PROPER THERMAL DESI GN GUI DELI NES
FOR THE CADDOCK MwMP808, MP915, MP816, MP916, MP820, MP821, MP825,
MP925, MP930 AND MP850 PRECISION POWNER RESI STORS

Al'l Caddock MP800 and MP900 Series Resistors are rated at full power with a
case tenperature of 25°C and a maxi num el enent (junction) tenperature is
provi ded for each device type. A sound thermal design by the customer is
essential to provide the highest reliability.

Most early device failures in power devices can be traced to high junction
tenperatures, resulting in reduced conponent l|ifetime, changes in paraneters

or physical danmage to the device. For this reason, a conservative custoner
thermal design, good device mounting procedures and process controls are
necessary. Good design practice and verification with actual tenperature
neasurenents will assure optimum performance and long life.

MEASUREMENT OF THE CASE TEMPERATURE

Caddock recomends that the case Location used
tenperature should be neasured for Semiconductors
by the designer to verify proper

heat si nking and production

process control. It is very TO-220

i mportant t hat these
nmeasurenments should be taken as
specified in the Caddock data |heat sink
sheet .

Location used
by heat sink mfg

The thermal specifications for
the MP Kool - Pak® and Kool - Tab®
resistors are based on
measurenents nmade with the Caddock Location

t hernocoupl e contacting the
center of the bottom surface of VARIOUS THERMOCOUPLE LOCATIONS

t he package, the package nounted USED TO MEASURE TO-220 TEMPERATURE

on a heat sink, thernal grease

applied and a nounting torque of 6 to 8 in-Ibs. It should be noted that there
is no standard between manufacturers on the placenent of the thernocoupl e;
and, therefore, considerable discrepancies can occur. Caddock has chosen this
| ocation to obtain the highest case tenperature at a point where the case is
maki ng contact to the heatsink. This location is advantageous for severa
reasons.

e Variables such as nounting surface contact area (surface finish, warping,
flatness), thermal interface selection, and parallel heat conduction paths
are elimnated.

« A reference point is provided that coincides with normal thernmal
resi stance calculations, and its location coincides with the point of
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maxi mum heat on the el enent.

e Measurenents are consistent with TO 220, TO 126 and TO 220 full-pack
packages. Only the TO 220 has an exposed heat si nk. Sonme manufacturers
reference case tenperature to the tenperature of the heatsink neasured at
the junction of the body. This tenperature can be 1°C/Wcooler than the
Caddock reference point. This can be significant in higher-power
applications. The MP808, MP915, MP816, MP916, MP825, MP925, MP930 and
MP850 packages do not |end thenselves to this neasuring point as the comon
surface with the heatsink is not exposed

e The part is not danmaged as it can be when the thernocouple is attached
direct to the heatsink or as drilling into the body can do.

DETERM NI NG AVERAGE AND PEAK POVER

In order to deternmine the proper heatsink, the power dissipation of the device
nust be deternmined and cal cul ati ons nust be perforned to select a sufficient
heat si nk. Applications engi neers at Caddock can gui de you through this process
if you are not famliar with standard thermal designs. Ot herwi se, the
desi gner shoul d consider the follow ng basic procedure.

1. Determ ne the average and maxi num power dissipation of the resistor and the
maxi mum ambi ent tenperature. If the resistor is being used in a pulse
application, or if surges are present, the followi ng procedure should be
revi ened.
A. In pulse applications, use the MP816, MP916, MP925, MP930 or MP850
product since these have the | argest el enent size.

10000 j IS\NGLE EVENT PULSE CHART FOR SR10, MP725, MP800 AND MP900 SERIES RESISTORS W/O HEAT SINK AT 25°C E

Delivered power is equal to the power delivered by a square-wave pulse having a
pulse width equal to the x-axis value. For a capacitor discharge having a pulse
width of R x C (R is equal to the equivalent resistance through which the capacitor
\\ is discharged and C equal to the capacitor value), the peak voltage can be 1.4 times
\ that of a square-wave and the peak power can be up to 2 times that of the square-
\ wave pulse of the same pulse width. For example, an MP930-10.0Q-1% is rated

\ \ 400 watts (63.25 V) for a 1 ms square-wave pulse. A 100uF capacitor discharging
\ \ through the 10Q resistor will have a time constant (R x C) of 1 ms. A peak voltage

1000
E \ \ of 89 volts ( 63.25 V x 1.4 ), or approximately 800 watts peak power will be

equivalent to the 400 watt square-wave pulse.
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Do not exceed a peak voltage of twice the nornal rated operating
vol tage of the device.

