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Background & Our Solution

e State-of-the-Art e [ssues « Integration/ Pkg in this Task
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Topology Review and Selection

Objectives:
1. Review converter topologies best suited for high current.
2. Selection of appropriate topology, with high power density in mind.
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High Current/Frequency Converters and Simulation

Switch capacitor + multiphase
buck

Series capacitor buck

Dual Phase Multi- Inductor
Hybrid (DP-MIH)

Value of capacitors (F)

Intermediate: 10pn (x1)
ond gtage: Cout= 12.5u (x1)

LTSpice 5 T = T
simulation Topology E] Tl
R |~ - - .
s ™ [ -
Voltage conversion 48V-1V 48V-1V
Output current (A) 100 100 100
Switching frequency (Hz) | 1 M (both stages) 1M 1M
Device in simulation EPC 2020 EPC 2020 EPC 2020
D in simulation 1° stage: 0.25 0.0 0.1
ond stage: 0.31 095 15
Topology
details # of switches 8 4 8
. 1St stage: 0.4u (X1)
Value of inductors (H) ond stage: 0,051 (x2) 0.22u (x2) 0.17u (x4)
st .
1 stage: 1211 (x2) 1 (x1) 1/ 0.9u/ 0.8 (x1 for each)

Cout= 10 (x1)

Cout= 10 (x1)

Voltage ripple

7.0% (Intermediate);
3.6% (Output)

1.6%

3.0%
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Results of Topology Simulation:
« Switch capacitor Hybrid + Multiphase buck

Switching Sequence
First Stage Q.Q;, Q:Q,
Second Q5/Q7/Qo/ %1, Q6/Qs/Q10
Stage 12
(Interleaved)

v High Step-down ratio and high
efficiency

v" Current ripple cancelation.

v" Low component count

v Coupling inductor capable.

v v' Initial Current Target of 100A @ 1V
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Multi-phase Interleaved Converter

Objectives:
1. Optimization of device/phase/surface area for high frequency operation.
2. GaN PCB Optimization for high frequency.
3. High frequency Operation verification.
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Multiphase Buck Power Distribution
« Phase/Efficiency vs. Surface Area

FOM Distribution

0 10 20 30 40

RDS(on) * QG

Initial Testing Conditions

50 60

Area Distribution

10 Loss distribution for 2 phases

[ Switching Losses
[ Conduction Losses
8 F|{C—Inductor Losses

Losses (W)

EPC2069
EPC2067
EPC2066
EPC2024
EPC2023
5 10
Area (mmz)

Lessons Learned

HEMT Results Inductor Results
loea = 65 A L,,=50nH
Voeac= 12V |y = 51.806 A

become sizeable

[ ]

20
Phase

to conduction losses.

Losses (W)

15

[y
=
T

h
T

Power Losses vs Phase

[ Switching loss
[ Conduction loss

v Conduction losses dominate the majority of the loss at this stage.
v' EPC GaN HEMT devices offer the smallest R, * Q; FOM relative to surface area.

To what degree to do multiphase operation offer diminishing returns?

v' At MHz range, 4 phases operation is the crossing point were switching losses

v’ Paralleling devices offers little reduction in conduction losses pass 4 phases.
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GaN Power Stage Layout and Optimization
« Reaching MHz operation

Side View
RO D —_— o e i R el
o o 0 : > . Inductance
l l l _ Top View
o 0.06737
‘g ., 1.14042
EPC Device ——
_H_ 52@@@&-3 - 0.68224
oXa 48800000 :--o-a)@oo] > >
ooo.o,o,o‘o,o,o.o‘o,aooooo e X ——
BB PEPEEEEEs l: : \ J
OI01I0 “Toyecye] ese ”_“
FERE® | I
®®Q - o
v" 1nH range and Sub 1 nH vertical loop parasitic inductance requires exploiting
flux cancelation both vertical and lateral through the PCB board.
v" FEA simulation predict obtain 1.9 nH implementing the proposed layout.
Verification of the proposed layout through hardware results is needed to verify the
prediction of the FEA simulation
8
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High Frequency Operation at Different Phases.

v 4 Phase operation was verified at low current.

_ _ v" 1.8 nH vertical inductance was derived from the operating waveforms; validating
Single Half Bridge FEA prediction.

]) & 9000‘ Y, Package size limits top side cooling limiting full current operation.

