28nm technology and
ASIC design in HEP experiments

VERTEX 2023
October 16-20 , 2023
Sestri Levante

Kostas Kloukinas
CERN



@ Introduction

= Why the 28nm node

= Technology Performance

= Common Design Platform

= Design Ecosystem
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@ WP5.1 CMOS technologies

WP 5

a4 R&D

Survey of CMOS technologies

-~

Selectlon Criteria

Radiation Tolerance
Accessibility

Technical support
Availability of IP blocks
Long-term availability
Cost

2020

Technology |
Selection

Design Platform

Mixed-Signal Design Kit,
Reference Workflows, Rad-Tol techniques

IP blocks

Rad-Tol 10 pads, ESD structures, SRAMs
Rad-Tol Volt. Ref, ADC, DAC, PLL, DLL

SOC Platform

System-On-Chip design Enablers

p
Collaborative Framework

NDAs, Commercial contract,

Support, Maintenance, Training
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“position” of the 28nm node
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PERFORMANCE COMPARED TO 65 NM:
X 4-5 GATE DENSITY INCREASE
> x2 FASTER
> x50 LEAKAGE INCREASE — CAN BE REDUCED EXPLOITING MULTI-VT and MULTI-GL DESIGNS
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Moore’s Law has stopped at 28nm ?

28nm: Optimal Balance of Cost and Power for 2015 Devices

Shrinking chips 28nm 20nm
Number and length of transistors bought per $

16/14nm

130nm

= 28nm offers the most transistors per $
= The last! planar bulk CMOS node

Talmost; 22nm, 20nm ”shrink” nodes
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@ Cost comparison

MPW Charges per minimum Area MPW cost per mm2

10,000 USD

- USD — | -_!_! |

180NM 130NM 90NM 65NM 40NM N28 N1 N7

20,000 USD —

Budgetary numbers
Budgetary numbers

- UsD —_— — — e —

180NM 130NM 90NM 65NM 40NM = Series3

Mask Set Charges per Node Wafer Charges

2,000.00 USD ' ' ' !

1,000,000 USD . I
. USD — —_— e mm B N
N16

180NM 130NM 90NM 65NM 40NM N28

180NM 130NM 90NM 65NM 40NM N16

Budgetary numbers

= Series5

Budgetary numbers

Source: Europractice presentation at MUG session TWEPP2023
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@ 28 HPC+ technology options
and technology options available

TSMC 28NM CMOS RF HIGH PERFORMANCE COMPACT MOBILE COMPUTING PLUS 0.9/1.8V

hd NaI'I’OW down Optlons In the Technology characteristics Shrink technology: YES
common design platform to facilitate Core voltage: 0.9V

I/O voltage: 1.8V

* IP block exchange Shallow Trench Isolation (TI)

Wells: Retrograde twin well for low well sheet resistance and better latch-up

« Work on common projects behavior.

Triple well, Deep N-Well in option

« Organize MPWs for sharing prototyping costs Dual Gate Oxide

\/t options: ulvt, Ivt, svt, hvt, uhvt, ehvt
5V HVMOS
HighRes resistors

28nm Common Design Platform

# of metals: 5to 10 Cu + ALRDL
Interconnect dielectric: ELK

PDK: mmWave HPC"’ Top metal: 19KA, 85KA, T1.5KA, 35KA

CMP on STI, contact, via and passivation

Vt options: Ivt, svt, hvt, uhvt, ehvt/SRAM_LL oM capacir
Metal scheme: IP9M_5XIZIU + UTRDL

Options that need special SRAM Cell
attention Vt's: maximum of 4 VT types in one design.
Europractice support Metals Schemes . L
28 HP 8M / 1p8m_5x1zlu_ut-alrd|
™ Ip7m_4xlylz_alrdl I
8M |p8m_5x2r_alrdI 1p8m_5x1zlu_ut-alrdl
CERN ASIC SuppOI't Team 1p8m_5x2r_ut-alrd|
Alessandro Caratelli oM /
Marco Andotrno o
Kostas Kloukinas https://europractice-ic.com/mpw-prototyping/asics/tsmc/
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@ Digital std. cell Libraries

Digital std. cells
Foundry libraries
120 different sets

Optimized implementation
for Performance and Power

Front-end & Back-end views
(layouts & netlists) are made
available

a
a

Q

CERN study

Select the best sets and/or
exclude cells to optimize
Radiation Tolerance,
Performance and Power

Integrate libraries in the
Common Design Platform

Q

22222

222

Relative Performance

HS

High-Speed (HS, 12T)
Highest performance CPUs
Ah-mmsny (HD, 97)

Madium performance CPUs, high end GPUs

Ultra-High-Density (UHD, 7T)
Highest density, lowest power

| |
14
Relative Routed Area
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@ Digital Standard Cell Libraries

tcbn28hpcbw (40)
30 nm Fasteq

HPC+ | Raw Gate Speed Active Static
3 5 nm G ate I e ngth 12T | Density GHz Power Power
Kgates/mm2 nW/MHz nW/MHz
1 1
0.9

30nm 2971 .
40 nm L—ess Power 3%nm 2,971 0.992 0.446 POIY pItCh

40nm 2971 0.806 1.003 0.232 B [40nm[T

HPC+ | Raw Gate Speed Active Static
7 9 I 2 Tr | 0P Density GHz Power Power
’ ’ ac (S Kgates/mm2 nW/MHz nW/MHz
| &
HP c + 0n| T 4,289 0.742 0.601 0.485
y 9T 3,961 0.886 0.781 0.714
12T 2,971 1 1 1

H1F;(':r+ Raw Qate Speed Active Static
SVT, LVT, HVT, | Voltage threshold A e A e (o M !

