TDK-Lambda

Power Module Application Notes

1. Product application example of configuration

Examples of power supply configurations using a wide variety of
combinations of power modules and on-board power supply units
lineups will be introduced with layout sketches.

2. Power module conduction cooling design

For power modules with aluminum boards, conduction cooling design
is necessary. Conduction cooling design (including selection of heat
sink and fan setting) should be made based on the input/output con-
ditions and temperature environment in use so that the temperature
of the power module base plate stays within the allowed range of
temperatures.

In this chapter, the conduction cooling design by forced air cooling
with heat sink will be explained.

Ell Conduction cooling design
(explanation and examples)

EE] Standard heat sinks
(refer also to the quick reference below.)

3. Power module mounting method

The power module with aluminum board should be fastened to the
printed circuit with screws and soldered.. Instructions on how to do
that will be described.

O
EEl Board mounting method zs
EF] Heat sink mounting method gg
EFE] About vibration resistance g%
E1 Recommended soldering conditions §-
Elld Recommended cleaning conditions
* Our standard heat sinks - quick reference
No. Module type name Heat sink type name
1. PH50S, PH75S HAA-041
2. PH75F, PH100S HAA-062
3. PH150S HAA-072
4. PH100F, PH150F, PH300S, PF500A HAA-083
5. PH300F, PH600S, PF1000A HAA-146
6. PAH50S, PAH75S, PAH100S, HAH-10T, HAH-10L,
PAH150S, PAH200S, PAH300S, HAH-15L
PAH350S, PAH400S, PAH75D, CN200A110
7. PAF400F, PAF450F, PAF500F, HAF-10L,
PAF600F, PAF700F, HAF-15L, HAF-15T
PFE300S, PFE500S, PFE700S
8. PFE500F HAL-F12T
9. PFE1000F HAM-F10T
10. CN30A110, CN50A110, CN50A24, CN100A110, CN100A24 | HAQ-10T
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Application notes TDK-Lambda

1. Product application example of configuration

Example 1: 500W AC/DC power supply All the DC/DC converters referred to in this page are of insulation type.

Harmonic suppression|DC/DC Regulated output

12V DC=e v =+ 396W (max
ACINPUT  AC Fuse| Npise PEE-S l—<28v,48v DC- - -504W§maxg
D=\ >| —»| pPFeE-F+ [T > OUTH1
85265V Filter rv
+ DC Fuse
7 A\p | CCEPSS 19 oyT2
(Harmonic suppression: Effective) |Simple structure| 385vDC 1~ PV (D) etc.

Internal high voltage line  QUT 2 is an example of auxiliary output.
% PFE-F is possible output power reinforcement (kW order) by parallel operation.

Example 2: 500-1500W AC/DC power supply (high voltage power feeding / multiple outputs)

AC/DC front-end DC/DC back-end
| Harmonic suppression

|
High-voltage DC Fuse

AC INPUT AC Fuse [ Noree PF500A/ | 04 S0V =\ o 1P AF-F280| > OUTT
O—c\o>| — 3 [PF1000A
85265V Filter -360 + DC Fuse PH-F280
~ AN p - ) ouT2
_ > PH-S280 > .
(Harmonic suppression: Effective) ' — .

Multiple-output configuration is possible
within the nominal output power (500W
- 1.5kW) of the power supply line.

Example 3: 700W or over AC/DC power supply(low voltage power feeding / multiple outputs)

Semi (rough) regulation/droop output
1 57-51V/714W (max) (When using one unit of PFE)

. _—
Harmonic suppression, DC/DC Low-otage DC Fuse

AC INPUT —
AC Fus_e> Noise |_, [ PFE7008 | Aome s ANpP=»| PAF-F48 | OUT1
: Filter 48 |7 s | DpCFuse
85~265V: ¥ : °<0 — N\ po—» PSA4H8 — OUT2
7 Simple structure/ Parallel = ' 2| DCFuse
¥ tion is possibl L =
' operation is possible A 5 o N > OUT3
+ AC Fuse i :
i > Noise . PFE700S |.: & |DbcFuse (PAQ-S48,PAQ65D48)
- Filter -48 % — AN\ o |PAE|— OUT4
g}

¥ (PAE-S48) .
(Harmonic suppression: Effective) % . = .

Consider replacing our existing products (PF+PT500) with this. Mult_lple-output configuration IS possible within the
nominal output power (depending on the number

Various combinations are available in addition to this. of the units of PFE) of the power supply line.

Example 4: High power (kW class) N+1 parallel redundancy AC/DC power supply (high voltage power feeding / multiple outputs)

AC/DC front-end DC/DC back-end
‘ AC  Harmonic suppression 360VDC | | DC Fuse !
Fuse High-voltage power supply ->
ad\p PAF-F280 (= OUT1
AC INPUT AC N\ oP{PF1000A
@_ Fuszf> Noise -360 DC Fuse
Filter ~ L =¥ py.F280 |=» OUT2
85~265V AC
Fuse PF1000A DC Fuse
(Harmonic suppression: Effective) © “*®1 360 —N\P | py.5280 [+ OUT3

* Diode for preventing backflow in failure N ' —
Various combinations are Parallel operation i possible Multiple-output configuration is possible within th

available in addition to this. nominal output power (depending on the number
of the units of PFE) of the power supply line.

