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Advanced light Source



Advanced Light Source

The Advanced Light Source (ALS) is a third-generation
synchrotron, a specialized particle accelerator that
generates bright beams of x-rays for scientific research.

The ALS has been a global leader in soft x-ray science for
more than two decades.

Parameter Value

Beam particle electron
Beam energy 1.9 GeV
Circumference 196.8 m
Beam current 500 mA
Radio frequency 499.642 MHz (+6 kHz)
1993 ~200 950 $65M 0000 40
Year Total ALS Refereed Average Average number Number of
operations  staff publications operating of operating beamlines
began per year budget per year hours per year
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Advanced light Source - Upgrade



ALS-U Scope

ALS-U is an ongoing upgrade of the Advanced Light
Source (ALS) at Berkeley Lab that will endow the ALS
with revolutionary x-ray capabilities.

Electron Beam Profile

500

Today’s ALS
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o

High-level Goals:

* Achieve an increase in brightness and coherent flux
of soft x-rays (@1 keV) of at least 2 orders of
magnitude beyond today’s ALS capabilities

* Develop a set of experimental capabilities that will
enable leadership in soft x-ray science

y [um]

* Provide infrared and hard x-ray capabilities
comparable to present-day ALS

0
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ALS-U Scope

Insertion Devices Transfer Lines
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(existing) p: (existing)

RF System

Accumulator Ring Storage Ring

New 2.0 GeV Accumulator Ring for full energy

swap-out injection and bunch train recovery New 2.0 GeV 9BA storage ring in existing cave optimized for low

emittance and high soft x-ray brightness and coherent flux

P
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Scope of Power Supply Subsystem

* A total of 250 Power Supplies are required for the Accumulator Ring, 73 power supplies are required for
the transfer lines, and 1128 power supplies are required for the storage ring.

 The power supply scope of ALS-U also encompasses the replacement of the existing ALS booster bend
power supply with a new one, aiming to achieve a beam energy of 2.0 GeV for the ALS-U project.

AR Sector

STD SR ARC Sector
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PS Requirements and Challenges



Requirements and Challenges

The upgraded ALS will occupy the same facility as the current ALS &
use the existing ALS infrastructure. Space is the biggest Challenge.

The ALS-U power supply requirements vary based on output current
of magnet, stability, circuit configuration, operating quadrant,
resolution, and bandwidth.

More than two-thirds of the power supplies in the ALS-U are bipolar
power supplies, and the current requirements range from 10 to 200 A
along with FOFB requirement.

The power supply design should be compact and still serviceable,
Cable entry and exit from the rack should be designed with the
consideration of cable bend radius and equipment maintenance
inside the rack.

§ 1 1

m)

Compact power supply Designs

Modular and Multi Channel Designs

New Bipolar Power Supply Development

Easy Assembly, Installation, and
Serviceability incorporate into design

The power supply design should be such that it remains operational for the next 30 years

with minimal maintenance.
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BNL — LBNL Team for ALS-U Power Supply
* The ALS-U project established agreement with BNL in mid 2019 for ALS-U power supply design and

procurements.

e The LBNL ALS-U and BNL NSLS-Il teams are working together to deliver ALS-U Power Supply Scope as

defined.

* The NSLS-Il team has more that 10 years of experience of NSLS-I| experience and the team successfully
designed, procured, installed, and commissioned over $S25M of scope for NSLS-II.

* The majority of design work is performed by the BNL team by leveraging of NSLS-1l design whereas design
involvement, procurement, assembly, testing, and final installation will be performed by the LBNL team with

BNL team support.

Engineering Team and Key Expertise
George Ganetis — Team Lead
David Bergman —BPC & DCCT development and testing
Wing Louie —PSC digital hardware
Tapan Shah —Bipolar corrector & high current PS designs”

Yuke Tian —Programmer- FPGA & EPICS software integration.

Thomas Chiesa - FPGA firmware
Patrick Nguyen — Engineering Support

Note : » @ LBNL
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Designer Team and Key Expertise
Jerry Malley — head of design group — manufacturer liaison/procurements
Scott Orban — Mechanical Design
Marc Pfeffer — Lead PCB Design
Steve Jarzabkowski — BNL, Electrical design
Lars Hugye - ALS-U Power supply Coordinator”
Billy Pham- ALS-U Power supply Coordinator?
Akira Comia- ALS-U Power supply Coordinator?

Technicians

Jason De Ponte - ALS-U Technicians Lead” + 3 Technician working for ALS-U Project
Joe Gormley - Lead Tech — Surface mount specialist

Steve Devery — BNL, Assembly, testing

Richard Lyon — Assembly and Testin%
ALS-U Project | 7th POCPA Workshop | June 01 2023



Power Supply Design



Power Supply Design to Overcome Design Challenges

 The commercial off-the-shelf (COTS) or custom build-to-print (BTP) power converter is typically switching at very
high frequency to achieve high output bandwidth. The power converter will be operating in a voltage regulation

mode, and external power-supply controllers (PSCs) and direct-current current transformers (DCCTs) will be doing
the current regulation function for the overall power supply.

e The PSC provides the communication interfaces
between the power supplies and the control and
instrumentation network.

Power Supply
* The power converters are selected based on output Custom ( 1 2xpecT
- . . . . . DU AC i COTS/BTP 7\
current, stability, circuit configuration, operating | . == o L Power Converter J Magnet
. . O/P
qguadrant, resolution, and bandwidth to meet magnet Ll DC
: ' Voltage Loop Magnet
and physics requirements. Interlocks
Input AC COTS ZCH/4CH MPS
* The design is focused on the stability and reliability of o oy [ FOMBESEIR CoRtioRe: = enttoonl
power supplies.
. . . . [ Control & Instrumentation
* The design incorporates a large amount of monitoring

instrumentation that is beneficial for the initial
commissioning of power supplies as well as for the
remote diagnostics during operations.