LVT 2,971 1.351 1.235 5.305
UHVT, ULVHT : |

2,971
HVT 2,971 0.654 0.911 0.127
ERVT 2,971 0.229 0.903 0.019
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@ Common Design Platform

. 28nm Common Design Platform: Foundry
= Support collaborative work of distributed design teams Digital
= Minimize efforts to integrate a “design environment” Libraries
= Avoid incompatibilities

Mixed signal

= Incorporates: kit

= Mixed-Signal Design kit

= Scripted Design Flows that are standardized
and validated using selected EDA software tools

= Maintenance \ . V.
= Technical Support Europractice versions Common Design
= Training . Platform

= Developed by e
= CERN ASIC Support Team i | i |
in collaboration with Cadence VCAD Design Services

= https://asicsupport.web.cern.ch

Kostas.Kloukinas@cern.ch
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@ Radiation Ewvaluation test chips

TID CHIP LAYOUT EXP28 CHIP SUITE

J U BB e A

TOTAL IONIZING DOSE (TID) STUDIES:

* Ring Oscillator for standard cells
*  Built-In-Self-Test for SRAM memories

SINGLE EVENT EFFECT (SEE) STUDIES:

*  Vernier Delay line for SET studies

*  Flip-Flop matrixes for SEU studies

*  Functional SRAM test for SEE on memories

IP BLOCKS CHARACHTERIZATION

* Bandgap and Temperature sensor
* Digital-to- Analog Converted (DAC)
* Probe array for HV devices and resistors

SINGLE TRANSISTORS ARRAY
7x probing arrays

Different transistor flavors
Variability arrays

Design submitted in June 2021

slide by Giulio Borghello
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@ 28nm TID pertormance

Single transistors

28nm has a very interesting response

at ultra-high TID!!

sat

T=25°C
/ bias: diode
[« maximum -60 | min. size devices
ON ) —@—130nm
drain current o ||-y-650m

~[@ - 40nm
-Y-28nm

-100

pMOS

Y

29 April 2021

: ' . . : Wiy
0 200 400 600 800 1000 0O 200 400 600 800 1000
TID [Mrad(SiO,)] TID [Mrad(SiO,)]

giulio.borghello@cern.ch

2001
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@ 28ﬁ m TID per fOI‘IIl&IlC@ library standard cells

Power consumption vs TID for different std. cell libraries in Ring Oscillators

0. irradiation annealing T' = 100°C 80 irradiation annealing 7' = 100°C
B T T ! T [ ' ' T : T T T T T T T T
-@-TTSVT35 § jump due to T |—a—nMOS 0.1 x 0.03
il IQTSVT:H’_ very fast recovery 60
%:- i : T =252 ? 40 F{bias: Ves = Vps =09V
= 1 relatively small * i &D v : 5 | v 5
(linear) increase 20 } : o] |- 380 T = 259C.......
0.5 o 3 < i < R 3 : / : :
. g : : A : : :
/ Ti=25°Cia r.y*—*/k—‘ | T =25°C—> 4
0 M M i N i i " 0 N M M n i " L "
0 200 400 600 800 1000 0 50 100 150 0 10 200 300 400 0 20 40 60 80
TID [Mrad(SiO2)] TIME [h] TID [Mrad(SiO,)] time [h]
(a) ~pre-rad levels of IOFF (b)

Figure 3. Current consumption during irradiation and HTA for ROs (a) and single nMOS (b).

https://iopscience.iop.org/article/10.1088/1748-0221/18/02/C02003/pdf
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@ TID: 28nm vs 65nm

library standard cells

25 —
Ring Oscilators
16 cells x23 libraries = 368 ROs
28nm L
I
i  28nm shows i o7}
H . . ”" o)
i lower degradation i.- £
: ., IS
than 65nm
: : *e, 60%
| technology :
B — ‘. 50%
0%0
65nm ¢
:
DRAD chip, 65nm tech.

https://cds.cern.ch/record/2725573/files/ DRAD%20report.pdf

Borghello, G., et al. "Total ionizing dose effects on
ring-oscillators and SRAMs in a commercial 28 nm CMOS
technology." Journal of Instrumentation 18.02 (2023)

[ avg. 200 Mrad

20 f v AN

T T T T T |l avg. 1Grad

Bl 2vg. after HT
—@—max. 200 Mrad

—A—max. 1Grad
—m—max. after HT

o Ty

e B

R
Average decrease of the frequency in different libraries. 200MRads room T

I AVERAGE after
irradiation

AVERAGE after
annealing room T

I AVERAGE after
annealing high T

—e—MAX after
irradadiation

+«—MAX after annealing
room T

—— MAX after annealing
highT

slide by Giulio Borghello
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https://cds.cern.ch/record/2725573/files/DRAD%20report.pdf

TID tests on foundry SRAMs

Presented by G.
Bergamin at TWEPP
2022:

https://indico.cern.ch/event/
1127562/contributions/4904

Testing procedure: BIST logic kept fixed at 0.9V, frequency and voltage scan for SRAMs. 915/
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All SRAMs fully recover after annealing
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@ SEE: Library D-FF

_— total number of errors

...............
.........................................................................

