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Introduction to HV
AUTOMOTIVE POWER MODULE
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APM - Automotive Power Module Brand since 2008
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The Automotive Power modules production has been in
mass production since 2008 after releasing 1st Electrical
Power Steering full bridge APM. Since after APM became
the #1 leader in MOSFET Automotive Module Market.

As of Now, ON semi has the broad portfolio in production
from of APMs for various applications for 12V ICE, 48V
MHEV and HV EV/BEV, and Expanding its solutions
focusing on high power Applications.
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Benefits of ON SEMI APM |
Electrical Performance

High Current Capa
System Cost

Low Inductance
Low Resistance (for High Power Application)
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Junction to Heat sink erA

Fab + Assembly Total Solution
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Benefit: Thermal

ON APM design enabling better thermal performance of total Rth junction to Heat sink

Junction to Case
- Silicon Area
Die attach
- Cu/Ceramic/Cu properties

Case to Heatsink
- Thermal Interface Material (TIM)
- Thickness of TIM

Heatsink
- Heat Sink Material
- Thickness of Heat Sink

Heatsint to Fluid

- Flow guiding / surface

- Turbulator vs pressure Drop
- Fluide flow rate

Die Attach
Copper Substrate
Ceramic
Copyper Substrate

TIM

Heat-sink

o
Coolant

A : Options of vertical structure selection and Internal Design defines Rth Per

Power rating of application

B : By the usage of APM, enable thin layer of B for minimum Rth of of A+B
C/D : Customer’s design per system requirements

Public Information

Rthjc - junction to S
case = A (A1~A5)
Rthjs - junction to <

heat sink = A+B+C

Rthjs Simulation result (Per 44mm”2 die)

Low Rth Substrate AL203 Substrate
Rth,C/W % |Rth,"C/W %

Al 0.0202 4.6% 0.0232 3.3%
A2 0.0185 4.2% 0.0185 2.6%
A3 0.0202 4.6% 0.0190 2.7%

| I

I I

I I
A4 —Ceramic | 0.0621 14.1% | 0.3465 48.7%
A5 | 00113 26% | 00105 1.5%
BTIM | 00619 14.0% | 0.0581 8.2%
CHeatSink | 0.2468 56.0% | 0.2363 33.2%
TOoTAL | 0.4410 — | 07120 -
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Mounting Guidance for APM
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Mounting torque, kg.f-cm

Warpage =>0 enable no void and spread out

of TIM during mounting. APM enable thin
layer of TIM for lowest thermal resistance
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Benefit: Compact System Size

EV / HEV On-Board Charger’N

OBC Power Device Solutions

Wide output voltage range coverage, 200~450V
High efficiency system, >95% at 400V output
Compatible for both air-cooling and liquid cooling

Two channel interleave PFC for high efficiency and
power density.

Full bridge LLC to boost efficiency.
CAN interface to control constant current/voltage
settings(option)

Block Diagram

Performance

Up to 95.6% total efficiency
at 220Vac.

R T P = g : Discrete design APM16 design
256 X 180 X 60 212X150
mm =2.7 | X47mm=1.5|
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Benefit: Proven Reliability

Field proven experience Minimized CTE mismatch i manster

Mold DBC technology enables long term thermal cycling

* CTE(Coefficient of thermal Expansion) mismatch?

11 years life in the field

in equilibrium
I -
I S
cooling / \ heating
e TCE of P> TCEof @
S — —
APM released in 2008 for Electrical Power Steering and has —F S — e —
nsion

been leader in MOSFET Module for LV Auto

Fab+ Assmebly Total Solution
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Deveopment for best fit for customer requirement in Integrating the snubber inside
Electrical performance, supported by customized provide Enhanced EMI performance
application support.

Efficiency for the different Die Combinations

96
95.5
95
-
o
2 945 e No Snubber
b . Current Peow Poon | Protal/unit | Potal
(s} S
94 Device [Arms/unit] [W/unit] | [W/unit] [W /unit] W]
ut Load Inductor
36.5Arms 3w 18W
93.5 (6 x 3.6pH)
Phaseleg1l- | No 11.2 1 12.2 24.4
7 High RC 11.3 0.9 12.2 24.4
FTCO3V85A1 86363 and 86361 86063 and 86361 86366 and 86361 Phase leg 1- |_No 58 1 68 136
Die Combinations Low RC Hich sid 5.3 1.4 6.7 13.4
igh side
Phasg leg 2- No 20.54_rms 10 0.8 10.9 218
MOSFET High RC 10.1 0.8 10.9 218
0 Phase leg 2- No | Low side 5.8 0.9 6.7 13.4
- Low RC 30.4A_rms 5.1 1.2 6.3 12.6
a2 Phase leg 3- No 10.9 1 11.9 23.8
1_d_02(t )
::: 40 19.5A rms High RC 10.9 0.9 11.8 23.6
T ow 61.2A_peak Phase leg 3- No 5.7 1.1 6.8 13.6
g; Low RC 5.4 1.5 6.9 13.8
) 20
RC Snubber 1.1W_on +1.3W _off = 2.4W 14.4
10
0 ]i' I[r i % ]{r 1[ Control and misc. 4 8 With Snubber
Total Converter Power Dissipation = 136.6W | d M d I
= " | _l . L 4] No and Converter Efficiency, nsiae ivioaule
T T Snubb 2902
a0 Total Converter nubber =———x100% =95.5%
< om |vas_n2(t) | Loss (29027 +136.677)
=y |53.6¥_peak | and Efficiency Total Converter Power Dissipation = 151W
3' 20 86366 +86361 RC and Converter Efficiency,
T, Snubber __ o60m *x100% =95.2%
. i (2960 +1517)
-10
118 120 122 124 126 126 130 132 134 136
Time/uSecs 2uSecs/div
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APM Competitive landscape