. ”
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SR Dipole & Quad - Unipolar Power Supplies

* The systems uses Commercial Off The Shelf
ALS-U SR 4 Channel Unipolar Power Supply System Diagram | |d
Using COTS Unipolar Power Converters — PSC 4CH-HSS COTS) programable power su 1es, Bui
zé)%)v Rear Panel
POV | AlRéc's Fiug I Ol A to Print (BTP) 4 channel PS Controllers,
208 Vac D P ACIn ColTé%VS k\é\g(lj?zted ) —— | [ MCM} I d
Control 20ACB - T T M.
Ngwrf PSPCT Current Limit - 210 A ODS b Th%?rqgl M COTS DCCTS' ) COTS an BTP PDUS
—Net Ps Unipolar Power ] Switches
DCTL —> PSACTL Converter AstKe)(rbey . o 0 . .
T Reck fg on | * This configuration will be used for high
208 Vac
25 A CB D ED S'ACIn  COTS 10kW Rated (9|~ - N ) ( )
30V-333 A .
. e AL e e | stability 10 ppm power supplies. (SR Dipole
e {rsncn  Unigolr Fower and Quad PS)
PDU Input | 86\%@8 Assembly
GND |
. St)%ﬁﬁg y | * The design is very efficient in the use of
ac acin  COTS 10kW Rated (4
25ACB -
Ps betL CurrggtVLimsi?:iQBSA gf,:t # Voo ! I #‘%gggl I raCk Space'
PS Unipolar Power Diode I_DCCT 3B o ° | | Switches
DCTL >} PSACTL Converter Assembl _——- :; —_———— = ) ) ) -
PRect g onD | : e PS controller has built-in diagnostic
208 Vac N 2L . ‘; )
e IER Jrsoen VAT oo ] o functions. (PS 11, PS 12, PSV, GND |, Error,
CurJent I_Iimi|g~210A out # | VL SThgrrEm .
i - —t——t witches
S revenUnpsntove e T e DAC, & Reg Out)
1U I ‘\/,*’/\
o0 S Convater-pscaGSs |+ S | o i * Controls System Interf Network &
i 20 vac 1™ eguiator Section  eno| Combiner OcateTraf;Ca e ontrols system Interrace - Networ
Controls | 120 AC | R15 Plug Jps acTL DCCTs | GI b I T' 2
Network | R15 Rec. e - ODa imi ng
Net : Digital Signal ~ EXT it 4ch.In External P’\rﬂ(?t%igltl;gn
"F,;SUSCTL Interface ps on —2Ch- Out Inéerfeéce 5  System
[ rer Tovimars 2avac—y e  MPS PLC Interface - External Interface —
| o e lee A0 = Analog InputiOutput Signals has MPS interlock & PS On status.
| Analog Portion = Digital Input/Output Signals
ﬁ' AUO 4 - 20 Bit DACs PS DCTL = Power Supply Digital Control
| 8-20 BitADCs
| DVO 24 - 16 Bit ADCs GNDI=G d Ci t Mo nit
For Future Use €T SFP4 Digital Portion BTP = Bui:glf;; Priunrtren ot
NotUsed <] 5 SFP 3 Digital 100 & COTS = Commercial Off the Shelf
Global |4 o2 FPGAContoler o ; PDU = Power Distribution Unit
Timi A sFP1 Interlock ereurren TL Rec = Twist Lock Receptacle
omar €= e Tt | Ch=Chamel
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SR Sextupole —Bipolar and Unipolar Power Supplies

ALS-U SR 4 Channel Unipolar Power Supply System Diagram for SH1s, SD, & SF

LY Using BTP Bipolar & COTS Unipolar Power Converters — PSC 4CH-MSS
BTP i
2 DCCT Chassis /100
PDU | F08 208 Yo DCCT-UP-2M-S  /awg, _SHI1-1Magnet
AN N p—t | r———-  /SPL T ! . ) 3
Controls. | 20ACB pc R | Magnet | e The configuration uses COTS unipolar
o et BTP 2 Channel - locer el ————— 1 || Switches
—fesacti PrayCa4A  GNDI | | L power converters and BTP 2 channel
Current Limit ~10 A | | T
Net Bipolar Power | | i {  SH1-2 Magnet
(] ‘ Converter " | | e g power converters, 4 channel PS
PS DCTL-2 DC o Magnet 1
3Pnse ou | Rl Themmal - Controllers COTS DCCTs in a DCCT
208 Vac L SpsacTL-2 GND | TS ——o Switches
Hardwired H H .
poumput|% GAcin | | Chassis, and a BTP PDU.
20A 208 Vac ng Sf,‘:,af,f,liss . 262 | SD-2Magnet
TL Rec & Plug orAvE i MCM | O Th- f- . ” b d f
A IER acin  COTS5kWRated (4 I IS conftiguration wi € used 1or
20ACB PS DCTL 20V -250 A DC _magnetl i
Current Limit ~205 A ermal H Al
o Unipoiar Power Ot Switches medium stability 100 ppm power
DCTL > PSACTL Converter
20A 208 Vac . | i H
Rect Fig DOCT Chassis | e supplies. (SR Sextupoles)
208 Vac ey L CCT-UP-1 L o | pmadnet
20ACB ED 2 ACn  CcOTS50kw Rated (%) I L I
PS DCTL 20V - 2_50 A DC I Magnet « .
Current Limit ~175A  out | L Thermal e BTP power converters has provisions
L3 psacTL Ungmar F;ower Siode I_DCCT 1Be o |_- || Switches
onverter ——— v —_—— .
psembly to communicate to the power supply
U
cors PS Controller — PSC—4CH—MSSG al - Power Supply Output -
POU | 120 vac - Py Contoller- PSCACHNSS - Cables Located In controller through a media converter.
UPS Controls | Regulator Section GND | y
Controls | 120AC | R15Plug Jps AcTL DCCTs
Network | R15 Rec. —>:AVO 4ch.in Machine
Net psperL Digital Signal - EXT IntE— Ch.O External Protection
S Interface PS On Out '”lg‘;rr:zlce N S)lfjsl_tgn
>I,_AC n LowLevel PS 24 Vde —3
|_ " Power Supply Interface &
Med | Controller Section DI/0 = Digital Input/Output Signals
Con I Analog Portion PS DCTL = Power Supply Digital Control
AllO 4 - 18 Bit DACs
| 8-18 Bit ADCs _ .
|10 24 16BILADCS BTP = Bulld To Print
7 SFPa Digital Portion COTS = Commercial Off the Shelf
Not Used <] S Zz‘;’ Digital 11O & PDU = Power Distribution Unit
Global | | FPGA Controller TL Rec = Twist Lock Receptacle
Ti oba —— sFP1 Interlock Overcurrent Ch. =Channel
Controls ,"™'"9 | Test €— Interlock STP = Shielded Twisted Pair
Network 2 Net Test Fixture Med Con = Media Converter
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SR Sextupole —Bipolar and Unipolar Power Supplies

