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If you have questions? : ’ .
3 min Q&A slot at the end of each presentation _‘:,/3min\\f

Online Viewers

You can post your questions during the
presentation by clicking on the ‘text balloon’

The session chair will handle all questions 'Live'
at the end of the presentation.

If you are watching in delay, you can still post your
questions. These questions will be answered by email.

l]11 e c partner
‘t:ecglr(\lcal 3 confidential



6-months progress PTW April
300-mm FRONT-GATED IGZO TRANSISTORS 2021

2TOC retention & I

400 ies: time limit . | 50 devices Wy = 180 nm
—. 300f Co=210aF| 1 £ 1078 Lvere = 45 nm
%i o00|Cor=38aF  Co=I1%paF %
- 1001 W= 180 ni _% . lopp = };Ec'u.u-n—ﬁr:waaJ;ta Test time: - ] ‘

o 50 devices | Luage = 45 nm 107 e . e 2TOC implementation for Gate-Last devices
018 wium) 1 018 Wo (um) 1 - Median retention time > 900s for C_ =127aF
(Gate-Last with oxygen-tunnel)
2TOC Gate-First structures: * First assessment of 2TOC retention for spinel and
* First reliable assessment of: A ALD a-IGZO

- retention time 2>~ |50s for C_ =126aF
- o = 3x10"°A/um

Gate-Last with oxygen tunnel

99 % 99 %
95 % 5% | |
S 0% tet S 0% OFF
> 75% > 75%
§ 50 % E 50 %
g 25% 2 5%
: 03 : 10
= o = (]
PTW October I <
2 1% 2 1%
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2020 © 102 10° 10t 3 4 107 107"
. Lot (8) | ee (Am)
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Outline

Introduction: Previous 2TOC results on Gate-First Devices

2TOC results in Gate-Last devices

= Effect of oxygen-tunnel on retention / off-current

Gate First: 2TOC structures with different IGZO phase / deposition method
= CAAC/ Spinel IGZO
= ALD a-IGZO

Conclusions

“umec....
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Outline

Introduction: Previous 2TOC results on Gate-First Devices
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Retention assessment method

Write/Read Timing Diagram

Write D'V’ Read D1’
. . . . : 1.0V
Indirect monitoring of the storage-node voltage evolution wwe f \ 20w
III Irg=VYsn curves collection * 1oV
twrite=2s '
WWL =1V RBL=1V WBL___ 0.0V
WL 0.8V
Wtr 0.0V
WBL SN t..—~400s
Sweep from - | Rtr RBL Ar;‘ 0.8v
2V to 2V C 0.0V
ox,Rer Read current as function of time
RWL *WBL=1V for |s after WWL transition:
Avoiding C discharge during WWL transition

Polynomial fitting of experimental Igg, -V
1 ' ' ' a

1 © Exp. data
= Polynomial fitting
S
~ 05}
&
> R2=0.999
0L
0 0.2 0.4 0.6 0.8 1 1.2
. kel A 10°°
RBL X
mmec....
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Retention test

Wywe=180nm Wp, = lum Ly, g, =45nm
ol A ot ,

VSN,initiaI

\Y 0.1V

SN, initial”

0 100 200 300 400
time (s)

lzg. is translated into V) by the polynomial fitting
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o ° ° ° w
Retention test: retention time scales with C__ N - Bl -
) ) T - wvorn [
Retention assessment - 50 devices tested o (620 (1)
1'2’-‘— Wwtr (um)| Lwtr (um) | Wrtr(um) | Lrtr(um) | Lext (um) Write °meﬁ°" Rmolf;:esa\:ion Highly-doped Si Substrate
1 0.18 0.045 | 0.045 0.06 wwe=Iv RBL=1V

RBL=1V

8

0. I
0.4 o Witr[ 35 I Rtr o— VVLr —o—I Rtr
0.2 ccx,Rtr ccx,Rtr

0 : —————— lRWL=0V l RWL=0V

V SN (V)

