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TRANSISTORS USED IN DRAM MEMORY CHIP

Peripheral transistors serve several purposes: address decoders, sense amplifiers, output buffers, control circuitry

This presentation: FinFET integration in low voltage transistors
Key integration challenges: gate-first FF flow, high thermal budget
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Reference value for DDR3, DRAM 20 nm node; Adapted from S. Y. Cha, IEDM 2011 short course;
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FF MEMORY PERIPHERY EXPECTED VARIABILITY & PERFORMANCE IMPROVEMENT
WIDE EFFECTIVE TRANSISTORWIDTH IN FINFET W/ HIGH FINS

Planar FinFET '
W (Planar)

W(FinFET) = (2H+T) * Fin number
Wide effective transistor width in FinFET achievable with higher fin

e Larger drive current/foot print AV Avt etter mismatc

e Small variability - ¥ L
1.2 40

- - .. Min. HK-MG Minimum size FInFET
FINFET has intrinsically . o /M 23
better variability thanks gos FINFET 55
to low channel dopant g0 £
concentration. g 04 7 o

<

0.2 5

-u“ecﬂm ° 130l90 65.45I32.22'14 ° 130I90I65‘45I32I22‘14
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KEY PROCESS ASSUMPTIONS

Fin geometry:

40nm initial fin height target, to be extended to taller fins

Single patterning (cost effectiveness, variable fin width)
® -> Gemini maskset: variable fin W (15-100nm)

* QGate stack:

Gate-first SiON/poly (lower process cost)

Gate-first HKMG (performance, scalability, process window)

Gate-last not considered at this point (higher cost, thermal budget considerations)

Junctions/contact:

Epi not implemented yet (lower process cost), evaluation planned

* Junction design by ext/halo and HDD implantations

Extended silicide contact (Salicide) without MO/LI module (lower process cost)

“mec.
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OUTLINE

* FinFET integration in memory periphery

" Process/device pathfinder lot: module development status

= Key challenges & outlook
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Development needed:

FIN/STI MODULE

A
* Key layout/process values: “ Major challenges: A £
* Fin width: 15-100 nm * None E

®  Fin pitch: 200-600 nm £

“ Key device splits:

* None e
50 nm S

G COVENTOR
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CHANNEL DOPING/FIN REVEAL Do Spment peeced: L '

Key layout/process values: “ Major challenges:

Fin height: 40 nm (evaluation to * None expected
be extended to 80nm)

Key device splits:

Channel implant conditions
(based on Everest and Salsa3
baselines)

V; adjust implants

2e73 0l S 1743 nm|

§ COVENTOR
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GATE STACK DEPOSITION e

Key layout/process values: " Major challenges:
* Two gate-first options (SiON/poly and D&GR HKMG) * None expected

Key device splits:
* V; tuning in SION/poly (channel and poly implants)
* V; tuning in HKMG (channel implants, dielectric caps)

SiON HKMG (D&GR)

I\ GCOVENTOR

umec....
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Gate etch
GATE PATTERNING

“ Key layout/process values: ® Major challenges:
* Gate length (min): 35 nm (30nm trim) * Gate profile / fin attack
* Fin pitch (min): 500 nm tradeoff in SION/poly

WFM protective liner: 3nm

Key device splits:

None

G COVENTOR
‘umec....
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GATE PATTERNING: SION/POLY

Fin attack at wafer edge

Linked to polySi uniformity
and SiON thickness

Outlook: improved poly
dep uniformity and CMP
planarization

Strongly tapered profile

Due to lateral etch of
doped poly

Unclear if process window
exists

Outlook: process window
exploration

CONFIDENTIAL
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GATE PATTERNING: HKMG
B

.

129.5 nml| |

“ Gate profile OK
* No fin attack

Residues observed at
north of wafer

Linked to poly uniformity

Outlook: improved poly
dep uniformity and CMP
planarization

‘umec....
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| Developmentneeded: |
JUNCTION FORMATION sl

Key layout/process values: * Major challenges:
* Spacer width: 30nm (to be scaled) .

