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Power Conversion Performance Demands

Automotive & EVs Smart devices & Laptops Data centers & HPC Energy Storage Systems

Efficiency 0 TT ; :r:"s'ﬁ; a TT Size e ll Cost ll
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Trends — Power conversion improvements

Better switches Better passives Better topologies

\ /

Power stage, driver &
control integration
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Timeline of selected power

Tren d g — B etter SWltCh es transistor innovations

P-GaN Gate
Normally-off GaN
Lateral HEMT

LD-MOSFET Recessed gate
SJ-MOSFET Normally-off GaN
V-MOSFET GD-MOSFET Lateral HEMT
D—MOSFET U-MOSFET Metal gate
Darlington Power Normally-on GaN
Bipolar power transistors Lateral HEMT
transistors
—
1960s 1970s 1980s 1990s 2000s 2010s

B. J. Baliga, “History and Emerging Designs of Power Transistors”, IEEE Electron Devices Society, 2022
M. S. Adler, K. W. Owyang, B. J. Baliga and R. A. Kokosa, "The evolution of power device technology," IEEE Transactions on Electron Devices, 1984
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Both MOS and GaN push the limit of
Trends — Better Switches conduction density:

Infineon  ®@Infineon OptiMOS™ 3 @Infineon OptiMOS™ 5  @Infineon OptiMOS™ 6
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* Only Ron FOM plotted as an example of a performance metric.
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Both MOS and GaN push the limit of
conduction density.

Trends — Better Switches
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* Only Ron FOM plotted as an example of a performance metric.
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Both MOS and GaN push the limit of
conduction density.

Trends — Better Switches
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Trends — Better Passives

Ec = EVTI?LCLX C E; = _IszatL
V=Vmax 2
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Energy density of commercially

Tr en d g — B etter P aSSiV es available inductors and capacitors.

Capacitor rated voltage [V]
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*Includes DC bias degradation
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Trends — Better Topologies

» Switched-capacitor (SC) converters
can leverage the high energy-density
of capacitors over inductors.

« Both SC and hybrid converters have
seen a rising research interest.

Skycore’

PwrSoC Topologies & Control Sessions

0%
2008 2010 2012 2014 2016 2018 2020 2022
Year

Presentations on SC/Hybrid topologies
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Enabler: Switched-Capacitor Power Conversion ICs

P Switched-Capacitor Power Conversion ICs ° o

SKYCORE
HASAAA
21CA

» Leverages capacitor energy storage density e
>

LDMOS and SOI enable efficient switch implementation

Enables advanced topologies that require many switches e

Integration of features within the same IC

Synergy with external switches, e.g., Si, GaN e

Reaches a wide range of applications

Better topologies
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Performance achievable using
Switched-Capacitor Power Conversion ICs
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Hardware utilized: SCGIOECX

Key characteristics
* Multi-topology Switched-Capacitor IC
» 10-switch internal power stage
» 10 GaN/Si gate drivers
« Switch segmentation
* Advanced clock control
* |12C interface
« 3.55 x 4.61x 0.61 mm3 chip size
« WLCSP, 70 balls, 0.45 mm pitch
« V, =12-100 V

Skycore’

* 5
SKYCORE
HASAAA

21CA
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DA
SCL
RESET_N

CLKA

I12C + Registers
Clock controller
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4:1 Dickson SC
48V to 12V, O-4A

Implementation using SCPC-ICs
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4:1 Dickson SC - Internal power stage

Implementation example

Application: 48 V to 12 V bus
» Voltage Conversion Ratio (VCR): 1/4
* Input voltage (V;;,): 36 — 60 V VIN

« OQutput voltage (V,,:): 9 -15V
* OQutput current (I,,:):0 -4 A

Implementation
« Size: 7.5 x 9.0 mm?

e Thickness: 1.3 mm

Skycore’

{[sw
HB4
o
_ctan _":SM
HB3 c1B
o AR
-|%w1 -|[:$I‘W3 {I%st
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-| Swo -| SW2 -| SwWa :§OUT
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BOM:

* 1x SCG10ECX

2x GRM21BC71H4/75KETK
2x GRM21BC71E106KET

1x GRM155R72A472KA01D
1x GRM21BC8YA106METK
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4:1 Dickson SC - Internal power stage

Implementation example

Application: 48 V to 12 V bus
» Voltage Conversion Ratio (VCR): 1/4
* Input voltage (V;;,): 36 — 60 V

