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Introduction & Context (1)

 Electro-Static Discharge Damages
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- Electro-Static Discharge Damages
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Introduction & Context (1) mm

- Electro-Static Discharge Damages
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Introduction & Context (1)

 Electro-Static Discharge Protection Requirements

* Principle & Design of a protection

« “Robustness, Effectiveness, Speed, Transparency”
[Amerasekera & Duvvury 2002]

* Zepamp << Zcore

 under ESD condition

* Zeore << Zeamp

* normal operation

IC core
circuitry

Rbus
i —
=

[Russ, 1999]
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Introduction & Context (1)

- Electro-Static Discharge Protection Requirements

Principle & Design of a protection

» “Robustness, Effectiveness, Speed, Transparency”
[Amerasekera & Duvvury 2002]

* Zepamp << Zcore

 under ESD condition

Vdd

Zcore << Zcpamp

* normal operation

Global otrategies

IC core
circuitry

Rbus
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[Russ, 1999]
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Introduction & Context (2)

* Reduced ESD design window in Fully Depleted SOI
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[Benoist et al. 2011]
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Introduction & Context (2)

* Reduced ESD design window in Fully Depleted SOI

'\
| i
L ha ! l,, : Failure current
' V,, : Holding voltage
T : V., : Triggering voltage
V.. + 10% ;‘ « Core MOS » breakdown
dd T i

[Benoist et al. 2011]
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Introduction & Context (2)

* Reduced ESD design window in Fully Depleted SOI

A
| -
i o @ |, : Failure current
E ! V,, : Holding voltage
T ~ V,, : Triggering voltage
0 | ~ « Core MOS » breakdown
Vag + 10% ~1 [Benoist et al. 2011]
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LSCR Fabrication & Principle

* Device Geometry
 From SOl PIN-Diode...

Cathode ‘i RPO Anode
NiSi
Contact | - 0 Contact
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: Ground Plane (GP)
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* Device Geometry
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LSCR Fabrication & Principle

* Device Geometry

 From SOI PIN-Diode... ...to SOl Lateral SCR (Thyristor)

As
Cathode NiSi RPO Anode
Contact \\\\\\ Contact
N NI NI LAy P e 0 PNt S 2 B T e TS| +15 nm AN NI '...n..' AN

---------

~ BOX
Ground Plane (GP)

Lateral N+/P/N/P+ arrangement

SOl thickness =7 nm

BOX =25nm

No Front Gate deposited [1]

Si. Epitaxy (+15 nm) on whole structure (raised Source/Drain)
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LSCR Fabrication & Principle

A

* Device Geometry

Cathode NiSi RPO

Contact ;
g . A JLSIN 7nm |

This work: « Thin » technology (UTBB-SOI) Other works: (PD-SOI)

SOl thickness =7 nm - | [1] II_i et al. EOS/EIS[;, 2012.

: : 2] Cao et al. Microelectronics Reliab, 2011.
= 4+ !

SI. epitaxy 15nm [3] Marichal et al. EOS/ESD 2005.

BOX =25nm [4] Entringer et al. EOS/ESD 2006.
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LSCR Fabrication & Principle

A

* Device Geometry

[4]

Cathode NiSi
Contact

BOX
BOX
This work: « Thin » technology (UTBB-SOI) Other works: (PD-SOI SCRs)
SOl thickness =7 nm [1] Li et al. EOS/ESD, 2012.
; ; — [2] Cao et al. Microelectronics Reliab, 2011.
SI. epitaxy =+ 15nm [3] Marichal et al. EOS/ESD 2005,
BOX =25nm [4] Entringer et al. EOS/ESD 2006.
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LSCR Fabrication & Principle

* Device Geometry

RPO BOX etch
» « Side Base Contacts »: o om| g
- P-Base (Bp) can be tied to K P ,,,,,,, o
(« locked » mode) ¥
* N-Base (By) left floating :
in this study Wiy K L

* Ground-Plane (GP)
used as a back gate
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LSCR Principle

- NPN Modulation L

« NPNP = Thyristor = Two inter-linked -
BJTs [1,2] with shared BC junctions
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LSCR Principle

. n || | -+ Va
* NPN Modulation T
« NPNP = Thyristor = Two inter-linked -
BJTs [1,2] with shared BC junctions -
N
potential modulated by -
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: . : 0)f Vo
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Experimental Results

- NPN Characterization Ty

G,
« NPN gain known to impact the ' 'L
SCR behavior (Viy, L1, leak=++) th:i P
Ground Plane (GP)
 ‘Strong’ accumulation condition o—
In the NPN base : VGb = -2V Common-Emitter NPN Forward
50 | Gummel Measurement _
_ _ a0k B =38 L, =200 nm
« Common-Emitter Gain 8 (= I/1g) T,

mainly depends on NPN Base @ 30
length: Lp
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Experimental Results

* NPN Characterization

G,
tepi
« Back channel NMOS .
transfert characteristic (I5-Vgp)  tsox
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Experimental Results

* NPN Characterization

« Back channel NMOS -
transfert characteristic (I5-Vgp)  tsox

» Short channel swing
Is degraded : 10°°F
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Experimental Results

* NPN Characterization

Gy
tepi
« Back channel NMOS .
transfert characteristic (I5-Vgp)  tsox
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Experimental Results

- The NPN bipolar is effectively Modulated !

