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Two SOl wafer structures

Power Bipolar CMOS
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Table 1 Process flow overview

Proctssstep . | |
SOI water Nsub / bitried N+ / S10; / Psub
Trench 18 4 mdepth
Pwell/ MI relate 10 all devices
LOCOS relsts to all devices
gate -reista 1o CMOS, LDMOS
chP relate to LOMOS
SD. (n+/p+) relaie to all devices
Metallization

Table 3  Electrical characteristics of option devices

Table 2 Blectrical characieristics of standard devices

Option Devices Parameter Typical Value
VDMOS Vi @Vds=3V 1.2v
Ron @Si only 300m G/mm*
Ron @include metal | 350m Q/mm?®
BVds 7oV
Resistor sheet resistance 500 /0]
( CiSiN) TCR -2ppmv/C
Resistor sheet reaistance 500 /0
(HR-Poly Si ) | TCR -300ppavC

Devices Parameter Typical Value
NP_N hFE @le=10 2 A 180
BVceo 50V
BVcbo 150V
L-PNP hFE @Ic=10 4 A 300
BYceo sov
BVébo 100V
Zenner Diode | Vz 8.3V
NMOS Vi @Vde=0.1V 11V
Id @VgemVdsnSY 110 At m
BVdes ‘ 13v
PMOS Vit @Vds=0.1V .2v
Id @VpauVds=5V 60 1 Al m
BVdss 15v
HV_PMOS | Vi @Vda0.1V 15V
Id @Vgs=Vdis=5V 202 A/u m
BVdas 70V
EPROM Vi @Vda=lyY 13V
dVvt Vpp=12V,1msec 5.0v
LDMOS Vi @Vda=5V 1.2V
Ron @Si only 160m Q/mm?
Ron @include metal 195m ) fmm? |
BVdss 65v

hllayvH VT4 T BHEMR



Substrate bias influence on on-resistance
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60V Lateral MOSFET 199 [EDM

_ Accumulation layer

—_I_I:— Vsub

Vsub = 0V Vsub = -50V

Voltage (V)
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Toward system integration

e Small warpage: Fine lithography.
 CMOS process compatible.
e Integration of 4bit MPU was demonstrated in 1995.
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Good Bip Tr. Without buried layers
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High Temperature Operation
Leakage current vs. SOI thickness
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Leakage Current [A]
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LIGBT in thinner SOI exhibits faster switching speed
and less temperature dependence
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SOl Diode
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200 °C operation of bandgap reference circuit
% , ‘ - o VDD
'Jg H{ o—|K
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Block diagram
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200 °C Operation of thin SOl power ICs

npn-Tr p—MOS n-MOS Lateral [GBT

b =

- \ n 5um
Buried silicon dioxide |

Trench

250V 0.5A inverter IC
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Block diagram of inverter IC
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Bandgap reference circuit performance as a
function of temperature
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Turn-off waveforms of lateral IGBT
at 200°C

Tek SR 200M5/s 474 Acqs
I

Fall-time=0.5usec
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200°C Operation of
250V 0.5A inverter IC

Tek Run: 10.0kS/s  Sample
I T

I

ww. Hole sensor signal

5 Vidiv:

4

U-phase output current

. U-phase low's BT voltage
- 50VIdiv

‘Bootstrap capacitor voltage
S5V/div -

v

h 300V T idomug o S 3 PCIM’98 Japan

Ay YILTA T BHEMR



_

'; ‘_:}_- — H\ /‘_[ A
Tl Sk 1K o e N et
— /1 ==

d
[—

¢)
-
i
"

i E B C D EE iy




%mg& ‘.F?%E?m;_"

Single chip IC to control an air bag
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I2EB CDEMMH ?

— Power IC O H HE
DMOS vs. Bipolar

DMOS

“(BEL\F i
- BRIRICERLN !
" KRERRFHNES
(5 —HMECER : Poly-Si < &ift/haLy)

Ay YILT1 T EBHEMR



Application Area

Up to 100V Supply voltage

S Automotive
ensor Motor Control
lio Amplifiers
LED Drivers
Lager Diode Transistor Array
Drivers Power
Management
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BCDMEER

DMOSFET Ron Improvement DMOS on-resistance
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Smart Power $HitZEDMOS + #l@#mE g

Smart Power Concept in early 1980’s

Vertical DMOS  CMOS Bip
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Smart Power - Vertical DMOS
has lost advantage. g Vertical DMOS -~ CMOS BIp

AALARA B4 BAMA B4 BARA R
T e - —

BCD : Lateral DMOS : H‘—“HI

reasonable cost
large current
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multi-output Drain

