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@ wrs Activities T

Leader: Kostas Kloukinas
Deputy: Davide Ceresa

= Activity 5.1: CMOS Technologies
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Analog IP blocks  wrs.2a)
| Rad-Tol Vbg., ADC, DAC, PLL, DLL,..

= Activity 5.2: Design & IPs

o 5.2a: Analog IP blocks
= Hard IP block development [Collaborative Framework

. . 3-way NDAs, Commercial contract,
Q 5 . 2 b P Owe r| n g S O I ut' O n S framework for collaborative design work
= High Efficiency DC/DC converters and power management

- — e e e e e e, —_—_———— —

Powering solutions wes.2)
N High Efficiency DC/DC converters, LDOs
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@ Resources 2020-21 P s

= WP5.1 =  CERN ASIC Support
o Kostas Kloukinas (Staff) o Alessandro Caratelli (Staff)
o Davide Ceresa (Staff) o Marco Andorno (Fellow, non-WP funding)
o Giulio Borghello (Staff)
o  Risto Pejasinovic (Fellow)
o  Georgios Athanasoulas (Tech. Student)

= WP5.2a
o Rafael Ballabriga (Staff)
o Jan Kaplon (Staff)
o  Markus Piller (Doct. Student)
o  Franco Bandi (Fellow)

= WP5.2b
o Stefano Michelis (Staff)
o Giacomo Ripamonti (Fellow, non-WP funding)
o  Pablo Antoszczuk (Fellow)
o Mattia Balutto (Tech. Student)
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WP5 “workgroups™

WP 5

R&D

Synergy with CERN ASIC support & foundry services

https://espace.cern.ch/asics-support

CERN
ASIC support

Alessandro Caratelli
Marco Andorno

HEP
ASIC Designers

Technology

Evaluation &
Radiation Effects

Davide Ceresa
Giulio Borgelo

Analog IP

Rafael Balabriga

SOC Rad Tol
EcoSystem

Risto Pejasinovic

Powering
solutions

Stefano Michelis
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https://espace.cern.ch/asics-support/_layouts/15/start.aspx#/SitePages/Home.aspx

WP5.1 Technology Survey NGE

Last bulk CMOS process
16nm FINFET
130nm === 65nm —>
Bulk CMOS % Advanced Processes
“known” Radiation Response “‘uncharted waters”

= Survey criteria

o Radiation performance High TID (~1GRad)
o Accessibility (availability of frequent MPW runs)
o Long-term availability

o Technical support

o Cost
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WP 5

R&D

ASIC development costs

$580M

$542.2M
= Validation
= Prototype

$435M
g = Software
c
g $297.8M
& s290M
b
o
g = Physical

HL-LHC $174.4M
designs
$145M
$106.3M — Verification
$70.3M
$28.5M $37.7M S — Architecture
o= = B - P Quaticaton
65nm 40nm 28nm 22nm 16nm 10nm 7nm 5nm
2004 2011 2015 2017 2019 1%t production year

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

= Escalating design development costs
s Techno-economic constraints associated with the use of Ultra Deep Submicron technologies
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WP5.1 Technology Survey NGE

= Three processes evaluated for TID radiation tolerance

o 28nm bulk CMOS processes Prototyped & irradiated
= Foundry A (one variant, Low Power) test chips
= Foundry B (two variants, High Performance, Low Power)
o 22nm CMOS FD-SOI process
= Foundry A

m Selected a 28nm bulk CMOS technology as the mainstream process
for future Rad-Tol designs
o High-k gate oxide is not a problem
o Lower degradation than 65nm
o Short transistors are more radiation hard

o Test results by Giulio Borghello on https://indico.cern.ch/event/973925/
o TID Studies on Advanced Technologies (FINFET) will continue

11/11/2021 Kostas.Kloukinas@cern.ch 7
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28nm Common Design Platform [l \Wrs

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

= 28nm Mixed Signal Kit: Mixed signal
o Foundry PDK kit
o Digital libraries with physical views

= Design Workflows Workflows
o Analog, Digital and Mixed-Signal designs
o Validated workflows
o EDA Platform: Cadence Virtuoso/Genus/Innovus

= Developed by Common Design

o CERN ASIC Support Team Platform
in collaboration with Cadence VCAD Design Services

CERN ASIC support Team
Alessandro Caratelli
Marco Andorno
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@ SOC design Platform .