Key device splits:

None expected

Ext/halo implants (based on Everest
and Salsa3 baselines)

HDD implants (based on Everest
and Salsa3 baselines)

* DRAM anneal

Ext/halo I/l Spacer deposition Spacer etch

HM removal, HDD.I/l, anneal

o
T -

§ COVENTOR
‘umec....
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Developmentneeded: |
MOL

Key layout/process values:

Major challenges:

Self-aligned silicide None

PMD/contact scheme ported
from planar baseline

Key device splits:

None

PMD CMP

Contact etch Ti/TiN/W contact plugs

§ COVENTOR

‘umec....
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Development needed:

BEOL
* Key layout/process values: “ Major challenges:
® Cu damascene as in planar baseline * None

“  Key device splits:
* None

MI litho MI etch

oV

A Lam s

6C
‘umec.... ,
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KEY CHALLENGES & PLAN

OK -

Fin/STI

Channel doping/fin reveal OK for 40nm fins Fin reveal and implant conditions
to be developed for tall fins
Gate stack deposition Working SiON thickness tuning, D&GR

process optimization for fins

Gate patterning Tapered profile, fin attack PolySi uniformity improvement,
(SiON/poly) etch window exploration

Gate patterning (HKMG) OK for 40nm fins PolySi uniformity improvement,
process optimization for tall fins

Junction formation Working Spacer and I/l tuning for 40nm
and tall fins

K4
(o)

O
A

L

BEOL
‘mmec....
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OUTLINE

= Electrical evaluation of FinFET pathfinder
* Device performance: HKMG vs SiON/poly
* Threshold voltage tuning

® Thermal stability
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GATE-FIRST HKMG FINFET DEMONSTRATED
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1.E-04

1.E-05
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1.E-08

1.E-09

Source current, I [A/um]

1.E-10
1.E-11

1.E-12
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< . Bulk FinFET, HKMG
3 Vpp=1V
‘ with DRAM anneal
o °
“l' K 4
L % o @
1 Jd .“.’? 1
-0.5 0 0.5

Gate bias, V; [V]

FinFET process/device pathfinder: gate first integration, with good
electrostatics down to target L

Nominal W, ,=20nm
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DEVICE PERFORMANCE: HIGH-K/METAL GATE

Planar PMOS )'Planar NMOS
1.E-03 | 200 »
bulk FinFET, HKMG % .
’ ®
Lo | vy %69‘ 180 |} bullf FinFET, HKMG
with DRAM anneal @ é. A 160 } Vpp=1V
1.E-05 S 140 with DRAM anneal
'E' ; —
i 1.E-06 _E_ 120
<
: 1E07 £100 b — — — L -
g —
a =] L
§ 1.E08 a 80 @ \\MOs (closed)
LE-09 60 | PMOS (open)
' 40 | I
1.E-10 20 L I g o
: o0 @ O ® T
0 ML PR | » 2 a2 32 2 aaal » M B R

1p11 o o AL, R .
0 / 20 400 600 800 1000 10 100 1000 10000
lon [HA/pum] Lg [nm]

Imec HKMG PMOS/NMOS I /loge
planar performance (see R Ritzenthaler et al,
TED 2014 for further details)

lon/logr target: Lg~55-65nm

FinFET HKMG wafers: pathfinder lot at performance level (Ign/logs short
channel margin) of planar baseline

technical 21 CONFIDENTIAL
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DEVICE PERFORMANCE: POLY/SION

1.E-03

bulk FinFET, NMOS
V=1V

1.E-04

1.E-05

colour: SiON wafers
black: HKMG
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1.E'11 ...............................
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ey

Z

PMOS

200 400

500 600 700

lon at VTH,LIN'D'GV [MA/pum]

Functional Poly/SiON FinFETs, but worse performance than HKMG

“  SiIONT,, thicker than in HKMG wafers (see next slide)

) Lmec -
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thv [nm] mm
GATE STACK COMPARISON — T

