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What is “Heterogeneous Integration”?
Motivation of Heterogeneous Integration
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HIR (Heterogeneous Integration Roadmap)
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Integrated Power Electronics Component

CHAPTER 10 : Integrated Power Electronics
Integrated Power Electronics Component (IPEC)IE FEITEEIND

Type C) In
substrate

* On top side
* On land side

Type B) In interposer

power supply.

PART-l Inside SiP

Type A) In load
* (Ex. IP, HBM, PIC)
* Monolithic integration

On top side
Integrated in active interposer
Embedded in organic interposer * Hybrid bonding
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Power Figure 1. The “Integrated Power Electronics Component,” IPEC,
Capacitor Power represents the electrical components and functions required for electronic
Inductor conditioning of electrical energy delivered to the load(s). The IPECs may
be partitioned and integrated in multiple wayvs within the System in
Package, or be a standalone power electronic circuit for board-level
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Heterogeneous Integration SIP Module
CHAPTER 21 : SiP and Module System Integration

Silicon carbide (SiC) and Gallium-nitride (GaN) with driver, inductor, and capacitor
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Figure 20: Example for an EMI-optimized SiC package with part of the driver and the DC-link included.
[courtesy Fraunhofer [ZM]
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Sub-ns Testing for e
Heterogeneous Integratior
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Research Objective

To achieve Sub-ns Testing
for Heterogeneous Integration GaN SiP

Proposal

Development of Built-Out-Self-Test Circuit
for Sub-ns Testing

Requirement
* High Accuracy
* Fast Testing
* Low Test Cost
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1. Research Background
2.  Sub-ns Testing
3.  SAR Time-to-Digital Converter

® Principle

4.  Vernier SAR Time-to-Digital Converter
® Principle
® Verification
® Experiment

5.  Trial using GaN Gate Driver

6. Conclusion
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1. Research Background
The GaN has attracted much attention in recent years

High Energy efficiency is required
GaN AC Adapter

Characteristic
v'High Voltage and Low Loss
v'Heat Resistant

v'High Frequency Drive

The GaN has great potential for further energy savings
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1. Research Background
The difficulty of using GaN

« Narrow drive voltage range Risk : Self turn-on
« Low gate withstand voltage Risk : Gate breakdown

* Need exclusive Gate Driver IC and external components

Solution
Initial Heterogeneous Integration
External _
Components Q SiP ¢ GaN
o ! GaN G
: - ate — | L HEMT
Gate +t+—Wv Eﬁ"’}_ HEMT Driver [["— ‘' Chiolet
wer | | ' PKG - P
Driver | ! Chiplet —
PKG [ — 1 < ==

<

Heterogeneous Integration is required
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1. Research Background
Heterogeneous Integration GaN SiP

BM3GO0xxMUV-LB series Block Diagram GaN SiP
VQlD .Q.
Gate Driver
Outputs stable Gate
optimized drive signals Clamper
to the GaN HEMT Hial'\:‘_r VQFN046V8080
8.0mm x 8.0mm x 1.0mm
pitch 0.5mm
INCIH— High-Speed Wide Driver D
Voltage Range I/F
Additional Functions (Peripheygs)
EMI TSD
Control LDO // PSP
/ /
7L / -
/ S
Analog x Power
Technology Technology

Heterogeneous Integration GaN SiP will maximize GaN HEMT performance
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1. Research Background
650V GaN HEMT Power Stage SiP

Drain Pin Voltage Vglt):gte Supply Pin SCleppeprgtizE SQuuﬁgg:ePrI\? ON Turn ON Turn OFF Tgrgzz:?l?re
(Max) Range Voltage Current Current Resistance Delay Time Delay Time Range Package
[Vl V] v SRy Ei ATl T AT R R R ISl R RIO= C]
BM3G015MUV-LB 450 150 150 11
@ 06 625 -40
650 to to 15 to ’
+30 30 +105
BM3G007MUV-LB 650 180 70 12 VQFN046V8080
@ EI (8.0 X 8.0 X 1.0mm)
@< Click on the icon to access the product page on ROHM's website. @ < Click on the icon to access the product datasheet on ROHM's website.