 The NPN base potential is
modulated by Vg,

. . te i
- The Base-Emitter barrier N
depends on Vg, box§
. 2= IC o 7 Ground P)
107 l ;a
_ 107°
% 107° i
<
— 1071
(@]
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107" Lp =200 nm
‘ P-GP |
10710 T\ V- l l l
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Experimental Results

- The NPN bipolar is effectively Modulated !

« The NPN base potential is '-G:E
modulated by Vg, bl b
. . tei
« The Base-Emitter barrier N
depends on Vg, oo
MES A = e 7 = Bupnerr 7 [1]
[1] Colinge, IEEE TED, 1987.
IC 104 SR B B L B AL L B LA AL LI R N B
1074 388 E Common-Emitter NPN Forward ]
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Experimental Results

- NPN Modulation changes SCR triggering

G»b
tepi “\
tsi
tBOX ‘‘‘‘‘ PL
= Iy Vi
107° F
* SCR Triggering point (I, V,,) is
’ — 107°F
set by Bypy (Lp--.) £
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&7 - et

©.augmente: —



Experimental Results

- NPN Modulation changes SCR triggering
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Experimental Results

* NPN Modulation changes SCR triggering

%
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Experimental Results

- NPN Modulation changes SCR triggering
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Experimental Results

- NPN Modulation changes SCR triggering

2}
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Experimental Results

- NPN Modulation changes SCR triggering
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Experimental Results

- NPN Modulation changes SCR triggering

‘WM = lceit A= Bupnesr 7
= |t1,vt1>|

« SCR Triggering point (I, V,,) Is
set by B\ (Lp, GP-type, Vg, -..)

e Strong capacitive coupling
between P-base and back-gate 10”
allows floating-mode operation
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Experimental Results

- NPN Modulation changes SCR triggering

‘WM = lceit A= Bupnesr 7

= |y Vi
. . . . LSCR i
« SCR Triggering point (I, V,,) Is ] ab|etols
set by B\ (Lp, GP-type, Vg, -..) trigger

in the

e Strong capacitive coupling EE;'EDdS;'ign

between P-base and back-gate ) TR
allows floating-mode operation
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Experimental Results

- SCR Leakage @ V44 = 1V

« Stronger Base-Emitter barrier

means lower leakage
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Experimental Results

* Transmission Line Pulse (TLP)

High-Current measurements ol
- > J
 No need of Base contacts
* V,; adjustment with Vg, is confirmed
« Performance: l,,= SmA/um (TLP 100 ns) Ground ﬁ\
1.6 T T L T T 6 T T T T T
& Lp =200 nm 5
14 P-GP 5} ya ‘ .
i & B» floating | o/
— 1.2 :‘Jo" tPu|SeP: 100 ns — a4l .’...,./ .
€ 10} - £ .~ Failure (l,)
= -?._' 3k i |
< o8l . < ¢
e £ 2| .,-'. _
. oer 7 . 3 Lp =200 nm
~ o4} - - 1r P-GP
, 0 Ye.b_f_:.{}/«:}_.\_.y@b =0V BP floating |
0.2 .__.' v N\ \ 7 touise = 100 Ns
0.0 1 S TS I -1 ! | | L !
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0 1 2 3 4 5 6
Vy [V] Vy [V]
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Conclusions

« LSCR experimentally demonstrated and understood via TCAD In
an Ultra-Thin-SOI technology:

* |k < 20 fA/um is achievable with adequate Vg,

* « Tunable V,; » (adjustable to application) with Back Bias, GP-type,
NPN Base length

- Controlled only with back gate biasing : No need of Base
Contacts or Front Gate

« SOI-LSCR is fully compatible with standard FDSOI CMOS process
* TLP performances (ESD failure current) validates [,=6mA/pum

« Adequate for « Core MOS » protection in 28nm FDSOI
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Transient Characteristics for ESD

* Transient & ESD Applications

) Lint ) LG‘ 5| |
Vg =+1.5V ) G D PAD =T i
e 3 B |
1.5V 5 N !
-|'_| Gp 2r L = 200 NM .
N._|P. R gl |

g -2V 0 | | | | | | |
Vgp=-2V Gy taox 7 -0.1 0.0 01 02 03 04 05 06

lx t[ ns ]