1.E02 si0, /Polysilicon 6
i0, /Polysilicon )
. DFFPMOS - prENMOS 4 0ng §| Poly/SiON 3.4 3.9
& 1E+01 | TIN*ALO;  Tin+mg \ " 2
‘E! N bFE NMOS™,  pre nvOS Bulk FinFET I
< 1.E+00 !\\ TiN only \ 18 f=1MHz |
-3 \ ] Planar NMOS \ [l Width =100 nm
= E —— N £ ' Fikme ' HKMGS
S1E01 f \ @ TiN only Poly/ = !
3 S U A m &1 |
: i \ Planar spec. \SiON ° @) !
hra \ © 12 | O I @ Poly
F O1LE02 | Planar NMOS = pol I ® SiON
© F TiN+Mg/As 1/1 ‘o T 0 b L e |
v [ @ SiON )
o Planar PMOS o I
£ 1E03 | Lo : \ g 5 < |
S F Nz 3 capping g ! ®
8 1E-04 | \ bFFPMOS  per ppos § °f *% S e
U] HKMG » TiN only E 4 o . [e) °
[ AY O e 1 Q
1.E_05 PR RN BTN (RN B RN BN WA BTN RN BNNUNN RN N RN R 2 ]
10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 wl e
. N S e PP PP PP
G [A] -1.5 -1 -0.5 0 0.5 1 15
. HKMG: Gate bias, Vg [V]

Consistent values for TiN only HKMG wrt planar baseline

Gate leakage degradation with integration of eVVF shifters in FinFETs (under investigation)

“  Poly/SiON:

‘mec... .
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V1 TUNING: HIGH-K/METAL GATE NMOS

0.6
= NMOS HKMG, No B V;y adjust implants
= 0.55 [vp=50mv \ 4
s Lg=1pm
> 05 pe *H No MgO
& * *
€ 045 |
g 0.4 ** e
T ®| 100/125mv Py «—— MgO 6 cycles
2035 | [ ~
4 MgO 10 cycles
£ 03 | o)
et
£ 025 |
—
0.2 L L L L L
0 0.02 0.04 0.06 0.08 0.1

Fin width, W, [um]
* D&GR MgO cap:

* Shift preserved down to narrow FinFETs
* >100mV shift obtained at 15-20nm FinW

* No effect of MgO thickness

cccccc

0.75

o
N

0.65

o
o

0.55

o
n

0.45

o
B

Lin. threshold voltage, V;, [v]

0.35

e
w

Channel implant

Reduced efficiency of V 1, adjust implants
with fin width reduction

Maximum +70 mV shift obtained for
narrow FinFETs with V; adjust implants

NMOS HKMG,
V, =50 mV _

B V;,, adjust B 15keV:
Ls=1pm 9102 ¢m2,1.2 10 cm?,

. 1.5 10 cm2

' @ No V,, adjust implant
@

+70mVat W, =20nm

0.04 0.06 0.08 0.1
Fin width, W, [um]

0.02
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V+y TUNING: POLY/SION NMOS

~ 0.1 NMOS Poly/SiON, No V;, adjust
= 0.09 OO Vp =50 mV
>-q 0.08 B O LG = 1 um
g 0.07 | P
S Q
5 0.06 | ® Poly predoping P 20 keV
5 005 T ° 310'°cm™
S 0.04 |
g 0.03 | 9 Q 8
=
;f 0.02 No Poly predoping
£ o0.01 |
0 '] '] '] '] ']
0 0.02 0.04 0.06 0.08 0.1
Fin width, W, [um]
Poly doping:
* Limited V4 shift obtained with gate
predoping implant
umec...
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0.25

o
N

0.15

o
[

0.05

Lin. threshold voltage, V,,, [v]

Channel implant:

Reduced efficiency of V 1, adjust implants
with fin width reduction

Limited V4 shift obtained for narrow
FinFETs with V, adjust implants

NMOS Poly/SiON,
Vp =50 mV
L =1mum V,, adjust B 15keV
1.5 108 cm??
o
® []
O V;, adjust B 15keV
i O [] 91012 cm?2
_ Y=
0 0.02 0.04 0.06 0.08 0.1

Fin width, W, [um]
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V1 TUNING: HIGH-K/METAL GATE PMOS

-0.2
= PMOS HKMG, No As V adjust implants
= 0.3 |Vo=50mv . .
03 Tl -1um Channel implant
%-0_4 - A * Very limited shift with the chosen implant
§ Ay A conditions
k= 05 150 mV A AlO 6 cycles A
2 -0.3
s 0.6 O¢! PMOS HKMG,
= 0 ® @ rnony ® 0.4 FVo=50mv
£ ' L;=1pm
-l