MP800 Series....600 V  MP930..... 500 V.= MP916...Power Limted

MPI915. . ............. 400 V MP925. ..1000 V

Estimate the all owabl e peak single pulse power for 25°C for the M
device for the pulse duration in your specific application. The

chart shows total power delivered by a rectangular pulse with a pul se
wi dth equal to the x-axis value. A capacitor discharge pulse of 1.4X
peak voltage (2X peak power) magnitude with a pulse width equal to R
x Cis equivalent to the rectangul ar pul se

The data shown in the chart was taken at 25°C ambient with no heat
sink. Derate the overload power rating by 0.67% °C for the MP820 and
MP821 and by 0.8%W°C for all othe MP style resistors. Wth the
addition of a heat sink, the MP808, MP915, MP916, MP825, MP925 and
MP930 will dissipate 1 1/2 tinmes rated power for five seconds. The
MP816, MP820, MP821 and MP850 will dissipate 2 tinmes rated power for
five seconds. When a heat sink is used, the overload rating is the
five second rating or the rating in free air (wo heat sink)
whi chever is greater.

Average power is an inportant consideration when nultiple pulses
occur. Hel pful formulas for determning pulse energy and average
power are listed at the end of this section for your infornation
For reference, the thermal time constant of the resistor filmis
approxi nately 35useconds, and the tine constant for the entire system
is approximtely 50 nmseconds. |If the average power is nore than 20%
of the rated power of the resistor, or the estimated junction
tenperature is greater than 120°C, a nore detailed analysis is
suggested. This is best done by actual tenperature neasurenents of
the MP800 or MP900 resistor under operating conditions.

Test the device in actual operating conditions at 1.4 X peak power.
I. Record the DC resistance of the part before testing.

I1. Apply the pulse energy to the device under actual worst-case
operating conditions. Pulse the resistor a sufficient nunber of
times to assure reliable Iife for your specific requirenents.

I1l. Measure the resistance change.

V. If the resistor has increased nore than 0.25% it should not be
used.

V. If a neasurable increase in resistance is recorded, repeat the
test. Continued changes indicate margi nal perfornance.

2. Choose the product and heatsink for the resistor using the design guide in

the following section of this report.

3. Thoroughly test the product in application to be assured that the case
tenperature is bel ow the maxi numrati ng.

4. Be certain that the manufacturing procedures and quality assurance
provi si ons provi de consistent results, and elimnate variables by good
desi gn practice.

The energy stored in a capacitor is : E=12 CWV E = energy in

Joul es (Watt-seconds) C = capacitance in Farads V = voltage in volts

Virtually all of the energy will be delivered to the resistor in a tinme period

of 5 tine constants.

Edelivered = E ( 1- e whent =5 RC t =tinme in seconds

T= RC R =resistor value in Q C = capacitor value in Farads
E= total stored energy



TIME 1T 2T 3T 4T 5T
% E DELIVERED 63% 86% 95% 98% 99%
The average power dissipation can be calculated as foll ows: P=EnNn

P = average power dissipation in Watts = pul ses per second

E = energy delivered in a single pulse in Joul es
THERMAL RESI STANCE CONCEPTS APPLIED TO THE CADDOCK MP SERIES
PRODUCT
Maxi mnum power ratings for the Caddock MP Series are given for a case
tenperature of 25 °C and derating is provided to a maxi num operating

(MP820 and MP821 are 175 °C).
limt will assure the highest

Mai ntai ning a case
reliability for the

tenperature of 150 °C
tenperature within this
product.

optim zi ng
The

The purpose of this paper is to provide the basic guidelines for
the choice of the MP device and the various heatsink conponents.

di scussion is general and is not intended to recommend any nounting and
heat si nk conponents. Conmponent parameters assunme proper nmounting
consi derations have been utilized.

A sinplified nmodel of heat transfer is the analogy to Chnis |aw In this

tenperature can be related to voltage; thermal resistance can be
resi stance; and power is anal ogous to current.

nodel ,
related to el ectrical

Equation 1:  Pp = (Tg - TA) / ( Rewc + Racs + Resa) | conrLin hcugh corer
of Ceramic Element
>
Mounting Screw i
Belleville Washer _ = ’_:;:é"’
S
—— «— Ty Resistor Film (Max. 175°C)
Detail of
Rgyc Thermal Resistance - Resistor Film Cross Section
<«— o Exposed Ceramic Case Interface
Thermal Grease .
or Pad — «— T Case Temperature (Exposed Ceramic Surface) —
\ d{_

R gcg Thermal Resistance - Case to Heat Sink

P Surface (Pad or Thermal Grease)

Heat Sink
(mounting surface)

