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Objectives

1. To determine that the critical components on the CF-020400-69 board are within their
thermal limits for the following cases:

a) -40°C at sea level

b) 85°C at sea level

At 2 different power levels:
a) Predicted — Total Power of 29.91 W
b) Worst Case — Total Power of 37.21 W



Approach

This analysis was done using FlIoTHERM XT V2021.1 CFD software.

The updated thermal model was created from the cf-020400-438m_asm file provided for thermal
analysis.
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2

The PCB components were obtained from the PDML files provided.

It was assumed that no neighboring devices were producing or sinking heat.
Gravity has been taken in the vertical direction.

The housing and rear cover were assigned Al 6061 T6 as the material.
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Thermal gap pads have been used for the components : 1.00” , with a thermal conductivity of 10.0
W/m-K.

8. The critical components were modeled as 2-resistor networks with thermal resistance values found
on the “Parts Thermal Characteristics.doc”.



Thermal Model Setup



Thermal Model Setup — Overview

Enclosure Material —Al6061 T6 as Rest of Housing & Rear Cover.



Thermal Data

Thermal Resistance

CF-020400-54 Predicted Worst Case (°C/W)Model
Component Qty ComF:)eornen ; Total Qty Comif)rnen ¢ Total Ris Ric
BCM84894 2 6.016 12.032 2 7.520 15.04 2.38 1.26
TLK10034 2 4.518 9.036 2 5.648 11.296 7.9 0.2
BCM54140 2 1.517 3.034 2 1.820 3.64 10.29 9.78

LTM4633 2 1.219 2.438 2 1.510 3.02 4.0 5.0

LTM4627 2 1.119 2.238 2 1.399 2.798 6.1 15.0

TPS54821RHLR 2 0.323 0.646 2 0.403 0.806 14.4 64.8

NCP3170ADR2G 2 0.243 0.486 2 0.304 0.608 22.7 37.8
Total 29.910 Total 37.208

Note: Thermal resistances from junction to case (R;-) and from junction to board (R,g) and thermal limits
were taken from “Parts Thermal Characteristics”.




Thermal Analysis



wlmg Results Summary — Comparison between Temperature Cases

Al 6061 T6 Housing & Al 6061 T6 Rear Cover
Parameters Sim 1 Sim 3 Sim 2 Sim 4
Power Scenario Predicted Predicted Worst Case Worst Case
Cooling Rail Temperature °C 85 -40 85 -40
Ambient Temp., °C 85 -40 85 -40
Elevation, ft 0 0 0 0
RESULTS
Margin Margin
Min Max from from
I TR R Power, | Result, | Margin, |Power| Result, | Negative | Power, | Result, | Margin | Power, | Result, | Negative
Component Limit, | Limit, [Limit Type
Temp, Temp,
Margin, Margin,
°C °C W °C °C W °C °C W °C °C W °C °C
BCM84894 -40 110 junction 6.016 | 103.4 6.6 |6.016| -21.6 18.4 7.520 | 107.3 2.7 7.520 -17.2 22.8
TLK10034 -40 105 Junction 4518 | 99.0 6.0 |4.518| -25.2 14.8 5.648 | 102.5 2.5 5.648 -21.8 18.2
BCM54140 40 | 125 |lunction | 4517 1015 | 235 |1.517] -22.6 17.4 1.820 | 105.0 | 20.0 | 1.820 | -19.1 20.9
LTM4633 -55 125 | junction | 1.219 | 94.2 30.8 [1.219| -30.6 24.4 1.510 96.4 28.6 1.510 -29.0 26.0
LTM4627 -40 125 | junction | 1.119 | 102.1 | 22.9 |1.119| -20.8 19.2 1.399 | 106.2 18.8 1.399 -17.5 22.5
TPS54821RHLR | -40 | 125 | 1UNCOM [ 5323|1085 | 165 |0.323] -13.0 | 270 | 0403 | 1143 | 10.7 | 0403 | -103 29.7
NCP3170ADR2G| -40 125 junction 0.243 | 107.5| 17.5 |0.243] -13.5 26.5 0.304 | 113.1 11.9 | 0.304 -10.8 29.2