> - =) :
o ) - o) o2 :

—_— alre] o) < .
NH FRELTIT s -l ' oo ..l.--' . | &= |"'
g =00 | , Similar SEE sensitivity
g [T <5 l 1\ »~ -

= R Q O . for all D-FF types

o~ N & <

A T ; : 21 -

H 1 ﬂ A A , cross-section Opgs [cm?] =

x 1079 .::Qg ....... o8 4 ............... : ..................... : ......................... : (#errors/#DFF in matrix)/fluence
b El . i [ | - 16 - 21 ]
= H e ~ 5 x 10° ions/cm

5 ik | -

- 8 1 1 d O matrix 0 matrix 4|

:ﬁ: : : : : : A matrix 1 ¢ matrix 5

I 10790 ttf O matrix 2 < matrix 6} 7 different matrixes with D-FF

4 T84 i [ . :

e T R | b matrix 3 1 0 De:D1 (D Flip-Flop with Sync Clear)

g‘ L7 A R A T B I B VP T 1 1 DeeD1+CysD1 (D I;Iipf-fFIopv;/]ithDSancCSar

o + buffer in the D-Q pat
0 10 20 30 40 2‘)0 60 2 DeeD4 (D Flip-Flop with D4 driving strength)
LET .4 [MeV /(mg/cm? DrrD1 (Low-Vt)
off [ V/(mg/ )] DeeD1 . (High-wt)
5 DeeD1ULVT (UltraLow-Vt)
6 DeeD1 (~5.5 ym spacing between DFF)

slide by Giulio Borghello
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@) SEE: SRAM blocks

much larger statistics than DFF Dual SRAM has a slightly
\

( T oy = % higher cross-section
SO0 D X I~ o0 o™l
J— XRSD = N D =) = =
i~ < g e
8 10 L |' " 1 A r I . : b " . L] L] r o C
o LA i §1my | : > v
= RIS M : SR ¥]| A Ne :
— (171 1 | Q : : B BITCELL transistor dimensions
an} I i v : ‘ : | | o Al
H (AR SRSEROg ; i i A
% | I * v I : | * r SLEHVTSWRASOI00WL0_BCELL SD 35951 35651 5 401
I [ : e (i) -2 SLRIVISWRASDI0OWLO TKEL BOELL SO s951 35681 35401
b Il a i I : f OOX 10”cm v CI‘ SHEHVTSWRASOIDMVLO_TRE. EDGE SO 35951 35651 35401
7 i RN | b ¢ Ni
: " : : SOMWEASOTOONI0 MLE 35501
8 : AE E : : Sillgle : : 4 KI' SOMWEASO100W20_TKEL 35501
- -9 : ; Rh SOMWEASO100W 0 TKROR 35501 351051 351401
bt 10 BY, A bkl ISLLEILL SUELH ET S Ak BE AU S W i W D 2
:ﬁ: | ﬁ i | | Slllgl(‘ UHu - UILTRA HIGH DENSITY SIMGLE PORT (LW,M) 6T nehpd_se nehpg_ pehps_sr
I o X [ | | i 1 * Xe STRINDOVESWTISO100W 10 TKRE IKTLE Ao w81 1501
” 1 | : i | | Dual : 1 STBUHDMVESWHSUIDMWTO MOE LT3 5651 ECT R
b ] : l | D u alU HD ] | S1BUKDHVTSWBSD10MWL0_TKEL_EDGE 35951 35651 35801
é B A A AR DR I R R R TP B VI O 1 R M H ULTRA HIGH DENSITY DUAL FORT LW, M) 61
n SDEMWA100W10_TXBL_EDSE 15951 35651 3501
b 0 1 0 20 30 40 50 60 SDAMWATOOAID_TEIL_BOELL mas mes 1%
c SDAMAWAOTWI0_MCE_TKWL IS0 1mas mes1 w3
LETQH [l\IeV/(mg/Can)] SORMWA100WS0_MCE_TKWL 35951 35681 LT
SDEMWALDOWI0_MCE 15951 35651 IBe1

slide by Giulio Borghello
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@ SEE: min distance for MBUs

7 matrices with D-flip/flops

heavy ions

o

DFF matuces (f ~5x 108 1ons/cn1 )

100
O matux 0 matux4 0= 45"
sol A matrix 1° ¢ matrix 5[ T ]
0 matrix 2 < matrix 6| : :
matrix 3 : 8 :

LET.s [MeV/( mg/cm )]

% PI\IBU [a.u.]

