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Agenda

•

 

Introduction

•

 

GaAs is an Enabling Technology

•

 

Integration is Required for Maximum Performance

•

 

Heterogeneously Integrated Power Stage (HIPS)

•

 

HIPS Prototypes

•

 

HIPS Enables Granular Power

GaAs Voltage Regulators to be Packaged in 3D SIPs
Sarda Technologies (Sarda), a disruptive power management component supplier and UTAC Holdings Ltd. (UTAC) 
today announced that Sarda will implement its Heterogeneous Integrated Power Stage (HIPS) in UTAC's three-dimensional 
system-in- package (3D SiP) based on ECP technology from AT&S to improve data center's energy efficiency. The 
collaboration was announced at the International Symposium on 3D Power Electronics, Integration and 
Manufacturing Symposium in Raleigh, North Carolina, USA. 
http://www.powerpulse.net/story.php?storyID=34822

http://www.powerpulse.net/story.php?storyID=34822;s=061420161
http://www.powerpulse.net/story.php?storyID=34822;s=061420161
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Introduction
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Typical 12Vin, 1Vout, 30‐40A Power Train:

Today’s board‐mounted VRs
•

 

Good “static”

 

efficiency –

 

typically >90% achievable
•

 

Bulky 
•

 

Slow

CIN

Powerstage

LOUT

COUT

For 150W processor: envision 5 of these 30A powertrains

PowerTrain

Fsw ~ 500‐800kHz
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A Better Approach

Processor
Die

Substrate

HIPS Capacitors

Ultimately
Package‐integrated VRs (PIVRs)

Advantages vs. Fully Integrated VRs
•

 

Higher performance – higher efficiency 

 
due to single‐stage dc‐dc

•

 

Higher input voltage (4‐12V) –

 

reduces 

 
number of power/ground pins

•

 

Flexible

 

– more easily optimized for 

 
different processor speed bins

•

 

Better thermally – VR heat dissipated 

 
into substrate/heat sink

Inductors: discrete or 

 
embedded in substrate

Fsw = 5‐10MHz+

HIPS
InductorsCapacitors

Processor
Die

Substrate

Fsw = 2‐5MHz

Advantages vs. slow, bulky VRs
•

 

Frees up board space – for more 

 
processing power, memory, etc

•

 

Lower profile – fit under heat sinks, on 

 
back side of board

•

 

Improved “dynamic”

 

efficiency
•

 

More granularity

HIPS: Heterogeneously Integrated Power Stage

Market Entry
High Density Board‐mounted VRs
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Granular Power Requires Many Fast, Small VRs

Voltage levels

Voltage slew rate 

 
(mV/s) 

Single

Low

Multiple

High

Core 1

…

Core N

time

Core 2

Wasted
power

CPU
demand

Core 1

Core 2

Core N

time

…

0.5V idle

1.2V performance

Source:  Qualcomm

Conventional Power Granular Power

vo
lta

ge

vo
lta

ge

Source:  The Microprocessor Report's Sarda Delivers Granular Power

http://www.linleygroup.com/newsletters/newsletter_detail.php?num=5416
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GaAs
FETs 

GaN‐on‐Silicon
FETs

Vertical
MOSFETs GaAs Benefits

Electron mobility (cm2/Vs) 8,500 1,800 1,400 Faster switching

RDS(on)

 

*QG 

 

FOM (m‐nC) 12  

 

6 20‐30 20‐40

Lower switching loss
RDS(on)

 

*Qrr 

 

FOM (m‐nC) 0 0 20‐50

FET Switching times (ns) <1 1‐2 2‐5

Loop Inductance (nH) ~0.2 ~0.4 1‐2

FET structure Lateral Lateral Vertical
UFET / LFET monolithic integration
• Reduced parasitics
• Multiple phases

Bandgap (eV) 1.4 3.4 1.1 Higher junction temperature

Activation energy (eV) 2.5 1.1‐2.5 0.3‐1.2
Higher reliability

Gate oxide? no no yes

2014 market size $6B $0.015B $13B Leverages proven manufacturing

Merit
Demerit

GaAs is Enabling Technology for Granular Power
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Integration is Required for Maximum Performance
Minimize Approach
• Common source inductance •Monolithic integration of GaAs FETs

• Gate drive loop • Co‐pack GaAs FETs and drivers

• High frequency input commutation current loop • Co‐pack GaAs FETs and bypass capacitors
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HIPS: Heterogeneously Integrated Power Stage
Integrates GaAs FETs, CMOS Driver and Performance‐Critical Passives

HIPS
5x5x1mm

Cout

Cin Lout

Voltage Regulator
•

 

HIPS‐based Power Train(s)
•

 

PWM Controller

2‐Phase, 2MHz Power Train
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GaAs FETs 3D SiP
UTAC / AT&S ECPTM
•4‐layer FR5 substrate
•Embedded die‐in‐

 
substrate
•Passives on top

Cbyp
other passive
components

CMOS Driver

3‐dimensional System‐in‐Package (3D SiP)

Enables high‐performance 

 
in small package 
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Initial HIPS Prototypes (Rev1)