85 C Ambient, Vertical, 85C Cooling Rails
Al 6061 T6 Housing & Al 6061 T6 Rear Cover
Predicted Power



ng

85°C , sea level
TLE10034
LT4833 Mode Temperature: Bottam | 95.666 °C Ll;ilnfegriperatum' Bottarn 195725 °C
Mode Temperature: Bottorn | 92,674 "C MHode Termperature: Junction | 98.693 °C Made TemperaturE: Junction 99.01 Fec
MHode Temperature: Junction | 94.211 °*C Nade Temperature: Top 07 BEE °C — Temperamm: - 98'195 -
Mode Temperature: Top 90.037 *C i .
LThi4633
Mode Temperature: Bottorm | 91.877 °C
BCM54140 Mode Temperature: Junction| 93,353 °C
Mode Temperature: Bottorm (95712 °C Mode Temperature: Top g9.102 °cC
Mode Temperature: Junction [101.48 °C
Mode Temperature: Top 92129 °C BCMB4894
Mode Temperature: Bottam (102,11 °C
BCMa4294 Mode Temperature: Junction | 102.96 °C
Maode Temperature: Bottorn | 102.50 °C Mode Ternperature: Top 45,836 °C
Mode Termperature: Junction | 103.37 °C BCME41 40
Mode Temperature: Top 96.248 °C Mode Temperature: Bottom | 95.707 °C
TPS54871 Mode Termperature: Junction (101,39 °C
mHode Temperature: Bottorn | 104.05 °C Mode Temperature: Top 91857 °C
Mode Temperature: Junction | 108.56 °C TPo54071
Mode Temperature: Top 10813 °C Mode Temperature: Bottorm |103.43 °C
mHode Temperature: Junction | 107.98 °C
LTM4G2T LTh4E2T Mode Temperature: Top 107.586 °C
Mode Temperature: Bottorn (98,664 °C | [Mode Temperature: Bottorn | 98.598 °C
Mode Temperature: Junction (102.07 *C | [Mode Termperature: Junction |101.99 °C
Mode Temperature: Top 93651 °C KNode Temperature: Top 93556 °C

PCB Top Components Temperature Plot

108.56
10563
10271
949 784
96 866
93 944
91.022
85.099
80177

Solid Temperature (°C)
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e PCB Bottom Components Temperature Plot

85°C , sea level

Mode Temperature: Bottom [101.85 °C Mode Temperature: Bottom | 102.26 °C
Mode Temperature: Junction (107,09 °C Mode Temperature: Junction | 107 .51 °C
Mode Termperature: Tap 106.65 °C Mode Temperature: Top 107.08°C

108.56
10563
10271
949 784
96 866
93 944
91.022
85.099
80177

Solid Temperature (°C)
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iir::g Housing Surface Temperature Plot

85°C , sea level

Housing:1 AL House tap Housing Housing:8 Housing: 7
Solid Temperature | 95,1231 °C Solid Ternperature | 93159 °C | /] Solid Ternperature | 85.562 °C Solid Termperature |95 688 *C Solid Temperature | 93,033 C Solid Temperature | 95.342 °C
Housing:12 IS & |
- - - Solid Temperature | 89.325 °C
P @ Housing:4 Solid Temperature | 91,176 °C
Solid Temperature | 56,665 °C Solid Temperature|83.471 *C Housing:11
Solid Temperature|91.4ﬂ1 "C
[~ —1
Housing:a
Solid Temperature | 89.925 °C o o
] a
Housing:10
Solid Temperature | an.340°c
House bottom
Solid Temperature | a85.000°c
Housing:13 Housing:15 Housing: 14
Housing:s Housing® Salid Temperature | 87.803 °C Solid Temperature [93.704 °C Salid Temperature | 87 766 °C
Solid Ternperature |67 862 °C Solid Termperature |67 334 °C
95 786
94 437 : :
Top Side Bottom Side
93089
91,741
90,393
89.04%
87 6496
86.348
85.000 12

Solid Temperature (°C)



ii"‘cg Rear Cover Temperature Plot

85°C , sea level

hack Plate:1 hack Plate
Solid Temperature 87,377 °C Solid Temperature | 37.545 °C

hack Plate:4
Solid Temperature [ 85.000 *C

O
88401
87.976
& 87551
87125
86.700
= 86275
85850
@ 85425
85.000
Solid Temperature (7C)
hack Plate:2 hack Plate:3
Solid Ternperature | 86357 °C Solid Temperature [ 85 659 °C

Top Side
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85C Ambient, Vertical, 85C Cooling Rails
Al 6061 T6 Housing & Al 6061 T6 Rear Cover
Worst Case Power
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LTh4633

