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 t0 560 2
(E24 series)
Resistance tolerance + 5%
Maximum permissible body (hot spot) temperature 300 °C
Rated dissipation at Tap = 70 °C SMW02 2w
SMW03 3w
SMWO05 5W
Basic specification IEC 266
Climatic category (1EC 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

SMWO03
SMWO05
MECHANICAL DATA w D Dimensions in mm
-~ \
L
- v

MSA011

Fig.1 Component outline; see Table 1.

Table 1 Physical dimensions

tvpe w D H L P od

P +1mm 1 mm +1.5mm +1.5mm +1mm

SMWO02 1 7 20.5 45 5 0.8

SMWO03 12 8 25 45 5 0.8

SMWO05 13 9 25.5 45 5 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

SMW02
SMWO03
SMWO05

7225453

160
AT
(K)
/]
120 W
/[J/ LA
3w~
80 // /,1/ L
/ r//,j}
LT 4~
40 = P
77
>
% 40 80 120
% Pnom

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
k2. The tolerance, style and production week are also marked on the resistor.

Example:

A resistor having a value of 27 2, a tolerance of + 5% and a power of 2 W at 70 ©C is marked:

SMW02
27R 5%

904

November 1993
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SMW02

SMWO03
SMWO05
ELECTRICAL DATA
Breakdown voltage of encapsulation (RMS) min. 2000 V
Maximum permissible body temperature (hot spot) 300°C
Ambient temperature range —40 to + 200 °C
Temperature coefficient
0.182t0 1082 max. 600 - 10°%/K
182 to 560 2 max. 140 . 10°%/K
Climatic category (IEC 68) 40/200/56

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.

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) :ﬁ;o') series catalogue number
SMwW02 0.1-200 5 E24 2306 34003.. ..
SMwWO03 0.1-560 5 E24 2306 34103...
SMWO05 0.1-560 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 Q
8 for resistance values between 1 and 9.1 2
9 for resistance values between 10 and 91
1 for resistance values between 100 and 560 2
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Stand-up miniature power resistors

SMW02
SMW03
SMWO05

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 |[EC Publications 266, 266A and 68; a short description of the testing procedure is also

provided. In some cases, deviations from the IEC 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
£2 max.
15 U robustness of
terminations
Ua tensile (all samples) load 10N; 10s
no visible damage
AR/R 0.5% + 0.05
2 max.
16 T soldering solderability 230 ©C, good tinning,
flux 600 no damage
thermal shock 3 s at AR/R 0.5% + 0.05
3509°C, £ max.
up to restposition
17 Na rapid change of 0.5 h at —40°C no visible damage
temperature 0.5 h at + 200 °C AR/R 1% + 0.05
5 cycles  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 £2 max.
three directions;
total 6 h (3x 2 h)
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SMW02

SMWO03
SMWO05
Table 3 (continued)
IEC 266 IEC 68 test procedure requirements
clause test
method
19 Eb bump 4000 £ 10 bumps no visible damage
acceleration 390 m/s2 AR/R 0.5% + 0.05
£ max.
20 climatic sequence
20.2 Ba dry heat 16 h, 200 °C
20.3 D damp heat 24 h, 55 0C
(accelerated), 95-100% RH
1st cycle
20.4 Aa cold 2h,—-40°C
20.5 M low air pressure 1h, 8.5 kPa;
15-35 0C
20.6 D damp heat 5 days, 55 °C after 24 hrs at Pjyo
(accelerated), 95-100% RH AR/R 3% max.
remaining cycles
21 Ca damp heat steady 56 days, 40 °C AR/R 3% max.
state 90-95% RH;
dissipation
0.01 x Phom
22 endurance 1000 h, 70 °C AR/R 5% max.
23 rated dissipation
1000 h, 200 °C AR/R 5% max.
no load
13.6 overload 10X Phom, 5's AR/R 2% max.