100
* Output voltage (V,,;): 9 -1V 08
« Output current (I,,,): 0 — 4 A gj
02

Implementation £ 90

+ Size: 7.5 x 9.0 mm? 3 o

e Thickness: 1.3 mm o 84

Qo 82

=80

Performance 78

. Peak efficiency: 94.3 % ;j
 Power density: 431.6 W/cm3 72
70

Skycore’
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4:1 Dickson SC - Internal power stage
Implementation example

Application: 48 V to 12 V bus

» Voltage Conversion Ratio (VCR): 1/4
* |nput voltage (V,,): 36 — 60 V

* Output voltage (V,,;): 9 -1BV

* Output current (I,,;):0 -4 A

Implemen tation Skycore Murata Maxim Tl Maxim Analog Devices
EVK-HAS;\-D'CM-'- MYC0409  MAXMI7575ALI Tpﬂ‘ggi?;% MAXMJZS%A LTM8050EY
. . 2
* Size: 7.5 x9.0 mm Vin 48 48 48 48 48 48
: Vout 12.00 12.00 12.00 12.00 12.00 12.00
. :
Thickness: 1.3 mm Footprint [mmA2] 68.40 160.32 101.97 82.65 176.40 166.50
Thickness [mm] 1.30 2.00 295 4.00 2.80 4.92
Performance Peak power [W] 38.38 69.32 18.00 18.00 20.00 24.00
Variable VCR No No Yes Yes Yes Yes
* Peak efficiency: 94.3 % Power density [W/cm”3] 431.60 216.19 59.84 54.45 40.49 29.30
Peak efficiency [%] 95.75 96.62 87.79 89,51 89.20 88.33

« Power density: 431.6 W/cm?3
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4:1 Dickson SC + SI FETs

48V to 12V, 0-30A

Implementation using SCPC-ICs
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4:1 Dickson SC - Int. + ext. SIFETs

Implementation example

Application: 48 V to 12 V bus

+ Voltage Conversion Ratio (VCR): 1/4

* |nput voltage (V,,): 36 — 60 V VIN
o

« Output voltage (V,,;): 9 - 15V J_cm BOM:
« Output current (I,,,): 0 - 30 A 1 H;E"’ e * Ix SCGIO0ECX
» 7x ISKO36NO3LM5
Implementation Ll + 1x BSZO99NOBLSE
* Size: 32.6 x 19 mm? Nidas v Afswe » 15x GRM31CD7{HI106KET1
« Thickness: 1.6 mm mim e Lo° - 12x GRM31CC7{E226ME15
£ | E[ L[ &'%UT  * Ix GRMI55RG1AI06METD
fowr  Afsw e {fswe fuee » 1x GRM{55R72A472KA01D
HBO HB1 HB2

4ﬁm [sw2 .{tswze -{E;m 4':3,,“5 _ =COUT
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4:1 Dickson SC - Int. + ext. SIFETs

Implementation example

Application: 48 V to 12 V bus
» Voltage Conversion Ratio (VCR): 1/4

100
* |nput voltage (V,,): 36 — 60 V 08 |
« Output voltage (V,,;): 9 - 15V 32 —
» Output current (I,,;): 0 - 30 A 92
2 90
. ~— 88
Implementation ? "
¢ Size: 32.6 x 19 mm? o 84
O 82
« Thickness: 1.6 mm = 80
78 36 V
76 — 48 V 500 kHz
Performance 24 — 48 V 250 kHz
» Peak efficiency: 97.4 % 72 oV
. Power density: 286.8 W/cm?’ "o 5.0 10.0 15.0 20.0 25.0 30.0

lout (A)

* Limitation on the maximum power to 300W due to measurement equipment. Estimated maximum power density without the 300W limitation 379.7 W/cm?
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4:1 Dickson SC - Int. + ext. SIFETs

Implementation example

Application: 48 V to 12 V bus
Voltage Conversion Ratio (VCR): 1/4
Input voltage (V;;,): 36 — 60 V
Output voltage (V,,;): 9 -1B6V
Output current (1,,;): 0 — 30 A