85°C , sea level

Mode Temperature: Bottom

84511 °C

Mode Temperature: Junction

86417 °C

Mode Temperature: Top

g91.240°C

BCME54140

Mode Temperature: Bottam

43124 °C

Maode Temperature: Junction

105.03 °*C

Mode Temperature: Top

93.790 °C

BCMIA394

Mode Temperature: Bottom

106.85 °C

Mode Termperature: Junction

107.93 °C

Mode Temperature: Top

99.031 °C

TP554821

Mode Termperature: Bottorm

108.70°C

Mode Temperature: Junction

114.32°C

Mode Temperature: Taop

113.79°C

TLK1 0034 TLK1 0034
MNode Temperature: Bottorn [88.250 °C Mode Temperature: Bottorn (98,328 °C
Mode Temperature: Junction | 102.05 °C Mode Temperature; Junction | 102,45 °C
Mode Temperature: Tap 101.01 °C Mode Temperature: Top 101.43°C
LTM4633
Mode Temperature; Bottom (93,524 °C
Maode Temperature: Junction (95,355 °C
Mode Temperature: Top H0.092 °C
BCME4894
Mode Temperature; Bottom [ 106.36 °C
Maode Temperature: Junction (10743 °C
Maode Temperature: Top 58.818°C
BCME4140
Mode Temperature: Bottam [98.1149 °C
Mode Temperature: Junction (10491 °C
Mode Temperature: Top 893.876°C
TPS54521
Mode Temperature: Bottam | 107 83 °C
Mode Temperature: Junction | 113.60 °C
LTM4EZ7 LTh4637 Mode Temperature: Top 113.08 °C
Mode Temperature: Bottorm (101 .89 °C Mode Temperature: Bottorn (101,81 °C
Mode Temperature: Junction [106.25 °C Mode Temperature: Junction (106,15 °C
Mode Temperature: Top 95738 °C Mode Temperature: Tap Q5619 °C

PCB Top Components Temperature Plot

114.32
110.68
107.0%
103 .41
99770
96.133
92 495
88.857
85.219

Solid Temperature (°C)
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e PCB Bottom Components Temperature Plot

85°C , sea level

Mode Temperature: Battorm  [105.97 °C Mode Temperature: Bottorn (106483 °C
Mode Temperature: Junction|112.53 °C Mode Ternperature: Junction|113.06 °C
Mode Temperature: Top 111.88 °C Mode Termperature: Top 112.81°C

114.32
110.68
107.05
103 .41
99770
96.133
92495
88.857
89.219

Solid Temperature (°C)




iir::g Housing Surface Temperature Plot

85°C , sea level

Housing:2 Housing: 14
. House top . N Housing: 7
o ; . - Solid Temperature | 95805 °C
AOUENEE Solid Temperature | 85124 °C Solid Ternperature | 88136 *C Housing Solid Temperature | 37.858 °C
Solid Ternperature |87 594 °C Solid Temperature [ 92,307 °C Housing:16
Solid Temperature | 90,369 °C
Houging:3 Housing:4 Haljlsing:12
Solid Temperature [81.171 °C Solid Temperature | B0 557 °c | Lood Temperature | 92.638 "0 Housing11
Solid Temperature | 92917 °C
._,_,—'—’
Housing:9 -
Housing:10
T ) Solid Temperature [ 91.130 °C D o -
Solid Temperature | 91 645 °C
L]
House hottom
Solid Temperature | 85.000 *C
TE—— Housing:14
ing: ousing:
Housing:5 ; Housing:13 - 2 Solid Termperature | 88.424 °C
. Housing:6 Solid Temperature|88.469“0 Solid Temperature |94.966 °C
Solid Temperature | 82.566 °C Solid Temperature |87 888 *C
98 416
96734 . .
Top Side Bottom Side
95 062
93385
91.708
90031
88354
BEETT
85.000 17

Solid Temperature (°C)



ii'::g Rear Cover Temperature Plot

85°C , sea level

rear tap
Solid Temperature | g81682 °C

/
/

rear tap
Solid Temperature | 35.000 °C

3
89.230
88.701
Q © 88172
87 644
87 115
86,586
e e 86.057
85529
@] @] 85.000
Solid Temperature (°C)
hack Plate: 2 ) ]
Solid Temperature | 36.681 °C /
hack Flate-d back Plate:3
Solid Temperature | ar.a44 °C Solid Temperature |85.816 °C
Top Side
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-40C Ambient, Vertical, -40C Cooling Rails
Al 6061 T6 Housing & Al 6061 T6 Rear Cover
Worst Case Power
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PCB Top Components Temperature Plot