\/

For the Caddock MP Series product,
appl i cabl e:

<—— Tg Heat Sink Temperature

<« Rgsa Thermal Resistance - Heat Sink to
Ambient Air or Reference Temperature

< T, Ambient or Ref Temperature

the follow ng design paraneters are

MP808 MP915 |MP816/916/MP820/821|MP825/925 MP930 MP850
Tj MAX. (°C) 150 150 150 175 150 150 150
Rgjc  (°C/W) 15.6 8.3 7.8 7.5 5 4.17 2.5
Typical values for R, and R, for a variety of materials and heatsinks can

be found in the QUI CK GUIDE TO HEATSI NKS at
specific information,

conponent s.

the end of this report.
contact the manufacturers of the interface and heatsink

For nore



TO DETERM NE THE MAXIMUM POVWER OF THE WMP DEVI CE

Pd (MAX) = ( T3 - Ta) / ( R@c + Racs + Resa)

For the MP850 used at 25 °C anbient and using thermal grease with a thernal
resistance of 1°C./W and a finned heat sink with a thermal resistance of 5,
t he maxi mum power dissipation is determ ned as foll ows.

Pg (MAX.) = ( 150°C - 25°C) / ( 2.5 + 1 + 5)
= 125°C / 8.5 °C/WATT = 14.7 WATTS

TO SELECT A HEAT SINK AND THERMAL | NTERFACE MATERI AL

(( T3 - TA) !/ Pd) - Raic = Rgcs + Ragsa

Using the MP820 Series at an anbient tenperature of 25 °C with a power
di ssipation of 8 Watts, the total allowable thermal resistance for the heat
sink and the attachnent interface is as foll ows.

(( 175°C - 25°C) / 8 WATTS ) - 7.5 = MAXIMUM TOTAL Rth OF THE
( 150°C/ 8 W) - 7.5°C/W= HEAT SINK AND | NTERFACE
18. 75°C/W - 7.5°C/W=
11.25 W=

To get a quick estimate of the heat sink required for your application, the
Heat Sink Selection Tables will provide general guidelines. These tables
assune a thermal resistance of 1 (one) for the grease or thermal pad, and they
provide a worst case for heatsink thermal resistance, or a naxi num power for a
gi ven heat si nk.

THERMAL | NTERFACE

The Caddock MP800 & MP900 Series product provides electrical insulation
between the tab and the resistor elenent. For this reason, it is not
necessary to provide an electrical insulator between the part and the
heat si nk. Caddock does recomend the use of thernal grease or thernmal pads to
i ncrease thermal transfer efficiency and to conpensate for voids caused by
war page, surface irregularities, and nounting pressure variation. A nore
detail ed discussion of these materials is included in Caddock Assenbly
Cui del ines for MPB00O Series Resistors. For estimating purposes, nost of these
material s have a thermal resistance of approximtely 1°C/ W



MP800O AND MP900 SERIES HEAT SINK SELECTION TABLE

To deternine the maxi mum power of the MP800 or MP900 Series resistor with a
known heat sink and anbient tenperature, use the follow ng procedure:
1. Select the chart for the anbient tenperature.
2. Choose the thernal resistance of your heat sink and go down the
chart to the line corresponding with the selected MP800 or MP900
Series product.
3. Read the nmaxi mum power dissipation fromthe chart.

To determne the proper heat sink when power dissipation and anbient
tenperature are known, use the follow ng procedure:

1. Select the chart for the anbient tenperature and go across the
chart until the power dissipation is reached.

2. Select the line of the MP800 or MP900 Series product being used

3. The nunber at the top of this columm is the maxi mum all owabl e
thermal resistance for the selected heat sink.

25°C Anbi ent Tenperature
SERIES/Rth 2°CIW 5°C/W 10°C/W 15°C/W 25°C/W

MP808 6.7 W 58 W 4.7 W 4.0 W 3.0wW
MP915 111w 8.7 W 6.5 W 51W 3.6 W
MP816/MP916 116 W 9.1 W 6.7 W 53 W 3.7 W
MP820/MP821 143 W 111 W 8.1 W 6.4 W 45 W
MP825/MP925 156 W 114 W 7.8 W 6.0 W 4.0 W
MP930 17.4 W 123 W 8.2 W 6.2 W 41 W
MP850 227 W 147 W 9.3 W 6.8 W 44 W