Lateral DMOS @ npn n-MOS p-MOS
S G D C BE C SGD SGD
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BCD#:fli #EDMOS + HlmE:E

eSmart Power Concept
*BCD Technology

% 0.6pm design rule
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Lateral DMOS vs. Vertical Trench MOSFET
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Lateral DMOS vs. Vertical DMOS

LDMOS: Rds(on) is simply reduced depending on design rule

n type epitaxical layer

Up Drain vertical DMOS LDMOS
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Net charge distribution
Electron current density

\Vg=5V

Source Gate Drain S G D
-—r -

negative

. rho
- som3
Aiem2 +2324e+18
+5.000e+05
+2 367e+16
+1.580e+04
+2.307e+14
+1 .0 1eH02
-1.016e+1%
+2 659e+01
-1.000e+17
+1.000e+00
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Net positive Resurf charge o,
under a drain current of |

Lhnet = OResurf dose — b/ gvs

DOresurfdose - OF191NAI Resurf dose

q : elementary electric charge

v, : electron saturation velocity
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Adaptive Resurf concept
Net space charge distribution

Conventional Adaptive Resurf
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Adaptive Resurf concept

Off-state (Vg =0V)

On-state (Vg=5V)

Conventional R
Resurf | o —
positive compensateq

Adaptive | Wi | O b —
Resurf I I
neutral positive
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Effects of Adaptive Resurf

Conventional LDMQOS Improved LDMOS
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Experimental Results

|-V characteristics of n-channel LDMQOS
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Drain Current (mA)

|-V characteristics of 25V p-channel
LDMOS
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Electrical Characteristics for Developed LDMOS

60V LDMOS | 25V LDMOS
Breakdown voltage 10V 30V
On-state
Breakdown 45V 30V
Voltage
Rds(on) 180mQmm2 | 28mQOQmm?
ESD level
E1A] 300V 300V
MIL 2500V 6000V
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Cu electroplating - Tl
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Design of a 4 MHz, 5V to 1V Monolithic Voltage Regulator Chip
(Student Paper)
Nick X. Sun, Alex. Huang and Fred C. Lee
Center for Power Electronics Systems, Department of Electrical and Computer Engineering
Virginia Polytechnic Institute and State University, Blacksburg, VA 24060-0179, USA
Phone: +1(540) 231-5494, Fax: +1(540) 231-6390, Email: xsun{@vt.cdu

BGA and Bump’s
reduces parasitic R & L
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12V 10A chip

Bump ball

IR
|l : Driver Circuits
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The chip size : 20.3mm?

q

Evaluation
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5V 20A 1chip DCDC Converter
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20V MOSFET #&:&
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ABiET DY

| Ron :19.3m 2(@Vgs=5V, lds=5A) |

(effective area =3.6mm2)

(effective area =3mm?2)

| Ron:9.7m 2(@Vgs=5V, Ids=5A) |
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5V NchMOS

Area 3.61mm?
R,A 8.1mQmm?

In(A)

12.0

10.0

8.0

6.0

40

20

00 | | }

000.

P
e

O0E+0 10.0E-3 20.0E-3 30.0E-3 40.0E-3 50.0E-3 60.0E-3

Vi (V)

—70.0E-3 —-60.0E-3 -50.0E-3 —40.0E-3 —30.0E-3 -20.0E-3 -10.0E-3 000.0E+0

In(A)

Ron=12.4MQ | o

¢ 0.0
117—0.5
i
s

-20

25

-30
-3.5

5V PchMOS

Area 3mm?
R,,A 30.5mQmm?2

Ay HILTA T BHEMR




Interconnection resistance can be reduced
by Bump Technology

Assembled image
Flip chip

[

PCB

Thick Cu metal in PCB reduces
interconnection resistance.
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Single driver

Parasitic metal /

layer resistance
& capacitance

Gate inter-
connection

Single driver circult layout
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Load

Non-uniform switching

l Parasitic Gate Seadl
L Resistance
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Distributed driver circuit layout

Distributed
Driver Circuit
1 / Segmented 7 6.0
\ ‘ = - LDMOS ~ 5 5
Pre-driver ‘ ' :
circuit
Signal
Current

Gate int_er— Loadl Gate ‘ Ctime (s )
connection L Current

(@Switching frequency=780KHz, Input Voltage=12V, Load resistance=1.2Q)
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Switching waveforms

(V)

Vi(HighSide). Vi(LowSide). Vsw
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Measured efficiency vs. output current
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Evaluation PCB Board
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CMOS Logic area reduction
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Specific On-Resistance

(mQ/mm?2)

EEMBLEnH ?
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nch-LDMOS On-Resistance

Data from ISPSD (2000 to 2007) VLSA-TSA (2008)
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INT—=ICEH65nNmDEFHEA

“Innovative lateral field plates by gate fingers on STI
regions in deep submicron CMOS” ISPSD’ 08

A.Heringa, NXP-TSMC Research Center Leuven, Belgium

65nmCMOS7 Ot AZHTY A7 EME T ICLDMOSZ{ERL I 2EBIA=FiE.