B'368 « All specifications are subject to change without notice.
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Example 5: Domestic use AC/DC power supply

All the DC/DC converters referred to in this page are of insulation type.

Rectlfymg/smoothmg #110~180VDC _ DC/DC

s DC Fuse
A Fuse _ ; ANpe=»| PH-F110 |[=—— OUTT
Noise Inrush curent 75~300W
ACINPUT =\ L [ PPD=
8ot 30y ilter protecting circuit +| DC Fuse
) NP | PH-S110 [——PpOUT2
50~150W
AC/DC
Discrete configuration KS, KWS, —_ » 0ouT3
(Harmonic suppression: not effective) -> Power factor is about 0.5 - 0.7, Kwoe S1sW

Example 6: Communication/industry use -- 48V DC/DC power supply

o r Discrete coniguration Paall opeaton s possile.
DC INPUT _ d\;;se_’ Noise mshcurent | _y) Eﬁ,’;ggg,ﬁjg’
(—) 36~ (—) 786V Filter piotecting cicut PAF500F48’ 1
L ! P OUTI
T DC Fuse [ PAF700F48, | A 500W~
L 'd\p' -> olse . Inrush current _> PAF6OOF48, -at
Noise Filter protecting circuit PAF500F48
Filter
DC Fuse
PAH 50~350W
) — NP —p » OUT2
L) Noise > -S48 PAH 75W
Filter DC Fuse 75D48 ouT3
NP P»| ppaq | 0r65W oOUT4
DC Fuse 65D48
Noise — N\ o —P| PAQ-S p OUT5
-> Filter - DC Fuse 50~100W
N p PAE |=—— 0UT6
Various combinations are (>F>8) ~100W
available in addition to this. j
|| cc-E Pss(D) > OUT7
PV(D) 1.5~10W
o
Example 7: Communication/industry use -24V DC/DC power supply zs
T =
o S 3
DC Fuse Parallel operation is possible. ,8, 3
u 5 c
Noi Inrush current PAF600F24, S =
DC INPUT — N\ L —P F-OISG P e PAF500F24 g ®
ilter protecting circut 3
18~36V _* 200W™ o ouTt 2
1
T DC Fuse Noise Y Inrush curent Y PAF600F24, |. _+
AV EE o I protecting cicui PAF500F24
DC Fuse | Noise Ivushcuret 300~350W
PAH
— N\ p—p| - —> —p ouT2
Filter protecting circui -S24 >
DC Fuse - PAH ouT3
Noise 75W
— N\ p > »| > |——P| 75D24
Discrete configuration |_FFilter ouT4
Discr'e\i ?irzguration d\}D)(:':L’ W} ouUT5
| NOISE |y (PAE50S24)
Filter CC-E, PSS(D)
Various combinations > PV(D) 1.5~10W » ouTé

are available in addition to this.
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Example 8: Usage of insulated/non-insulated power supply

» OUTI
Insulation type power supplies Non-insulated DC/DC
"= unit/substrate/power ) — —Pp 0UT2
module/on-board type
L—9Jp| CE [——0UTS3

Example 9: Input/output connections for insulated DC/DC converter

In this section, conceptual diagrams of the use of insulation type DC/DC converters will be introduced.
Refer to the respective pages for each product, because some external parts may be needed or some
names of terminals may differ depending on the product.

(1) Location for fuse to be inserted
1) Positive power supply (for general/industrial use) 2) Negative power supply (for communication)

Vi) Vu) P 7 Tﬁvmn) Vo $— ="
W DC/DC DC/DC
k« Vi Vowe— == _y . I-—d‘\ 0—0 —V(in)

Decisions should be made with consideration to safety in the connection conditions
after the fuse is blown out when a problem has occurred.
The explanation of each product is based on the positive power supply.

?

=V(ou) p— ----

(2) Application as the non-insulated power supply
1) Voltage conversion with homopolarlty 2) Reversal of polarity (an example is getting negative voltage) oV

=V(in)

+Vin V(ou) $—0 *Vo +Virf\9‘°+v<m> +V (out) "j
DC/DC DC/DC

;—o —V(in) =V(ou) p—0
ov -Vo

=V(ou) 4 )?7 ov

3) Use of output voltage for input line in series

Wi Wiy Vi —o FT(VintVo)
A. Layering to positive power supply DC/DC
=V(in) —Viout) 4 ov
oy 3

B. Layering to negative power supply oV

ov
Fﬁ'v(in) +V (out) ‘J &
DC/DC
M—d\p—o —Viin) - (Vin*Vo)

In the insulation type DC/DC converter, by connecting the input and output mutually like above,
application as the non-insulated power supply is possible. Other connections are also possible in addition to this.