350

* Voltage Pulse with 50 ps RT

300

and NS ImA/um 250 _,

» For decreased L;,;. 200 2
- Overshoot Peak Voltage PO s

100 *©

decreases from 9V to 3V
» Device response time M (< 50 ps)
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| | |
0
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FEDS ==

- [Salman et al. 2006] [Cao et al. 2011]

to V4 toV_

Vy; controls the inversion in
the (P-) region and change
the triggering voltage of the
structure

ts; = 70nm tgox =7

doped' “P+/P-/HVt/N+ FED”
Lg1 =0.5um, Ly,

o 1.0E-01 H == FED Vg1 OV
- FED Vg1=0.5V
-+ FED Vg1=0.8V
1.0E-04 { —-FED Vg1=1V

--FED Vg1=1.2v |\/ f I
-- DWFED Vg=0 gl

1.0E-07

Ian ode (A)

1.0E-10

P-Substrate

Vanode (V)
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LSCR Characterization

o . L
-« NPN Gain in accumulation LC o, e

« Accumulation condition Vg, = -2V A
B By

« 2 designed Bases: L,=200 & 500 nm

* No dependance of Bypy ON GP type

tepi

N, |P P, I
. =40 with L,=200 nm  taox
SN P Vg, = -2V —
GP-type (N or P)
0 | Common-Emitter A

configuration

Gp

DI Vau=2v

) q? "
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LSCR Characterization

* NPN = « Back-Channel » NMOS

* NMOS Extraction of Threshold [1] &
Swing in linear regime (Vp = 20mV)

« 850mV V,, shift N-GP to P-GP

« S=95mV/dec to 175 mV/dec i GP-type (N or P)

GP P/N

10°°
“Floating Body” A
_ 107° configuration
E
~<-._:L 10 10 BN
e 107 Gp

Plver

Bp

v [(D .

10716
-1.5-10-05 00 05 10 15 2.0 25 3.0

Vo, [V]

. >
’I ) l et [1] Ghibaudo et al. Electronics Letters, 1988
‘ QAEHAHC l
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LSCR Characterization

LN_ . LRPO

» Effective NPN Gain control

* Bupn of IS dramatically increased A
by back NMOS I, current "
* Vg, <-1V allows a strong tepi
20 : N
diminution of |4, (20fA/pm) P, Lo
. - Voo B
SN eff A 1 1N & VN
1045“”'“” A U ‘1' By Eloating _J S E
i Le ] 10°¢ | < Bp Locked]
[ +2V/1 [ +1V 0 1
10° v F b ]
E W ; E 10 " ;_ .»".::'.’.:o"’.jo"’.’ ’ 7 _;
= 10%F oV Z 4 3 i 2,.52:?13:::71' ;
E /'{_;.7__.;;};. _0.——_'@' .-:e :E_a'.f {5.—-.‘5‘;;.:3_, c‘l"._ _ 10 /./ ./- // // 3
: .;}}.';@-ﬂ;:\“ _ V = ?lggg:,:?i'i _< o /./ ./. /./o
10" ;./'/‘{f‘/.':/js 3 10712 '..’././'/. N
2 Lp =200 nm ] o L, = 200 nm ]
- P-GP ] P-GP 3
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LSCRS

» State of the Art

[Marichal et al. EOS/ESD 2005] [Entringer et al. EOS/ESD 2006]
Anqde G2 A1 /Anode Polysilicon gate VG Body-contact Polysilicon gate
[ BCP NGATE

Nwell | Pwell CATHODE

J— of the triggering
. MOSFET
- - jomee

ANODE

[ 3
e Cathode g I cathode ! /
VhoLIE, diode) ‘~ LT L Buried Oxide

(n-1) :::munity n2) OH + 3T@GZ § Supply
tigger ~ during IC trigger % ——2H+1T@G2 [] P-Substrate voltage
Gy diodes operation G; diodes & 1H + ZT@GZ o
——3H+1T@G2 [] o
2H + 2T@G2 : 1E_0’| .......................... ] mtmn:l
OH * ZT@GQ ] 1E-02 Controlling
OH +1 T@GZ i Circuit
—. 1E-03 I
] =i
oo g = 1E-04
i ] = & VG=0.0V
: : 3 1805 - v VG=0.1V
01 1 s e
- - -4 VG=0.4V
= B 8 1E-07} - = VG=0.6V
005 [ 7 a
L i 1E-08 The higher the gate voltage,
L . the better the triggering
r ] 1E=00F - - -- e e
0
0 BT 2 3 4 35 b
voltage [V] DC anode voltage (V)
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» State of the Art

[Cao et al. Microelectronics Reliab, 2011]
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(b) ormal op v v

LSCRS

[Li et al. EOS/ESD, 2012]
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