25

Do
<
T

—
Ut
4

—
(el
i

protons

%

f =2.14Mp/cm?; E = 350, 480 MeV; chip: 1, 2

- |total

(63)

-----

matrix

0.9 pmi

/

2.38 um
t>-TDFF [ DFF [ DFF [DFF DFF | DFF [ DFF [ DFF DFF | DFF [ DFF [ DFF
t-D>-{ DFF | DFF | DFF | DFF DFF DFF | DFF DFF DFF | DFF
DFF t>>- DFF [ DFF DFF DFF | DFF | DFF [ DFF DFF DFF [ DFF
t>- DFF | DFF | DFF | DFF DFF]DFF[DFF DFF DFF | DFF | DFF | DFF
B
A SCANNER SCANNER SCANNER
I —-I Address Sampler I—-l Address Sampler Address Sampler |
s IS |
I —vl Read Arbiter
I nnnnnnnnnnnnnnn l
E Frame Builder
Lol Clock Generator [ Parity Calculation
:5.' Serializer
S i
<t 640 MHz 6}3‘? glbtps
. it Data
I7e) I System Clock
DFF [ — — =22 — —»|  DrF

LA N TR LR LR RN R L PR LN L LN LN P e

no MBU in matrlx 6l

[
. Arreasrtnnenad

~6 um spacing between DFFs drastically
reduces probability of MBU!

»+ * keyinformation for triplication strategy!

e ~2.5times less than the 15 um typically
used in 65nm technology!

slide by Giulio Borghello
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@ SET pulse length deduction

Important parameter for implementing Temporal Redundancy fault tolerant schemes

#vVvASLHODO

Ne
Al
Ar
Cr
Ni

Rh
Xe

R B A-.-aB
[ f =5x10°ni/cm? 0 =0° : f
heavyions = ol R R
2 z ] : z f r
<~ :
1) I :
=5 SRS MR AN [ECUtis W C A St S o
number of hits [a.u.] ?g : :
58 4044400448404 4168 = [
130 v 2100 L}%' SEIEIOR SO 0 S O OO 0 OO0 OO NOEOOE SR ASUEIE S E
[ T=max L :
120 2 [ TL
2 110f | ' - ' '
E ......................................................................................................... 50::::::
£ 100 } ® 0 10 20 30 4 50 60
! [
%j 90 fe I ® | LET.g [MeV/(mg/cm?)]
N . @
= 80F I :
o, s ]
70 ¥ i ............................................................................................. h
F | Simin ] pl’OtOﬂS
60 ¢t

12345678 91011121314151617 18
test number [a.u.]

slide by Giulio Borghello
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@ Latch-up immunity tests

Latch-up sensitivity depends on

doping levels(which cannot be angle [] | LET fluence [10° voltage
. [MeV/(mg/cm?)] ni/cm3)

changed) and distance between wells

20.4 233 VDD (0.9
40 structures with different Xywes, Ni 45 28.85 16.2 VDD
Xss, Xpwns Kr 45 45.82 11.4 VDD
80-120 pm Xe 0 62.5 51.6 VDD
o Ena = Rh 45 65.2 11.4 VDD
NW : : Xe 45 18839 6.2 .'\'/[')E)"
Xxwes | § : : Xe 45 E. e .E =20 :.1.1.5.*.\/.[).[):
8| pesssnsusessssssssassnes .:. ........................ ‘E 3 X 75 241.48 1.72 15*VDD
PS &+ 1L ) - | ~
Y | om—— e ——— 118 high LET, high voltage
XSS --------------------------- J;o ------------------------- -:
R
SRS TTTTITITIIIILILN No SEL
sl :, ......................... Iﬂ any Of the Stl"UCtureS
PW — EEEERERERERRRNRN for any for the tests!!!
Giulio Borghello
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m Rad-Tol IP Block library

RADIATION TOLERANT ESD PROTECTIONS

& outsourced to SOFICS by the CERN ASIC Support

ﬁ Design completed. Submitted in Jan 2022 for radiation characterization
@ https://asic-support-28.web.cern.ch/docs2/slvs_tx_rx

RADIATION TOLERANT CMOS IO PAD

& outsourced to SOFICS by the CERN ASIC Support

ﬁ In progress. Radiation characterization will follow.
@ https://asic-support-28.web.cern.ch/docs2/slvs_tx_rx

SRAM MEMORIES

Compilers purchased from the Foundry by the CERN ASIC Support
We can distribute precompiled memory upon request

Submitted in Jan 2022. Radiation characterization completed.
https://asic-support-28.web.cern.ch/docs2/slvs_tx_rx

SHA e

EFUSES

& 1P block purchased from the Foundry by the CERN ASIC Support

ﬁ Radiation characterization will follow.