O
(=]
=
()
=
3
(=]
o
c
()

-V (out) p———0

>
S
=3
5
]
=4
=)
=
>
=]
—
o
(7]

(3) Use of bipolar voltage in dual outputs
+12V

Applicable products

SOV i) w0 —x KWD, CC-DxE, PSD, PVD
s Combination with (1) / (2) above are also possible.
DC/DC COMO- 24V(30V)  * variability function is to be used for some products
----—0 —V(in) Vi) p——0 — Note) This application is not available for the following
—12v

products: CE, PAH75D, PAQ65D

- All specifications are subject to change without notice.
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2. Power module conduction cooling design

B Conduction cooling design

The power modules become usable under the condition
that the temperature of the base plate in use is kept under
the allowed temperature value. The system reliability is
dominated by the temperature of the base plate in use.

We will explain about the power module conduction
cooling designing process by using an example with
"PAF600F280-48". Figure 1-1 is the flow chart of the con-
duction cooling design.

(Radiation design)

STEP1 [ Output power Pout? ]

Ambient temperature Ta?

!

sTEP2 (. Reliabiliy? )

STEP3 (Deciding base plate temperature)

STEP4  (Duigemdlestrcenessay o eein)
\

STEPS ( Space for mounting? )

STEP6

Cooling method?

Natural cooling Forced cooling
Checking by experimen

Complete

Figure 1-1 Flow chart of conduction cooling design

STEP7

@STEP 1
Decide the output power (Pout) and the ambient tempera-
ture (Ta) of the power module to be used.

Model: PAF600F280-48
Pout = 500(W) (80% load)
Ta=50(C)

(Hereinafter, a designing example with an actual device
will be indicated inside the frame.)

- All specifications are subject to change without notice.

@STEP 2

Decide the base plate temperature with consideration of
the required reliability.

Use the table 1-1 (Temperature and usage of base plates)
as a measuring stick.

Usage Base plate temperature | Reliability level

Devices for public use 0 .

V! i publc 70°C or lower Highest
Devices with drone control systems

neral industrial devi o Relativel
Ge.ea.dusta(.ie cesm 807 or lower egt eV
Devices in production facilities high
General electronic devices| 85°C or lower Ordinary

Table 1-1 Temperature and usage of base plates

@STEP 3

Here, the base plate temperature is supposed to be set
to “Ta = 80°C or lower” , assuming that the device is for
general industrial use.

OSTEP 4
Decide the necessary thermal resistance of the heat sink.

(1) Find the internal power consumption.

Pd= n X Pout=Pout X ( 1— E ) --- (Expression 1-1)

Pd : Internal power consumption (W)
Pout : Output power (W)
n . Efficiency

Then, the efficiency can be found by the expression be-
low.

—& .................. (E ion1 2)
n=—pn xpression1 -
n . Efficiency (%)

Pout : Output power (W)
Pin : Input power (W)

Efficiency differs depending on the input voltage and
output current. As well, efficiency differs by the type of
power module. Refer to the data of each type of mod-
ule. Figure 1-2 shows a typical example of the case in
"PAF600F280-48".

Note that the internal power consumption should be de-
cided with 1-2% allowance against the efficiency value
calculated using the characteristic of efficiency in output
current.

e
(=]
=
@
=
3
[=3
o
=
@

>
S
=3
=5
]
=4
S
=
>
=]
=
@
(2]
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The recommended screw-tightening torque in fastening the
power module is 0.54Nm.

100

w
=}

Input current (A)
(%) ones Aousiolyg

N
o

| . ' inputgurrent

0 20 40 60 80 100

Output current (%)
----- Vin= 200V —-—Vin= 280V — Vin= 400V

Figure 1-2 PAF600F280-48 efficiency characteristics

Efficiency is found by using Figure
1-2. In this example, efficiency is to
be found in the condition of operating
PAF600F280-48 with 280VDC nomi-
nal voltage. The efficiency achieved by
280VDC input voltage and 100% output
current is found to be 91% from Figure
1-2. By adding an allowance of 1% to
this value,

Efficiency n = 90%
By this, the internal power consumption
is found to be

Pd=500x(% —1)
=56(W)

(2) Find the necessary thermal resistance of the heat sink.

Obp-a=(Tp — Ta) ~ Pd (Expression 1-4)

,,5 a space of approximately 70(W) x 47(H) x
B <% 6 bp-a : Thermal resistance (°C /W) 125(D) mm (approximately 4.1x10°mm’) can be
g’g (between base plate and air) assigned for the heat sink.

S& Pd * Internal power consumption (W)

3 Ta : Ambient temperature (C)

& Tp : Base plate temperature ('C)

The thermal resistance of the heat sink can be found by
the expression below.
6 hs-a= 6 bp-a— 6 bp-hs (Expression 1-5)
6 hs-a : Thermal resistance between heat sink and air
(°C /W)

6 bp-hs : Contact thermal resistance ("C /W)
(between base plate and heat sink)

Contact thermal resistance means the thermal resistance
of the contact surface between the power module base
plate and the heat sink. Use silicone grease or others to
reduce the contact thermal resistance.

Fasten the heat sink to the power module by using screws,
as indicated in a separate section.