ALS-U SR 4 Channel Unipolar Power Supply System Diagram for SH2s, SD, & SF
Using BTP Bipolar & COTS Unipolar Power Converters — PSC 4CH-MSS

208 V
BTP : N
20A 208 Vac DCCT Chassis SN
PPU | 1L Réc & Plug DCCT-UP-1M-S o SH2-1 Magnet
208 Vac F ACI BTP 3.2 kW Rated - “ | | AWGY Al
Controls |20ACB D eber.  16V—200 A A% T.DCCT 1A-e; ————t~W || Magnet
Network Current Limit ~190 A 5 —t|| | Pl Thermal
—Net bs Net Bipolar Power DCCT 1B e ——e || Switches
DCTL —3 PSACTL Converter GND | i e —
20A 208 V. i f !
TLORezg?Q Pa|l.cjg DCCT Chassis | ' ' oo
208 Vac R DCCT-UP-1M-S | 40 | SH2-2 Magnet
20ACB D ED ACIn  BTP32kWRated (¥ > | AWG | T |
PS DCTL 16 V-200 A ;
- e DC
3 Phase S Net Current Limit ~190 A 51 | Tl\ﬂ%g"r;]eeh i
208 Vac LY psacTL Bipolar Power Switches
Hardwired Converter GND |
ACIn
PDU Input | Rt
DCCT Chassis !
20A 208 Vac ! i SF-1 Magnet
TL Rec & Plug DCCT-UP-1M-S } 262 g I
208 Vac COTS 5 kW Rated ‘ |
ACIn +
soncs| ] =] e 20V - 250 A s || Magnet |
Current Limit ~175 A ot | ;’vf\)ﬁgggé
Unipolar Power - DCCT 1B e
PS UMl DT
DeTL Y Ps ACTL Converter A'sjs'gﬁ?bly . : N
20A 208 Vac DCCT Chassis | |
208 Vac TL Rec & Plug GND | i DECT-UP-INLS ﬁgﬂ SE—l_Maﬂmi
20acs| | =] ACIn  COTS50kW Rated ~ (¥)_ LT |
PS DCTL 20V -250 A DC | Magnet
Current Limit ~205 A out Thermal
—> PSACTL Unicﬁ:)olar Ptower Diode I_DCCT 1B - Ay || Switches
onverter p——— L -
Assembly /
1U GND I L
COTS . Power Supply Output
PDU | _PSController —-PSC-ACHMSS | = Cables Located In
120 Vac " ; Cable Tra
uPS Controls | Regulator Section GND | y
Controls | 120 AC | R15 Plug gl'Ps ACTL DCCTs
R15 Rec. AlIO
Network | 4 Ch.In Ext | Machine
Net Ypspcr Digital Signal - EXT it K— "2 xterna Protection
r oo Interface PS On Ch. Out Inlt?grzzce S)lljsl_tgn
e
A ACIn Low Level PS 24 Vde —3
! Power Supply Interface & Al/O = Analog Input/Output Signals
Local : Co;tr:gllloegr Es?ttilg: DI/0 = Digital Input/Output Signals
Network ' PS DCTL = Power Supply Digital Control
Switch AVO 4-18 Bit DACs
24 vde —{_Sw | 8-18 Bit ADCs
| | Do 24 - 16 Bit ADCs GND | = Ground Current Monitor
ASFP4 pigital Portion BTP = Build To Print
Notwsed STy S5 Dgtalios COTS = Commercial Off the Shelf
Global | FPGA Controller o PDU = Power Distribution Unit
Controls 1iming ;| SFPL Interlock — |nei:acrlljorrcim TL Rec = Twist Lock Receptacle
Network € 2 Net Test Test Fixture Ch. = Channel

B0 BERKELEY LAB | O ALS-U

The configuration uses COTS unipolar
power converters and BTP 1 channel
high power power converters, 4
channel PS Controllers COTS DCCTs in
a DCCT Chassis, and a BTP PDU.

This configuration will be used for
medium stability 100 ppm power
supplies. (SR Sextupoles)

Local network switch is used when
there are multiple bipolar power
converters that will communicate to
the power supply controller.
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SR Corrector - Bipolar Power Supplies — 4 Channel Power Converter

ALS-U SR 4 Channel Bipolar Power Supply System
Diagram For Quad Corrector Circuits

ou
o 208 AC DCCT Chassis
PDU - i
208 AC |— C13PIUg DCCT-UP-4M-S QFSTPOIEEIS
e [ ———=1
¢13 Rec | ACIn ] DCCT 1Al—e | o
Control PS DCTL-1 DC | |
ontrols Outl | |
—PS ACTL-1 -~ -
Network BTP 4 Channel j(DCCT 1B = —8-——= .
—>|Net GND I - PS Output Cables
18V, 10 A | 2_ AWG 14STPs |
180 W/Channel lym\;I o . A'A'A'_W
PS DCTL-2 Bipolar Power DC LJ:I | ! T
Converter Out 2 .
| Y\Ps ACTL-2 : DCCT 2B : . . !_ o ———
1U Chassis  °NP! QF3-1 X,Y Coil
l— | T A
PS DCTL-3 DC T DCCT 3A R W\~
PS ACTL-3 ‘
— outs I'bceT 38 et |,
] Famaes |
l DCCT 4A l B A _ S I - AAAN
PS DCTL-4 DC | | i e
3PS ACTL-4 Out4 | |
DCCT 4B L *
Net GND | == I
1u (R
COTS PS Controller - PSC-4CH-MSS
PDU 120 Vac i
UPS UPS | Regulator Section GND |
Controls | 120AC | C13Plug Yps ACTL
Network | R15 Rec.[]] Javo pecTs :
| 4Ch. In External Machine
—>( Net Slps per.  Digital Signal  EXT it . Interface >chin External Protection
B EGS Interface PS On > Combiner & Out Interface System
Fo————————————— 4 Ch. Out 210 4 Pand PLC
AACIn  Low Level PS 24 Vdc —
|™ ~Power Supply Interface &
: Controller Section
| A4na|:I.OSQBP'IOIngn Al/O = Analog Input/Output Signals
4 | AVO 8-18 B:t ADCi DI/0 = Digital Input/Output Signals
I\Clled %| Do 24 - 16 Bit ADCs PS DCTL = Power Supply Digital Control
on > SFP 4 Digital Portion PS ACTL = Power Supply Analog Control
Not sed S5 5P8 P08 BTP = Build To Print
- T 2% LbGA controll COTS = Commercial Off the Shelf
obal ntroller
Timing——T— SFP1 lock Overcurrent STP = Shielded Twisted Pair
Controls llmmg N N nieroc < Interlock Med Con = Media Converter
Network S 2| Net Test Test Fixture