@ https://asic-support-28.web.cern.ch/docs2/slvs_tx_rx

Kostas.Kloukinas@cern.ch

21



@ Rad-Tol IP Block library

BANDGAP VOLTAGE REFERENCE & TEMP MONITOR

& G. Traversi (Bergamo/Pavia) / INFN Falaphel project
kil

@8 Design completed. Submitted in Jan 2022
@ https://asic-support-28.web.cern.ch/docs2/slvs_tx_rx

DIGITAL TO ANALOG CONVERTER (8-BIT)

2 Markus Piller (DOCT, CERN EP-R&D WP5)
ﬁ Design completed. Submitted in Jan 2022
@ datasheet https://asic-support-28.web.cern.ch/docs2/slvs_tx_rx

DIFFERENTIAL LINE DRIVERS AND RECEIVERS
g Franco Bandi (CERN EP-R&D WP5)

ahuln

gg Design completed. Submitted in Jan 2022
@ https://asic-support-28.web.cern.ch/docs2/slvs_tx_rx

ANALOG PLL

a Tobias Hofmann (CERN EP-R&D WP5)

ﬁ In progress
@ https://asic-support-28.web.cern.ch/docs2/slvs_tx_rx

DCDC CONVERTER

2 stefano Michelis and Giacomo. Ripamonti (CERN EP-ESE)

ﬁ In progress
@ https://asic-support-28.web.cern.ch/docs2/slvs_tx_rx

RAIL TO RAIL OPERATIONAL AMPLIFIER

& 3an Kaplon (CERN EP-ESE)

ﬁ Design completed. To be submitted in Dec. 2022.
@ https://asic-support-28.web.cern.ch/docs2/slvs_tx_rx

ADC FOR MONITORING (12-BIT)

2 Tobias Hofmann (CERN EP-R&D WP5)

ﬁ In progress
@ https://asic-support-28.web.cern.ch/docs2/slvs_tx_rx

RAIL TO RAIL OPERATIONAL AMPLIFIER
& Markus Piller (CERN, DOCT)

ﬁ In progress
@ https://asic-support-28.web.cern.ch/docs2/slvs_tx_rx

DIGITAL PLL

& Markus Piller (DOCT, CERN EP-R&D WP5)

ahuln
B [Inprogress
@ https://asic-support-28.web.cern.ch/docs2/slvs_tx_rx

LDO

ﬁ In progress
@ https://asic-support-28.web.cern.ch/docs2/slvs_tx_rx

Kostas.Kloukinas@cern.ch
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@ AMTest28 chip for common IPs

Test chip Submitted in August 2023

GOAL: Silicon-prove the IP blocks designed in 28nm, by functional 1T :

and radiation testing iR BT
: I W
) W

= Marco Andorno (ASIC Support) prepared a test chip that integrates =
several IP-blocks from CERN or form other institutes providing a St
single MPW run to test multiple blocks, and uniform testing
requirements

® The analog and mixed-signal blocks were assembled Digital-on-Top,
along with a control and configuration interface (triplicated):

IP-Block Designer T iertess
SLVS Transmitter and Receiver Franco Bandi (CERN) i '::::t::,.,?;':;g "
Digital PLL Vladimir Gromov (Nikhef) 3!5'{55:#—‘:;.&
Rail-to-rail analog buffer Jan Kaplon (CERN) g ‘
Analog frontend Markus Piller (TU Gratz)
Bandgap reference (4 different versions) Grzegorz Wegrzyn, Stefano Michelis
(CERN)
TIMO28 (TID response variation IP block) Giulio Borghello (CERN)
8-bit DAC Markus Piller (TU Gratz), Viros Sriskaran
12-bit Sigma-Delta DAC Can Akgun (Nikhef)
Test structures (4 types) SOFICS

Kostas.Kloukinas@cern.ch 23



@ IP block Library

3
ug HOME  DESIGNPLATFORMS ~ FOUNDRYSERVICES ~ NDA&EXPORTCONTROLv  TECHNICALDOCUMENTSv  IPBLOCKSv  DESIGNFLOWS ~ TRAINING  FORUM  CONTACTS
"

IPs And Macro Blocks

‘The TSMC 28nm based common design platform for the high Energy Physics community

CERN ASIC Support is taking care of:

TSMC 28 NM DESIGN PLATFORM >  TECHNICALDOCUMENTS ~ MACROSANDIPS  DIGITALIMPLEMENTATION ~ TUTORIALS

= Packaging in a uniform way the IP blocks

" Maintenance of the shared repositories (Cliosoft)

‘The IP blocks are available on a shared ClioSoft repository:

and institutes access and provide access upon

( D
re q ue St Allinstitutes that wish to, are invited to contribute with analog and digital IP blocks shared within the community. Get in touch!

Categories

The ownership of the IP block remains with the designer.
The platform allow to advertise and share the IP blocks
with the community.

Designer's Guide

Foundry documents

1Ps and macro blocks

# Toge

List of available IP blocks and datasheets: S e (e (o

F2 28: https://asic-support-28.web.cern.ch/ip-blocks/ I i section o canaccs th SLVS Transmitrand Recar Datsheet
F2 65: https://asic-support-65.web.cern.ch/docs2/

F2 130: https://asic-support-130.web.cern.ch/docs2/
F1130: https://espace.cern.ch/asics-support/gf130/

TSMC DUAL-PORT SRAM
2 Posted by Marco Andomo @ Macroblocks, IPs

CERN has access to the foundry memory compiler for this dua-port SRAM.