0 100 200 300 400
time (s)
R104, PTW 10/2020
Retention time statistics Extracted o A Belmonte et al,, IEDM 2020
400 o ey ———— —— T ; T _ T
Test time limit 50 devices Ww. = 180 nm
300 | Cox=210aF| { & ;18| Lwerre = 45 nm
n =2
!’f_ 200 _Cox=38c'F 1 3 I
- 0.1V - Cs Lr------- —mmm st time
100 thr= 180 nm=—1 % 10 19 | IOFF = —S Extraction [imit due to test ti -
NE 50 devices LVVtr,Rtr= 45 nm . . ret . .
0.18 0.6 1 0.18 0.6 1
w
WRtr (pm) Ry (M)

Median t,. >60s achieved for C_ =38aF

We,=lum and Ly, =45nm > >25% of the bits show t,_>400s

ret
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High gate-drain capacitance may hinder 2TOC retention assessment

in G ate- Last PTW 10/2020 R104

Write operation
WWL= 1V
RBL=0.8V

WBL=1V | SN . .
jl—.{ Rer Typical Retention test
12 '

Coxfir

Write operation

Read operation < 0.8

cad operat Initial V-drop L..=60nm

>
WBL=0V  |\ar | SN 02 VWWLreud='4v
-—I I—o—l Rtr 0 I ]
Colr 0 2 4 6 ] 10
time (s)

RWL=0V

Initial V-drop always observed in the write/read transition

WWL-SN
Write Transistor

sio,

PVD TiN
PVD TiN

PVD TiN
Amorphous IGZO S

SlO2 (40nm)

) l].l1 e c partner SiO, (20nm)

technical
week

V-drop dependence on L., and Yy, ;ead

1 | —
= | WWtr,Rtr =1 Hm
<08 | =
a | LVVtt‘,Rtr‘ =45 nm
206
o

R

()

¥ * |
e LB F L e 4
0
30 60 90 30 60 90  Lext(nm)
-2 Vwwl,read (V)

WWL

*  Strong dependence of V-drop on L, and Vyyw read
*  Capacitive coupling between SN and WWL
= Vywwi transition from 1V to -2V induces partial SN discharge

Cep is expected to be higher in Gate-Last configuration
= Cp increases for thinner gate dielectric

Low V¢ after the transition between write and read?
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Outline

“mmec

2TOC results in Gate-Last devices

Effect of oxygen-tunnel on retention / off-current
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Id-Vg characteristics of read transistors = ™" wyw “ Lmln

Si0, (40nm)

Si0, (20nm)
WBL Wir [ SN Rir Ao (ISom) |
sweep , :
Highly-doped Si Substrate

cox, Rtr

W=210nm W=180nm W=[80nm W=180nm W=210nm W=210nm
L=40nm L=40nm L=50nm L=46nm L=40nm L=40nm RWL=0V

geg 10n slng E G tf‘ .
e- ncapsulagion -
1e:&6‘ AIZ 3 2 p sio,
37 CAAC 4e-7 .f Vwbl sweep
2e-7 .
0 of" | sttt o
%% NoOT z o
3 5_5 267 'l. RBL = Rtr drain
= 1671 o o Vwe =Vsn 2 Rtr gate
o*®
w""

0e+0

Ixrbl (A)

Vwbl (V)

* Anneals were optimized to have similar V,, in all split

* Gate-Last reproducibility observed also for 2TOC structures

e SlightV,, degradation after 400-s stress on read transistor
—> Polynomial fitting of a single 15-V; may be misleading

JENENEN —> Weighted average between the two |5-V, curves*

NONANONQLRNONIGNON

’ ’

Vwbl (V)

“umec....
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Write operation Read operation
WWL= IV WWL= 2V

Effect of Oxygen Tunnel on 2TOC retention TV e LT e

. . . . Cox
W=210nm - L=40nm 25 devices — different colors = different dies Cont _
WL=0V =
w w

o w w w g‘
B TiN

TiN YT R ORPHOUS 1GZO (1oamg) "

PVDTIN PVDTIN
Amorphous IGZO (10nm) SiO, (40nm)
o EN--EN

Y TN T S 50, oty

ALO, (15nm)

v Highly-doped Si Substrate
= 40aF -
Median t, =8s

.= Highly-doped Si Substrate
CoxRtr Oa

Ven V)
coo0Oo -
Ve (V)
0co0O -

ONP DN

Median t,..=220s

ONARDO-=N

0O 20 40 60 80 100 0O 20 40 60 80 100
time (s) time (s)