Rl DV =7 R G & R/ /=T -HSTIZRVBLANSCETEYDREZ T IFTIY—-T7F
FeXR. SEIZEICSTIEICT1—IVRTL—2RITBIETSIERIURBTA BINE T,
ftb4t0.18umBCDAOLDMOSFIF N EEEIR., Sk, 777 /RK)—%2ESEHhERICED
., Bh=Fik.
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ISPSD’ 09

Jan Sonsky, NXP-TSMC Research Center; Gerben Doornbos, Anco Heringa, Michiel van Duuren, NXP Semiconductors;
Jesus Pérez-Gonzalez, NXP-TSMC Research Center

HERBIDMOSFETERIFLL LD ETT HE
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TSMC 772 R)—0O& A
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MHILSIDERE

ISPSD’ 2000, R. Williams, Advanced Analogic Technologies, Inc.
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SoC. CPU @ Power Crisis

MHCMOSOHCPU, /SoClLEHEE AKX
SoClcDDa%##HL T
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Power Requirements Roadmap for Intel’s Microprocessors
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ISPSD’ 08 Plenary “Environmental Trends and Opportunities for Computer Power Delivery”
Edward Stanford, Intel Il LT BT
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(b) 70 nm technology
(nominal VDD = 0.9 V, nominal VTH=0.15V)
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PowerWise™ AVS System

SoC

Other Voltage
Regulators

PLL+
REFERENCE OSC

EMBEDDED
MEMORY

I/O Voltage
Regulator

HOUSEKEEPING
FUNCTIONS, RTC,
WAKEUP
CONTROL....

PROCESSOR
CORE

HPM

Fixed Voltage
Regulator

Memory Voltage
Regulator

Core Voltage
Regulator (AVS)

OTHER
INTEGRATED
FUNCTIONS

ADVANCED POWER
CONTROLLER (APC)

PWI MASTER

I/0O Interface

Registers

State
Control

Other
EMU
Integrated
Functions

PWROK

RESETN

ENABLE

VBAT

GND

hllayvHILTA T BHEMR



Voltage Slewing

File Contral Setup Measure Analyze Lkilities Help 3129 PM
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ISPSD’04
“A High Efficiency Ultra-Deep Sub-Micron DC-DC Converter

for Microprocessor Applications”
Byron Reed, Jun Chen, Valerian Mayega, Kevin Ovens, and Sami Issa,
Texas Instruments

® First pass design of the DC-DC converter was done in a baseline 90nm process.

® |tis a discrete converter that uses a serial bus for communication
of the voltage level to OMAP™,

® For future 90nm and 65nm designs the SmartReflex™ DC-DC
converter will be integrated with OMAP™,

® No unique design techniques are used in the 90nm baseline process
that will prevent it from being migrated to the 65nm baseline process.

Low Voltage PMOS DE-PMOS
NITRIDE
POLY POLY
LD LDD' OXID
9‘ E /‘ ".
Pocket N+ PocketN+ Comp.
Pwell
Nwell Nwell
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DC-DC Converter Output Stage

VBAT

A\

<

P1

PBIAS | [MDEP2

—q LY
VDD LV |
MDEN1
MN2

® MP1isan HVG (1.8V) device.
® MN2isaLV device.

® MDEP2 and MDENL1 are drain
extended HVG devices.

® PBIAS is a bias voltage referenced
from VBAT.

® Advantages of this cascode structure:
» Allows high voltage operation.
» Has less off mode leakage.

Rload _
> Has smaller gate capacitance

that has to be switched than if a
single DE device was used.
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Simulated Efficiency VS Load Current
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50

Load Current (A)

0.0001 0.001 0.01 0.1 1

Vin = 3.6V
Vout = 1.3V

PWM mode from 100mA to
400mA

PFM mode from 100uA to 50mA

Includes parasitic resistances
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Dr. Cian O Mathuna

Tyndall National Institute,

Cork, Ireland.
cian.omathuna@tyndall.ie
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Off-chip Air-Core
Chip Inductor
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APEC 2010 Special Session 1.4.2
A 60MHz 50W Fine-Grain Package Integrated VR Powering a CPU from 3.3V
G. Schrom, F. Faillet, J. Hahn, Intel, Santa Clara, CA
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