BERKELEY LAB | &) ALs-U

Magnet
Thermal
Switches

—
I
I
Magnet
| Thermal
| Switches
I
I
d

The systems uses BTP 4
channel bipolar power
converters, 4 channel PS
Controllers, and COTS
DCCTs in a BTP Chassis.

This configuration will be
used for high and medium
stability 10 to 100 ppm
bipolar power supplies.

The design is very efficient
in the use of rack space.
(2 U for 4 PS Channels)

Controls System Interface
- Network & Global Timing.

MPS PLC - External
Interface — uses a
Combiner to limit the # of
channels needed for the
MPS system.
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SR Corrector - Bipolar Power Supplies — 2 Channel Power Converters

ALS-U SR Bipolar Power Supply System Diagram

COOLTJS For Bend Trim Magnet Circuits Rear Panel
PDU | 208Vac DCCT Chassis e The systems uses BTP 2 channel
208 vac | C1OPlug DCCTURAM-O  p — — — — — )
1 RecJ =F——— e o] || wagnet bipolar power converters, 4
C I ) Out ( ]
Network ) % BTP 2 Channel JIL 7 | | switcnes channel PS Controllers, and COTS
—>|Net PS ACTL-1 16 V,35A 560 W GNDI . .
et Bipolar Power | e T T T DCCTs in BTP Chassis.
- e
RETR erm . . . .
| | oo aemo o, roCCT 28— be———— j[Swiehes e This configuration will be used for
ac . o
c19 rec [ =1 > AcHn ! DLW 22 medium stability 10 to 100 ppm
bS DCTLA be [ DCCT 3A | | magnet
Out | B2-2 Trim | Thermal 5 .
BTP 2 Channel Becrssle | o Switches bipolar power supplies.
—PSACTLL 16V, 35A560W . TS — —— —
Nt B vertar et A ee T | | Magnet T P :
PS DCTL2 DC | T . mema f  *  The design is very efficient in the
out | | | B3-2 Trim | | switches
. | s a2 o, N 4 use of rack space.
coTs PS Controller PSC-4CH-MSS PS Output
e Cables . . . .
Pou | L2ovac 17 Regulator Section  one, 4 Incdual * PS controller has built-in diagnostic
Controls 120 AC R15 Plug N ps ACTL 1
Controls | 204C 1 N ocots f——— b functions.
—INet sps per.  Digital Signal EXT Int ach .Out External Protection
—loio interface _ Pson. ' intertace Sgem | o Controls System Interface -
ovo_ TR
3 ACIn  Low Level PS 24 Vdec — A
2
:_ " Power Supply Interface & Al/O = Analog Input/Output Signals Network & Global Tlmlng'
I Controller Section DI/0 = Digital Input/Output Signals
' Analog Portion PS DCTL = Power Supply Digital Control e MPS PLC - External Interface
4| AllO 4 - 18 Bit DACs
8- 18 Bit ADCs
24 Vde — Nlétc\)lxclglrk %: Dlo 24 - 16 Bit ADCs GND | = Ground Current Monitor nEEded for eaCh PS Channel.
Switch | SFP 4 Digital Portion BTP = Build To Print
Digital 110 & COTS = Commercial Off the Shelf . .
t% oha FPGA Controller PDU = Power Distribution Unit * This PS will be used for the SR
' Ch. = Channel . . .
Global
Timing ™7 SFP1 interlockl, | Overcurrent STP = Shielded Twisted Pair Di p0|e Trim Coils.
Controls , Y Net Test Interlock
Network ™~ I Test Fixture

[
BERKELEY LAB &'gi ALS-U ALS-U Project | 7th POCPA Workshop | June 01 2023



SR Corrector - Bipolar Power Supplies — 1 Channel Power Converters

ALS-U SR 4-Channel Bipolar Power Supply System Diagram for Fast Correctors

Using BTP 16V 70A Current Bipolar Power Converters
BTP g P e The systems uses BTP 1 channel
PDU | 15A 208 vac DCCT Chassis o .
208 AC DTL Rec & Plug D(l:_CLUE-Z_M:lo SH1-1X Mag. Circuit blpolar power ConverterS' 4 Channel
15A cB.[] = F——— Acin BTP 16 V70 A DCH Magnet .
Conirols PSDCTL ipolar Power out Themal o PS Controllers, and COTS DCCTs in a
PS ACTL Converter ches
——3| Net 15A 208 Vac — 1U Chassis ,
TL Rec & Plug Net GND |
208 AC > BTP DCCT Chassis.
soree | H Spsoen  BIPLOVTOA DC Themal
Bipolar Power ¢ ] . . 5 0
208 Vac _ [PSDCTL | Srsac  Converter Out swiches| ¢ This configuration will be used for
PDU Input 38% I(?B 3 Net 1 U Chassis GND | N ] o -
15 208 Vac DCCT Chassis o High stability ppm bipolar power
208 AC ¢ N DCCT-UP-2M-O EH&lX_Ma_g.Enﬂlt i
15a cs. [ =1 2| ACIn BTP 16 V70 A [ lo 2 | [ Magnet supplies.
3 PSDCTL  Bijpolar Power DC I~ Thermal
15A 208 Vac PS ACTL Converter Out | Switches . . i .
oo nc | TLFEC &Plug Net LUChassis g | » This configuration is used for fast
1sa c8. 1 =3 ACIn BTP 16 V70 A |y i
PSOCTL  Biiiar Power  DC . vamet | | corrector sextupole magnet coils .
—} PS ACTL Converter out [ Switches
1 - e —— === | ¥ Controls System Interface - Network
PS'Output Cables ’
COTS PS Controller - PSC-4CH-HSF 4 Individual AWG .
PDU 120 Vac i Rt
UPS UPS | Regulator Section GND 1sTP GIObaI Tlmlng & FOFB System Ce”
Controls 120 AC C13 Plug )lps ACTL
Network | R15 Rec.[] =} -ylAVO pecTs YR Co ntr0| |er
—{Net Spsper.  Digital Signal EXT Int 4CH.In External Protection
K Interface PS On 4 CHOut Interface System A | .I.‘ d d
oo TR B Pane PLC MPS PLC - External Interface neede
JACIn  Low Level PS 24 Vdc —
I~ e Sumely miaTace s for each PS channel.
: Controller Section
Négﬁglrk N A4”_a'2"ogBFi’t‘”D“A°£S AI/O = Analog Input/Output Signals
24 vdc —3) Switch | AO 8- 20 Bit ADGS DI/0 = Digital Input/Output Signals
| 20 - 16 Bit ADCs PS DCTL = Power Supply Digital Contro
—| pio sbc Supply Digital Control
) SFP 4 i i -
) 7 Digital Portion PS ACTL = Power Supply Analog Control
Fast Orbit ¢——- sFp3 Digital 110 & overcurrent| BTP = Build To Print
Controls — | SFP2 FPGA Controller Interlock COTS = Commercial Off the Shelf
Global — .
Timing_ﬁ SFP1 Test Fixture
Controls , J
Network 2 Net

