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Vision
— Establish a CMOS process technology and design environment
available to academic users

Purpose

— Benefit research projects where integration of circuits would add value

e.g. - Integration of new materials and devices with CMOS
- Extended CMOS beyond conventional use cases

Current status

— An FD SOI CMOS process (1P3M) with basic
Process Design Kit has been established.

Current objectives:

— Demonstrate high yield (>80 %) on circuits containing more than 10 thousand transistors.
— Extend the basic Process Design Kit with a larger standard cell library
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Design Rules

I-line stepper, A=365 nm
Resolution: 0.5 pm, Alignment: 50 nm

« Active area: width/open 2/2 pm
« Contact holes (CT): 1x1 pm?

« M1, M2: width/open 2/2 pm

* M1-CT: overlap 0.5 pm

e Lg=1pm

* Weeer=4 pm, Wyeer=2 pm

NAND: 16x36 pm?2

Die size of 7x7 mm : ~ 85 kKNAND/die
Die size of 21x21 mm : ~ 765 KNAND/die
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t9il  Fully Depleted SOI CMOS
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n+

Si0, Buried Oxide (BOX)

Si substrate

1. Alignment mark

2. Si device layer litho , t5;=25 nm

7 nm SiO, /18 nm TiN/100 nm n*-poly-Si

3. Gate litho and etch

4, n* As impl. 9 keV, 1e15 cm-

5.  p*BF,impl. 9keV, 1e15 cm-2

ALD SiO,/PECVD SiN spacers, RTA 1000 °C,
400 nm PECVD SiO,

6. Contact hole litho

M1 DEP: 100 nm TiW/500 nm Al

7. Metalllitho

RIE M1, Interlayer Dielectric Deposition 1 + CMP
8. VIAL litho

RIE VIA1, M2 DEP: 100 nm TiW/500 nm Al

9. Metal2 litho

RIE M2, Interlayer Dielectric Deposition 2 + CMP
10. VIA2 litho

RIE VIA2, M3 DEP: 100 nm Tiw/1000 nm Al
11. Metal3 litho

RIE M3, PAD OXIDE Deposition

12.  OPEN PAD litho

RIE PAD OXIDE

10 % H,/N,, 400 °C anneal
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Mt

: 400 nm SiO,
20 nm Si |
145 nm BOX
Contact process Yield [%)]
development
ETCH: RIE to ENDP < 1%
Resist strip: O, plasma
Wafer Map DEP: TiW/AI
25
ETCH: RIE to or close to ENDP < 70%
20! Resist strip: O, plasma
CLEAN: 1 % HF
P DEP: Ar* sputtering + TiW/AI
[5)
g
10

ETCH: RIE on time > 95 %
1 nm < tgn, < 40 nm left in CT hole

Resist strip: O, plasma

CLEAN: 1 % HF 1 min

DEP: TiW/Al

w

300 400 500 600 700
R, [
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Process Optimization
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Inverter

1.8

1.6

1471

1.2¢

Wpper=4 um
Wirer=2 um

L
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Vin VI

Crowbar Current [A]

vdd

Vs —m8m ——

0 02 04 06 08 1 12 14 16 18
Vin V1
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Frequency divider (8 DFF, 212 FETs)
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* Process with only 2 metal layers and V;,=-0.68 V & V1,=0.30 V (2019)
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TiN thickness (nm)

0.4 — T —
- i /A n* poly-Si, 600 °C anneal
S 0.2§ —[J=n"* poly-Si, 1000 °C anneal
‘ED" a0 —[]=p"* poly-Si, 1000 °C anneal
D '
E - M
o -0.2
> -
© 04 ' -
% i
0 -0.6F 7]
-
©
w -0.8 .

-1.0 — : e ;

0 5 10 15 20

2022-05-27

14



ks

S
ZKTHS

VETENSKAP

(5’8 18 nm TIN enables symmetric V-

Process Optimization
Statistic Process Control ALD TiN 4 &

Gate oxide: 7.5 nm
=
| Si

RIE of poly-Si/TiN
Si0, Buried Oxide (BOX)

PFET NFET |

Si substrate

log [WAMM]
3

os. © o\ [lon<10pAM
-18-15-1.2-09-06-0.3 0 03 06 09 12 15 1.8
Vs V1

Interdigitated finger yield [%]
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i%&78 3 Level Metalization
|

E
i

EHT= 3,00 kV Signal A = SES! Date: 30 Jun 2021
W= 50mm Mag= 2000KX Time: 20.33.44

=

7.

RIE M1, Interlayer Dielectric Deposition 1 + CMP
8.  VIA1llitho

RIE VIAL, M2 DEP: 100 nm Tiw/500 nm Al

9. Metal2 litho

RIE M2, Interlayer Dielectric Deposition 2 + CMP
10. VIA2 litho

RIE VIA2, M3 DEP: 100 nm Tiw/1000 nm Al

11. Metal3litho

RIE M3, PAD OXIDE Deposition

12.  OPEN PAD litho

RIE PAD OXIDE
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KTH FDSOI CMOS performance

10" |
VDD =18V
NFETs
100 L
_ PFETs
=1L
£ 10 j r e
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on |

I+, for the 7 fabricated wafers showing I <1 nA/um and I_, global variability
of about +10 % over a wafer. NFET I is ~2x PFET I .