Strong improvement in 2TOC retention thanks to the oxygen tunnel
- More efficient defect passivation in the channel

‘unec .. .
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Benchmarking against reference Gate-First

Read operation
WWL =-2V

L

WBL=0V  |\pse 5N| Rer

Write operation
WWL= 1V

RBL=1V RBLEIV

WBL=1V Wer | SN

Rer
Gate-Last Gate-Last - OT Gate-First Cour ot
WL=0V RWL=0V
w
§ w W/ w W=210nm s W w w W=210nm g w N w W=180nm
2 TiN _ . i & ' =
L T oI AL AL L_40n:n VTN oRPHOUS 1620 (10nr) L=40nm | PVDTiNAm“m)PVDTIN | L 45n:n
Si0: (PECVD) (20nm) Cox,Rtr_4o aF SiO, (40nm) Cox Rtr=40 aF Si0; (20nm Cox,Rtr_38 aF
Highly-doped Si Substrate Si0, (20nm) Highly-doped Si Substrate
1er3s ST <
%g+%: ] 2?17? [ ] a 0.4+
+21 = le-174 ®
—~ 1e+21 E lesP® o - 0.351
~—— 5Se+1] 3 2e-18 [
— el < 1e-184 T 0.3
O e+l — 421&13 o >'
Al 5 1619 . ® 025
3e+0] - 4e-20 ® = i ®
2e+0 2e-20 C 024
1e+0 . 1e-20; -
Gate-Last [Gate-Last OT| Gate-First Gate-Last [Gate-LastOT| Gate-First Gate-Last [Gate-Last OT| Gate-First
* Gate-Last with oxygen tunnel enables longer retention thanks to lower |5
—>More efficient defect passivation in write transistor channel
‘amec * Initial V-drop is lower than in Gate-First = to be investigated

technical

13
week
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Write operation Read operation
WWL= |V WWL= .2V

RBL=1V

RBL=IV g \A7 W

2TOC retention GL - Summary T i g M
No 10nm 5nm 7nm CAAC I5nm wmlv—m_sinL wu:mjgilgi “ﬁo,mm“

OT A|203 A|203 Sioz IGZO A|203 Si0, (20nm)

1e+3-

5e+2 ® 1.2
—~ 33 A
£1e+2_ 40 aF > 08
-'é' 5e+1 @ 127 aF 5 =06
=

=0V Highly-doped Si Substrate

10-nm Al,O;

t.>400s in some structures

3a+1 5| aF 40 aF <204 % - t,.. and | extrapolated from
ze a a 02t Vsy = Vsyinit€ © -
Te+14 QSN T T SN.init® , ] Vs exponential decay
Ser0 41 aF 40 aF 0 100 200 300 400
] ’;’g time (s)
616+
@
—_ 2] Vsn,init I _ Vsn,init + COX pyy
= 1617 tret = In T OFF = W
S5 Vsn,inie — 0.1V T Wwer

I 1e-18- ?

~  4e19

4=, 2e10 2

= 2 % * Longest retention time (>400s) and lowest | achieved with

10-nm Al,O, gate dielectric + oxygen tunnel

035
>
g % ® * Initial V-drop depends on gate dielectric thickness
E 0.25 e ° * Dependence on material (CAAC vs amorphous) to be investigated
T 02 m . .
= ! @ % * High |4 extracted for 5-nm Al,O; 2> High |, at -2V?
015 W=210nm W=180nm W=180nm W=180nm W=210nm W=210nm * Lower Vi, to prove the impact of I,

L=40nm L=40nm  L=50nm L=46nm L=40nm L=40nm

“umec....
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Effect of Viywi reaq ©N retention time

5nm Al,O; with oxygen-tunnel

25 devices — different colors = different dies

W=180nm L=50nm
1e-55

Initial
anneal

Vwwireas==2V
K C. =127 aF

Ixrbl (A)

0 20 40 60 80
time (s)

Median t. = 8s

100

Vwbl (V)

Vg <-0.5V
- Less negative Vyyyyy reaq CanNnot be applied
—>Additional anneal to increaseV,,

“umec....
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Write operation
WWL= 1V