B-372

Ta (ambient temperature)

Heat sink

Contact thermal
resistance
(6bp-hs)

Figure 1-4 Contact thermal resistance

Base plate Base plate

@STEP 5

In this example, the thermal resistance between
the base plate and air is

6 bp-a = (80-50)/56
= 0.54(°C /W)

And, the thermal resistance of the heat sink in the
condition of 0.2°C/W contact thermal resistance
(8 bp-hs), is found to be

O hs-a=0.54-0.2
=0.34 (C /W)

Next, check the size of the physically available heat sink
space when mounting the power module.

In this example, assume that the available
mounting space of the module is 70(W) x 60(H)
x 125(D) mm.

As the size of the main unit of PAF600F is
61(W) x 12.7(H) x 117(D) mm,

- All specifications are subject to change without notice.
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@STEP 6
Study the cooling method appropriate for the mounting
space.

(1) Natural air cooling

Find the approximate value of the heat sink volume which
ensures the thermal resistance found in Step 4, to be re-
quired in natural air cooling, based on Figure 1-5 (Relation-
ship between envelope volume of heat sink and thermal
resistance). The characteristics shown in Figure 1-5 are
for typical aluminum heat sinks with proper fin spacing (if
the spaces are too narrow, ventilation resistance becomes
large, reducing the amount of heat discharge). The enve-
lope volume means the volume enclosed by the outline of
the heat sink. The envelope volume value to be found here
should be the approximate volume of the heat sink required
in natural air cooling. Note that the thermal resistance val-
ue differs depending on the shape of the heat sink, so refer
to data provided by heat sink manufacturers for details to
make decisions.

10 R
' _|Hagaot]
: HAR-OL/H] @
5 [N = e U R S U

—_

(approximate figure) 6 ns-a['C W]

]
2
o b T
28 05 |- | Ihemal resistance in the
% 0.34°C/ example” here ! !
Eg O3
2 02 f--amofonan 1 i
[ ! . Envelope volume required !
! Lo in natural air cooling ! !
0.1 1 L L I ;
5x104 105 2 3 5 7408 2 3 5 747

Envelope volume[ mmz]

Figure 1-5 Relationship between envelope volume of
heat sink and thermal resistance (in natural air cooling)

Also, the thermal resistance data provided by heat sink
manufactures is, in most cases, the one in the condition
with vertical mounting. Be aware that the cooling efficiency
will be considerably reduced in the condition with horizon-
tal mounting. If the selected heat sink can be accommo-
dated by the mounting space, go to Step 7.

If not, study the forced air cooling.

(2) Forced air cooling

When forced air cooling is employed, the heat discharge
ability of the heat sink improves and becomes several
times higher than with natural air cooling.

The heat discharge design by forced air cooling is not easy
because the air flow in the case cannot be even.

The uneven air flow is caused by the disturbance in air
flow generated by the fan due to the complicated shape/
structure of the case and mounted components located in
the case. The calculation methods are introduced in vari-
ous literature, but they are not practically usable because
of too many conditions to be applied.

- All specifications are subject to change without notice.
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Here, the method of measuring wind speed in a mock-up
of the case and estimating the thermal resistance will be
introduced.

First, create a mock-up of the case with consideration
to the shape of the case, number of fans and their loca-
tions to be attached, how the wind blows to the heat sink,
mounted components around the heat sink, and other fac-
tors of mechanical design. Then, activate fans and mea-
sure the inflow and outflow speed of wind into/from the
heat sink by using a wind meter. The measurement points
should be the center of the heat sink as shown in Figure
1-6 (Measurement point of wind speed). Estimate the ther-
mal resistance value by using the average value of the
inflow and outflow speed of wind as the heat sink's thermal
resistance characteristic in * Standard heat sink for

Measurement point of
outflow wind speed

Measurement point
of inflow wind speed

AlIR
/ Heat sink
. inflow wind speed + outflow wind speed
Average wind speed = 5

Figure 1-6 Measurement point of wind speed

2.5

* Standardiheat!sink for [HAF-15T]

20 SRR SR U0 TS L RSO

05, .

Thermal resistance between heat sink and air

01 1.0 30 10.0
Average wind speed [m/s]

Figure 1-7 Heat sink's thermal resistance
characteristic in wind speed

Estimate the thermal resistance value by using the heat
sink's thermal resistance characteristic in wind speed,
based on the measured wind speed value.

Check if this thermal resistance value comes under the
thermal resistance value found in Step 4. If necessary ther-
mal resistance is not ensured, change the characteristics
of fans or modify the mechanism of the case so that the

e
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(2]
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necessary thermal resistance value is ensured.

The envelope volume required in the case of using
natural air cooling should be calculated. It is found to
be 5.2 x 106mm3 or over based on Figure 1-5.

The mounting space cannot accommodate this vol-
ume, as the available space for the heat sink is ap-
proximately 4.1 x 105mm3. Consequently, forced air
cooling should be adopted. In this case, one of our
standard heat sinks (HAF-15T) should be adopted to
fit the available mounting space.