e
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Sextupole Multi-Function Corrector SR PS Configurations

DCCT Chassis

208 AC SD-1 - 6 Pole Coils
ALS-USRSF & SD 6 208 AC | CLOPlug i
Pole Coil Bipolar Power C19 Rec. |
P . oU BTP 4 Channel DC i
Supply System Diagram PDU PS Controller — 18V, 10 A Outl L
U PSC-4CH-HSS 160 W/Channel Y
DU 120Vac | 10 PPM Stability et B'pC%f\:eF;fg‘r'er bC T
120 AC C13 Plug . out2 P I
N Hl |
R15 Rec. CTL-2 1 U Chassis g |
20 Bit DACs & b —— I
M1 External | 4ChIn ADCs cTL-3 out3 e
Interface |, u DCCT 3B — Magnet
! g
1Ch.In COT?(I)nﬁer A = CTL-4 DT AAL B I AMAY YN Th.errlqal
& Out < SEP 3 - DC DCCT 4A—te- i | WA o4 Switches
SFP2 Med out4 Tﬁ:r | y
Global SFP 4 Con [EANET DCCT 4B S
Timin SFP1 E=—_1 L |
Controls Net DCCTs Ll
Network € ) : PS Output Cable |
etwor 208 AC DCCT Chassis ﬁ— 6 - AWG 14 STPs
| DCCT-UP-4M-S | I
208 AC |- C12Plug i I
ClS(a)LFfec. pc | T |
Out1 !
PDU PS Controller — BTP 4 Channel I
PSC-4CH-HSS 18V, 10 A
1 120 Vac . cTL1 ; I
PDU C13 Plu ~10 PPM Stability 160 W/Channel  pc
120 AC 9 Bipolar Power  out2 |
R15 Rec. ACIn CTL-2 Converter )
3
2Ch.In 20 Bit DACs & 1 U Chassis DC I
& Out ADCs CTL-3 Out 4 Lo
EXT Int - | |
2Ch.In CTL-4 DCCT 4Ae - YT |
&out | | . DC %l:r L p2 |
Med I
SFP 2 SFP 4 1€)) LoT €N NET Out3 IioceT 28 le | o |
Global Timing SFP 1 I —— o
Controls Network €——| Net DCCTs _ | PS Output Cable I
208 AC DCCT Chassis €——6-AWG14STPs |
C19 Plug DCCT-UP-4M-S 3|
208 AC r——= ¥ v I
C19 Rec. DC T DCCT 1A T | M
Power Supply| ou out4 P3 Magnet
Rack External PDU PS Controller — BTP 4 Channel } Thegrjmal
Interface U PSC-4CH-HSS oL 18V 10 A Switches |_
Panel - . ‘
an PDU le??gllac ~10 PPM Stability 160 W/Channel ~ DC |
120 AC ug Bipolar Power  Out3 i
R15 Rec. ACln CTL-2 Converter O I
F— i AN I
M1 M2 20 Bit DACs & 1 U Chassis DC T DCCT 3AT L T pg
Machine M2 ey d hoes s outz DCCT 3B I | |
Protection - C'Ianrtnebrif'?g;eB Ao EXT — I S |
System 1Ch.In : CTL-4 A A2
A ot 1to 6 & out bC DCCT 4A | b6 |
SFP 3 Med out1 ] | |
SFP 4 &) NET 1
SFP 2 DCCT 4B
Global Timing SFP 1 Con |__\—_‘_ e — = - — d
Controls Network Net DCCTs SF-1 - 6 Pole Coils

BERKELEY LAB

Gy ALS-U

The configuration uses three BTP bipolar power
converters , three 4 channel PS Controllers COTS
DCCTs in a DCCT Chassis, and COTS PDUs

This configuration will be used for high stability 10
ppm power supplies for the 6 pole sextupole multi-
function correctors.

This systems will enable X, Y, Skew and Normal quad
corrections. This was doe to minimize the corrector
windings space on these sextupole windings.

The 10C will perform the calculations for each
independent channel.

The use of the event ramp trigger and ramp function
of the PSC can be used due simultaneous corrections
with beam present.