W=180nm L=50nm

Irbl (A)

Initial

an

Vwwiread="

neal

itional

Vwbl (V)

I'V can be applied

Bhrs
val

Cumulative Probability (%)

RBL=1V

- WBL=0V SNI
WBL=1V Wer | SN Witr
x,Rer
WL=0V

99 %

95 %
90 %

75 %
50 %
25 %

10 %
5%

1%

Ven V)

cocoo -
ONPEOaN

Read opemtion

W’WL'

—

RBL=
%, Rer
RWL=0V

w

Sio,

PVDTIN

Amorphous IGZO (10nm’
“ﬁoz -

SiO, (20nm)

Al,0; (15nm)

w w

TiN
PVDTIN

Highly-doped Si Substrate

VWWL read =-1V

C,=127

Median t,_.,>400s

aF

0

100

ret

tret (S)

200 300
time (s)

400

99 %

95 %
90 %

75 %
50 %
25 %

10 %
5%

1%

lorr

Cumulative Probability (%)

OFF

Lower |Viyywireadl = best retention ever

Benefit of higher C

ox,Rtr:

(A/pm)

without penalty in |
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Write operation Read opemtlon

Effect of additional O,-anneal and Y ey Y v w

retention at high temperature W‘JW—L‘*[I e WL‘EI o S

w

sio,

RWL=0V SiO, (20nm)
W= I 80nm L=50nm Retention at h,gh temperature Highly-doped Si Substrate
. . 25 devices — different colors = different dies
Retention time 1.2 . .
< Initial Anneal ., 9‘0% T=25°C;
-350C - 3hrs 2 0% <08
-350C-4hrs 27 504 : —
é 5% > 0_% Median t,..=486s
o 10% L " i
—_ g f? 0 100 200 300 400
§ S 0 500 1000 1500 2000 time (s)
'E t (s) 12' T — T o
-_— ret 1 T_so C
forr 06
| ©-350C-3hrs oo
_o% s 0.4
< o - 02t Mediant,=285s
5 s0% 0 .
£ 50 0 100 200 300 400
25 -15 05 05 15 S 0% time (s)
Vwbl (V 5 % ' 1.2 v
V) g o i §~0% T=95°C
S 10 107" 107"® < U
e (um) z 8?1 Median t...=7s
> 0.2
0

Additional anneal does not improveV,,

0 100 200 300 400
- But it induces | and t,., degradation time (s)
Current fluctuation at high temperature
. - Retention can still be assessed
mec parner . Strong Vg discharge at 95 °C
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Outline

Gate First: 2TOC structures with different IGZO phase / deposition method
= CAAC/ Spinel IGZO
= ALD a-IGZO

“umec....
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Significant V,,, degradation after retention test in

Gate-First devices
W=180nm L=45nm

1e-6

5e-12
-
e-
1e-12
5;13 o
o153 @8 ece : :
15-10 05 00 05 10 15
Vwbl (V)

Sweep

- after 200s retention test
= before retention test

Ipg=Vsn characteristics

‘WBL
3

sweep

WWL= IV

RBL=1V

Cox,Rer

WL=0V

9e-84
8e-8-
...
7e-8- [ )
o
6e-81 ®
5¢-8 .. 09!
*®
4e-8 ®
® o
3e-8 d ..
® 9
® 9
2e-8- @ ®
...
1e-8- ..
0e+0{‘.
0.0 0.5 1.0
Vwbl (V)

w

w w
TiN

sio,

pvDTiN PECVDSIO, (7Tnm)  pvDTIN
Amorphous IGZO (10 nm)

Highly-doped Si substrate

Sweep

« after 200s retention test
- before retention test

StrongV,,, degradation induced by H diffusion from PECVD SiO, - see R106 / R107
Weighted average between the two lgg -V\yg curves necessary to have valid retention assessment*
—> Unstable test-vehicle limits the learning for Gate-First devices

“umec....
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* See backup slides
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Write operation