340

November 1993




PRECISION WIREWOUND






Philips Comﬁnems Product specification
Cemented wirewound precision

resistors PAC 02/3/4/5/6
]
APPLICATIONS QUICK REFERENCE DATA
« These resistors have been Resistance range 0.22Q to 12kQ, E24 series
designed for precision power Resistance tolerance +1%
applications. Max. permissible body temperature | ¢ o
(hot spot)
DESCRIPTION Rated dissipation at Tamy, = 25 °C PACO2; 2W
The resistor element is wound in a PACO3; 3W
single layer on a ceramic rod. Metal PACO04; 4 W
caps are pressed over the ends of PACO5; 5W
the rod. The ends of the resistance PACO6: 6 W
wire and the leads are connected to - — -
the caps by welding. Tinned Basic specification IEC 266
copper-clad iron leads with poor MIL-R-26
heat conductivity are employed CCTU 04-09
permitting the use of relatively short —
leads to obtain stable mounting. The Cl|m-a't|c category (IEC 68) 55/200/%6
resistor is coated with a green Stability after .
silicon cement which is load AR/R max. 0.5 0/" +005Q
non-inflammable, cannot drip even dlmang tests AR/R max. 0.5% + 0.05Q
at high overloads and is resistant to short time overload AR/R max. 0.2% + 0.05Q
most commonly used cleaning
solvents, in accordance with MECHANICAL DATA
MIL-STD-202E, method 215 and
IEC 68-2-45.

AN
| ===
ga !}

—
MBA503
Fig.1 Package outline.
Table 1

TYPE Dinax L nax d
PACO02 55 13 0.8
PACO03 55 17 0.8
PACO4 75 17 0.8
PACO5 75 23 0.8
PACO6 75 25 0.8
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Philips Components

Product specification

Cemented wirewound precision
resistors

PAC 02/3/4/5/6

The length of the body is measured Derating curve

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 (IEC
publication 294).

Mass (per 100)

PAC02 80g
PAC03 100 g
PAC04 175 g
PACO5 215 g
PACO6 225 g

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.

P max

Fig.2 Maximum dissipation (P,,,,) as a function of T,,.

MBA48S5 - 1

100

(%)

50

0 25 100 0 o 300
Tamb (°C)
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Philips Components Product specification
Cemented wirewound precision
. P PAC 02/3/4/5/6
resistors
Marking
The type, the nominal resistance (R
for Q, K for kQ), and the year and
week of production, are printed on
the resistor body, e.g.
PACO03 27R 043 (week 43 of 1990).
ELECTRICAL DATA
Standard values of rated resistance
and tolerance.
Standard values of rated resistance
(nominal resistance) are taken from
the E24 series, tolerance +1% within
the range 0.22 Q to 12 kQ as per
Table 2.
Table 2
TYPE RATED D('vsv)s""‘"o" RESISTANCE RANGE TOL CATALOGUE
Ty, = 25°C (Q) (%) NUMBER
PACO2 2 0.22 - 3600 1 2306 327 0....
PACO3 3 0.33 - 4700 1 2306 327 1....
PAC04 4 0.43 - 8200 1 2306 327 2....
PACOS 5 0.68 - 10 000 1 2306 327 3....
PAC06 6 0.68 - 12 000 1 2306 327 4....
Limiting voitage Maximum permissible body temperature 275°C
V=P xR Ambient temperature range -55to +200 °C
Temperature coefficient +100 ¢ 10-¢/K
Climatic cat IEC 68
COMPOSITION OF THE imatic category ( ) 55/200/56
CATALOGUE NUMBER

The catalogue number in the above
table is completed by inserting the
resistance code: the first THREE
figures of the resistance followed by:

7forR=022to 0.91Q
8forR=1t0 9.1Q
9forR=10to 91 Q
1forR=100to 910 Q
2forR=1to 9.1 kQ
3forR=10t0 12kQ
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Philips Components Product specification
Cemented wirewound precision
. PAC 02/3/4/5/6
resistors /314
TESTS AND REQUIREMENTS IEC publication 68 "Recommended 266A and 68; a short description is

Essentially all tests are carried out
according to the schedule of IEC
publications 266 and 266A category
55/200/56 (rated temperature range
-55 to +200 °C; damp heat, long
term, 56 days) and along the lines of

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 266,

also given of the test procedure and
requirements. In some instances
deviations from the IEC
recommendation were necessary for
our method of specifying.