. Skycore
Implementation
EVK_HAS_DIC14_IE_D
» Size: 32.6 x 19 mm? Y= 48
. . Vout 12
Thickness: 1.6 mm Footprint [mm~2] 619.4
Thickness [mm] 1.6
Performance Peak power [W] 284.1*
Variable VCR No
» Peak efficiency: 97.4 % Power density [W/cm”3] 286.8*
Peak efficiency [%] 97.25

« Power density: 286.8 W/cm3"

EPC
EPC9205

48
12
297.0
5.0
120.0
Yes
920
95.8

Flex
BMR313

48
12
420.7
7.6
9495
No
297.0
97.3

MPS
MPCi2106-54-
0750-0220
48
12
432.0
9.1
1080.0
No
2577
0.0

* Limitation on the maximum power to 300W due to measurement equipment. Estimated maximum power density without the 300W limitation 379.7 W/cm?
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Infineon
TOOW_4TO1_ZSC_QB

48
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21491
10.0
1034.9
No
48.2
98.3
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4:1 Dickson SC - Int. + ext. SIFETs

Implementation example

Application: 54 V to 13.5 V bus
Voltage Conversion Ratio (VCR): 1/4
Input voltage (V;;,): 36 — 60 V
Output voltage (V,,;): 9 -1B6V
Output current (1,,;): 0 — 30 A

| | t t. Skycore Vicor Vicor Vicor Flex
mpiementation NBM2317S60E1560 DCM3717S60E14G NBM2317S60D1565
EVK_HAS_DIC14_IE_D BMR310
. 5 TOR 5TNO TOR
* Size: 32.6 x19 mm Vin 54 54 54 54 54
) Vout 13.5 135 135 135 135
. )
Thickness: 1.6 mm Footprint [mmA?2] 619.4 5082 818.4 508.2 1450.0
Thickness [mm] 1.6 7.4 7.4 7.4 10.3
Performance Peak power [W] 284.1* 810.0 665.0 8775 860.0
Variable VCR No No Yes No No
» Peak efficiency: 97.4 % Power density [W/cm”3] 286.8* 214.8 1095 2327 57.6
Peak efficiency [%] 97.4 97.9 972 974 98.0

« Power density: 286.8 W/cm3"

* Limitation on the maximum power to 300W due to measurement equipment. Estimated maximum power density without the 300W limitation 427 W/cm?3
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41 Dickson SC + GaN FETs

48V to 12V, O-15A

Implementation using SCPC-ICs
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41 Dickson SC - Int. + ext. GaN FETs

Implementation example

Application: 48 V to 12 V bus

» Voltage Conversion Ratio (VCR): 1/4

* Input voltage (V;;,): 36 — 60 V VIN
« OQutput voltage (V,,:): 9 -15V ©

i—| |§—0

VOUT
4

 Output current (I,,,;): 0 — 15 A ) :4 swo [swee
Implementation L B
* Size: Testboard* LE1AA {swr  Afswre
. HB3 c1B
e Thickness: 1.3 mm =
et -|E.we -|E;lwse
{%m -{Esm 1[:sw3£ -IE‘{WS -|Eswse
HBO HB1 HB2
4[swo -“:swz 1E~,wzg [sw+ -iE’.wﬁ ==COUT

* PCB layout of the testboard is not optimized, hence
power converter size is not representative.

Skycore’ CONFIDENTIAL

BOM:

* 1x SCG10ECX

* Ox EPC2014C

* Ix EPC2214

* 8x GRM21BC71H4/5KETK
» 7x GRM21BC71E106KETIL

* 4x GRM21BC8YAI06METIK
* 1x GRM155R61A106MET1D

* 1x GRM155R72A472KA01D
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41 Dickson SC - Int. + ext. GaN FETs

Implementation example

Application: 48 V to 12 V bus

» Voltage Conversion Ratio (VCR): 1/4
* Input voltage (V;;,): 36 — 60 V

« OQutput voltage (V,,:): 9 -15V

* OQutput current (1,,:): 0 —15 A

Implementation
» Size: Testboard*

e Thickness: 1.3 mm

Performance
* Peak efficiency: 96.15 %

* PCB layout of the testboard is not optimized, hence
power converter size is not representative.