Regulation of this stage would help with current balancing of each inductor.

slelele
e

4-Phase Interleaved Testing, 1 MHz, RLoad = 1052
T T T T T T

Buck converter @ D=.2, 1 MHz, Rload =152, Vin=5V
T 3k L} B T B 3 L] B \J 1

‘
; /
: : i i

T
Phase 1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time (pzs€ec)

T T
|—— Vout = 1 V|

-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Time (yzsec)

L i i 1 1 i i i i
-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

1 1 1 1 23 n 1 1
Time (yzsec) 0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1

Time (jsec)
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Magnetic/Module Design

Objectives:
1. Flux Optimization of Magnetic prototype.
2. Comparison of Magnetic prototype to Commercial Designs
3. 18t Iteration of Packaging Model.
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Inductors Characteristic Summary

1st 2nd stage
stage BTN

4 Q
2
¢ D FCo
Co1 Q¢ Qs 10 Q. LC
% 4% _? LD

1st stage: 48 V-5V

Bottom Side

|

T

LxWxH:11x10x7 (mm)

2nd stage: 5 V-1V

Top/Bottom Side

D=5 mm; H= 3 mm

=

Basic Information

Core: Laminated IFL16 (TDK)
Winding: Cu litz wire
# of turns: 2

Core: Laminated IFL16 (TDK)
Winding: Agink Cu litz wire
# of turns: 1

Targeted Inductance (nH)

DC Current Carrying Capability
(DC power supply; thermal camera)

Up to 30A, continuously for 15 mins
Body temp: 55°C (AT= 30°C)

(LTspice) 400 25
Simulated Inductance (nH) 38 .
(Maxwell @ 1MHZz) 4 53
Tested Inductance (nH)
(VNA @ 1MHz) 454 37
DCR (mQ) 0. 1 o011
(Four-point method) D ’
Printed Ag winding:

Up to 30A, continuously for 15 mins
Body temp: 66.6 °C (AT= 41.60°C)

Proposed Integration Method

Surface Mount

Embedded

) SRC
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Comparison of Magnetic prototype to Commercial Designs

Inductor for 1st stage: 48 V-5V
Wrth Elektronik Bottom Side
(744355147) ,
1st stage ! - |
[ 3 LxW xH:
; 13x 12.8 x 6.5 mm LxWxH:11x10x 7 (mm)
;
Core: N/A Core: Laminated IFL16 (TDK)
Basic Information Winding: Cu Winding: Cu litz wire
# of turns: N/A # of turns: 2
Tested Inductance (nH) o
(Impedance Analyzer @ 1MHz) 47 454
Inductance/Volume (nH/mm3) 0.43 0.59 (37% 1)
DCR (mQ) 0.6 0.~1
(Four-point method) 07 3
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Comparison of Magnetic prototype to Commercial Designs Pt. 2

Inductor for 2nd stage: 5 V-1V
Wrth Elektronik Side
(744340300025)
X
555, 2nd stage . L:'
% Ne=al Lx W x H:
T 5x 3.1 x 3mm D=5 mm; H= 2.5 mm
Core: N/A Core: Laminated IFL16 (TDK)
Basic Information Winding: Cu Winding: Cu litz wire
# of turns: N/A # of turns: 1
Tested Inductance (nH) 25.9 40.5
(Impedance Analyzer @ 1MHz) (27.0/ 23.2/ 27.5) (38.2/ 37.0/46.5)
Inductance/Volume (nH/mms3) 0.55 0.82(48% 1)
DCR (mQ) 0.5 0.11
(Four-point method) 27 ’
Proposed Integration Method SMT Embedded
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15t Iteration for Packaging Integration

> 2nd Stage
(phase 1 & 2)

— Inductor &
Output

— 2md Stage
(phase 3 &4)

%_’ 15t Stage
A

o3 e F"':n . :
si2e R <«
B (fhm) \.\((\

Fin-to-fin pitch: A= 1.2 mm (constant)

IO

Fin width: B= 0.2-0.8 mm (variable)

Fin height: C=1- 2.5 mm (variable)
B

v" Initial Design allows for double sided cooling of
both devices and inductor

v MinT, ., is91°C @ B=0.8mm and C= 2.5mm

v’ Easy to manufacture

Not optimized in terms of the power density which
considers the thickness.
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Switched Capacitor Hybrid Converter

Objectives:
1. Initial Prototype based on lowest surface area.
2. Thermal Analysis.
3. Low Power Operation.
4. Challenges and Optimization with small components
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48v to 5v stage: Discrete Version of Switched Capacitor Buck
Converter

‘ Switched Capacitor Buck Converter Prototype

v, =48y B C,/C, | 40uF - 60 uF (4x 10 uF)
. l D =0.2 L, 220 nH - luH
\"dd__J_ Cin Cout 40 uF (4 x 10 uF)