Sub-ns Testing

B Rise Time 5V ®m Fall Time 5v
16.9ps/V 23.1ps/V
(11ns/650V) (15ns/650V)

+1ps resolution is required for mass production testing

12/24
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Outline

2.  Sub-ns Testing
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2. Sub-ns Testing

Conventional Method
Use of External Instruments

Low-end ATE
[ g - @ High Accuracy
e e o e — + . 0 Fast Testing
“““,:_:fi_ € Low Test Cost
—— Tektronix® MSO5xB

6.25GS/s, 2GHz Band Width

Proposed Method

Use of BOST Circuit
Low-end ATE . .
Development of BOST Circuit
— W High accuracy time measurement @ High Accuracy (+1ps)
e - Fast Testing
Low Test Cost

14/24
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Outline

3.  SAR Time-to-Digital Converter

® Principle
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Outline

4.  Vernier SAR Time-to-Digital Converter
® Principle
e \Verification

® Experiment
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Outline

5.  Trial using GaN Gate Driver
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6. Conclusion
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6. Conclusion

To achieve Sub-ns Testing
for Heterogeneous Integration GaN SiP

Development of BOST Circuit

* Vernier SAR Time-to-Digital Converter

achieves * 1 ps resolution

 Gaussian Noise is effective for vernier scale
Achievement

@ High Accuracy : Resolution is +1 ps

@ Fast Testing : Test time is less than 30 ms w/ 512 times sampling

@Low Test Cost : No external instruments required

22/24
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-You can get more information on our website

ROHM GaN Power Solutions | ROHM Co., Ltd.

HAGE
GaN/{D—FN\1R | ERI¥EH | O—LEXEtE - ROHM Semiconductor

-Contact us by website

it E
contactus (rohm.com) ' 3
[=] :

=Aa
HAGE E4E

contactus (rohm.co.jp) 3
[=]

-Adopted Products

-Evaluation Board

LiDAR
Reference Board

240W PFC
Reference Board

REFACDC047Reference Design / xe
Application Evaluation Kit | ROHM Co., Ltc ‘:

HAEE
REFACDC047Y 7L Y RFH A / :
77— av ki vk | ROHM Co., Ltd.

Other EVK Contacts : Akihiro.kawano@dsn.rohm.co.jp /
Masato.uno@sal.rohm.co.ijp

REFLDO02Reference Design /
Application Evaluation Kit | ROHM Co., Ltd.

HAE

REFLD002Y 7L RTFHAY /
7V r—a i vk | ROHM Co., Ltd.
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Digikey.com

Mouser.com

chip w stop’

corestaff

ONLINE

INNergie A amm

Innergie - A Brand Of Delta Electronics
(myinnergie.com)

ROHM’s EcoGaN™ has been adopted in the 45W O i
USB-C Charger C4 Duo from Innergie- ir o
Innergie US (myinnergie.com)
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https://www.mouser.com/c/semiconductors/discrete-semiconductors/transistors/mosfet/?m=ROHM%20Semiconductor&technology=GaN
https://www.digikey.com/en/products/filter/transistors/fets-mosfets/single-fets-mosfets/278?s=N4IgjCBcoKwOwAYqgMZQGYEMA2BnApgDQgD2UA2iAMwwIBMVAHCALrEAOALlCAMqcAnAJYA7AOYgAvsQC0zaCDSQseIqQohGAFgBsIYjDARijBDD3EjATggtJ9oA
https://www.chip1stop.com/
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https://www.mouser.com/c/semiconductors/discrete-semiconductors/transistors/mosfet/?m=ROHM%20Semiconductor&technology=GaN
https://www.digikey.com/en/products/filter/transistors/fets-mosfets/single-fets-mosfets/278?s=N4IgjCBcoKwOwAYqgMZQGYEMA2BnApgDQgD2UA2iAMwwIBMVAHCALrEAOALlCAMqcAnAJYA7AOYgAvsQC0zaCDSQseIqQohGAFgBsIYjDARijBDD3EjATggtJ9oA
https://www.rohm.co.jp/reference-designs/refacdc047
https://www.rohm.co.jp/reference-designs/refacdc047
https://www.rohm.co.jp/reference-designs/refld002
https://www.rohm.co.jp/reference-designs/refld002
mailto:Akihiro.kawano@dsn.rohm.co.jp
mailto:Masato.uno@sal.rohm.co.jp
https://myinnergie.com/us/blog/rohms-ecogan-has-been-adopted-in-the-45w-output-usb-c-charger-c4-duo-from-innergie-a-brand-of-delta/
https://myinnergie.com/us/blog/rohms-ecogan-has-been-adopted-in-the-45w-output-usb-c-charger-c4-duo-from-innergie-a-brand-of-delta/
https://myinnergie.com/us/blog/rohms-ecogan-has-been-adopted-in-the-45w-output-usb-c-charger-c4-duo-from-innergie-a-brand-of-delta/
https://myinnergie.com/us/
https://myinnergie.com/us/
https://www.rohm.com/support/gan-power-device
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