Based on Figure 1-7 “Heat sink's thermal resistance
characteristic in wind speed”, a wind speed of ap-
proximately 3m/s or over is necessary to attain
0.34°C /W or lower thermal resistance value. Confirm
that the necessary wind speed value is ensured by
measuring the wind speed using a mock-up.

o
(=]
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=
3
(=]
o
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>
S
=3
5
]
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=
>
=]
—
o
(7]

B'374 « All specifications are subject to change without notice.



Application notes

@STEP 7

Conduct experiments to check if the designed performance
is actually attained. The base plate temperature can be es-
timated by the expression below.

Tp=Ta+PdX 6 bp-a
=Ta+Pd (6bp-hs+ Ohs-a) (Expression 1-6)

Tp : Base plate temperature (C)

Ta : Ambient temperature ('C)

Pd : Internal power consumption (W)

@ bp-a : Thermal resistance ('C /W)
(between base plate and air)

6 bp-hs : Contact thermal resistance (C /W)
(between base plate and heat sink)

6 hs-a : Thermal resistance of the heat sink ("C /W)
(between heat sink and air)

In the experiment, confirm that the base plate temperature
value is under that decided in Step 3. If there are no prob-
lems, the design is complete. If the performances in the
experiment do not satisfy the designed values, re-design
the device.

For PAF600F280-48, measure the base plate temperature
at the center of the base plate. If it is impossible due to
the structure of the heat sink or other factors, measure the
base plate temperature at the nearest point from the center
of the base plate as possible. (The measurement point may
differ depending on the model.)

Measurement point
of base plate temperature

Figure 1-7 Measurement point of base plate temperature

Implement an experiment with an actual device in
which PAF600F280-48 is mounted. Measure the
base plate temperature in the same conditions as in
actual use (Pout=500W, Ta=50°C). Confirm that the
measured base plate temperature is kept at 80°C or
lower.

This completes the design.

- All specifications are subject to change without notice.
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EEA Standard heat sinks

We have prepared standard heat sinks for each package of
our power modules.

Note that the indicated thermal resistance values are those
in the condition where silicone grease is applied. Refer to
the page F-1 for standard prices and weight.

(1) Heat sink for [T41] (HAA-041)
Dimensions : 86 (W) x41(D) X22.5(H)mm
Modules to be applied to: PH50S/75S

[Appearance diagram]]Material : Alminium (black
alumite treatment)

86
76
3-¢3.5
3.9
T
> )
> oM <
o
= &
¢8 peel-off
of alumite
_ 718X8=624 RO.75
RO.5 o
0 o
™, N
1 \‘\
s t

[Cooling characteristics]
(Natural air cooling) Thermal resistance: Approximately
3.9 (CT/w)

(Forced air cooling)

Bhs-a(‘C/W)

0.5 [ --modemmhe et R SR EEREE

Thermal resistance between heat sink and air

%.1 0203 05 1 2 3 5 10

Average wind speed V(m/s)

Figure 2-1 Thermal resistance characteristic in wind
speed for the heat sink prepared for [T41]

>
S
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=5
]
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(2) Heat sink for [T62] (HAA-062) (3) Heat sink for [T72] (HAA-O72)
Dimensions: 86(W) x 62(D) x 22.5(H) mm Dimensions: 86(W) x 72(D) x 22.5(H) mm
Modules to be applied to: PH75F/100S Modules to be applied to: PH150S
[Appearance diagram] Material: Aiminium (black alumite [Appearance diagram] Material: Alminium (black alumite
treatment) treatment)
86 86
3.9 .
3-635 5-435
3.9 T P
[aV
I N~
= Q ol o
> all o P ©|~
) o) © <
() I
N
& ) &
] Y N
8 peel-off of alumite 8 peel-off of alumite
78 X8=624 RO.75 7 78X8=624 RO.75
R0O.5 T one T
UL 25,5 1T
0, N )
1l © «
A !
[Cooling characteristics] [Cooling characteristics]
(Natural air cooling) Thermal resistance: Approx- (Natural air cooling) Thermal resistance: 3.0 ('C /W)

imately 3.2 ('C /W)

(Forced air cooling) (Forced air cooling)
2 S — : N — 2

1] NS N N S S 7 N N S S

Thermal resistance between heat sink and air

5
2
©
<
7
T
[0}
c
— c =
8 2 g
<] O e N b e = I B e N
c e ® %
QL c & Qo q
> .9 < 8 2
T = r o -
o ® [So) % 5
£.02 oo ! N ® oo ! DN
e 2 | N o Lo ! ‘ L :
() 05_ 1 | [ ! [ ! 1 4 05 e [ A [
z £ o ! o 2 b ! oo
a i £ i
&
Lo : : Lo : < Lo : : L :
0 [ | [ = 0 L | [
0.1 0203 05 1 2 3 5 10 0.1 0203 05 1 2 3 5 10
Average wind speed V(m/s) Average wind speed V(m/s)
Figure 2-2 Thermal resistance cahracteristc in relation to Figure 2-3 Thermal resistance cahracteristc in relation to
wind speed for the heat sink prepared for [T62] wind speed for the heat sink prepared for [T72]
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(4) Heat sink for [T83] (HAA-083) (5) Heat sink for [T146] (HAA-146)
Dimensions: 86(W) x 83(D) x 22.5(H) mm Dimensions: 86(W) x 146(D) x 22.5(H) mm
Modules to be applied to: PH150F/PH100F/ Modules to be applied to: PH300F/PF1000A/