50°C Ambi ent Tenperature
SERIES/Rth 2°C/W 5°C/W 10°C/W 15°C/W 25°C/W

MP808 54 W 46 W 3.8 W 3.2W 24 W
MP915 8.8 W 7.0 W 51 W 41 W 29 W
MP816/MP916 9.3 W 7.3 W 53 W 42 W 3.0W
MP820/MP821 119 W 9.3 W 6.8 W 53 W 3.7 W
MP825/MP925 125 W 9.1 W 6.3 W 4.8 W 3.2W
MP930 13.9 W 9.8 W 6.6 W 50w 3.3 W
MP850 18.2 W 11.8 W 7.4 W 54 W 3.5W

75°C Anbi ent Tenperature
SERIES/Rth 2°CIW 5°C/W 10°C/W 15°C/W 25°C/W

MP808 4.0 W 35w 28 W 24W 1.8 W
MP915 6.6 W 52 W 3.9 W 3.0wW 21w
MP816/MP916 6.9 W 54 W 4.0 W 3.1 W 22W
MP820/MP821 9.5 W 7.4 W 54 W 4.3 W 3.0wW
MP825/MP925 9.4 W 6.8 W 4.7 W 3.6 W 24 W
MP930 105 W 7.4 W 49 W 3.7 W 25 W
MP850 13.6 W 8.8 W 56 W 41 W 26 W




A QUICK GUI DE TO HEAT SINKS

A nunber of standard heat sinks are available froma variety of sources. A
directory of several of these sources is given at the end of this section for
your reference. In |ow power applications, the designer may wish to use the
pc board for heat sinking. Typical double sided glass epoxy printed circuit
boards provide a thernmal resistance range from 25 to 40 °C/W depending on
size and netallization. This high thernmal resistance will linmt the power
di ssipation to 3 to 4 Watts maxi num A chassis, or large Al uni num plate, can
provide a very efficient neans of heat sinking for the Caddock MP800 or MP900
Series resistor. Typical thernmal resistance values for natural convection are
listed here for general design consideration.

6" X 4" X 2" X .040” Al um num chassi s 2.5°C/W
7" X 5" X 2" X .040” Al um num chassi s 2.0°C/W
vertical 6”7 X 4" X 3/32" Al um num sheet 3.5°C/'W
vertical 6”7 X 4" X 3/16” Al um num sheet 2.9°C/'W

A variety of clip-on heat sinks as shown in
figure 1 are available. These provide a quick
assenbly and elimnate the cost and |abor for
rivet or screw assenbly. Typically, these
will provide thermal resistance with natural
convection from 20 to 30 °C/W This limts
the maxi num power dissipation to 3 to 4.5
Watts maxi mum Most of these heat sinks are
designed for use with TO 126 and TO 220
packages. Wen using the MP816, MP916, MP925,
MP930 or MP850 package, the package thickness
shoul d be considered when selecting this type
of heat sink as nobst of the standard designs FIGURE 1

clip on the tab only and will not acconmobdate this package thickness.

When airflow is avail able, finned heat sinks will provide inproved cooling. A
| arge variety of low cost finned heat sinks as shown in figure 2 and figure 3
are avail able as standard designs. These can be screw or bolt nounted to all
of the Caddock MP800 and MP900 Series resistors and provide natural convection
thermal resistance from15 to 25°C/Wand as low as 4 or 5 °CWw th airflow

FI GURE 3



Larger PC mounted heatsinks as shown in figure 4 are
available with clip-on and screw nmounting. Wth airfl ow,
these can provide thermal resistance as low as 2°C/W
Al t hough they are designed for airflow applications, they
wi || provide natural convection thermal resistance as | ow
as 6 or 7°C/W

For higher power applications,

a nunber of standard heat si nks
as well as custom heat sinks
are available for TO 220 and
TO 126 style packages. (figure
5) These can provide typical

t her mal resi stance with
natural convection as low as 3 or 4°C/Wand as | ow
as 1°CWwith airflow These should be considered
for higher power applications where chassis nount FI GURE 5
is not practical or where airflow is available

FIGURE 4

In | ower power applications, many heat sinks are available with fast assenbly
clips. These result in a |ower cost assenbly as they do not require additiona
hardware ot her than a thernal pad or grease. Mny clip-nmounted heat sinks are
designed for the standard TO 126 and TO 220 packages. It is inportant that you
make certain you have selected a clip that fits the MP Series product! You
must be certain that the tab fits flat against the heat sink and that proper
clip pressure is achieved. Note that many TO 220 clips are designed to fit
over the tab only. Therefore, they will not provide a proper fit for the
“Ful | pack” of the MP816, MP930 or MP850.

It should be noted that all of these ratings are based upon good thernal
desi gn and manufacturing process controls. The thernmal resistance will vary
greatly with heat sink area, location on the board, airflow, as well as what
ot her devices may share the heat sink. We recommend that the device
tenperature should be nmeasured and that safety factors should be included in
t he desi gn.