Table 3

B2 erion TEST PROCEDURE REQUIREMENTS

robustness of . no visible damage

14 resistor body Fig.3l0ad 200110 N ARmax. 0.1% + 0.05Q

robustness of

15 v terminations

Ua tensile all samples |load 10N; 10s
Ub bending half load 5 N; 4 x 90 °C
number of samples
torsion other half o o no visible damage
Ue number of samples 2x 1807 in opposite directions ARmax. 0.1% + 0.05Q

16 T soldering solderability: 2 s 230 °C, flux 600 good tinning, no damage
thermal shock: 3 s 350 °C, 2.5 mm AR max. 0.2% + 0.050
from body

17 Na rapid change of 1/2h -55°C/1/2 h + 200°C, 5 no visible damage

temperature cycles AR max. 0.5% + 0.05Q
frequency 10 « 500 Hz,

18 Fe vibration displacement 0.75 mm or no visible damage
acceleration 10 g, three directions; [ARmax. 0.1% + 0.05Q
total6 h (3x 2h)

5 no visible damage
19 Eb bump 4000 10 bumps 390 m/s' ARmax. 0.1% + 0.05Q
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Philips Components Product specification
Cemented wirewound precision
. P PAC 02/3/4/5/6
resistors
IEC 266 | IEC 68 TEST
CLAUSE | METHOD TEST PROCEDURE REQUIREMENTS
20 climatic sequence
20.2 Ba dry heat 16 h, 200 °C
203 damp heat (accel) | 54 1. 55 o 95.100% R H.
1st cycle
20.4 As cold 2h;-55°C
205 M low air pressure 1 h; 8.5 kPa; 156-35 °C
damp heat (accel) CEE o, after 24 hat P,
206 D remaining cycles | > 92¥8: 55 °C; 85-100% RH. AR max. 0.5% + 0.05Q
damp heat steady | 56 days; 40 °C; 90-95% R.H. o
2 Ca state dissipation <0.01 P, ARmax. 1% + 0.05.Q
22 endurance 1000 h at 25°C AR max. 0.5% + 0.05Q
23 1000 h at 200 °C ARmax. 1% + 0.05Q
13.6 overload 10x P, 5s ARmax. 0.2% + 0.05Q
load
R=6mm
V4
MBB179
Fig.3 Method for testing
robustness of resistor body.
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Philips Components

Product specification

Cemented wirewound precision

. PAC 02/3/4/5/6
resistors
STANDARD PACKING
The resistors are supplied on
bandolier of 500 in ammopack
Table 4 Dimensions of bandolier
T
TYPE a A B,-B, S MAX. DEVIATION
0.5 +1 +max. (spacing) OF
SPACING
PAC 02 6 63 1.2 10
PAC O3 6 63 1.2 10 .
1 mm per 10 spacings
PAC O4 6 63 1.2 10 )
PAC O5 6 7 12 10 0.5 mm per 5 spacings
PAC O6 6 " 1.2 10
AN 9’8 max displacement between any AN

" two resistors

MBA504

B1

Fig.4 Dimensions of bandolier in mm.
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Philips Components
]

Fixed Resistors Index of catalogue numbers
e —
CATALOGUE NUMBER PAGE CATALOGUE NUMBER PAGE
2306 340 338 193 269
341 338 194 277
342 338 195 285
2322 141 244, 245 204 191
142 244, 245 205 191, 201
143 244, 245 207 201
144 244, 245 21 163
151 227 241 253
152 227 242 260
153 227 244 260
156 218 327 345
157 210 329 325
160 237 330 330
161 237 702 43
162 237 704 71
163 237 71 31
164 237 712 31
165 237 722 77
166 237 723 77
167 237 724 51, 109, 116
168 237 725 96
169 237 726 59
170 237 727 83
171 237 730 37
180 173 731 37
181 181 732 89
184 181 733 89
186 181 734 65
187 173 735 135
191 295 741 101
192 303 750 125
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Philips Components

L

Data handbook system

e

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 reguiariy.

Loose data sheets are sent to subscribers to keep them
up-to-date on additions or alterations made during the
lifetime of each edition.

Our data handbook titles are listed here.