,qﬁm Roue 10-25 Ohms
[ D=08 =c1
HrE
D=0.2 u
T ""T V. =5V
¥ Cout‘L Rout
it 3
D =10.8

000657
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Low Current Thermal Analysis @ R4 = 10 and 1 Q

L1, 0"

4%‘”

0.2

— C1

L1

]

Power Loss Analysis at R,,,, = 10 2 @ Vin = 48V

C, /G, 40uF - 60 uF (4 x 10 uF)
L, 220 nH — IuH
Cout 40 uF (4 x 10 uF)
Roue 10-.25 Ohms
EPC 2067’s
Rjunction-to-Ambient =48 C/W
Vou =3V EPC 2067’

Cout Rout

Rpso, = 1.5 mQ

lrms (A) Ecurn-on (N)) | Ecurneofr (N))
Ql 2.5736 Ql 37.994 102.18
Q2 1.2703 Q2 33.893 97.408
Q3 2.5736 Q3 34.11 104
Q4 10.096 Q4 16.519 111.16

I:’total Q4= 0.1 784W| TQ4= 33.6 C I

Power Loss Analysis atR,,,, = | 2 @ Vin =48V

lrms (A) Ecurn-on (N)) | Ecurneoff (N))
Ql 6.4052 Ql 262.98 477.3
Q2 1.2703 Q2 178.12 430.22
Q3 6.4052 Q3 155.95 472.21
Q4 25.272 Q4 33.893 488.8

Pioca @4= 1.063 WIL,F 76 C I
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Low Current Thermal Analysis @ R, .4 = 10 and 1 Q

R,y = | Ohm

R

D2/22/724 16539

Hax 44 .6¢
Hin 26 .9¢

02722724 16:58

Mx  96.1% 4 79 .9ckn|

Hin S0, 2¢c

26 .2
Manua il

S=0BL99 RiI=20L.9¢

=095 RI=20.9C

Temperature of L = 44.6 °C Temperature of L = 96.1 °C

Temperature of Q, = 39.9 °C Temperature of Q, =79.9 °C
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Low Voltage & Current Operation @ R, .4 = 10 and 1 Q

« The L, value kept high to idealize the inductor as a constant current source.

» HigherV, caused discharging at the switch node which varied over time.

SCBC Vin=10V Rom=10§2 D=0.2 L=1 zH SCBC Vin= 20V Rout=109 D=0.2 L=1 ;zH SCBC Vin=48V R0m=10§2 D=0.2 L=1 pzH
]
=
S
-
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
p SW Node of SCBC 5 SW Node of SCBC - SW Node of SCBC
S sk | o ol e why | | ] £ ol e
2 : : ] ; ] 2 '] : : ] ] ] z esuabrenst ST donuebird Esoing
it Luueed b _ : ol . 7 sl
ol e e e e e o TR O S o e o e M e st g g e
3 3 ' -10 1 K 3 = : 1 K : g 3 ' : : < : _20 - 2 ' - 2 -
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Time (p25) Time (p25) Time (p28)
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Low Voltage & Current Operation @ R, .4 = 10 and 1 Q

SCBC Rm“:mg) D=0.2 L=1 zzH Normalized to Avg SW Node of SCBC Normalized to SW Voltage

3 » . » . . . - . . . .
Ir ' : e : : : : Vin=10V
—r = e Vin=20 V
— VN = ] v . . . . = = . . = s . i
2 ——Vin=48V | 7. [ o v e P MLL AL
2 P . - r
1 = F
5 15F S Fy Ry
5 K _
OF -1
-0.5
-l L A 1 _2 i L L
0 10 20 30 40 0 10 20 30 40

Time (15)
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High Current Operation @ R, ,; = 10-.25

40

At 48v and full operation of .25() shows that this non-linear effect becomes worse as the

SCBC Vin= 48V Rout=0.25§2 D=0.2 L=1 zH

0 10 20 30 40

SW Node of SCBC

h

[_:i.[ [[

load demand increases.
« This effect decrease the average V, causes changes to the output voltage.
SCBC Vin=48VR  =10Q2D=0.2 L=1 zH SCBC Vin=48VR_ =1QD=0.2L=1 uH
3 3 |
Z :s'
0 1.0 2‘0 3lo 0 ” 20 3.0
SW Node of SCBC SW Node of SCBC
L o o e | T o ' : LY v e | T o T -
Szowhhr\lgm hr h
> O e e e WM B o e e
20 i H H =20 i i ! 4
0 10 20 30 40 0 10 20 30

Time (p8)

Time (y8)

0 10 20 30 40

Time (128)
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High Current Operation @ R, ,; = 10-.25