-40°C , sea level

TLEIDD34 TLEAOD34
FHode Temperature: Bottom |-25.342 °C Mode Temperature: Bottom  |-25.281 °C
FHode Temperature: dunction|-21.803 °C Mode Temperature: Junction |-21.424 °C
Mode Temperature: Top -22843°C Mode Termperature: Top S22 456 °C  TMAR33
LTMAE33 mHode Temperature: Bottom  [-30.688 °C
Mode Temperature: Bottom  |-29.4562 °C MHode Temperature: dunction |-29.017 °C
Mode Temperature: Junction |-27.801 °C MHode Temperature: Top -34 464 °C _?36283
Mode Temperature: Top -33.149 °C ST
17T
BCMa4394
BChME4894 -20815
Mode Temperature: Bottom  |-18.287 °C A BTA
Node Temperature: Bottom |-17.774 °C Mode Temperature: Junction [-17.247 °C 28 A3
Mode Temperature: Junction [-16.708 °C MNode Termperature: Tap SIEABT °C -37 189
MHode Temperature: Top -8 R18°C S35 047
BCMS4140 SRS
BCME4140 .
. Solid Temperature (°C
Mode Temperature: Bottorm  |-25.739 °C Mode Temperature: Bottom  |-25.752 °C P ("C)
Mode Ternperature: Junction {-18.008 °C Mode Temperature: Junction |-19.132 °C
Mode Temperature: Top -30.409 °C Mode Temperature: Top -30.636 °C
TPS54821 TPEELEL]
Mode Ternperature: Bottorn |-15.283 °C Mode Temperature: Bottom |-16.044 °C
MHode Temperature: Junction [-8.64058 °C Mode Temperature: Junction |-10.35 °C
LTMAG2Y LThAGE2Y } a
Mode Ternperature: Tap 10092 °C Mode Temperature: Tap -10.793 °C
MHode Temperature: Bottom |-21.642 °C MHode Temperature: Bottom |-21.73 °C
mHode Temperature: Junction |-17.475 °C MHode Temperature: Junction |-17.674 °C
Mode Temperature: Top -2z CC Mode Temperature: Top -28.34 0 20



12 PCB Bottom Components Temperature Plot

-40°C , sea level

Mode Temperature: Bottom  [-17.626 °C Mode Temperature: Bottorn (-17.015 °C
Mode Temperature: Junction |-10.883 *C Mode Termperature: Junction|-10.358 °C
Mode Temperature: Top -11.30 °C Mode Termperature: Top 10763 °C

-4.6405
-13.399
17157
-20.815
-24 673
-28.431
-32.188
-35.947
-39.705

Solid Temperature (°C)
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iﬂg Housing Surface Temperature Plot

-40°C , sea level

Hausing:1 House top Housing:15

Housing
i R L] Saolid Temperature |-26.766 *C Solid Temperature |-28.113 °C
Solid Temperature |-26.286 °C p S 0lid Temperature|-25_ﬁn1 °c

Housing: ¥
Solid Temperature |-268.023 °C

Housing:4
Housing:3 a E Solid Temperature |-34. 065 °C T Housing 16
Solid Temperature |-33.409 °C . i _ ]
Solid Ternperature |-31.583 G Solid Temperature [-34.055 °C
I:IE Housing:10
: _ Housing:3 - Solid Temperature|-32.986 °C
" Salid Temperature|—33.544 " P
Housing: 11
Solid Temperature |-31 2BETC
Hause hottam
Salid Temperature |—4D.DDD "
Housing:5 Housing:2 A Housing:13 Housing:8 Housing:14
Solid Temperature [-35.77 °C Solid Temperature|—28.83 o Solid Ternperature |-36.562 °C Salid Temperature |-35.975 °C Solid Temperature|—29.DD1 " Solid Terperature |-36.037 °
-25 44
-27 304 : :
e Top Side Bottom Side
-30 931
-32.745
-24 559
-36 372
-38.186
-40.000 22

Solid Temperature (°C)



igg Rear Cover Temperature Plot

-40°C , sea level

hack Flate:1 rear top
Solid Temperature | -36.307 °C Soalid Temperature |-36.055 °C

rear top
Solid Temperature (-40.000 °C

-34.905
-35.542
-36.179
-36.816
-37.453
-38.09

-38.726
-39.363
-40.000

Solid Temperature (°C)

hack Plate:2 hack Plate:3

Solid Temperature [-37.808 °C Solid Temperature [-38.911 °C

Top Side
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-40C Ambient, Vertical, -40C Cooling Ralls
Al 6061 T6 Housing & Al 6061 T6 Rear Cover
Predicted Power
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-40°C , sea level

