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OUTLINE

« Research Objective and Background
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Research Objective

Development of LDMOS structure
for DC-DC converters handling 40V
In automotive applications

LDMOS: Lateral Double Diffused MOS
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Research Background

DC-DC Converter for Automotive Application
@® High efficiency
@® High frequency
@ High reliability

J

Requirements for its Switching Device g T
@ Low specific on-resistance Ny
@® Low switching loss S
@® High hot carrier endurance &
@® Wide SOA

SOA: Safe Operating Area



Our Approach

LDMOS for 40V switching device
@® Mature CMOS process usage
@® One-chip integration with other circuits

Based on our Previous Proposed LDMOS
@® Dual RESURF structure
@® Field plate connected to gate

¥

New Proposal

@® Dual RESUREF structure

@® Field plate connected to ground
— Miller capacitance reduction

Investigation of Its optimal size and location

TCAD Simulation Verification
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Conventional LDMOS Transistor Structure

Source

connected

T"""c-a

C‘Vms

jield Plate FF'|

~ Region B+
| n-Drift NDL
y
‘rl- ___________ : ;-.H
Region A Region C
P-Wiell
P-Sub.

Points to be improved

« Low hot carrier endurance
by drain avalanche hot carriers
high electric field in Region A

« Drain current expansion (CE)
— narrow SOA
by high electric field in Region B
due to Kirk effect

» High specific on-resistance
Low impurity concentration in n-drift
region

 Premature breakdown
by high electric field in Region C
under the drain
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Proposed LDMQOS Transistor Structure

S conrl‘ected B P-buried Layers (Dual RESURF Structure)
7)7' Vss TVGS »7-'_ Vip TVDS * PBL1,2

M N-drift Layers

« NDL1, 2

~« NDL3:

Specific on-resistance reduction

CE (current expansion) suppression

B Grounded Field Plate (GFP)

0.18um CMOS . in dri '
compatible process C(.)mplemen.ts RESURF effect in drift region
P-Sub.  Miller capacitance reduction
Ve |SUB;7_ — Low SWitChing loss

Investigation of its optimal location, size
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Research Overview

Our previous proposal:

0.18 ym CMOS compatible dual REduced SURface Field (RESURF)
40 V N-LDMOS transistor with grounded field plate

Our research here:

@® Grounded field plate optimization
by changing location, length of grounded field plate

@ Its process feasibility investigation
from mass production viewpoint

@ \erification with TCAD simulation
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OUTLINE

* Proposed LDMOS Structure and Operation
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Proposed LDMOQOS Structure and Feature

7)7_

? Toxz|y | Field Plate

TSource Gate 4| Cep > E

>}

» N*

p* N* | P-Body | i« |L |
P-Buried Layer 1 (PBL1) N-Drift Region

A

P-Buried Layer 2 (PBL2)

P* Pick up

P-Sub.

Length of drift region L, : 2650 nm
Field plate L p(standard Lgp_ o) : 1625 nm

Thickness of oxide interlayer
between field plate and drift region
Toxi(standard Toyg og): 308 nm

Oxide interlayer
between field plate and the gate
Toxo(standard Toys og): 100 nm

Breakdown voltage
between drain and source
BVps: 61V
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Simulation Circuit as Switching Device

Specific on-resistance: 40.8 mQmm?

Load resistance R,. 5.33Qmm?
Gate resistance Rg : 1.07Qmm?

Extrapolated threshold voltage: 1.05V



Device Structures and Features

Conventional device

? Fiel@
ate Drain (r

Proposed device [1, 2]

77]7_ Source
(4P JREN) P-Body N-Drift Region N
P-Buried Layer 1 (PBL1)||
P-Buried Layer 2 (PBL2) ]
P* Pick up
P-Sub.

Field plate »connected to gate

(a) Conventional device

| Field Plate |

77&. Source | Drain T
s [N T P-gody N-Drift Region it
P-Buried Layer 1 (PBL1)
P-Buried Layér 2 (PBL2) ]
F* Pick up
P-Sub.

(b) Proposed device
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Field plate» connected to ground

[1] J. Matsuda, et. al., “A Low Switching Loss 40 V Dual RESURF LDMOS Transistor
with Low Specific On-Resistance”, in Proc. ICMEMIS, Kiryu, 2017.
[2] J. Matsuda, et. al., “Low Switching Loss and Scalable 20-40 V LDMOS Transistors

with Low Specific On-Resistance”, in Proc. ICTSS, Kiryu, 2018.