Skycore’

Efficiency (%)

100

Il

= f=1M Hz

== f=500k Hz
f=125k Hz

== =250k Hz

== f=1.50M Hz
f=750k Hz

‘60 80 100 120 140
lout (A)
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Other advanced topologies
Implementation enabled by SCPC-ICs
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8:1 Symmetrical ladder — Ext. FETs

) ) ) ) o

Implementation example - Simulations T = e e
- .-!l]Fll - ___°L.
Application: 48 Vto 6 V ‘ SBL: L r=!
« Voltage Conversion Ratio (VCR): 1/8 e H =
« Input voltage (V;,,): 36 — 60 V e v | v | |
» Output voltage (V,,;):45-75V - Jon ‘ q 21.5x16.5 mm’
[swe [swe
* Qutput t(I,,:):0-20A % e
utput current (1,,,,;) I i in BOM:
Implementation ,,;E’“" O PP o - 2x SCGIOECX
« Size: 16.5 x 21.5 mm?2 Jons LR B ed - 4x EPC2055
. Thickness: 1.6 mm . ol leos e » 10x GRM31CD71HI0BKEHK
lono A e oy * 6x GRM31CC71E226ME15L
Performance o ﬁ * 2x GRM155R61A106METD
« Peak efficiency: 94.8 % ono | A T vour e * 2x GRM155R72A472KA01D
» Power density: 195.31 W/cm? sl ﬁ ’I *E{ HJP'"
SRRk
B R A R
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8:1 Symmetrical ladder — Ext. FETs

Implementation example - Simulations

Application: 48 Vto 6 V

» Voltage Conversion Ratio (VCR):1/8

* Input voltage (V;;,): 36 — 60 V
* OQOutput voltage (V,,;): 45 -75V
* OQutput current (1,,:): 0 —20 A

Implementation
« Size: 16.5 x 21.56 mm?

* Thickness: 1.6 mm

Performance
* Peak efficiency: 94.8 %
« Power density: 195.31 W/cm?3

Skycore’

Efficiency (%)

100

98
96
94
92
90
88
86
84
82
80
78
76
74
72

_.-_.J_J_J_J_JL..J

-

SKYCORE ‘ ‘

.8 et

22 21.5x16.5 mm’

T T T

-

] —

! ‘sam

Ext. FETs

- 125 kHz
== 250 kHz

375 kHz
== 500 kHz
== 675 kHz

70
0.0

CONFIDENTIAL
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Active Battery Balancing
Other applications unlocked
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Active Battery Balancing Applications

Active Battery Balancing IC /

DO 00: v
- Switched-capacitor-based balancing [ m oo s BN O 5 T T,
. . '_| + VN16 = B17_1 . '_| + VN16 = B17_2
* Active cell balancing, e.g., 2-18 cells/module — +1 mEp : — +1 L o
o o o : E P E
« Active inter-module balancin — Tiw] Lo || [Coomen | 1 T iw | e
g :|| i VN6 = 871 [ ] :|| i VNG = &72
 High-voltage battery systems supported Coll onior Cip :|| + g s Gall Monitor Ghp :|| T o s H
= —__—+ B4_1 == VN3 _-—'_+ B4_2
« Cell voltage range supported, e.g., 2.5-5.0 | . T L. - . T ...
—| i VN1 _——_+ B2_1 ’_| i VN1 _——_+ B2_2
° Appnca'[iOHS: VN[12:0] — . RLL _]"__BU VN[12:0] — i wi R o7 B
« Electrical Vehicles (EVs) E o E
A
\ 1
» Energy Storage Systems (ESS)
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Summary

* Huge demand on power conversion performance s

SKYCORE
HASAAA

* Trends: Better switches, passives and topologies 21CA
P

ESAANNNANY
- i

* Enabler: Switched-Capacitor Power Conversion ICs

* Unlock high performance switched-capacitor-based topologies

Better switches

* Leverage high energy density of capacitors

* Leverage advancements in high-voltage manufacturing processes
Better passives

« High integration of power stage, gate drivers, clock controller, etc.

« Synergy with external switches, e.g., Si, GaN

Better topologies

* Reaches a wide range of applications
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Thanks for your attention

Contact us: plm@skycore-semi.com

Website: www.skycore-semi.com/
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Backup slide
Other possible topologies using the SCGI0ECX

The half-bridges inside the
SCGI10ECX marked with a grey
box. All switches (internal and
external) are driven with the
gate drivers of the SCGIOECX.

-
1

= 4Ewa
=£HAA {Ew7
HB3 ciB
SW6 T
c1A -It‘
-|Hs‘w3 [sws -|[:S:W1
HB1 HB2 HBO
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