SCBC Vin=48 VD=0.2 L=1 uH SCBC Vin=48 VD=0.2 L=1 uH
20 T

Rout =10 2
Rout=1) 40Fr Rout=1 £ |-
Rout =.25 | ] Rout =.25 2

L L TR N

e S

Rout =10 2

VOUT V)

0 10 20 30 40 0 10 20 30 40

000663



2025 Joint HITEC/CICMT/APPE Conferences | Albuguerque, New Mexico | April 14-17, 2025

DC Bias Capacitance Change for MLC capacitors

Given LI = luH, CI/C2 = 40uF: SCBC SW @ 200 kHz Vin=48V Rout=l0Q D=0.2 L=1 p¢H
f.,, = 25.164 kHz N
qt
This value is 10 times less than  ,.:L L ..
the current switching frequency of LT 1 e
200 kHz T 2
58
1 _ C2 Y
" =TT
2
v Time (118)

0603 or lower MLCC case sizes can’t be used given such a
high reduction in capacitance change @ 24V

@ SRC




2025 Joint HITEC/CICMT/APPE Conferences | Albuguerque, New Mexico | April 14-17, 2025

3D Heterogeneous iteration of Packaging Module

Objectives:
1. Optimization with Surface Area.
2. Optimization in Thickness.
3. Vertical “Active Substrate” Implementation
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Optimization of Surtace Area

L, is the largest single element and is the limiting component in terms of area.

L, is decided to be 400-600 nH due to the capabilities of the lab-made inductor.

« The goal is to try to fit entire switching components under this inductor.
423.03 mm

P L
RZ

- @ GINLE El“” E_E
o GlECh rlm B
R L
© @l Nuymi.

|| pr—
EFul [
I

Ci1 C12 C13 C14
(] =] =] i
calm

>2400 mm?

C18C17C1&C!

RIS & |2

sl=ll=ll= |l‘ |=|
- 19

R4l |

2400 mm?

Discrete
Version Tested

wiwi 990°0C

21.082 mm
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Optimization of Surtace Area
" Copoctor s § w2 —

Il
||

Qi o |

Gl ——4 Output Capacitor Space (Other
SWiI I £ Side)
T T T
48v | GND
423.03 mm? B

-——
cBOOT1 -

BT . Output Capacitor Space (Other
Jr— Side)

1 ! CBL CB2 CB3 CB4 CBS5 CB& CB? CB8 CBS CBIO CBil CB12
Shifter R2 R !
iL _____ f _____ S cLoam ® )

it SUE Capacitor H!!
| i —- TimW Bank# ! e

Iz]
=
W
=]

———
ocmd kg
REIELIP
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ocLid h
—_—
288

ag

e W

RL3dI [
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€l €2 C3 C+ C5 Cs C7 CB C8s Ci10 Cu11 C12

IMS
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Bank # 2

1

< >
@ SRC 21.082 mm
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red

Optimization of Surface
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1N1ESS

Optimization of Thic

4 Internal Copper Layer = 2 oz
External Copper Layer = | oz

XALI350
5 mm

I 2 layers
0.4064 mm
Level Shifter
I. mm
I 4 layers
1.1684 mm
0603 Caps
| mMm
2 layers
I 0.4064 mm

Total Limiting Component Thickness Total PCB Thickness Total Thickness

=7.1] mm =1.98 mm =9.08 mm
@ SRC A
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Optimization of Thickness

Internal Copper Layer = 2 oz

XPU LGA Connections External Copper Layer = | oz
I 4 layers
t 0603 Caps 1.1684 mm
4+ I mm
SLR4040
4 mm
I 2 layers
0.4064 mm

0603 Caps | mm
el t 4 layers

1.1684 mm

Total Limiting Component Thickness Total PCB Thickness Total Thickness =
=6 mm =2.74 mm 8.74 mm

@ SRC 2
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Packaging Integration Updates

Power delivery scheme from PoL module to xPU

e Vertical power delivery
Top View e 3D fully embedded LGA package

* Self-designed planar inductors

SN

Bottom View
(LGA package)
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Packaging Integration Updates- cont’d

To heatsink

GaN devices

1st Stage
(48-5V)

Inductor substrate
for both stages

GaN devices

To xPU bottom

LGA side to xPU

Exploded View

SRC Select Disclosure / SRC Confidential
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Future Work

* |ssues currently being addressed

* Manufacturing a fully embedded PCB.

* Thermal optimization of the current layout at higher loads.
e Better material for the PCB: Metal Core, Ceramic, etc.

* Final Objective

* The active power socket implementation fully combines the rest of the motherboard and the power
module into one PCB.
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Thank You!
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