14/34

Turn-On Simulation Results (Region B)

Conventional device

Vo-suppy 033V a B c D
VD-supply:40V >V ] »-
'Y lJ T +o 50 10
G 40 [~ 18 —
Sa0 [ Wes Jo ]e E
Rg Field Plate Ry ;,3 20 14 %
10 F 4 2 =
lJPB {JS Gate | Jm————- T | o : i o
1 ] 1] 0 500 1000 1500 2000
e e T
P*-pickup |1 Y e T CGI T Con ﬂ_ FD I Drain
H o] — . S—— . I
P N_S=——————f———d— - N S
1 ; q B i
i Serdree N-!)I'lﬁ: Reglon :;__,--* — _E .
1 ! M M L
1
: ﬁ: Cp  Depletion Region ¢ /00 1pog 1500 2000
. T
1
------------------ m————————t 3.0 -
1 ! oS .‘. ] &
I \ & 1
I P-Sub. v
I E L)
Broken Line : Displacement Current : TJSub
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. (a) Conventional device
Region B

Charging feedback capacitance (C;5+Crp)

» In gate plateau state
(Long, intense Miller effect) @

Discharging output capacitance(Cp)



Turn-On Simulation Results (Region B)
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O A
Vgsuppty-0—3-3V

orange color: input capacitance

Proposed device . _

blue color: feedback capacitance
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({b) Proposed device

Discharging output capacitance(Cp+Crp)

Increase in displacement current (JgptJdpgtdgyp)
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Gradual decrease in Vpg 7 @
(Weak Miller effect)
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Turn-Off Simulation Results (Region B)

Conventional device
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Turn-Off Simulation Results (Region B)

Proposed device
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(b) Proposed device

Vgs = Vi » at beginning of turn-off

Slight increase in Vpg 7 Slight decrease in Vg

¥

Short, weak Miller effect (no gate plateau) @

Charging output capacitance (Cy+Cyp)
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OUTLINE

« Optimization Simulation Results
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L, for Drain Loss Ep | s

8.5E-08 ATOXl (:TOX1 —+ TOXl_std)

T Toxg + Field Plate

7)7— TSource Gate A Lep > "Tom Drain

+ | ON . +
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P-Buried Layer 2 (PBL2)

8.0E-08 |- AT oy (nm)
+50

7.0E-08 [+

Ep 105 (J/mm?)
~J
u
m
=
co

P+ Pick up 6.5E-08 |
6.0E-08 . . . L : : L
P-Sub. -200 -100 0 100 200 300 400 500 600
A Lgp ()
During turn-on/off : Alep (FLep— Lep sia)
AL, increase or ATy, decrease
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Displacement current increase
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Lep fOr Gate Loss Eg | s
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- Increase for ATy, decrease
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L for Switching Loss
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Lp for BVpg

ATox; 1 -50 nm~+50 nm

AToyq 0 +100nm

For BVps=60V (High reliability):

-400 -200 0 200 400 600 800 ATOXl:]_OOnm, ALFPg 200nm
or

ATy ;=50nm, ALgp=200nm
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Lp for BVpg

Breakdown location

- Insufficient RESURF
- BV near PBL1 end

- Current flow in drift region

Device destroyed @
due to filamentation

AL =+300nm

- Sufficient RESURF
- BV near PBL2 end

- Suppression of
Current flow through drift region

e

ESD resistance improvement

Drift region — breakdown
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Lep , Toxy for Switching Loss

70
65
. 60 ‘:';
2 5
355 <
2 5
50 115'1
45
40 L L L L : 6.0E-08 . L L L L L
-400 =200 0 200 400 600 800 -200 -100 ) 100 200 300 00 500 600
A Lpp (nm) AlLgp (nm) \\
7.49%x107-8 J/mm? 7.90x1078 J/mm?2
For BVps > 60V
Al (nmM) AT oy, (NM) 7.69x1078 J/mm?
0<AL,<700 —50 <ATqy, <O Er Loss reduction by 53%
of LDMOS with
200 <AL, <700 ATy, = +50 Field-Plate connected to gate

(ALgp=0 nm, AT 55,;=0 nm )

et

Low switching loss
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OUTLINE

 Discussion
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L, for Turn-on Characteristics