Display components

Book  Title

DCO1  Colour Display Components
Colour TV Picture Tubes and Assemblies
Colour Monitor Tube Assemblies

DC02 Monochrome Monitor Tubes and Deflection
Units

DCO03 Television Tuners, Coaxial Aerial Input
Assemblies

DCO5 Flyback Transformers, Mains Transformers
and General-purpose FXC Assemblies

Magnetic products

MAO1  Soft Ferrites

MAO3 Piezoelectric Ceramics and Specialty Ferrites
MAO4  Dry-reed Switches

October 1993

Passive components

PAO1  Electrolytic Capacitors

PA02  Varistors, Thermistors and Sensors

PAO3  Potentiometers and Switches

PAO4  Variabie Capacitors

PA05  Film Capacitors

PA06  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

PCO04
PCO05
PCO07

PC08
PC12

Photo Multipliers

Plumbicon Camera Tubes and Accessories
Vidicon and Newvicon Camera Tubes

and Deflection Units

Image Intensifiers

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).



Philips Components

Data handbook system

OVERVIEW OF PHILIPS SEMICONDUCTORS
DATA HANDBOOKS

Our sister product division, Philips Semiconductors, also
has a comprehensive data handbook system to support

their products. Their data handbook titles are listed here.

Integrated circuits

Book Title

ICO1 Semiconductors for Radio 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

IC0O6  High-speed CMOS Logic Family

ICO8 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, UARTSs,
Multi-protocol Controllers and Fibre Optics

IC20  8051-based 8-bit Microcontroliers

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 CMOS & BiCMOS Logic

Discrete semiconductors

SC01 Diodes

SC02 Power Diodes

Qannn eladmie il Tolmme

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
SC08a RF Power Bipolar Transistors
SC08b RF Power MOS Transistors
October 1993

Discrete semiconductors (continued)

SC09 RF Power Modules
SC10  Surface Mounted Semiconductors
SC13  PowerMOS Transistors

including TOPFETs and IGBTs
SC14 RF Wideband Transistors,

Video Transistors and Modules
SC15 Microwave Transistors
SC16  Wideband Hybrid IC Modules
SC17 Semiconductor Sensors

Professional components
PCO1  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)601011236, Fax. (01)60101 1211

Belgium: EINDHOVEN (Netherlands), Tel. (31)40 783 749, Fax. (31)40 788 399
Brazil: SAO PAULO, Tel. (011)829 11686, Fax. (011)829 1849

Canada: Integrated Circuits — Tel. (800)234 7381, Fax. (708)296 8556;
Discrete Semiconductors - SCARBORBOUGH, Tel. (0416)292-5161 ext. 2336,
Fax. (0416)292-4477

Chile: SANTIAGO, Tel. (02)773 816, Fax. (02)777 6730

Colombia: BOGOTA, Tel. (571) 217 4609, Fax. (01)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 8431

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. (0)4245 121, Fax. (0)4806 960

India: BOMBAY, Tel. (022)4938 541, Fax. (022)4938 722

indonesia: JAKARTA, Tel. (021)5201122, Fax. (21)5205189

ireland: DUBLIN, Tel. (01)640 000, Fax. (01)640 200

Italy: MILANO, Tel. (02)6752.1, Fax. (02)6752 3350

Japan: TOKIO, Tel. (03)3740 5101, Fax. (03)37400 570

Korea (Republic of): SEOUL, Tel. (02)709 1412, Fax. (02)709 1415
Malaysia: SELANGOR, Tel. (03)757 5511, Fax. (03)757 4880
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STANDARD SERIES OF VALUES IN A DECADE
for resistances and capacitances

according to IEC publication 63

E192 E96 E48 {E192 E96 E48 |E192 EQ6 E48 [E192 E96 E48 | E192 EO96 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 | 611 511 511 866 866 866

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

1M 189 320 542 920

113 113 191 191 324 324 549 549 931 931

114 193 328 556 942

115 115 115 [ 196 196 196 | 332 332 332 | 562, 562 562 953 953 953

117 198 336 569 965

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 e
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 1"

130 130 221 221 374 374 634 634 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 | 249 249 249 422 422 422 [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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