=  Motivation

a

a

a

Meet the challenges of future FE ASIC designs
Introduce a more abstract design methodology
Reduce Design and Verification phases

= Proposed solution

a

Complement the Common Design Platform with an SoC Design Platform

a

Define standardized interconnects for IP blocks

= Develop IP blocks that adhere to a standard

= Facilitate Hierarchical digital Implementation and Verification
= IP blocks accompanied by Verification IP code

Programmable, flexible logic (core processor, eFPGA)
Employ Radiation Tolerant design techniques

11/11/2021
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@\ SoC Radiation Tolerant Ecosystem il

Analod functi Conceptual Scheme
nalog functions 1o

)
Slow Control Interfaces
% = NIV — -
~E3

Interconnect Bus
) )
-
 }
FE analog

blocks | s High Speed Interfaces

data

micro-code

Programmable Logic
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SoC partners

WP 5

a4 R&D

= Surveyed open source hardware RISC-V

a

m ETH-Zurich

O 0O O

= KU Leuven University (Belgium)

PULP Platform =

Open hardware, the way it should be!

Selected the PULP Platform

Parallel Ultra Low Power (PULP) Platform

| ™

RISCY || Ibex [|Snitch[JArianc|ll| JTAG | sPi [N Logarithmic interconnect
+Ara [l -
12b 32b 32b 64b | UART [ 12s ‘\' APB — Peripheral Bus
| " DMA \ GPIO | AXI4 - Interconnect
1 !' s [

™ J MM H

Open-source RISC-V architecture u g “toz 0=
Single Core Mum-c:e grlﬂ-clluﬂe

PULP team_....https://pulp-platform.org/team.html

| : PULPiimo = e =
' i A~ [P
Regular meetings and technical support “ S ————— PC 2

o High-Performance fault-tolerant RISC-V

microprocessors for harsh environments
o Fault tolerance systolic array Deep Neural Network

(DNN) accelerator Team leader: Prof. Jeffrey Prinzie

- - - (jeffrey.prinzie@kuleuven.be)
o Established bi-weekly meetings Principal researchers: Karel Appels,
Mohamed Mounir, and Nain Jonckers
11/11/2021 Kostas.Kloukinas@cern.ch 11
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@ Collaborative Framework . A

= Commercial frame contract
o CERN has a frame contract that allows small-scale prototyping (MPWSs)
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

= NDAS

o Special 3-way NDA that permit collaborative work
= Permit the exchange of designs and technical data among collaborators
= Europractice IC services (IMEC) helped greatly the negotiations with the Foundry
= CERN has recently signed the 3-way NDA
= Institutes will soon be invited to sign the 3-way NDA and access the Common Design Platform

o Compliance with EDA tool vendors design sharing agreements
= In coordination with Europractice EDA tools service

11/11/2021 Kostas.Kloukinas@cern.ch 12



@ Collaborative Framework . A

= CERN aims to provide to the HEP community

o ASIC design support Services

Common Design Platform

Rad-Tol IP blocks & SoC EcoSystem e W
Maintenance .
Technical support CERN designe o Exfermal designe

Training }

asic.support@cern.ch

Via IMEC-Europractice service
Prototyping on scheduled MPWs runs
Dedicated Engineering and production runs

Cost effective solution by sharing prototyping costs
and benefiting preferential budgeted prices

0 Fou.ndry access.servi.ces | B8 '”
/7

Frame contract with
EUROPRACTICE (IMEC

foundry.services@cern.ch

11/11/2021
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@ The “28nm Forum”

a4 R&D

= Purpose of the 28nm Forum

o CERN to communicate the
EP R&D WP5 activities

o Institutes to present their
developments and future plans

o ldentify synergies
o  Establish collaborations

28nm Technology Forum Sessions
1t session (Now. 12, 2020) https://indico.cern.ch/event/970389/
27d gession (Mar. 10, 2021) https://indico.cern.ch/event/1009040/

3 session (July 28, 2021) https://indico.cern.ch/event/1042567/
4% session proposed for Q12022

established periodicity: 3 times per Year

= Restricted access; requires registration

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

Forum on 28nm CMOS

I8} Thursday 12 9:00 — 12:30 Evroperzurich

Forum on 28nm CMOS

ay 10 Mar 2021,14:00 — 17:15 €urope/Zurich

Forum on 28nm CMOS
B Monday 2!