Solid Line: ALp=0 nm Solid Line: ALp=0 nm
50 Broken Line: AL, =600 nm 0 20 Broken Line: ALgp= 600 nm
ATo;=0nm | ‘2
0 OoX1 . E 20 k
% 10 |
S 30 6 g 11 0
% = &
£ 20 4 a :—:Q -10 F
SS a
»?5 20
10 2 =
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0 8 1 1 0 "‘? -40
0 100 200 300 400 500 0 100 200 300 400 500
Time (ps) Time (ps)
Algp (FLgp— Lep sta) - .
AT s (STowi =T ) ® Saturation state: 100 ps - 320 ps
OX1 OX1 OX1_std

L increase (AL, = +600 nm) ® Crpincrease —

‘ Jpgtdeptdg,, INCrease, flow in drift region

Drain current density (J,) decrease Jp decrease

® \/oltage drop in drift region —
Higher Vg

Vg Increase



L for Turn-on Characteristics

Solid Line: ALgp=0 nm
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ALgp=0nm ATox;=0nm
30 Broken Line: ALp =600 nm L 6E-8 3.0 l
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@ Atrising Py, o,

Pp_ton(ALgp = +600 NM) < Pp ¢on(ALgp = 0 M) Voltage drop in drift region
P

Higher Vg

@ At falling Py, ¢,

Pp_ton(ALgp=+600 Nm) > Pp ( ;n(ALgp = 0 M)

Pp ton (= Jp X Vps) : Power dissipation density

Eacct-on: Accumulated energy dissipation density
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L for Turn-off Characteristics

Solid Line: ALrp=0 nm

L Broken Line: AL, =600 nm
Solid Line: ALgp=0 nm

—
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® Saturation state: 320 ps - 2000 ps
L.pincrease (AL.p = +600nm) ® Cgp Increase —
Jpgtdrpt sy — _
‘ added to drain current density Jg
Drain current density (Jp) increase — higher Jp,
Vps decrease ® Short current path decreases voltage drop

in drift region — lower Vg
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L for Turn-off Characteristics

Solid Line: AL =0 nm ALgp=0nm ATox; = 0nm
Broken Line: AL, =600 nm
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@ Atrising Py 1o,

Po ton(ALgp = +600 nm) < Pp on(ALgp = 0 NmM) Higher J; due to
higher displacement current density
JpgtIeptdg,, fOor AL = +600 Nm
@® Atfalling Py (qn

Pp ton(ALgp=+600 NM) > Pp ¢ oy(ALgp = 0 M)



Solid Line: ATy =50 nm
Broken Line: ATgy; =-50 nm
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Tox, decrease (AToy; = -50 nm)

-

- Drain current density (Jp) decrease

- Vg INCrease

J5 (A/mm?)

80

70 F

40

Jp X Vps (W/mm?)

10

ox1 for Turn-on Characteristics

Solid Line: ATy, =50 nm
Broken Line: ATgy; =-50 nm

60
50 F
L)y X Vps
30 f
20

ALgp=0nm

100 200 300 400 500

Time (ps)

Higher Jpg+Jept+J,, < Larger Cp
under intrinsic MOSFET saturation

Jp decrease — P, ., decrease
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Toxq for Turn-off Characteristics

Solid Line: ATy, =50 nm
Broken Line: ATgy; = -50 nm
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At turn-off rising:

Toxg decrease (ATgy; =-50 nm)

.

- Drain current density (Jp) increase
- Vg decrease

- Higher Jpg+Jeptdgy,
due to larger Cp
under intrinsic MOSFET saturation
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8E-08
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L . 0E+00
1500 2000 2500

10I00
Time (ps)
At turn-off falling:

0 500

Tox, decrease (ATgy; = -50 nm)

-

- Drain current density (J) decrease

- Vpg INCrease

- Higher Vbs —
Drift region resistance higher
Eacc_t-off decrease,
Turn-off loss increase with Ty, increase
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OUTLINE

 Conclusion
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Conclusion

LDMOS device design for 40V DC-DC converter
@® Field Plate connected to ground
@ Iis size, location optimization of AL p, ATy
g
For O nm <AL, <200 nm, =50 nm <ATgy; <0 nm,
O Switching loss reduction by 50 %
O High ESD endurance

@® \erified with TCAD simulation
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