All institutes that wish to contribute are invited to participate to
common repositories with analog and digital IP blocks, shared

TSMC ELECTRICAL FUSE

within the community! Get in touch!

use. Datasheet DB_TEF28HPCP8X32HD18_PHRM_190A
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@ System-on-Chip design approach

Future detector upgrades will An abstract design methodology, focused on programmability

require more complex ASICs and reusability will allow to:

= Develop reusable IP blocks

Standardize interconnects for IP blocks

They require advanced Replace state machines with a control processor
technology nodes, that come (RISC-V based)

with high development costs in
terms of design time,
verification and costs

® Programmable, flexible logic blocks
(SoC Ecosystem, cores, eFPGA, NoCs)

Enhance Hierarchical Digital Implementation and
Verifications

Use of Open Source scripts and tools

(past successful project: Development of SEU-robust, radiation tolerant and industry compatible programmable logic components 250mm RT-FPGA



https://indico.cern.ch/event/11994/contributions/84496/attachments/63975/91920/bonacini-twepp2007.pdf

@ SoC Generator Tool in development

E'}: SoCMake

DOC: https://socmake.docs.cern.ch

GIT:

https://qitlab.cern.ch/socmake

Open-source SoC generator tool

From a single SystemRDL description file,
automatize the generation of:

Hardware design
Software toolchain
Verification platform
Documentation

Generate custom SoCs

Rapid SoC prototyping

Quickly build different architectures with different IP blocks,
hardware accelerators and different CPUs

Hardware generation

.SV

*.cpp

*.rdl

\d

& Software generation

RDL toolchain

S

B
B

B
B
B
B
B

Design team: R. Pejasinovic, M. Andorno, A. Caratelli, A. Nookala, K. Kloukinas

Work in progress

IP blocks and hardware
accelerators (*.sv)

Software application

|l| Top level HDL (*.v)

Register file and
Interconnections (*.v)

Hardware abstraction
layer (*.cpp)

Linker scripts generation

UVM testbench (SystemC)
and SEE injection utilities

Config files for synthesis
and impl (* .yaml)

Documentation - website
(*.html *.pdf *.md)

SIMULATE
« Verilator
« Xcelium
« VCS

IMPLEME
NT
» Cadence

FPGA
EMULATE
« Vivado

Software
application
+ GCC



https://socmake.docs.cern.ch/
https://gitlab.cern.ch/socmake

@ SoC platform in development

SoC platform components

N>

— /

CPU Core Memory = Hardware
Subsystem Digital and accelerators
l analog IPs

For the moment
: ‘ 4 popular

cores supported:

LowRISC Ibex
ChipsAlliance (WD) EL2
Syntacore SCR1
Picorv32

Work 1n progress

l

Interconnect
bus

Support for multiple interconnect busses

= APB4 C’APB—RT

= AXI4-Full — T AXI-RT

= Axi4-Lite —l’ AXI-Lite-RT
= NMI, OB

?

Radiation tolerant version:
Triplicated control signals
Encoded data and address lines




@ Collaborative Framework

= NDAs

o Special 3-way NDA (institute-IMEC-Foundry) that permit collaborative work
= Permit the exchange of designs and technical data among collaborators
= CERN and 45 institutes have signed the 3-way NDA

= Commercial frame contract
o CERN has a frame contract that allows small-scale prototyping (MPWs)
o It will be extended to cover full-maskset engineering and production works
o The frame contract is accessible by HEP Institutes and Universities, via CERN
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(@ ASIC Support website

https://asicsupport.web.cern.ch

Alessandro Caratelli, Marco Andorno, Kostas Kloukinas

w
4 M IGN P M JUNDRY SERVIC PBLOCKSv  TEC L DOCUN v N FLO\ RAININ RUM T
o
&

Engish

Design Manuals And Guidelines

CERN-EP Common Design Platform for the TSMC 65nm technology

TECHNICAL DOCUMENTS v

CERN ASICS “RECHNOL®OGIES GF 130nm docs DESIGN MANUALS AND GUIDELINES Outine

Main technology documents, design manuals and

& FOUNDRY SERVICES TSMC 130nm docs ‘ Sevranv20

Tapeout guidelines document
and PDK documentation RC Extraction Guidelines
N2BHPC# Sign-off Recommendation.pdf

In this section you can access

design manual

TSMC 65nm docs

TSMC 28nm docs
28nm Reliability Rules

Radiation tolerance reports o condiion . GERN-EP Common Design Patforn orthe TSMC 650m technology

of

of merchantability or fitness for a particular

Main technology documents, design manui g\ reLiABILITY RULES outine

@ @ @ @ | Design Manual v2.0 g

COMMON DESIGN PLATFORMS TECHNCAL SUPPORT IP BLOCKS ACCESS DESIGN FLOWS
e of the P

prediction

Instabilty (NBT /P

infcton Efect

Distributio Tapeout guidelines document

specific

ent and maintai

o Negative / Postive Bise

RC Extraction Guidelines

1. Gate Oxide Lifetime prediction

TRAINING CONTRACTS SILICON FABRICATION
Commercial Contrac s Organize & coordinate silicon | N28HPC+ Sign-off Recommendation.pdf ool for mors
siicon fabrication