& Kostas Kloukinas (CERN

n2021,14:00 — 17:35 Europe/Zurich

Videoconference B Forum on 28nm CMOS

RLETY ~ 1415 Welcome and Introduction
Speaker: Kostas Kloukinas

[® 3cd 28nm Technolo, 3rd 28nm Technolo,

[LELR - 1445 CERN ASIC Suppos
Speaker. Alessand

ervice for the 28nm Technology
tel

B 2021.06.28 Forum.

14:45 ERELN]

EP R&D WP 5: Technology Evaluation plans for 2021
Speaker: Davide Ceresa

[® 28_roRUM_28062

EP R&D WPS: Development of Common IP Blocks for the 28nm Technology
Speaker: Raf: iga Sune

B preserta

Bloc,

EP R&D WPS: Power Distribution and Power Management IPs
Speaker: Stefano Michelis

B 20210628280m Fo. 20210626280m FO.

Coffee Break

EP R&D WP5: Common SOC Platform and Design Enablers
Speaker. Risto Pejasinovic

(B common So desi. Common SoC desi.

Study of RISC-V Fault Tolerant implementations.
Speakers: Jeffrey Prinzie, Jeffrey Prinzie (x Jeffrey Prinzie

;

B z8nmFonmapet | (3 28nmeonm e

TDC development for future detectors ~ initial technology evaluation
Speaker: Bojan Markovic

B Stac-Toc deveo

REZEl -~ 1720 Discussion

[B) 3rd 280m Technolo. 3rd 280m Technolo.

REETN -+ 17:35 Wrap-Up and future plans

11/11/2021
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https://indico.cern.ch/event/970389/
https://indico.cern.ch/event/1009040/
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WP 5

= R&D

WP5.1: TECHNOLOGY EVALUATION

Davide Ceresa

WP5.2A: ANALOG IP BLOCKS

Davide Ceresa on behalf of Rafael Balabriga

26/02/2021
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@ 11D chip in HPC+

WP 5

a4 R&D

= TID (Total lonizing Dose) chip

Q Study cumulative radiation effect on single transistors

0 Design ported from HPC version

0 Submission done on mini-@sic run of June 23rd

2mm

o nMOS
A pMOS

rad-hard

10°

2mm

11/11/2021 Davide.Ceresa@cern.ch
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@ TID chip preliminary results

WP 5

= R&D

Saturation current in PMOS transistor

Leakage current in NMOS transistor

10-6
HPC z z z z
< HPC+| : '
= i----A‘AA----A——A—A:“
% 10 84~~~ ~ M~ A - - DA A
=
>
© _ ; :
L —©—-nMOS 0.10 x 0.03| '
8 j0-10[[-A-nMOS 3.00 x 0.03| . BT
. ' ; : 1. © ~f-nMOS 0.10 X 1.00/
—o—pMOS 0. 10 x 0.03 m] Q : : e :
-60 }-A-pMOS 3.00 x 0.03......T =25°C|.id gD |T=25°C
. pMOS 0 10 % 1 00 diode ................. .. ........... =....- d]Ode
_70 L PRI M MR 10 120 e _. """""""""" ............
pre- rad 105 106 107 108 10° pre- rad 10° 106 107 108 10°
TID [rad(SiO;)] TID [rad(SiO;)]
Preliminary results very similar to HPC flavor
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@ Ncx activities: Exp28 e

a4 R&D

65 nm tech. Evaluation and macro block was done during large chip design:

o o)
ot s W0 o W0
W 0 a0 8
((\G((\ ‘O'a(\ 5\6 ¢ N S 56\) v

2013 2014 2015 2016 2017 2018 2019

OT CMS ASICs — RD53 — MPA1-SSA1 — RD53A - LpGBTVO

LpGBT submission
start of development

Develop atest chip family to explore and experience with the 28 nm technology

 Completed before large project starts

» Fulfil needs of the different applications l
* Bereusable

ExP28 TEST CHIP FAMILY

11/11/2021 Davide.Ceresa@cern.ch 18



@] Next activities: Exp28 g

yet another particle

particle \\ another particle TRANSISTOR
b \GATE N = TRANSIENT PULSE
l— Vpulse(v)
charge accumulated
in the gate oxide! -p o =P Vit
DRAIN SOURCE Electric — L A 4
Field
+
Funnel Collection / -p o wmp V..o
“, *-— Electron-Hole
Diffusion Collection === ™ ", pairs

gate oxide o e

-p e " Vot

p+

7 \

Total ionizing dose (TID) and single event effect (SEE) on different circuitries:

Foundry Standard cell libraries

Foundry memory compiler

IP blocks = Provide basic puilding b!ock
Rad-Tol ESD protection and deSlgn gwdellnes
Rad-Tol 1/0O pads ggt:%gced N for 28nm deSlgn

11/11/2021 Davide.Ceresa@cern.ch 19



@ TID ettect on digital logic M

RING OSCILLATOR FOR STANDARD CELL TID DEGRADATION

out 1

- Degradation measured as variation of

|
R R requeneyna n-osalaie

in_ro* out_ro
- Un-balancing between rise and falling
time measuread with a delay chain

in [ out_xor

out

BUILT-IN-SELF-TEST (BIST) FOR SRAM T1D DEGRADATION

- BIST required to cope with high speed
memory (access time ~ few ns)

- Foundry memory includes sub-
minimum transistor size

- ) B

TEST RESULT

- Different type of memory tested
(single/dual port, standard/ultra-high
density)

11/11/2021 Davide.Ceresa@cern.ch 20



@ SEFE etffect on digital logic M

SIHIFT REGISTER FOR STANDARD CELL SEU STUDY

FPGA OUTPUT

FPGA INPUT

SER/DES FOR SRAM SEU STUDY

FPGA OUTPUT

DESERIALZER

1

l..

SERIALZER
FPGA INPUT

Cross-section of single and multi-bit upset

Minimum distance for avoiding multi-bit
upset

Different type of standard cells

Direct access to the memory for
functional and SEU testing.

Limited number of pads: Ser/Des logic

Maximize sensitive area: multiple
instantiation

11/11/2021
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@ SEFE etffect on digital logic M

Target circuit where SET or SEMT generated
Group? |54 Group3 ava Group4

[——— iii?ﬁiﬁi%giif i

.................
----------------
........

JABAMAT

Ch5 C'h7

........

- Transient length vs LET particle Y Y Y Y Y Y YY

o
Chd Ch6 Ch8

- Fully digital implementation

- Based on Vernier detector

PNPN TEST STRUCTUR FOR SEL STUDY

. W=20L
NwWADD
x”[ ; - Evaluate minimum distance between
PS/ANODE ++ RENNNNNERERRRENE substrate contact
Xss -

- Requires per cell power measurement

NS/CATHODE -3 ; :
Xpwxs : P-Sut ] .
PW,GN:: Res - With and without deep n-well
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@ EXP28 test-chips submission %"

= TID CHIP

RING OSCILLATOR — main designer G. Borghello

SRAM BIST — RTL designer G. Bergamin

= SEE CHIP

SRAM SER/DES - RTL designer G. Bergamin

SEU SHIFT REGISTER
» 28 NM MPW SUBMISSION

RESERVED FOR THE
16" OF DECEMBER

= MIXCHIP

SET VERNIER DETECTOR

SEL TEST STRUCTURE
IP BLOCKS

11/11/2021 Davide.Ceresa@cern.ch 23



@ Objectives 1P Blocks Activity [«

= Build experience in the selected technology by designing and
characterizing IP blocks that will be used in more complex HEP chips

= Disseminating results and provide guidelines to designers. Actions:

o Write documentation with available components in the technology (MOS
transistors, capacitors, resistors, characteristics of the metal stack) and
design guidelines (F. Bandi, M. Piller)

o Create a tool for assisting analog designers on transistor sizing in a
systematic way using the gm/id methodology (F. Bandi, M. Piller)

o Create technical meetings to share information between designers (start in
2022)

= A part from the shared IP blocks, other circuits will be designed in
28nm CMOS in collaboration with other projects or Work Packages
(proprietary blocks)

11/11/2021 Davide.Ceresa@cern.ch 24



& Design of IP (shared) blocks - i

ON CHIP REFERENCES
Bandgap voltage reference, Temperature

monitor Collaboration with Bergamo, Submission December 2021
CONVERTERS

Digital to Analog Converter for biasing M. Piller (DOCT), Submission December 2021