Addi tional information on heat sinks and thermal interface naterials are
avail able fromthe follow ng suppliers:

Aavi d (603-524-4443)

Ber gqui st (612- 835-2322)

Chonerics (800-225-1936)

| ERC (818-842-7277)

A E C/ Johnson & Hoffrman (fornerly Staver) 516-742-3333
Thermal | oy (214-243-4321)

Tran-tec (402-564-2748)

Wakefield (617-245-5900)



GUI DELI NES TO MOUNTING THE CADDOCK MP800 & MP900 SERIES RESISTORS

THERMAL | NTERFACE CONSI DERATI ON

Due to variations in the mating surfaces of the resistor package and the heat
sink, air voids are created. Since the thermal resistivity of air is very
hi gh (approximately 1200°C/ Win), these voids can degrade the performance. A
.001” air gap under a TO 220 device could result in as much as a 10 °Crise in
resistor tenperature per Watt of power dissipated. Therefore, it is necessary

to use a thermal material to fill this void when any significant power is
di ssi pated by the resistor. Several different materials are avail able that
will lower the thernal resistance and conpensate for surface and nounting

variations fromdevice to device.

The Caddock MP Series product provides electrical isolation between
the tab and the resistor elenent. This nmeans that the material selected
for the thermal interface does not need to be an electrical insulator.
Insul ating materials, however, have have been included as other variables my
make t hem a good choice in sone applications.

Ther mal joint compounds (grease) are a conbination of zinc or other
conductive particles in silicone oil or other nmaterial that provides a grease-
i ke consistency. These materials have been used for many years and have
shown that they can fill the air voids and provide a considerable reduction in
thernmal resistance. There are a nunber of things that nust be considered to
provi de optinmum perfornance, and there are also potential problens with these
materi al s.

1. The surface area nust be free of dirt particles, scratches, dents,
voids, and burrs. In addition, it is recomended that the surface
flatness should be less than .004 in/in and surface finish should be
in the range of 50 to 60 mcroinches. Tests indicate that scratches
and surface finish can go as high as 16 mcroinches without
significant degradation in performance if grease is used.

2. It is critical that the conpound should be lightly and evenly spread
over the entire contact area. To determine the correct anmount and
application procedure, we suggest that the user follow nmanufacturer
recommendations and also do sonme experinentation to assure
conpliance to the design guidelines and to verify the case
tenperature

3. Proper and even nounting torque nust be nmintained. |nsufficient
nounting pressure can cause significant increase in thernmal
resi stance. Mounting torque is addressed in the section of this
report on nounting of devices.

4. Cdeaning solvents used for excess grease renoval nust be chosen and
utilized in a manner that they will not damage package integrity.
The MP820 and MP821 has a high tenperature nol ded silicone package
The MP808, MP816, MP825, and MP850 use a high tenperature thernally
conductive epoxy nmolding material. The MP900 Series resistors are
nol ded wi t h hi gh-perfornance thernoplastic materi al

5. Prol onged high tenperature exposure can cause the silicone grease
to evaporate and coat other conponents on the board. Manufacturers of
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thermal greases have devel oped new naterials using synthetic base
greases that provide inproved evaporation, creeping and nigration
characteristics over the silicone oil base materials. These new
materials inprove on this problem but not wthout added cost and
slightly poorer thermal properties and electrical insulation.

Several thermally conductive pads that provide thermal conductivity, but
are available as either electrical conductors or insulators, are avail able.
When conpressed, these conformto the interface surfaces and aid in directing

heat to the heat sink. If not conpressed uniformy and properly, these
materials can often performworse than without a pad. The reason for this is
that nost of these materials are spongy and perform best when conpressed. |If

this compression occurs only around the screw nounting, the actual heat
exchange interface surface nmay see the high thermal resistance of non-
conpressed pad. The MP820 and MP821 are nore forgiving as they have a large
copper tab which spreads heat flow over a large surface area. Special care
should be taken with the MP900 Series product and with other MP800 Series
product if thernal pads are used.

Bergqui st provides a famly of Sil-Pads® which provide an alternative to
grease or mca. Oher manufacturers of these materials are Thermall oy,
Chonerics and AAvid. Many thermally conductive pads are available in sheet
formor in pre-cut patterns designed for various nounting options for the
standard TO 220 and TO 126 packages. These utilize silicone rubber binder
conbined with a variety of materials such as Al um num Oxide, Boron Nitride,
and Magnesium Oxide to provide good thermal conductivity. These are often
| am nated with Kapton, fiberglass and other materials for specialized
applications.