1.1 Failure mechanism

Standard Cell Library Application Note

CONTACTS
L — 1.2. Core devices gate oxide lifetime prediction

I PDK usaqe introduction quide

Design Platforms Foundry Services Design Flows Training Discourse Forum Contacts (K}

Kostas.Kloukinas@cern.ch 29


https://asicsupport.web.cern.ch/

CE/RW
\

N

@ Hitchhicker’s guide to 28nm

v0.3
April 18, 2023

= 28nm Designer’s Guide S st oo

franco.nahuel.bandi@cern.ch

. /) alessandro.caratelli@cern.ch

> marco.andorno@cern.ch

o Technology Overview st e iasenn
davide.ceresa@cern.ch

H H H afael.ballabriga@ .ch
Design Guidelines etatan biarsts e

T t H I Markus Piller

U Orla S Franco Nahuel Bandi
Alessandro Caratelli
Marco Andorno
Stefano Michelis
Davide Ceresa
Rafael Ballabriga
Stefan Biereigel

Q L
. Va I | a b I e at Keywords: CMOS, 28nm, TSMC, Designers guide, Front-End, Back-End, FEOL, BEOL, trasistor,

capacitor, resistor, current density, electromigration

a
o Rel |ab||ty TSMC28nm Designer’s Guide and Technology Overview
a

o https://asic-support-28.web.cern.ch/tech-docs/designers_guide/

Summary This document gives the minimum requirements for ASIC designs in TSMC 28nm technology
and gives a technology overview. The specified requirements are a guide to building a common basis for IP
blocks within the new technology. Additional requirements or adaptions may be defined within the project’s
proposal specification document.

Contents

1 Disclaimer 3

2 Revisions 4

3 General Information 5

4 Designer’s Guide 5
4:1: “Transistor flaVOUrS « i st s e o Goebe GEREG SOV S5 Saeve SEEE G B 8% 6 5
42! EMOAIR . wieee wnoe sie wospe Sems svwde S Soes SAURS syers P Seet MO BSe W Ghe @ 5
4.3 Supply:voltage: wues oo & s S SN U0 TGN RN Sl b duon REw v g oo 5
4:4" Temperatlre: : oo on v s cowss Soeis W5 5 S5 SR TR W0 DI TSR Mo 8 o 8 6
4.5 Corners (+ Supply voltage and Temperature) . . . .. .. ... ... ......... 6
4.6 sMigmatch: soom sves e Ty G0N ST SR 20 ANED SN0 0N SRR WRE N 2N 5 6
4.7 Rise Time (Supply voltage) . . . .. ... ... ... ... .. T
4.8 Transistor sizing (radiation hardness) . . . . .. ..................... 1
4.9 Layout Constraints-Metals . . . ... ............ ... ... 7
4.10 Layout Constraints - Orientation . . . .. . ... ... ... .............. 7
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m Training courses

INFO AND SUBSCRIPTION: https://asicsupport.web.cern.ch/training courses/workshop28nm

A total of 145 Designers from HEP institutes have attended these training workshops in the last 3 years

Digital-on-top hierarchical System Verilog Advanced Verification Workshop on Mixed-Signal

Implementation in workshop

DoT Workshop

Learn the main concepts for designing in
65nm for the High energy Physics
environment

Learn the main concepts of the digital
implementation from the synthesis, physical
implementation and signoff (RTL to GDS)

Perform synthesis, physical implementation
and signoff steps

Exercise bottom-up and top-down hierarchical
design approaches

Co-developed between CERN EP-ESE ASIC
Support service and Cadence VCAD

2020 TO 2022: 6 TRAINING SESSIONS

Environment using UVM workshop

Verification / UVM

Learn the main concepts of functional
verification for the High energy Physics

Learn the main concepts of digital design
verification

Learn about the Universal Verification
Methodology (UVM)

In the lab sessions you will learn how to build
your own UVC and verification environment

A Cadence Training Course adapted for the
High Energy Physics community requirements

SINCE 2020: 3 TRAINING SESSIONS
NEXT SESSION TO BE SCHEDULED

design in 28nm process

@igning in 28nm

® Learn the main concepts for designing in
28nm for the High energy Physics
environment

= Learn the main concepts of the analog and
Mixed-Signal design in 28nm, and analog IP
characterization

® Learn main concepts about TIDs and SEUs
tolerance design

= Learn the main concepts of the digital
implementation from the synthesis, physical
implementation and signoff (RTL to GDS)

SINCE JAN 2023: 3 TRAINING SESSIONS
NEXT SESSION END OF 2023

Kostas.Kloukinas@cern.ch
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@ The “28nm Forum™

Forum on 28nm CMOS

Thursday 12 Nov 2020, 09:00 — 12:30 Europe/Zurich

Forum on 28nm CMOS

m Purpose of the 28nm Forum

o CERN to communicate the -
EP R&D WP5 activities : RGBS AU G
| 0910 |

Mondav 22 1in 2021 14NN — 1738 Furana/Zirich
o Institutes to present their R&D activities
and plans

o ldentify synergies
o  Establish collaborations

& Koste

Forum on 28nm CMOS

Videoconfe|
Wednesday 23 Mar 2022, 14:00 — 18:30 Europe/Zuri

& Kostas Kloukinas (CERN)

Videoconference =z o on 2gnm CMos 2

1

1

JEZEZN - 1410 Welcome and Introduction O1om @~

Speaker: Kostas Kloukinas (ceay)

4th 28nm Technolo.. 3 4th 28nm Technolo...