Read operation

w

WWL= |V WwLs-2v
RBL=IV L RBL=IV w e w
Impact of IGZO Phase :
W““M Rer B Iwer LS| Rer @ pvDTiN PECVDSIO, (7Tnm)  pvDTIN
W=180nm L=45nm; C_,=40aF .
oX, Rtr wL=ov RwLEov Highly-doped Si substrate
| 3 devices — different colors = different dies
56-6 . PVD CAAC
s PVD GCAAC VD Sdinel 2 12, PVDa-IGZo 1.2 :
Te-6 1 : - 1 Median t,.=60s
333% PVD a{lGZO 8 Median t...~=51s < 08 ret
1674 6 Z06
ot 4 0.4
1%9.3 PVD Spinel | 2 ~ 02
%;!—397 0 0¢ ) i r
< B 0 50 100 150 200 0 50 100 150 200
E 153190— 1ime. (s) time (s)
= 1e_81i1(? 12 PVD Spinel I 1o, PVD Spinel 2
) é ' Median t..~93s ; Median t..= | 4s
el 6 6
<13 4 4
Rt (- 2 . 2 s
GliFeee, 2% Meel. mew 0 5 100 150 200 0 50 100 150 200
-2.0 -05 10 -20 -05 10 -20 -05 10 -2.0 -05 1.0 time (5) time (5)
Vwbl (V)
* Large variability in transfer characteristics (PTW 10/2020 R106) = large variability in 2TOC retention
*  No major impact of IGZO phase on retention
» Strong variability also for initial V-drop sIGZO | GZO 6 nm template: IGZO 90% O,, RT
: mumec s-IGZO 2 GZO 6 nm template: IGZO 90% O,, RT - O, anneal 500 °C

technical 19
week
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Irbl (A)

“umec....

Werite operation
WWL= IV

L

WBL=IV Wtr SN
xR

RBL=1V

Impact of IGZO Deposition method
W=180nm L=45nm; C_ . =40aF

| 3 devices — different colors = different dies

Read operation

WWL -2V

RBL=IV

WBL=0V Wer sNI

WL=0V

PVD a-IGZO ALD 20% In ALD 25% In ALD 30% In 1.2r T PVD a-.IGZO .

: = 0.; Median t,..=51s S
06 .
<" 0.4 >

0.2
0
0 50 100 150 200
time (s)
ALD 25% In
1.2 " T
1 )
< 08 Median t,..=285s <
=z 0.6 =
(7] %]
~ 045
0.2 =
0 L ] ]
90 05 10 20 05 10 20 05 10 20 05 10 0 50 100 150 200
Vwbl (V) time (s)

technical 2
week
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RWL=0V

sio,

w

w w

TiN

pvDTiN PECVDSIO, (7Tnm)  pvDTIN
Amorphous IGZO (10 nm)

Highly-doped Si substrate

ALD 20% In

1.2 :
0s Median t,.=161s
0.6
0.4
0.2

0 50 100 150 200

time (s)
ALD 30% 1

1.2 : =
0.; Median t,..=361s
0.
0.
0.

150

100
time (s)

Strong initial V-drop for ALD IGZO - V-drop not only due to WWL-SN capacitive coupling
Promising retention with ALD IGZO - to be assessed on Gate-Last

confidential



Write operation Read operation \"."
WWL=1V WwL=.2v

RBL=0.8V RBL=0.8V
Summary of Gate-First results 1 1 BA T B
| o
WBLEIV  |yarer | SN Rir WBL=OV |\wyr | SN Rer @ pvDTiN PECVDSIO, (Tnm)  pypTiN
c c Amorphous IGZO (10 nm)
ox,Rer ox, Rer
WL=0V RWL=0V Highly-doped Si substrate
Retention time Initial V-drop
600 1
o 4
500+ 2 8:2, ®
Q 071
—~ 4001 ° 0.7
@ K S 05 @ °
+ 3004 T 05/ )
g 2004 > 04]
[ ] P = 0.3]
100 = 0.2
0 € 0.1
PVD a-IGZO| PVD CAAC |PVD Spinel 1PVD Spinel 2| ALD 20% In | ALD 25% In | ALD 30% In O |PVD a-1GZ0 | PVD CAAC |PVD Spinel 1|PVD Spinel 2] ALD 20% In | ALD 25% in | ALD 30% in
I
OFF
1e-17
5e-18