-0.8 | 1 1 1 1 '0-5

0 0.02 0.04 0.06 0.08 0.1

Fin width, W, [um]

*  D&GRAIO cap:

~ practically no shift W, = 20nm
) . . No V., adjust implant
07 | §) A

V,,, adjust As 90keV:
1.5102c¢m?, 2.2 10 cm?,

Lin. threshold voltage, V;, [v]
=)
o

Shift preserved down to narrow FinFETs

* 150mV shift obtained at 15-20nm FinW 0.9 ' ' : ' :
0 0.02 0.04 006 008 0.1

Fin width, W, [um]
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THERMAL STABILITY: EFFECT OF DRAM ANNEAL

0.6
—_ NMOS HKMG, No B Vqy adjust implants
>
= 0.55 F vy=50mv
- Lg=1pm
> 05 |© No MgO
g Q
o C
£045
S A
o
> 04 F
° ‘9& u MgO 6 cycles
_g 0.35 | (A
£ o3} #
- Open: w/o DRAM anneal
£ 0.25 | Closed: with DRAM anneal
-
0.2 'l 'l 'l 'l ']

0 0.02 0.04 0.06 0.08
Fin width, W, [um]

0.1

No effect of DRAM anneal (650°C,
4 hours) on gate stack (expected
from planar D&GR baseline)

No effect of DRAM anneal on
lon/lope 2nd short channel margin
(potential model: junction diffusion
corrected by electrostatic control)

‘mec...
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lorroram [A/pm]

7 Lg [nm]
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1E11 e o, PR S
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200
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‘; 140 + w/ wo/ DRAM anneal
% 120 _
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T 60 |
E a0 } 4]
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CONCLUSIONS

*  Process/Device pathfinder for FinFET integration in memory periphery successfully
fabricated and evaluated
* 40nm fin height, unichannel NFET & PFET
* Gate-first SiON/poly and HKMG
“* Initial module development completed, key challenges identified
* Key modules set up for HKMG gate first integration on 40nm fins
® Challenging gate patterning for SION/poly
“ Electrical performance close to pathfinding targets
® Acceptable I5\/log and DIBL at Lg~55-66nm, competitive performance wrt planar baseline
* Successfully demonstrated D&GR HKMG scheme on FinFET with MgO and AlO eWF caps
* Initial exploration of V 1, tuning options for HKMG and poly/SiON
* Excellent thermal stability of gate stacks and junctions

mec ...
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OUTLOOK

Process optimization for 40nm fins

Improvement of polySi uniformity and planarity to enable gate etch learning

Process window exploration for SiON/poly gate etch

|dentification and reduction of process variability sources

Tall fin demonstration

Extension/development of process modules for 80nm fin height

Device optimization

Assessmentof maximumV 1 tunability in D&GR HKMG scheme

Further exploration of V |, tuning via implantation

“mec .,

rtner
technical 30 CONFIDENTIAL
week



umec ...

technical
week

TOSHIBA d+%icron SONY g@ QUALCOMW  SamDisk socionext

HUAWEI

‘ GLOBALFOUNDRIES ( i@ w SI&ynix




	FinFET integration in memory periphery transistors
	Slide Number 2
	outline
	outline
	Transistors used in DRAM memory chip
	FF Memory periphery expected variability & performance improvement
	Key process assumptions
	outline
	Fin/STI module
	Channel doping/fin reveal
	Gate stack deposition
	Gate patterning
	Gate patterning: sion/poly
	Gate patterning: hkmg
	Junction formation
	MOL
	BEOL
	Key challenges & plan
	outline
	Gate-first hkmg finfet demonstrated
	Device performance: high-k/metal gate
	Device performance: poly/sion
	Gate stack comparison
	vth tuning: high-k/metal gate nmos
	vth tuning: poly/sion nmos
	vth tuning: high-k/metal gate pmos
	Thermal stability: effect of dram anneal
	outline
	conclusions
	outlook
	Slide Number 31