1

[ZELN - 1435 28nm CMOS Technology & IP blocks for HEP experiments Q25m [ @~
Speaker: Alessandro Caratelli (CeN, epFL)

2022.03.21_ASIC_.

[

JEZEE - 1450 28nm Documentation and First IP Blocks for the HEP Community ®15m (@ -
Speaker: Franco Nahuel Bandi (cern)

28nm Technology Forum Sessions

15t session (Now. 12, 2020) https://indico.cern.ch/event/970389/
2nd session (Mar. 10, 2021) https://indico.cern.ch/event/1009040/
3" session (July 28, 2021) https://indico.cern.ch/event/1042567/
4th session (Mar 23, 2022) https://indico.cern.ch/event/1132318/
5% session (Nov 3, 2022) https://indico.cern.ch/event/1207114/
6™ session (Nov .., 2023) focus on IP blocks

28nm_Documentat.

[l - 15710 28nm CMOS Technology Evaluation & Radiation Tolerance O2m (@ -
Speaker: Giulio Borghello (cer)

28nm_forum-28N.. &) 28nm_forum - 28N,

— 1525 Fully integrated Point of Load regulator in 28nm technology O15m @& -
Speaker: Stefano Michelis (cer

28nm forum Marc2...

E I T E B R B

AN ~ 16 JETPTY - 1545 News from INFN FALAPHEL project O2m @&~
Speaker: Guido Magazzu (Universia & INFN Pisa (7)

CERN_Falaphel_Ma.

QL — 16 qRETEH — 16:05 News from INFN TIMESPOT project O0m @~
Speaker: Adriano Lai (Universita e INFN, Cagliar ()

Timespot1_AL pdf

= Restricted access; requires registration -

= Self-inscribed CERN e-group:
28nm-Forum@cern.ch

16:45 [RPE 16:05 EREEN Coffee Break ® 15m

RCELQ — 16:35 News & Plans from IN2P3 O15m @~
Speaker: Mohsine Menouni (aix Marseills Uniy, CNRS/IN2P3, CPPM, Marsellle, France)

20220324_IN2P3._..

[EEG - 16:55 Low frequency noise: MOSFET characterization setup and testchip development for RTN studies ©2m @& -
Speaker: Alicja Michalowska-Forsyth

28nmForum-TUGra.

WZIJ - 1715 Status update on TSMC 28 nm design at Fermilab - Case study for CMS Pixel chip in 28 nm O20m @& v
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@ Summary

= A 28nm bulk CMOS technology has been fully characterized for
operation up to 1GRad TID

= A Common Design Platform and a Collaborative Framework are
implemented to facilitate design work in the HEP community

45 14

INSTITUTES HAVE SIGNED PROTOTYPES on MPW runs
THE 3-WAY NDA in 2022-23

= CERN EP R&D WP5 “IC Technologies” enabled the development
ASIC support & Foundry Service facilitates long term access and support

CE/R_W
\

NS

Institutes wishing to join should contact CERN ASIC Support Service asic.support@cern.ch
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SOC Radiation Tolerant Ecosystem

Conceptual Diagram

Analog functions

)
% Slow Control Interfaces
= == Y
] GPIO
+

Interconnect
) )
£
 }

High Speed Interfaces

micro-code

FE analog
blocks eFPGA fabric

data

Programmable Logic
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ASIC development costs

$580M
$542.2M
= Validation
™ Prototype

$435M
g = Software
1
= $297.8M
8 $290M
3
[¥]
g = Physical

$174.4M
$145M
$106.3M = Verification
$70.3M
$28.5M $37.7M il — Architecture
soM ' L v Al T T
65nm 40nm 28nm 22nm 16nm 10nm 7nm 5nm
2004 2011 2015 2017 2019

Chip Design and Manufacturing Cost under Different Process Nodes: Data Source from IBS*

=  Escalating development costs when going Ultra Deep Submicron & Nanometer scale
= At present the 28nm node is the optimum techno-economic choice (or limit ?)

Kostas.Kloukinas@cern.ch



@ WP5.1 IC Technology Survey [|H5°

s Three technologies were evaluated for TID radiation tolerance

o 28nm bulk CMOS processes
= Foundry A (one variant: Low Power) Prototyped & irradiated
= Foundry B (two variants: High Performance, Low Power) tSt chips

o 22nm CMOS FD-SOI process
= Foundry A

s Selected a 28nm bulk CMOS technology as the next mainstream node
for future Rad-Tol designs

o Radiation Tolerance
o Accessibility _
Technical ¢ Europractice
- lechnical suppor Regular MPWs and mini@sics
o Foundry IP blocks
o Long Term availability Mainstream Foundry
o Cost
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