The MPS to External interface has only 1 channel per
magnet, but it needs to be combined to 6 individual
power supply channels. This is done witha 1 to 6
channel External Interface Combiner.
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Summary— Accumulator Ring Power Supplies

Power Supply Qty | Max. Max Configuration Stability Operation
-Model Voltage Current
PS PS
AR BEND gradient dipole 1 475V 400 A Unipolar Switch-Mode , 2 Cha. PSC & - 2 DCCTs per ps. 10 DC
(String) Custom Power Converter 1 Quadrant
480 Vac 3ph. Input — Direct Connection

Quadrupoles Unipolar Switch-Mode , 2 Cha. PSC & — 2 DCCTs per ps. 10 DC

- AR QFA (String) 1 200V 200A COTS Power Converters 1 Quadrant

- AR QF (Solo) 24 125V 100 A 480 Vac 3 Ph. Input to 4 Cha BTP PDU

- AR QD (Solo) 24 125V 50A

Sextupoles Unipolar Switch-Mode , 4 Cha PSC & - 2 DCCTs per ps. 100 DC

- AR SF & SD (String) 2 100 V 125A COTS Power Converters 1 Quadrant

- AR SHF & SHD (String) 2 100V 60 A 208 Vac 3 Ph Input to Two 2 Cha. BTP PDUs
Correctors — Slow Bipolar Switch-Mode , 4 Cha. PSC & - 2 DCCTs per ps. 100 DC Hz to 100 Hz
- AR SF & SD SKQ (Solo) 12 16V 24 A BTP 2 Cha Bipolar Power Converter -Slow (Slow)

-AR SF X & Y -(By & Bx) (Solo) 48 208 Vac 1 Ph. Input to 12 Cha COTS PDU 4 Quadrant
Correctors — Fast Bipolar Switch-Mode , 4 Cha. PSC & - 2 DCCTSs per ps. 100 DC Hz to 2000
-ARSHDX &Y -(By & BX) (SO|O) 48 16V 24 A BTP 2 Cha Bipolar Power Converter -Fast Hz (Fast)
- AR SHF X & Y -(By & Bx) (Solo) 48 208 Vac 1 Ph. Input to 12 Cha COTS PDU 4 Quadkaiil
Correctors — QFA Shunt Trim Bipolar Switch-Mode , 4 Cha. PSC & - 2 DCCTs per ps. 100 DC Hz to 10 Hz
- AR. ) Isolated BTP 4 Cha Bipolar Power Converter —Slow (Slow)

) 4 LA/ e Each PS Multiplexed to 6 QFA magnets 4 Quadrant

120 Vac 1 Ph Input to 8 Cha COTS PDU
Correctors - Dipole Trim 36 16V 10A Bipolar Switch-Mode , 4 Cha. PSC & - 2 DCCTs per ps. 100 DC Hz to 10 Hz
-AR - T (Solo) BTP 4 Cha Bipolar Power Converter -Slow (Slow)
4 Quadrant

* There are total 250 power supplies require for the Accumulator ring.
* There are 1 rack per sector for AR for Solo power supplies.

A COTS = Commercial Off The Shelf

BTP = Build To Print
BERKELEY LAB | &) ALs-U
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Summary Table — SR Power Supply Models

Power Supply Qty | Max. Max Configuration gtabilit¥ / Operation

. esolution

Model Voltage | Current ppm of max |

Dipoles 10 5 Hz Bandwidth

SR-Dipole-A 24 | 25V 185 A Unipolar COTS Power Converter- PSC 4 Chan. HSS 1 (20 bit) 1 Quadrant

SR- Dipole-B 78 | 25v | 210A

Quadrupoles 10 5 Hz Bandwidth

SR-Quad-A 48 16V 275A Unipolar COTS Power Converter- PSC 4 Chan. HSS 1 (20 bit) 1 Quadrant

SR-Quad-B 48 | 16V 210A 3

SR-Quad-C 72 | 25V 265A )

SR-Quad-D 12 | 16V 300A .

Sextupoles 100 5 Hz Bandwidth

SR-Sext-A 24 | 16V 10 A Bipolar 4 Chan. BTP Power Converter — PSC 4 Chan. MSS 3.8 (18 Bit) 2 Quadrant

SR-Sext-B 24 [ 16V 190 A Bipolar 1 Chan. BTP Power Converter — PSC 4 Chan. MSS 2 Quadrant

SR-Sext-C 24 | 20V 200 A Unipolar COTS Power Converter - PSC 4 Chan. MSS 1 Quadrant

SR-Sext-D 24 | 20V 210 A Unipolar COTS Power Converter - PSC 4 Chan. MMS 1 Quadrant

Correctors - Slow 100 5 Hz Bandwidth

SR- Sext-Cor-SKQ 48 [ 16V 10A Bipolar 4 Chan. BTP Power Converter - PSC 4 Chan. MMS 3.8 (18 bit) | 2 Quadrant

SR- Quad-Cor-A (Bx&By) 120 | 16V 10A “

SR- Quad-Cor-B (Bx&By) 120 | 16V 10A “

SR -Dipole-Cor-A 78 | 14V 35A Bipolar 2 Chan. BTP Power Converter -PSC 4 Chan. MSS

Correctors - Fast 10 3 kHz

SR- Sext-FCor-A (By) 24 | 16V 70 A Bipolar 1 Chan. BTP Power Converter - PSC 4 Chan. HSF 1 (20 bit) Bandwidth

SR- Sext-FCor-B (Bx&By) 72|16V 70A (Same Configuration different PID tune) Limited 4
Quadrant

Corrector - Multi-Function 10 5 Hz Bandwidth

SR-Sext-P 288 | 16V 10A Bipolar 4 Chan. BTP Power Converter — PSC 4 Chan. HSS 1 (20 bit) 2 Quadrant

Total # SR Power Supply channels = 1128
BERKELEY LAB | &) ALs-U

COTS = Commercial Off The Shelf
BTP = Build To Print
PSC = Power Supply Controller

Very large
number of
power supplies
must fit in a
limited number
of racks. (6 per
Sector)

The power
supply designs
must be very
efficient in the
space used and
the heat
dissipated in
each rack.

17 ps models
cover all 1128 ps
needed for the
SR.
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Prototype Results



Cables exit the racks through ROXTEC seals

Power Supply Rack Design

3 phase AC enters back of the ROCTEC seals

Hardwired Receptacles

1 U PDU for 120 Vac

4 U BTP PDU for 3 phase 208 Vac

Power Supply Position 1

Power Supply Position 2

Power Supply Position 3

Power Supply Position 4

2 PSC 4 Channels that control
all 8 power supply positions

EIEL 1 FIE G EE H EE B

4 U BTP PDU for 3 phase 208 Vac

REAR VIEW
SCALE1:3

LESS DCCT PANEL Power Supply Position 5

i

Y S |

Power Supply Position 6

Power Supply Position 7

=]
=]
[=]
[=]
=]
[=]
0

Power Supply Position 8

e e TR T T T S SISl

REARVIEW FLANGE Cables exit the racks through ROXTEC seals

LESS DCCT PANEL

<Y

N0 '
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wmecrone ALS-U PS Prototype Rack

Rack Rear

Hardwired

Receptacles
Test 10C I
e Test Rack is similar to an AR

. 1UPDU
Test Network Switch
. . sector rack (the an old NSLS II
PS Patch Panel B LN Rack i df : OUPDU
Test Cell Controller & EVG = B = = T ackis used for testing)
bE * Rack Hardware and Cable Output Cables
Integration
Test DMM e Power Supply Performance
PSC 4 CH l Testing — Stability and FOFB Plots

Two 1 U 2 CH Bipolar .