Front Side

Back Side

7.2mm

4.5mm

First prototypes not optimized for size

GaAs process Qorvo TQPED

UFET Rdson (m), 2x 40

LFET Rdson (m), 2x 10

Rdson-Qg FOM (m-nC) 12

CMOS process ams H35

Passive component count 22

3D System-in-Package UTAC / AT&S
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Rev1 Performance

HIPS
Evaluation
Board HIPS

Output
Capacitors

Inductors
4x4x1.2mm

Power Train Measured Efficiency
12Vin, 12% duty cycle, 200nH inductor

 
SX and UGATE nodes 

5V/div 

40ns/div 

Very fast switching
Sub‐ns rise/fall times

Very low Switching Losses

Minimal drop in efficiency from 2MHz to 4MHz
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Rev1 Performance Analysis

Excellent correlation 

 
measured to model

Measured Power Loss

Modeled Power Loss

Inductor

FET Conduction

FET Switching

Misc

0.5

Next step is to reduce conduction loss

Modeled Power Loss at 2MHz
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65%

70%

75%

80%

85%

90%

95%

0 5 10 15 20 25

Ef
fic
ie
nc
y

Load (A)

Rev2, 10Vin

Rev1, 12Vin

Rev2 Projections
Rev1 HIPS Rev2 HIPS

Package size (mm) 7.2 x 4.5 5.5 x 5.0

GaAs process TQPED TQP25

BVdg (V) 18 14

Upper FET Rdson (m), 2x 40 19

Lower FET Rdson (m), 2x 10 5.5

Rdson-Qg FOM (m-nC) 12 5

Passive component count 22 15

Projected Efficiency Improvement with Rev2
12Vin, 1.2Vout, 2MHz

Driver 

 

die

Quad 

 

GaAs die

7.2mm

4.5mm

Driver 

 

die

GaAs 

 

die

5mm

5.5mm

Rev2

Rev1
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Cout

100nH
4x4x3mm

Sarda HIPS
4‐phase, 2MHz

Cout

MOSFET Powerstage
1‐phase, 600kHz

110nH
13x13x8mm

HIPS Enables Granular Power
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Closer Look at HIPS Load Transient Performance Advantage

~200F Cout

Sarda HIPS
2‐phase, 2MHz 100nH

4x4x3mm

~1200F Cout

MOSFET Powerstage
1‐phase, 600kHz

Capacitors

110nH
13x13x8mm

Vout

ILOAD
Summed 4‐ph 

 
Inductor 

 
current

0.95V

0.80V

10s/div

~120mV

0A

40A

~4mVp‐p

~2s

~5s

10s/div

Vout

ILOAD

~135mV

0A

40A

0.95V

0.80V

~6mVp‐p

~13s
~24s

Load transient: 33A step, 7A DC load
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40A HIPS vs. MOSFET Comparison

MOSFET Power Stage
600kHz

Cout

Cin Lout

Efficiency
12Vin, 0.85Vout, 40A

88%89%

Sarda HIPS
2MHz

Power Loss
1.7W 
each

0.2W
each

20A
HIPS

4.3W
0.2W

40A
MOSFET

Footprint

 

(mm2) 400200

Height

 

(mm) 83

Vout

 

slew rate (mV/s) 30165

Load Transient Response 15‐30s~2‐5s

HIPS
Advantages

Similar

50% pcb area

40% height

5‐6x faster

5‐15x faster 
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System Benefits From HIPS
Reduce cost‐per‐workload
Keep up with 10x increase in data consumption

Increase workload per given

•

 

Capital cost

 
Systems, facilities and cooling

•

 

Operating cost

 
Electricity, software, water

Reduce cost

•

 

Energy consumption

•

 

System board

•

 

Thermal management

Increase performance‐per‐watt
Limited by heat and power

Reduce energy consumption
•

 

Granular power

 
Dynamic power management of each load

- Faster transition to idle

 

modes
- Lower

 

voltage setpoint
•

 

Energy proportionality

 
High efficiency at low workload

•

 

Reduced cooling

Increase performance (MIPS)
•

 

Dynamic power management of each load
- Faster transition to peak

 

modes
- Higher

 

voltage setpoint
•

 

Frees up board space for components

 
e.g., memory

Why More‐Than‐Moore Power Management Is Required to Keep Up With Exponential Growth in ICT Data Consumption
Google's Energy Proportional Power Management for Data Center Applications

http://m.powerpulse.net/powerViews.php?pv_id=100
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Summary

•

 
3D SiP enables heterogeneous integration and performance

 that's not possible with conventional packaging

•

 
Heterogeneous integration (aka More‐than‐Moore scaling)

 overcomes escalating limitations with monolithic integration

 (Moore's Law scaling) 

•

 
System benefits are compelling ‐

 
more than just size reduction
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This research was developed with funding from the Defense
Advanced Research Projects Agency (DARPA). The views,
opinions and/or findings expressed are those of the authors and
should not be interpreted as representing the official views or
policies of the Department of Defense or the U.S. Government.
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