PROPER HARDWARE SELECTI ON

The sel ection of proper hardware an extrenely inportant consideration in a
good thernmal design. The fastener selected nust provide and naintain firm and
even pressure on the device without distorting the heat sink or device surface
or creating burrs.

Bel levill e washers, or conpression washers are generally considered the
preferred nethod of attachment to a heat sink. W do not suggest the use of
split ring | ock washers as they do not provide sufficient nounting torque and
are not uniformin applying

pressure to the interface.
The Belleville washer is |TYPICAL BELLEVILLEWASHERCHARACTERISTICS|
conical, a design feature
which allows it to maintain Fjig /
constant pressure over a 0400 //
wi de range of its physical R 3607 Y
. ! c 320
deflection and to wthstand £ 280 ./
Iong—terr_n temperature 538 g
cycling without variation L 160 | //
in pressure. The large, or g 120 /
open end, of the washer s ig /.
faces the device or heat 0 <4
sink that it contacts. 0 5 10 15 20 25 30 35 40 45 5055 60 65 7075 80 85 90 95100
% DEFLECTION

FIGURE 1
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As a service to our custoners, Caddock Electronics has tooled Belleville
washers for use with our MP800 and MP900 Series precision resistor product.
These washers are available fromJ. H Rosenbeck, Inc. Bel l evil | e washers,
al so known as disc springs, are recommended when assenbling the Caddock power
resistor to the heat sink, chassis, or other nounting surfaces.

A force of 125 to 300 pounds is recommended for optinmum heat transfer for a
TO 220 package at the thermal interface of the part and the heat sink. Also,
it is very inmportant that this force is carefully controlled and is
distributed in a uniform nanner to avoid lifting of the edge of the resistor
or cracking of the case. Figure 1 shows typical |oad characteristics of a
Belleville washer. 1t can be seen that the load force is relatively constant
when the washer is conpressed between 20% and 80% defl ection. Thus, the use
of a properly designed and installed Belleville washer can naintain constant
| oadi ng of the part and heat sink interface over w de tenperature range and

cycling conditions. This constant |oad range hel ps to conpensate for the
different thermal expansion coefficients of the nmounting hardware and the
resistor, which helps to maintain a reliable thermal interface over

tenperature and tine.

Caddock El ectronics recomends the foll owi ng considerations should be observed
in establishing the mechanical assenbly of the Caddock MP800 or MP900 Series
resistors to the heat sink surface.
1. Make sure the surface of the heat sink is flat and is clean and
free of burrs or surface irregularities.

2. Use a good thernal grease or thermal conducting pad between the
part and the heat sink.

3. Assenble the part as shown in figure 2. Caddock does not recomend
the use of rivets or sheet netal screws.

4. Tighten the bolt to obtain 50% deflection of the Belleville washer
If thermal grease or thin, or nonconpressible thernmal interface
pads are used, proper force can be obtained by tightening the screw
to finger tightness and then advancing the screw to provide proper
deflection. A 1/3 turn of a #4 X 40 screw or 1/2 turn of a #2 x 56
screw and 1/4 turn of a 6 X 32 screw will provide 0.008" to 0.009"
deflection. CAUTION. Grease on the threads, variations in thread
depth and pitch, and tolerances can effect torque neasurenents,
therefore, we do not suggest specifying rotational torque limts
wi thout correlation tests to assure that proper deflection of the
washer is maintained.

11



I&I/ BELLEVI LLE WASHER
/VPSOO OR MP900 RESI STOR

THERMVAL PAD OR GREASE
S A ;’{_HEAT SI NK

FLAT WASHER

/I\/PSOO OR MP900 RESI STCR

/THERI\/AL PAD OR GREASE

U [ HEAT SINK

BELLEVI LLE WASHER

The general specifications for these washers are as foll ows:

PART # D (IN) d (IN) H (IN) t(IN) TYP TORQUE| TYP FORCE | BOLT SIZE | BOLT SIZE
(IN-LBS) 50% DEFL. | ENGLISH METRIC
AM409 | 0.210 MAX| 0.089 MIN 0.045 0.018 3 275 lbs #2 M2
AM414 | 0.245 MAX| 0.118 MIN 0.055 0.018 5 275 lbs #4 M2.5,M3
AM458 | 0.333 MAX| 0.146 MIN 0.048 0.02 6 250 Ibs #6 M3.5

—>

Material: Spring Steel

¥
OB
¥

D
l Finish: 100pinch Electroless
Nickel
II \I ‘ H
7
Part Nunber Use Wth Sour ce Phone
AMA09 MP808, MP825, MP915 J. H Rosenbeck 860-585-5905
AMA14 MP816, MP850, MP916, MP925, MP930 J. H Rosenbeck
Ari zona Hydrogen 602-275-4126
AVA58 MP820, MP821 J. H. Rosenbeck
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A machine screw can be used in conjunction with a conical washer and nut.
Several factors nmust be considered when using this nounting technique.
1. Never let the head of the screw contact the device. Use a flat
washer or conical washer to evenly distribute the force.
2. Apply proper torque. If the screwis too tight, the package will have
a tendency to bow up at the end farthest from the screw. This is
sonething that is difficult to elimnate, but with proper design and
good process control, it can be mnim zed.