Analog to Digital Converter for monitoring Design start Q1 2022*

OPERATIONAL AMPLIFIERS
J. Kaplon (STAFF), Submission 2022
Rail to Rail Operational Amplifier (fast)
Rail to Rail Operational Amplifier (slow (e.g. M. Piller (DOCT), Submission December 2021
monitoring in unity gain configuration))

DATA TRANSMISSION

Differential line drivers/receivers F. Bandi (FELL), Submission December 2021
PLL

Analog F. Bandi (FELL), Design start January 2021
Digital Design start Q2-Q3 2022*

*Second Fellow on IP blocks starts Q1 2022

11/11/2021 Davide.Ceresa@cern.ch 25




@ Design of proprietary blocks .

= Front-end circuits

o Amplification, filtering and discrimination (A/D conversion) for 2-D readout circuits.
(Charge sensitive amplifier, shaper and comparator for sensors with input
capacitance <100fF and leakage current per pixel <20nA)

o Collaboration with WP1.1 Hybrid Pixel Detectors (V. Sriskaran (Fellow)) in view of
precise timing front ends

= |nput stage and discrimination for the readout of detectors with
intrinsic amplification for timing layers (SiPMs, MCPs) (M. Piller’s
PhD. thesis)

= The lessons learnt will be shared with the HEP community through
the documentation or through other IP blocks generated (e.g. DACs,
OpAmps, etc)

11/11/2021 Davide.Ceresa@cern.ch 26



WP 5

S R&D

W5.2B: POWERING SOLUTIONS

Stefano Michelis
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Y Power distribution in the HL.-LLHC experiments WP 5

a4 R&D

Radiation-tolerant DC-DC converters must be used to power the on-detector electronics in HEP
experiments, in order to comply with the power consumption and material minimization requirements.

A power distribution system based on three stages of DC-to-DC conversion is proposed.

Power 48V @ DC.DC Detector
supplies conyetters (high radiation)
— -~ ~
-——-— ~
-—- - - =~ ~
_-———: —————————————————————————————————— >
{ N\
: Stage 1: 48V — 12V wwmmmsp Stage 2: 12V — 1.8/2.5V mmmmmsp  Stage 3a: 2.5V —> 1.2V :
I Stage 3b: 1.8V — 0.9V |
| 28nm On-chip |
B e T e T T pp—— -
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Power management ASICs: projects WP 5

S R&D

Stage 1: 48V — 12V memmsm)  Stage 2: 12V - 1.8 — 2.5V  m—) Stage 3a: 2.5V — 1.2V

bPOL48V

POLbuck converter
(0.35 um HV-CMOS
and GaN)

bPOIL12V: bPOL2V5:

POL buck converter
(0.35 um HV-CMOS)

POL buck converter
(130 nm CMOS)

rPOLA48V:

controller for a GaN-based

switched-tank converter
(0.35 um HV-CMOS)

—) Stage 3b: 1.8V — 0.9V

28nm On-Chip
Regulators:
U R&D WP5.2 activity "
B Already developed :

11/11/2021 Stefano.Michelis@cern.ch 29



@ Stagel R&D WP5.2
bPOIL48V: 48V-input buck DC-DC converter = RaD

WP 5

bPOL48V is composed by a rad-hard controller designed by CERN and a Gallium Nitride (GaN) power stage,
developed under WP5.2 R&D program.
The GaN ASIC is the EPC2152, a collaboration with EPC has been established for space applications

GaN power

,_stage

specs Vin max | 48V

Typ Vout |12V

Iout max [ 12A
Rad specs TID max | 50 Mrad

SEE max |46 MeV/(mg/cm?)