Power Converters T =
PSC4 CH T
Two 1 U 2 CH Bipolar

Medium Precision
DCCT Chassis

i * 1-wire Temperature and humidity
sensors are used to measure

- c internal and external locations For
OWer Og\éir;ecrls_l = throughout the rack. Bipolar Power
Two 1 U Unipolar B = - [P|CS was used to do most of the Supplies
Jue mot AT AL . . High Precision DCCTs
Power Converters i ([Tt testing with CSS and Python. -
PSC 2 CH | ~ For
Two 1 U Unipolar Unipolar Power
Power Converters Supplies

Heat exchanger

22l BERKELEY LAB
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2022-02-22_22:30 to 2022-02-28_09:30 Total 131 hours *+*ALS-U Test Rack - Temperature and Humidity Readbacks**
('04_FRT_BTM_HTX_AIR_OUT', 23.8125," Raw data’) ('17_HUMIDITY_INSIDE', 37.8777,' Raw data’) ('12_RACK_RIGHT_2', 23.8125,' Raw data’) ('16_HUMIDITY_OUTSIDE', 39.8477, ' Raw data’)
=== ('04_FRT_BTM_HTX_AIR_OUT', ‘17-taps MAF') = ("17_HUMIDITY_INSIDE', '17-taps MAF') = ("12_RACK_RIGHT_2', '17-taps MAF') == ("16_HUMIDITY_OUTSIDE', '17-taps MAF')
45.00
Humidity Outside Rack
Delta 31.39%
40.00
35.00 4
Humidity Inside Rack
Delta 24.9%

£ 30.00
£
5
5
g
T 25.00 ﬁ

200 Rack Outside Temp- Delta-0.39C

1 Rack Inside Temp- Delta—0.14C
15.00 A
T
e e @ 2 e o e e e e o e = e 2 2 e 8 e o 2 2 e e ©°© e e e o e e o e
2022-02-22_22:30 to 2022-02-28_09:30 Total 131 hours #**ALS-U Test Rack PS Current Readbacks**
('DMM-PSC2. PM=['5.5] A") DI MAF P 00005A" )
~—— ('DMM-PSC2 PPM=['2.5'] 05A") S
('DMM-PSC2-PS1-DCCTY Raw data PPM=['5.0"] A") A")
22.00040
DMM DAC %
22.00020 1

DMM DCCT1
22.00000

w
£

21.99980 :

21.99960 +

DMM DCCT2

21.99940

P BERKELEY LAB ‘ & ALs-U

Performance using Analog
Current Loop Design on COTS
Power Converters in the ALS-U
Power Supply Test Rack

The length of the testing was 5.4 Days

The top plot shows the Humidity & Temperature
inside and outside of the rack.

The inside rack temp.is stable to + 0.25 C.

The inside humidity varies by ~ 25%

We see that the humidity affect on the stability
of the electronic has been reduce with the
addition of ceramic case voltage references.
This data shown is for the 2 Channel PSC which
has a 10 ppm stability requirement.

These measurements are taken with less then
ideal conditions with modified circuit boards .
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2022-02-22_22:30 to 2022-02-28_09:30 Total 131 hours **ALS-U Test Rack - Temperatu nd Humidity Readbacks**
('04_FRT_BTM_HTX_AIR_OUT', 23.8125,' Raw data’) ('17_HUMIDITY_INSIDE', :7.11717, * Raw data’) ('12_RACK_RIGHT_2', 23.8125, ' Raw data’) ('16_HUMIDITY_OUTSIDE’, 39.8477, ' Raw data’)
~— (*04_FRT_BTM_HTX_AIR_OUT", ‘17-taps MAF') —— ("17_HUMIDITY_INSIDE', aps MAF') —— ("12_RACK_RIGHT_2', '17-taps MAF') —— (*16_HUMIDITY_OUTSIDE', '17-taps MAF')

45.00 +
Humidity Outside Rack
Delta 31.39%
40.00 +
35.00 +
Humidity Inside Rack
Delta 24.9%

£ 30.00
2
T
=}
g
5y
T 25.00 A _/\

200 Rack Outside Temp- Delta -0.39C

Y Rack Inside Temp- Delta—0.14 C
15.00 +
e o o e o o o o 2 o & & o 2 2 @ & & & @ 2 @ @& @ 2 o & o a & = = =
2022-02-22_22:30 to 2022-02-28_09:30 Total 131 hours **ALS-U Test Rack PS Current Readbacks*
( DAC', " Raw data PPM=['24.1'] Rated_I=30A") = ('4CH-PSC2-P52-DCCTY’, "17-taps MAF PPM=['7.2"] 1PPM=0.00003A")
— 7-taps MAF PPM=['10.8'] 1PPM=0.00003A") [‘IICH-PSCJ-PSZ-DCCH', " Raw data PPM=| [‘124 Rated_|=30A")
( " Raw data PPM=['10.5"] Rated_I=30A") — ('4CH-PSC2-PS2-DCCT2, "17-taps MAF PPM=['7.0"] 1PPM=0.00003A")

12.00160
12.00140

DCCT1 18 Bit ADC
12.00120

DAC 16 Bit ADC
12.00100 1

12.00080 | W
12.00060

AMps

DCCT2 18 Bit ADC

ES 2 R R E 2 2 2 E E E E R E S R 2 2 B 2 R R 2 2 B B 2 2 2 B E B 2

2Rl BERKELEY LAB ‘ \'O\ ALS-U

Performance using Analog
Current Loop Design on BTP
Bipolar Power Converters

* The length of the testing was 5.3 Days

* The top plot shows the Humidity & Temperature
inside and outside of the rack.

* The rack inside temp. is stable to + 0.25 C.