PF500A/PR500/PH300S PH600S/PT500
[Appearance diagram] Material: Alminium (black alumite [Appearance diagram] Material: Alminium (black alumite
treatment) treatment)
86 ‘ 86 ‘
76
76 35 5-¢3.5
139 5-¢3.5 "
)
100)
Q ™| o
< N[ 0O
<
I ©
i | ©
T ™| <
L - =i
¢ N =
¢8 peel-off of alumite
78 X8=624 RO.75
RO5
3.8 5 b
il 1 \\J
e ¢8 peel-off of alumite
7.8 X8 =624 RO.75
RO.5
[Cooling characteristics] g ﬁ
(Natural air cooling) Thermal resistance: 2.7 (°C /W) — il ﬁ
s

(Forced air cooling)

[Cooling characteristics]

(Natural air cooling) Thermal resistance:
Approximately 1.7 (C /W)

o

> 2

(Forced air cooling) S o

'g -~

2 o3

- 28

o'c

2 - S5
L =
3 =1
_:,;, 1.5 3

D

Thermal resistance between heat sink and air

Q
0.1 02 03 05 1 2 3 5 10
Average wind speed V(m/s)

Figure 2-4 Thermal resistance characteristic in relation to b ! ! b !

wind speed for the heat sink prepared for [T83] 0 L i i L i

0.1 0203 05 1 2 3 5 10
Average wind speed V(m/s)

Thermal resistance between heat sink and air

Figure 2-5 Thermal resistance characteristic in relation to
wind speed for the heat sink prepared for [T146]

- All specifications are subject to change without notice. B-377



Application notes TDK-Lambda

(6) Heat sink for Half Brick ®(HAH-10L) (7) Heat sink for Half Brick @(HAH-10T)
Dimensions: 57.9(W) x 61(D) x 25.4(H) mm Dimensions: 57.9(W) x 61(D) x 25.4(H) mm
Modules to be applied to: PAH/PAH75D series Modules to be applied to: PAH/PAH75D series
CN200A110 CN200A110
[Appearance diagram] Material: Alminium (black alumite [Appearance diagram] Material: AlIminium (black alumite
treatment) treatment)
#8 peel-off of alumite ¢8 peel-off of alumite
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hid ! ¥ i
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‘ 61.0£1.0 48.3+0.2 —:93:5
57.9+0.3
7.4X5=37 6.9X5=34.5 6-R0.75
2 = 12-R0.5
:; 3
= 5 U
Ny T 1
3‘ 3 9‘ u 3
c (/7101 2| e L {7x01
[Cooling characteristics] [Cooling characteristics]
(Natural air cooling) Thermal resistance: Approx- (Natural air cooling) Thermal resistance: Approx-
@ imately 4.6 (C /W) imately 4.5 (C /W)
|
oS c (Forced air cooling) (Forced air cooling)
=5 O
T = 25 2.5 - .
o ©
g0 = =
= a © ©
[TreY o ! °
=< s i 5
S £ 2.0} — > 20
%] w
g _ 3=
< 3150 cZ 15
g7 g
g 210pes 8210
g ® 5°
2 @
8 8
= 05 =~ 05
© ©
S €
5] &
0.0 : R R : 0.0 : Lo b :
0.1 1.0 10.0 0. 1.0 10.0
Average wind speed [m/s] Average wind speed [m/s]
Figure 2-6 Thermal resistance characteristic in relation to Figure 2-7 Thermal resistance characteristic in relation to
wind speed for the heat sink prepared for [HAH-10L] wind speed for the heat sink prepared for [HAH-10T]
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(8) Heat sink for Half Brick ®(HAH-15L)
Dimensions: 57.9(W) x 61(D) x 38.1(H) mm
Modules to be applied to: PAH/PAH75D series

CN200A110

[Appearance diagram] Material: Alminium (black alumite

treatment)
$8 peel-off of alumite
5 |
\
!
T
> N g
+ 3§
Y on| O
9] 0| N~
Iy < | w»n
R
5-¢3.5
50.8+0.2 |
61.0+1.0
7.4X5=37
6-R0O.75
<
H ! !
" | L }JL}J 12-R0.5
B I — — I —
a} 3
c /7]£0.1]

[Cooling characteristics]
(Natural air cooling) Thermal resistance: Approx-
imately 3.4 (°C /W)

(Forced air cooling)
2.5

2.0

_.
)|

_.
o

O hs-a(C /W)

oY= S

Thermal resistance between heat sink and air

0.0 : : : : : b bt
0.1 1.0 10.0
Average wind speed [m/s]

Figure 2-8 Thermal resistance cahracteristc in relation to
wind speed for the heat sink prepared for [HAH-15L]
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(9) Heat sink for Full Brick ®(HAF-10L)
Dimensions: 116.8(W) x 61(D) x 25.4(H) mm
Modules to be applied to: PAF series