TLK10024
Mode Temperature: Bottorm  |-27.561 °C
Mode Temperature: Junction [-25.208 °C
MHode Temperature: Tap -26.053 °C
LTh4GE33
MHode Temperature: Bottorn |-31.081 °C
Mode Temperature: Junction [-29.819 °C
MHaode Temperature: Tap -34.325°C
BCME4894
Mode Temperature: Bottorm [-21.831 °C
Maode Temperature: Junction [-21.191 °C
Mode Temperature: Top -28.432°C
BCME41 40
Mode Temperature: Bottom  [-27.858 °C
MHode Temperature: Junction [-22.533 °C
Mode Temperature: Top -32.288°C
TPSa4821
Mode Temperature: Bottom [-14.516 °C LTHa62T
Mode Temperature: Junction (-10.101 °C Mode Temperature: Battomn |-23.192 °C
Node Ternperature: Top 10B12°C Maode Temperature: Junction [-20.492 °C
MHaode Temperature: Tap -30.414 °C

TLEAOOZ4
Mode Temperature: Bottom  |-27.32 °C
Mode Temperature: Junction [-24.782 °C
MHode Temperature: Top -25 846 °C
LThi4633
Mode Temperature: Bottorm -31.886 °C
Mode Temperature: Junction [-30.688 °C
Mode Temperature: Top -35.286 °C
BCMB4E894
mHode Temperature: Bottam [-22.23 °C
Made Temperature: Junction [-21.608 °C
Mode Temperature: Tap -28.86°C
BCh54140
Mode Temperature: Bottom [-27.807 °C
Mode Temperature: Junction [-22.586 °C
Mode Temperature: Tap -32437°C
TP554821
Mode Temperature: Bottorn |-17.445 °C
El ey Mode Temperature: Junction (-12.986 °C
Mode Temperature: Bottom (-23.70 °C Node Temperature: Top 13414 °C
MHode Temperature: Junction [-20.833 °C
MHode Temperature: Tap -30.841 "

PCB Top Components Temperature Plot

-10.101
-13.801
-7 502
-21.203
-24 904
-28 605
-32 306
-36.007
-39.708

Saolid Temperature (7C)
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Hode Temperature: Bottom

-18.682 °C

FHode Temperature: Junction

-13.561 °C

MHode Temperature: Top

-13.903 °C

-40°C , sea level

Mode Temperature: Bottom [-17.708 °C
Mode Temperature: Junction [-13.081 °C
MHode Temperature: Top -13.388 °C

e PCB Bottom Components Temperature Plot

-10.101
-13.801
-17.502
-21.203
-24 904
-28.605
-32 306
-36.007
-39.708

Solid Temperature (°C)
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icCo ii,',‘cg Housing Surface Temperature Plot
> -40°C , sea level

Housing:2 — .
rousng Solid Tegmperature -30.863 °C :zﬁjiﬁperamre 2B EAT O Hausing Howeing 12 . rouela? .
Solid Temperature |28 824 °C : Solid Temperature |-28.432 °¢ |50 Temperature 30451 76 Solid Temperature | -28.743 °C
:UDILiljrSt:’:perature -34.775°C @ SUSLBLRE: Hmjlsmg:u HC'L.'Smgj : =
: Solid Temperature|-35.266 °C | | Solid Temperature |-33.275 °C ol Temperature |-35.107 °C
Housing:10
Housing: 4 Salid Temperature|-34.485 e
T T Solid Temperature |-34.853 °C 4 b
= Housing:11
Solid Temperature |-33.D:53 e
House bottarm
Salid Temperature |—4D.E|E|D "
Housing:13 Housing:8 Housing:14
Housing:s Houging:& Solid Ternperature |-36.662 °C Solid Temperature |-31.163 °C Solid Temperature |-36.685 °C
Solid Temperature |—35.455 "C Solid Temperature |-37.028 °C
-28 303
29765 _ _
-31227 Top Side Bottom Side
-32 689
-3 151
-35 614
SAT 076
-38.538
-40.000 27

Solid Temperature (7C)



iag Rear Cover Temperature Plot

-40°C , sea level

Salid Temperature [-37.351 °C
Solid Temperature (-40.000 °C

S36.773
37176
-37.57Y
-37 983
-38.386
-38.79
-39.193
-39.597
-40.000

Solid Temperature (°C)

Solid Temperature|-38.371 °C | | Solid Temperature |-37.317 °C Solid Temperatire |-39.049 °C

Top Side
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