The drawing to the right

illustrates an exanmple of

doi ng everything wong. The — TO-220
force used to tighten the

bolt is sufficient to distort

t he package , causing an air

gap that can substantially EAT SINK
increase thermal resistance.
The use of a grease or
thermal pad is suggested to

mninmze this problem  Hgh gyAGGERATED ILLUSTRAUTION OF TO-220
torque can also caused stress ypROPERLY MOUNTED CAUSING WARPING

on the package which can AND INSUFFICIENT CONTACT
result in breakage of the

element. If torque is too low, thermal resistance is also increased.
Manufacturers of the thernmal pads and materials provide suggested
nounting torque for best perfornance. CADDOCK suggests 6 to 8 in-Ibs.
for optinmum thermal conductivity and package safety for the TO 220
package with tab. (see chart above)

3. If using a grease, neke certain that it does not cone into contact
with the threads of the screw or nut as this can give inaccurate
torque neasurenents.

Sheet metal screws nust be used with great care. These have a tendency to
create burrs or to roll up the edges of the hole on the netal heat sink. Both
of these can cause significant increases in thermal resistance. It is

[j\\\\\\\\

suggested that these screws should be used in a clearance hole with a speed
nut in any critical application. Thermal grease can al so cause torque
problenms if it contacts the threaded contact area.

A rivet is not suggested for any Caddock Resistor packages with the
possi bl e exception of the MP820 and MP821. It is difficult to maintain proper
pressure and a plastic package can be easily danaged. The package design on
the MP820 and MP821 allows pressure to be exerted on the tab rather than
directly on the plastic package. |If rivets are used, the follow ng guidelines
are provided.

1. Do not use pop-rivets!

2. Hollow Alumi numrivets are preferred.

3. Crinmping force should be applied slowy and evenly.
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Caddock El ectronics does not suggest the use of solder reflow for SMT
assenbly of standard MP800 and MP900 series resistors. If you have a surface
nount requirenment, Caddock suggests the use of the MP725 or type CC2015FC
or CC2520FC chip resistors.

Al t hough we do not recomrend customer formng of the |leads, it can be done
if special care is taken in order to maintain package integrity. The MP820
and MP820 are the nobst versatile choices due to the round | eads. Lead bending
on all other MP800 and MP900 devices should be linited to the vertical axis.
If SMI formed leads are required, the MP725 Series, a DPAK style package
with SMI formed | eads and a solderable tab is avail able.
a. During the bending operation, the | eads nust be supported or
gri pped between the bend point and the package.
b. The maxi mnum bend radius is 0.050". Fornming at a tighter radius
can cause cracking of the plating and/ or weakeni ng of the |ead.
The use of a mandrel or forming fixture is recomrended.
c. Do not twist the |eads at the case.
d. Do not bend the leads in the plane parallel to the heat sink
mounti ng surface. (ok for MP820 / MP821 only)
e. Provide strain relief if possible.

Custoners wishing to have additional electrical isolation often use plastic
nuts, bolts and washers. Care should be taken to select materials that wll
not soften or reflow at operating tenperatures. Whenever possible,
conpressi on washers should be used to maintain contact pressure. Electrical
isolation is usually not necessary on the Caddock MP Series Product since
the tab is isolated from the resistor elenent.
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HI GH FREQUENCY CHARACTERISTICS OF MP800 AND MP900 SERIES RESISTORS

The design of the Caddock MP800 and MP900 Series resistors nakes them idea

for use in high frequency applications. The resistor can be nodeled as a
resistor with a series equival ent inductance and a parallel shunt capacitance.
The physical layout is such that the inductance is approximately the sane as a
strai ght piece of wire. Therefore, the frequency response may be adjusted to
sone degree depending on the point at which it is termnated to the printed-
circuit board. Typi cal values are indicated in the chart below For this
test, the leads were terninated 0.1" from the body of the resistor. Lead
i npedance can be estimated to be 12 nH per inch