[Appearance diagram] Material: Alminium (black alumite
treatment)

¢8 peel-off of alumite

5 |
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i
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>
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50.8+0.2 | [\2:¢35
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H
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[Cooling characteristics]
(Natural air cooling) Thermal resistance: Approx-
imately 2.2 (C /W)

(Forced air cooling)
2.l:

20 S —

T
]
2
o
3
3
]
o
£
o

>
T
T
5
0
=3
0
5

06 hs-a (T /W)

(015 I——

Thermal resistance between heat sink and air

o1 10 T T oo
Average wind speed [m/s]

Figure 2-9 Thermal resistance characteristic in relation to
wind speed for the heat sink prepared for [HAF-10L]
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(10) Heat sink for Full Brick @(HAF-15L)
Dimensions: 116.8(W) x 61(D) x 38.1(H) mm
Modules to be applied to: PAF series

[Appearance diagram] Material: Alminium (black alumite

treatment)
¢ 8 peel-off of alumite
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\ \
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|
|
|
|
|
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o
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50.8+0.2 | o35
61.0+1.0
7.4X5=37
6-R0.75

38.1%+1.0
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[Cooling characteristics]
(Natural air cooling) Thermal resistance: Approxi-
mately 4.6 (C /W)

(7]
2 . .
2 (Forced air cooling)
38§ 25
e -
] ©
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=< ™ 2.0
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=
0.0 ] . ! | IR
0.1 1.0 10.0

Average wind speed [m/s]
Figure 2-10 Thermal resistance cahracteristc in relation to
wind speed for the heat sink prepared for [HAF-15L]
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(11) Heat sink for Full Brick ®(HAF-15T)
Dimensions: 116.8(W) x 61( D ) x 38.1( H ) mm
Modules to be applied to: PAF series

[Appearance diagram] Material: Alminium (black alumite

treatment)
116.8£1.0
+
106.7+0.2 5-03.5
14.4
I [3N) o
> g
-+ 7 %
7 22
4 3
\
|
N 1
@ 8 peel-off of alumite
14-R0.75
7.2X13=93.6
|
$
Q
H 28-R0.5
o
o

[Cooling characteristics]
(Natural air cooling) Thermal resistance: Approxi-
mately 4.5 (C /W)

(Forced air cooling)
25

2.0

0.5

Thermal resistance between heat sink and air

0.0

N ' T ‘ ""”1‘.0
Average wind speed [m/s]

Figure 2-11 Thermal resistance cahracteristc in relation to
wind speed for the heat sink prepared for [HAF-15T]
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(12) Heat sink for PFES00F (HAL-F12T) (13) Heat sink for PFE1000F (HAM-F10T)
Dimensions : 122 (W) X 35 (H) X 69.9 (D) mm Dimensions : 160 (W) X 33.4 (H) X 100 (D)mm
Modules to be applied to : PFE500F Modules to be applied to : PFE1000F

[Appearance diagram] Material : Alminiuum (Non-surface treatment) [Appearance diagram] Material : Alminiuum (Non-surface treatment)

€
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35.0
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[Cooling characteristics] [Cooling characteristics]
(Natural air cooling) Thermal resistance:0.97 (°C /W) (Natural air cooling) Thermal resistance:0.78 (°C /W)
{Forced air cooling) Refer to chart below. {Forced air cooling) Refer to chart below.

(Forced air cooling)

e
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S
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S
=
>
=]
=
@
(2]

between heat sink and air 6 hs-a ("C/W)

Thermal resistance

L
.0
0.1 02 03 0507 1 2 3
Air Velocity (m/s)

When using, please make a hole in the center of a heat-
sink, and confirm base plate temperature of PFEs.
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€0F 8'9¢€

707 082 “

: Alminium (black alumite treatment)

34.5

57.9 *1.0
49.7 *02

6.9%5:

$8 peel-off of almite

Zlo.l

)

&

7

7

HAQ-10T

Average wind speed [m/s]

Module to be applied to : CN30A110, CN50A110, CN100A110, CN50A24, CN100A24

Dimensions : 57.9(W) X25.4(H) X 36.8(D)mm

[Appearance diagram] Material

(14) Heat sink For CN-A (HAQ-10T)

Application notes

(Forced air cooling)

(M/Q,) e-sup
Jle pue 3UIS 188y UsaM1ag 80UB]ISISal [ewlsy L

(Natural air cooling) Thermal resistance : Approximately 7.5 (C /W)

[Cooling characteristics]

s9)0u uoneolddy

anpow Jamod
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3. Power module mounting method

EBll Board mounting method

Mount the power module onto the printed circuit by
following the instructions in Figure 1-1.

© ——— Spring washer
© —— Plain washer

g
’%Wu Heat sink

S S

? —~— M3 screw
(-4
T

0O

Grease for discharging heat
¢—— Power module

+——— M3 mounting tap

) Y

Printed circuit board

=) @ —— Plain washer
4 © —— Spring washer
g g —— M3 screw

e (=}

i i

Figure 1-1 Mounting printed circuit board and heat sink

(1) Fastening method

Use the M3 mounting taps on the side of the plas-
tic case (the side with input/output terminal pins)
to mount the power module to the printed circuit.
(The number of the mounting taps is either 2 or 4,
which depends on the package size.) The recom-
mended screw-tightening torque is 0.54Nm.