Vs. Gel-filed Case Module

Vs. Discrete Solution

Discrete ;
Feature Case_ Module ON’s APM Feature Solution ON’s APM
Gel-filled = .
Rth Junction .
. to Heat Sink Higher Sl
Rth Junction High L by better flat
to Heat Sink \gher T {97 SEHEN RTIEESS) Current Carrying
Capacity/ Total Limited Better
Package _ Worse Better Resistance
Warp Control (using Cu base) EMI Poor Enhanced
Reliability Lower Higher System
Weight/Size Higher Lower Weight/Size Higher Lower
Vs. Gelfilled Case Module - System Vs. Competitors in the Market
System level &7
Feature Case Module 3#% ON’s APM
Gel-filled L .
Rth Junction o e .Silicon Performance
to Heat Sink 9 .Proven Quality in the Field Application
i Higlhser .Rich Portfolio of MOSFET & Module platform
: HH Thermal Stress .
Reliability Lower Vibration (World wide #1 Module suppler (volume))
— — Mechanical Shock, etc. Application Support (Solution Provider)
Testing Limited for testing Individual Power Full Test Coverage

Components

Qualification

Limited to full validate or high cost

Full Rel. atudy with
enough rel.
Characterizations
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KEY products of Today Why?

- Compact Solution

HV - Higher Efficiency
APM16 = - Thermal Performance
Customization Solution v ek b \ A\ - Proven tech for Auto Reliability
- HV : Layout Custom (High integration) OBC/DCDC 4 b - HV Isolation

In APM28/APM27, etc.
- L,MV : PKG Custom for
High volume Project

- Lower Cost than Case module

v Click

Other

' - Why?
Cust C— ®y 48V P1,P2 ] ]
LV, MV, HV =8 dﬁo%rﬂ:ég V. MV. HV et Inverter Cost effective High

Power Density
Best Performance
(Thermal, Inductance,

Promote ModuJZ and

Bare ether EMI)
v Click Proven tech for Auto
Reliability
iy APM19/
- Power Half Bridge | Platform R APM21

- Battery Switch
LV MV

LV MV |
_ _ - 12VICE & 48V~ [
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HV OBC Module - APM16 Platform

« PFC stage, DCDC converter, Bridge Rectifiers for on-

board charger in EV-PHEV

) i Qa1 a3 B+ (“ l =t D1 —SDS
« Creepage and Clearance per IEC60664-1, IEC60950-1 ol e = 2 ‘
» Low junction-sink thermal resistance aromo AC1‘T
« Highly integrated compact design “"m — ' e For
« Module flexibility to integrate all technologies Si and : |5%2 r"*:
SiC and all half Bridge or Full Bridge Circuit topologies Gt
Q4 Sense. B-Q
 5kV/1 sec electrically isolated substrate easy assembly ) I
« Complaint to IEC-60664-1 for functional and
reinforced isolation
« Automotive qualified - AQG324 PFC
Application e
DCDC APM16 DCDC PFC APM16 PFC N ViNe
Al203 APM16 Al203 APM16
Substrate AIN Substrate AIN act
Substrate Substrate
aiGate | ‘I_‘_ H|_
Q2 Gate (_
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HV OBC Module - APM16 Platform Proliferation Plan "
Application PFC