* An FDSOI CMOS process (1P3M) has been established

* Lg=1 pm, Supply voltage V5,=1.8 V, Inverter propagation delay ~ 300 ps
* 1,4#< 10 pA/pym, PFET I,,=75 pA/um, NFET I,,= 150 pA/um.

2022-05-27
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ACADEMIC NETWORK

Design Rule Check (DRC)

- A DFF Layout vs. Schematic (LVS)
T schematic
i S Al Process Design Kit (KTH FD SOI)

S

» Design rules (layers, min width, min distance...)
+ Parametrisized MOSFETs

—] 4 e - + Calibrated transistor model (UTSOI from Leti)
G » Post layout extraction of parasitic R,C
= I b + Standard cell library, timing data
. i « Automatic Place and Route digital cells

% //// ////////// ///////////;;% ///////7//////// %%/ ///////// /y////////////////////////
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///////
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Calibrated UTSOI model in PDK and
global variability

100 . . . . . . . .
90 Bl(.)()4/$13/PFET, L=1 Lm i
red line is PDK model
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(54 global variability

B1064/S13/PFET, L=1 um | |
red line is PDK model
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B1064/S13/PFET, L=1 um
red line is PDK model
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Describe Draw layout Synthesiser
hardware r by place and adds buffers-
function in P route and delay-
| Verilog I H stages as
1
E simulate and ! | Check design :Q needed every
verify digital ! O rules and extract 1 | iterationto
function of | = parasitics from H H CO"?P'V with
1 code | I layout {1 timing
1 [ I I constraints
: . o
I Synthesise 1 : Synthesiser [
1 N [ [
| circuit from I, checksthedelay I 1 Once power,
1 1 1
standard cell | O and power I area and
Q library and i " consumption of i O timing is full- . . .
| performtiming | | currentlayout | filled, A Serial Peripheral Interface (SPI) designed
I analysis ' 1 design ! Sign off H H H H
e I R | using Verilog A code and implemented using

_ o KTH PDK Cadence tools:
3. Standard cell library, timing data
GENUS211 (digital synthesis)

4. Automatic Place ar.1d Route dlgll:a| cells INNOVUS181 (digital place & route)
5. Post layout extraction of parasitic R,C XCELIUM1883 (digital simulation)

IC618 (Virtuoso Schematic and layout editor)
PVS161 (DRC & LVS physical verification)
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3 Metal Layer Interconnects

el bley
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l
J’J‘Lu\‘. I ,«—‘:]: é;i lrﬂ n "rn,

Die size of 7x7 mm : ~ 85 kNAND/die
Max frequency ~ 10s of MHz

Saul Rodriguez Duenas, Mattias Ekstrém, Per-Erik Hellstrém

Calibrated FD SOI Model

10%f

B1064/S13/PFET, L=1 um
red line is PDK model

B1064/S13/NFET, L=1 um
red line is PDK model

6 L L L
d 1.8 -1.6 -14 -12 1 08 -0.6 -04 0
VasM Vas V1

Digital Design Flow: Verilog RTL to layout

GENUS211 (digital synthesis)

INNOVUS181 (digital place & route)
XCELIUM1803 (digital simulation)

IC618 (Virtuoso Schematic and layout editor)
PVS161 (DRC & LVS physical verification)

cadence

ACADEMIC NETWORK
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KTH FDSOI CMOS: Current developments

* Second version of PDK (to be completed Q3 2022)

— Re-design standard cells to increase yield.
— Extend the cell library for the digital design flow.
— New maskset with goal to achieve high yield on circuits >10 kTransistors.

+ Develop and integrate analog components in FDSOI Process

— High sheet resistance resistor
— Metal-Insulator-Metal Capacitor

+ Extend KTH FDSOI CMOS webpage

— https://www.kth.se/profile/pereh/page/cmos-technology-for-academia

2022-05-27
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High (>200 °C) temperature operation
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Potential use cases

High process temperature High operating
Transparent > 400 °C, 3D integration temperature

electronics > 175 °C

FDSO| co-integration of new

Digital Design Flow materials:
Standard cells, place and CMOS Graphene, 2D, Ge, piezo,

route, parasitic extraction VDD=1.8 V photonic, ferroelectric
and timing analysis. 1=250 ps, ft=4 GHz

\

Analog Design Environment High Frequency
Resistor, Capacitor, I/O devices Transistors

High Voltage (>2.5 V) CMOS > 100 GHz

Mature, ready to be used in projects
Proof of concept is demonstrated. Clear development path exist
Promising idea but technological barriers exists, potentially solved in a research projects
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