DD max |4el4 n/cm?2

2.23e14 p/cm2(30MeV)

reliability To be tested, Rack in construction
Production 26000 dies in 2022

NB

TID=Total Ionizing Dose
SEE= Single Event Effect
DD= Displacment Damage

Design by S. Michelis, P. Antoszczuk (WP5.2 tellow)

11/11/2021
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@)

Stagel WP 5
bPOLA48V: radiation testing R&D

Efficiency Efficiency
TID EPC2152 [Mrad]
40 60

0 20 B0 100
95 93.0 88.0
—— lout=8A. 0.432 Mrad/h Si, 0.925 Mrad/h GaN.
—— lout=8A. 2.16 Mrad/h Si, 4.625 Mrad/h GaMN
92 8 —— lout=4A. 0.432 Mrad/h Si, 0.925 Mrad/h GaN. ar s
%0 —— lout=4A. 2.16 Mrad/h Si, 4.625 Mrad/h GaMN
92.6 87.6
E 85 92.4 87.4
=
.E = S
e = oo 872
w
B0
92.0 87.0
75 - - — 91.5 86.5
—— 235nH Air core, 2MHz, pred EN, Vdd from Vout., Vin = 24.0V, EM@10A = 95.71%
—— 235nH Air core, 2MHz, pred EN, Vdd from Vout., Vin = 30.0V, Eff@10A = 94 75%
—— 235nH Air core, 2MHz, pred EN, Vdd from Vout., Vin = 40.0V, EM@10A = 93.568% 91.6 86.6
—— 235nH Air core, 2MHz, pred EN, Vdd from Vout., Vin = 48.0V, Ef@10A = 93.14%
o 2 4 & 8 10 0 10 20 30 0 50
lout [A] TID Controller [Mrad]
With V1, we went up to LET=40 MeV/(mg/cm?), only around 10% transients, Vin=48V
12.75
\'A\'"’
12.50 13.0 S
) S [
o 12.25 ©
'g 'g 12.5
% 12.00 £
Q
E s LET=28 MeV/(mg/cm?) £ 120
LET=40 MeV/(mg/cm?)
11.50 |
1.5
0 50 100 150 0 20 40 60 80
Time [us] Time [us]

V2 is a slighty modified version to be able to go to LET=80 MeV/(mg/cm?) for space applications
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N Stagel R&D WP5.2 WP 5
¥ 1 POL12V: 48V-input Switched Tank Converter (STC) -» LI

tPOLA48V is a WP5.2/KT-fund development in collaboration with University of Udine, aiming to a 30A very
compact and efficient DCDC converter, fixed ratio 4.

bPOL48V (buck)
production grade vs. rPOLA48V (resonant)

Design by Udine, G. Ripamonti and P. Antoszczuk (WP5.2 fellow)
11/11/2021 Stefano.Michelis@cern.ch 32




Stageland 2 R&D WP5.2
Technology characterization 24 R

(&

Today the designs are in the following technologies
Stagel: 80V CMOS 0.35um (OnSemi I13T80)
Stage2: 25V CMOS 0.35um (OnSemi 13T25)
Stage3: 2.5V CMOS 0.13um

We are looking to possible substitute technlogies, in particular for the high voltage stages (1 & 2).

3 test chips have been submitted in May 2021 in the 0.18um I4T Onsemi technology (with 15V, 30V, 45V and 70V
devices)

The testchips will be at CERN in Dec 2021 and caracterization will start (TID, DD and SEE).

In parallel, caracterization for other GaN technolgies is on-going.

30V-45V-70V device TID testchip

30V-45V-70V device SEE testchip

Forer] Ercrd oo foror] o fornd o
fnn| i [ e fan] Foan] o]

15V device TID&SEE testchip
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@ Stage3b R&D WP5.2 WP
q 28nm On-chip power management & voltage ref 24 ReD

We are looking at the possibility to design fully integrated Point of Load
converter/regulator Macro-blocks to allow a localised power conversion and regulation,

This will allow a more efficient power distribution and optimization of the voltage for
each part of the circuit

34



Stage3b R&D WP5.2

=

WP 5

28nm On-chip power management & voltage ref & ReD

In the R&D WP5.2 two collaborations with external institutes have been promoted for
the design of Macro block in 28nm technology:

University of Bergamo for the design of a rad-hard bandgap reference circuit (G.
Traverst, L. Gaioni). First submission foreseen for December 2021

Graz University of technology (TU Graz) for the design of rad-hard linear
regulators and LDO in 28nm (A. Michalowska, Z. Dominik, N. Czepl). The goal 1s
having a family of linear regulators with different Iout capability, Power on-off,
programmable Vout.

CERN development:

Since the R&D of the bPOLA48V has been faster than foreseen, we are looking also
in the design of fully integrated DCDC converter, ratio 2

11/11/2021 Stefano.Michelis@cern.ch
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