Power 51mohm 51mohm 82mohm 51mohm 51mohm 51mohm 51mohm Ultrafa  Hyperfa
(recommend) APM X 1 :~3.3kw~ APM X 1 :~6.6kw APM X 1 APM X 1 :~3.3kw APM X 1 APM X 1 APM X 1 st st Diode
APM X 3 :~ 11kw APM X 2 :~ 11kw :1.5~3.3kw APM X 3 :~ 11kw :~6.6kw :~3.3kw :~6.6kw Diode (output
APM X 2 APM X 3 :~ APM X 2 (Input Rec)
:~11kw 11kw ~11kw Rec)
Option 1 AI203 AIN AI203 Al203 AIN AI203 AIN AI203
Option 2 Si Si Si FETs + Sl Diodes Si FETs + SiC (Diodes) Si
Option 3 L Y L L Y L Y L Y L Y L Y L Y L L
Forming
Release Q4 Q4 Dec. Dec. July July Oct Oct Q4 Q4 TBD per
Plan 2020 2020 2020 2020 2020 2020 2020 2020 2020 2020 customer’s demand
Snubber “C” (@) (@) X (0] X (0]
(DC DC only)
OPNs z zZ pd z T T T T
> E 2 s 2 3 2 > 2 2 2 2 > >
g g o) o o) o < < o o) o o) < =
] o g g g I a & Y I a @ & &
L L | Py | 2 @) 9 %3 % % o 3 3
& & B g 8 8 =z 3 & & & & 2 S
Ul = < = =
[ = o )] ) O = = > > > > 8 o
5 N 8 R ¢ X & § § % % 7 2
™ N >~ & N X N K » K
Spec FET : 650V 51mQ, TJ max 150C FET : 650V 82mQ, TJ max FET : 650V 51mQ, TJ max 150C FET : 650V 51mQ, TJ max 150C 600V 30A, Tj max
150C Diode : 600V,15A, Tj max 175C Diode : 650V,30A, Tj max 175C 175C
(1.24V@15A) (1.5V@30A/Tj=25C) (1.2V,60ns and 30A
@Tj=25C)
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SIM - APM16 Tj Profile in 3.52kW LLC Converter in WCS

Tj_Profile FAM65HR51ADS1 AI203 3.52kW WCS A Tj_Profile FAME65HR51ADS1 AIN 3.52kW WCS A
130.00 122.50
4 l_ o] i l_ [e]
12200] Tj=129.1°Cpeak 200 ] Tj=122.3°Cpeak
126.00 —_ Curve.lnfo max avg 12150 - Curve Info p— g
— Tj_QlVv i g
s TR 129.1047 | 128.4802 F Ti_Q1v 1223590 | 122.2205
pu .  Teasev § ' RDS(on) FAMB5HR51ADS1_AIN_3.52kW _WCS -
124.00 | TR " | 120.0000 | 120.0000 | > 1 — TcaseV 0.0772
- 121.00 R 1200000 | 1200000 1
RDS(on) FAMB65HR51ADS1 AlI203 3.52kW WCS - ] :
. 0.081 7 0.0770 —
122.00 : 1
. 12050 -
oo ] . ] Rds_on = 70mQ
N 0.0768 —
] . Rds_on = 80m{) -
120.00 J
T — ——T T ] 120.00 T
0.00 100.00 20000 0078 7 1 U I N N L
Tir 0.00 100.00 200.00 300.00 E
§ T Time [ms] %l ] Curve Info max
5 0.078 —  0.0764 —— Rds_Q1.VAL I
-SI b Curve Info max b ™R 0.0770
[+ —— Rds_Q1.VaL
TR T
0.077 | 0.0762
0.076 — 0.0760
1 0-0755_""|""\““\""|"--
0075 47— 1 L L A B T 0.00 100.00 200.00 300.00 400.00 500.00
0.00 100.00 200.00 300.00 400.00 00 Time (ms]
Time [ms]

APM16: 635um AIN DBC applied
(Tcase =120°C)

APM16: 635um Al203 DBC applied
(Tcase = 120°C)
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SIM - APM16 Tj Profile in 7TkW DC/DC Converter in WCS

Tj_Profile FAM65HR51ADS1_AI203_7.04kW WCS A

145.00 - 126.12
Tj=144.4°C_peak
] = . 7 — o
140.00 — ] _p 125.00 — T]—125.8 C_peak
135.00 — Curve Info max h
j — a1V 12375 — RDS(on) FAME65HR51ADS1 AIN_7.04kW WCS #
TR 144.4368 | 142.6044 4 Curve Info max avg
— TLaiv 0.0790 —
J — TeaseV TR - 125.8279 | 1255351
130.00 TR 120.0000 | 120.0000 | b
] 7 12250 . E— TesseV 120.0000 | 120.0000 | 0.0785
RDS(on) FAM65HR51ADS1 AI203 7.04kW WCS | - : ]
0090 — . . Rds_on = 78mQ
125.00 — 0.0780 -]
0.087 - 121.25 — ]
] ] N ]
0.0775 —
12000 Rds_on = 88m() g ]
T T T T | T T T T b - i
0.00 100.00 2 00854 . = ] Curve Info p—
] 0.0770 —
2 12000 ] g i —— Rds_Q1.VAL
b_ | T T | T T T T | T T T 1 - nu?ss
5 0.082 - 0. 200.00 300.00 ‘ ]
%l b Curve Info max Time [ms] 00765 —
& 1 —— Rds_Q1.VAL ]
4 R 0.0883 ]
0.080 — o ]
b 0.0760 —
0.077 — ]
- UU?SS T T T T T T T T T T T T T T T T
0.00 EUA.UU 30&.[]0 40&.[]0
00?5 i T T T T T T T T | T T T T T T T T T T T T Tlme [msl
0.00 100.00 200.00 300.00 40800
Time [ms]

Tj_Profile_ FAME5HR51ADS1_AIN_7.04kW_WCS

APM16: 635um Al203 DBC applied APM16: 635um AIN DBC applied
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