Stand - Alone part wthout heat sink

Caddock Model L (nH C (pPF
MP808 6.4 1.18
MP915 7.25 0.6
MP816 8.4 0.6
MP821/ 820 8.1 1.3
MP725 6.4 1.18
MP825 6.4 1.18
MP930 7.6 0.75
MP850 7.8 1.75
MP850 above 1kQ 7.8 1.35

El ectrically Isolated Heat Sink with thermal grease (MP808, MP820,
MP821, MP825 and MP850 do not change from stand - alone part. MP808 and MP816
are not recomnmended for rf applications with heat sinks because of variations
in performance due to plastic thickness)

Caddock Mbdel L (nH) C (pF)
MP930 8 1.75

Heat Sink electrically comon to one of MP800 or MP900 | eads

Caddock Mbdel C (pF)
MP820/ 821 grease or pad 3.2
MP930 grease or pad 3. 65
MP825 grease 2.25
MP825 t her mal pad 1.95
MP850 grease or pad 3.8
MP850 (>1kQ) thermal pad 3.3
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50Q | npedance Val ues

50Q parts are the nost commonly used in rf |ine ternmination applications. To
provi de a nore accurate neasurenent than the nodel, a summary is provided
showi ng actual data for various 50Q parts.

MP800 AND MP900 SERIES 50Q RF | MPEDANCE CHARACTERI STI CS

STANDARD PART W THOUT HEAT SI NK

DESCRI PTI ON Z @00 Mz Z @250 Mz Z @500 MHZF (VSWR=1. 1)
MP808 50.1 / 2.6° 50.3 / 6.6° 51.3 / 13.2° 216 Mz
MP915 50.0 / 3.2° 50.2 / 8.0° 50.9 / 16.3° 175 Mz
MP816 50.5 / 6.7° 53.0 / 16.3° 61.4/ 29.4° 84 ML
MP820 50.1 / 3.7° 50.8 / 9.2° 53.1 / 18.2° 152 Mz
MP825 50.0 / 2.6° 50.3 / 6.6° 51.3 / 13.2° 216 Mz
MP930 50.2 / 5.1° 51.6 / 12.2° 56.5 / 23.2° 112 Mz
MP850 50.1 / 3.4° 50.7 / 8.6° 52.8 / 17 164 Mz

ELECTRI CALLY | SOLATED HEAT SINK
DESCRI PTI ON Z @00 MHZ Z @250 Mz Z @500 MHZF (VSWR=1. 1)

VMP930 W TH GREASE 50.1/ 2.9° 50.3/ 7.4° 51.6 / 15° 192 Mz
MP930 WTH THERVMAL PAD 50.1 / 3.3° 50.6 / 8.4° 52.5 / 16.7° 169 MHz

HEAT SINK ELECTRI CALLY COMMON TO ONE LEAD

DESCRI PTI ON Z @00 Mz Z @250 MHZ Z @500 MHZF (VSWR=1. 1)
VP820 W TH GREASE 50 / -0.25° 50/ -0.95° 49.4 / -4.1° >500 MHz
MP820 W TH THERVAL PAD 50 / -0.14° 50.1 / -0.83°49.6 / -4.8° >500 Mz
VP825 W TH GREASE 49.9 / -0.98° 49.2 /| -2.4° 46.8 /| -5.2° 459 MHz
MP825 W TH THERVAL PAD 49.9 / -0.28°49.6 / -0.66°48.2 / -1.5° >500 Mz
VMP930 W TH GREASE 49.7 | -1.8° 48.5 / -4.5° 43.8 /] -9.7° 286 Mz
MP930 WTH THERVAL PAD 49.8 / -0.75° 49.2 / -2.1° 46.9 / -5.7° 425 Mz
VP850 W TH GREASE 50 / -0.18° 49.9 / -0.76°49.2 / -3.7° >500 MHz
MP850 W TH THERVAL PAD 49.9 / -0.66° 49.4 / -1.8° 47.1 / -5.6° 459 Mz

The user can determ ne proper conpensation for the part in the follow ng
manner :

If the phase angle is negative, the required additional series
i nductance can be calculated with the formula L = Z sin |g| [ 2if. It can
be seen that |onger | eads can add sufficient inductance to tune a 50Q part
for excellent frequency response (eg MP850 at 500 MHz L=49.2 Sin 3.7°/ 2m
500MHz = 1 nH)

If the phase angle is positive, the required additional series

capaci tance can be calculated with the formula C=1/ 2nf Z sin g
(eg MPB08 at 500 MHz C= 1/ 2m 500 Mz 51.3 Sin 13.2° = 27 pf )
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