= 1e-19) § * V-drop dependence on channel material to be investigated
iy 5e-20

3e-20
2e-20

1e-20

— 318 T . . . .
c 192"1’*; % * Large variability hinders the learning for different channel materials
E 1e-18]
5e-19
< £ @ o °

* Promising retention with ALD IGZO
- To be re-assessed in Gate-Last devices

PVD a-IGZO | PVD CAAC PVD Spinel 1PVD Spinel 2| ALD 20% In | ALD 25% In | ALD 30% In

“umec....
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Write operation Read operation
WWL= 1V w WL -2¥

RBL=1V RBL=1V

x,Rer Cox x,Rer
WL=0V

Summary of |5y / lgge / retention time

RWL=0Y

GL-OT*

466 e m o 1e+14 GL-OT GL-OT* |
S 9 GL-OT 5nm ALLO
< 26{GL- OT"‘ 7nm SiO, 10nm AlL,O, ] 23
r  onmAl, :Oag o{ A GL-OT @ -
= 1e-6] GL- ’
= et |5nm Al o I 5nm AIZO34 ,

Ge-7 nm 03 = le+13 G |
® =7 (Gate encapsulation) ® (Gate encapsu atlogy
—~ T Skar- PTw 102020 =
S 15nm ALLO - GLOT  GF-PTW 1012020, e
S5 27 273 ) I5nm AlLOp”
< @acL-or = 7nm SiO nm Al,Oq GL-OT
= 1e7 CAAC IGZO > Te+12- >|< CAAC IGZO
o e S
= &l P cr
T e )
B ae Spinel IGZO > VGF
D 28 VGF ALD IGZO
= ALD IGZO Te+111 Splnel IGZO

1e-84 ‘ . |

320 5020 1glqg 2019 3019 5619 4golqg 2018 5ev0  qg4q 20t 31 Berl  qgup  2ev23er2 Be2  qg43  2e%
Median loff (A/um) Median retention time (s)
*VWWL,read =-1v

“umec....
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Conclusions

= 2TOC retention assessed on Gate-Last (w.and w/o Oxygen Tunnel) and Gate-First with different IGZO
phase / deposition method

=  Gate-Last with oxygen tunnel ensures better retention thanks to lower |5g

= Initial V-drop depends on device architecture and channel material cLoT

1e+14 GHOT
= 5nm Al,O; gate dielectric: onm AL g
) . . GL-OT »
= Retention and |5 can be improved by reducingViwwi read o, 150m ALO; o _,#7
. . . ’ © e+134 (Gate encapsulat\o’n}’
= Gate-Last is a more reliable test-vehicle for 2TOC assessment: o cLor GF-FTW 102020,
o e e ) nm #
= Lower initial V-drop ST R SO i
= Better reproducibility across the wafer = -
V GF
ALD IGZO
Te+114
5o qgpq 20v13erl Berl  qglo  2ev23a2 6ev2  qg43 203
O utl OO I( Median retention time (s)

= Focus on understanding the trends observed in Gate-First and Gate-Last
= Impact of architecture and channel material on initial V-drop
= Effect of gate V-stress on 2TOC retention
= AC test implementation
= 2TO0C and 2T C implementation for best Gate-Last and Gate-First devices with oxygen tunnel

“umec....
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Weighted average between |, before retention and after retention

Purpose: considerV,,, degradation in the V¢ calculation

IRBL (A)“ V2

-> After
retention

Nieeps— total number of time

VI steps during read operation
—> before retention

For each time step t:
f,» = polynomial fitting of [Vavg(t,)

n

- Ven (t,)
v v SN \‘'n
wet (V) = fp ,(IRBL(t,))

For each time step t,, the weighted average
between the two Igg -Viyg, curves is calculated:

Vavg (t,) = (IV1 . NStIe\Zstz; vz 0 » First time step = only IVI is considered
IVavg (t,) = (1V1 i (NSteps_n)) +UV2-n) Time step n = weighted average
Niteps between IVI and IV2
IVavg (tyseeps) = avi-0) ;Vl_sfeliz “Nsteps) » Last time step = only IV2 is considered
‘mmec....

technical 2
week

ke (A)]

Read operation

1 »

Vsn (V)

1.
thtepsl time

[

L

[
CNsteps: time
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