(2) M3 mounting taps

The M3 mounting taps on the power module are
connected to the base plate. Connection to FG
(frame ground) should be made by using the M3
mounting taps.

(3) Mounting holes on printed circuit board
Decide the diameters of holes/lands on the print-
ed circuit board by referring to the respective sizes
shown below.

Types | £o0 | pHaoos | Preoos| PAPAF pakzsn | NS | oieooa
hyttemneon | @ 2.0mm| <~ |¢10mm| <« [¢10mm| <«
Hole diameter | @ 2.5mm| — |¢1bmm| <« [§15mm| <«
Land diameter | @ 5.0mm| — |¢3bmm| <« |p2b5mm| <«
(ot emindon | @ 20mm| < |[J0.08in | ¢ 2.0mm| ¢ 1.0mm|¢ 1.5mm|{¢ 2.0mm
Hole dameter | @ 2.5mm| <« |[12.8mm|¢ 2.5mm| ¢ 1.5mm|¢ 2.0mm|¢ 2.5mm

Land diameter | @ 5.0mm| < |(15.0mm| ¢ 5.0mm| ¢ 3.5mm|¢ 3.5mm|¢ 5.0mm

Sgdtemidon | @ 0.6mm (¢ 0.8mm| <« |¢ 1.0mm| <« |¢ 1.0mm| <+
Hoedameter | @ 1.0mm|¢ 1.2mm| <« |¢ 1.5mm| <« |¢ 1.5mm| <«
Land dameter | @ 20mm|¢ 24mm| <« |@35mm| <« |[p25mm| <«
Nortngtep 6|~ M3 - - - - - -
Hole diameter | @ 3.5mm| <« - - - - -
Land diameter | @ 7.0mm| - - - - -

For locations of holes, refer to the appearance dia-
gram of each module.

- All specifications are subject to change without notice.

(4) Recommended material of printed circuit board
Regarding material of board, the double-sided
through hole glass epoxy board is recommended
(thickness to be 1.6mm or more, copper foil thick-
ness to be 35 u m or more).

(5) Output pattern width

Regarding the output pattern, when a current of
from several to dozens of amperes flows here, if
the board pattern width is too thin, the voltagae
drops and this causes the board to be heated. The
relationship between current and pattern width var-
ies depending on the board material, thickness of
conductor, and increase of allowed temperature of
pattern, etc. An example in the case with the glass
epoxy board and 35 u m copper foil thisckness is
shown in Figure 1-2.

For example, to assure the condition that 5A of cur-
rent flows while the rise in temperature is kept with-
in 10C , the pattern width should be 4.2mm or over
for 35 1 m copper foil thickness. (In general, "1 mm/
A" can be noted as a reference.)

Also note that the characteristics shown in Figure
1-2 are merely an example and differ depending on
the board manufacturer. Be sure to check for each
case in designing.

14
60C

12

40C

20C

Current (A)

10C

0 1 2 3 4 5
Width of conductor
Figure 1-2 Characteristics of the relationship between cur-

rent capacity and width of conductor, for 35 u m copper
foil thickness

EEEl Heat sink mounting method

(1) Fastening method

Use the M3 mounting taps on the base plate side
to mount the heat sink to the power module. (The
number of the mounting taps is either 2 or 4, which
depends on the package size.)

The recommended screw-tightening torque is
0.54Nm.

When mounting the heat sink, be sure to use
grease or sheet for discharging heat between the
heat sink and the base plate, in order to reduce
contact thermal resistance and enhance efficiency
in discharging heat. Also, be sure to use a heat sink
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Application notes

which does not have warpage, so that the base
plate and the heat sink make contact firmly.

(2) Mounting holes on heat sink
Decide the diameter of the mounting holes on the
heat sink by referring to the sizes shown below.

Hole diameter: ¢ 3.5mm

EEEl About vibration resistance

The specification value of vibration resistance for
the power module is the one in the condition where
only the power module is mounted onto the printed
circuit board.

If a large-size heat sink should be used, fasten the
heat sink not only to the power module but also to
the case of the device, in order for overload not to
be applied to the power module and the printed cir-
cuit board.

EE Recommended soldering conditions

Soldering should be conducted under the condi-
tions shown below.
(1) Dip soldering
..................... 260°C , Wlthln 'IO Seconds
Pre-heat conditions
..................... 'I 'IODC , 30_40 Seconds or |eSS

..................... 350°C , W|th|n 3 SeCOndS
EEl Recommended cleaning conditions

Recommended cleaning conditions after soldering
are shown below. Consult us for cleaning methods
in conditions other than shown below.

(1) Recommended cleaning fluid
- IPA (isopropyl alcohol)

(2) Cleaning method

Clean the unit with a brush so that the cleaning flu-
id does not intrude into inside of the power supply
unit. Also, be sure to dry the cleaning fluid.
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