* The rack inside humidity varies by ~ 25%

* These measurements were done on a 4 channel
PSC which was configured for 100 ppm stability.

e This 4 Channel PSC has all plastic voltage
reference chips.

* The cost difference between ceramic and plastic
s~ S5 a chip, so we will plan to use all ceramic
chips for voltage references to minimize long
term Humidity affects on stability.

* This will require a small PCB change on all the
PSCs.

e With the ceramic reference voltage chips and
the low noise DAC and ADC, the 4 channel PSC
will meet the 10 ppm stability requirement.
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Build to Print Design/New Development



Build To Print Design

There are five main BTP chassis that
will be used in the ALS-U power
supply designs.

Power Supply Controllers
Power Distribution Units

Bipolar Power Converters
DCCT Chassis

External Interlock Chassis

They were designed to meet many
different requirements.

Reduce rack space.

Lower cost per PS channel.
Not available in COTS devices
Simplified integration to
other systems.
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4 Channel PS Controller

Front Pa_neI

- _AESVETI i . .- L U e ) T —— T T T —" —_—
= "

a3

.v.v::; ._‘ 1.' 4y . '
L OO Rt 2
gaoumming Ckts e

S dow SR A :

AC Pwr 1-Wire SFP Ports Net Power DCCTs
Converter Interface
Interfaces
BTP PSC-2CH-HSS PSC 2 Channel - High Stability -Slow
BTP PSC-4CH-MSS PSC 4 Channel Medium Stability -Slow
* High Stability version will use 20 Bit DACs, 20 Bit DCCT
BTP PSC-4CH-HSS PSC 4 Channel High Stability for SD and SF

ADCs, better Burden resistors.

* Design has noise generators separated from sensitive analog
circuits. BTP PSC-4CH-HSF PSC 4 Channel High Stability for Fast

Corrector magnets. Interface to FOFB

magnets - Slow

* Temperature sensitive components are at the front of the chassis
to take advantage of the rack cooling .

P
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Power Supply and Control Block Diagram

»The power supply control design TSy > Four independent snapshot buffers are
provides plenty of high-resolution ADCs (CSS/EDC, Python, Matlab, used for different snapshot applications.
for DCCT current readbacks and medium- MASAR, RampManager)

resolution ADCs for other power supply

parameter readbacks I Channel Access/pvAccess

»The Embedded EVR is used to decode

EPICS 10C for all timing signals.
>Each ADC diagnostic has averaged slow Power Supply Controller
r k nd 10kHz snapsh
data readbacks and 10 snapshot TCP (UDP)/IP
readbacks.
I ---------- 1
| PicozedsoMm |
Fiber From Timing System | :
: EVR I
I
I
: I
< Bipolar Supply UDP Packet >: 1GB I
| DDR3 :
Fiber From FOFB I i
< ’: [
I FOFB :
MPS Signals I
< g > " Rx/Tx :
I I
ol

GPIO

. 2
=il BERKELEY LAB s’gﬁ ALS-U ALS-U Project | 7th POCPA Workshop | June 01 2023



Embedded Event Receiver

» Embedded Event Receiver (EVR) module

evr_top_0
+»» Si570 programmable crystal is functional in both the 2 and
o 4 Channel systems and is settable through EPICS
refclk_p one-hzout +» Standard MRF Timestamp is acquired through the

one_hz_sfp_led
refclk_n

embedded EVR
+ All timing signals are available and have been tested using
a mock cell controller system and NSLS-II EVR link

ten_hz_out
x_p

x_n

ten_khz_out

beam_abort_out
one_hz_code[7:0]

diagnostic_out
ten_hz_code[7:0]

sparel_out
ten_khz_code[7:0 |
b - L t [d][70] spare2_out 10 Khz
eam_abort_code[7:
- - seconds_out[31:0] [ 10 Hz

diagnostic_code[7:0]
offset_out[31:0]

evr_rcvd_clk

sparel1_code[7:0]

= Beam Abort Trigger
= Beam Diagnostic Trigger
= Spare Triggers
+* All EVR Codes are settable through EPICS 10C

spare2_code[7:0]

wr_en

evr_top_v1_0

[
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Slow Diagnostic ADC Data

» Functions of Slow ADC Diagnostic Data

Live monitoring of powers supply system parameters for each channel:

o Two High Precision DCCT current monitors: with average modes which can be used to measure the output current
with high precision. At NSLS-II, this function is done by separate DMM units

Voltage Output Monitoring
Ground Current Monitoring

O O O O

Regulator Voltage Monitoring

DAC setpoint loopback: can be used to confirm the setpoint without turning on a power supply

o Error Voltage: to monitor power supply error as an indicator of the feedback loop performance

» Two channel PSC slow ADC data:

Readback (A)

SF(A/V)
Gain
Offset (A)
DMM RB(A)

Ch1
Readback (A)
SF (A/V)
Gain
Offset (A)

2-Chan. PSC ADC READBACK

DCCT 20-bit ADC READBACK

Reg0 Reg1 Reg2 Reg3
0xF97A20D9 0xFITADASE OxFAAC423E OxF4ACAFEE
Chan1 Chani Chan2 Chan2
DceT DCCcT2 [l<ap] DCceT2
21.002148 21.006248 73.002916 73.001961
-5.000 [ -5.000 [ -10.000 [ -10.000
[ 1oo707 | [ 100727 | 100763 | [ 100773 |
[ 001930 | [ 0020645 | [ .0asor0 | [ -0.o0a3e0 | Ch1 DAC
20999828 [ 21005581 | [ T12s9%1s I | [ 20999624
Monitor 16-bit ADC READBACK Chan 1
Regd Reg5s Regé Reg?7 RegB8
0x691D35 0xFFD6CA32 0655 OxFFABDD21 0x293373
DAC-SP VOLT-Mon GND-Mon Spare PS-Reg-Out
21.005884 2.060572 5.188147E-5 -3.485555 2.060112
so0 | [ 1250 [ 1.000 [ 1.000 [ 1250
[ 0.998%0 [ 1.00000 [ 1.00000 [ 1.00000 ["1.00000
[ 000ssso | [ 0.000000 [ 0.000000 [ 0.000000 [ 0.000000

BERKELEY LAB | {5 ALS-U

Ch1 Avg Mode

0x2

CH2 DAC

72997940

Reg9
0x691D35
PS-Err
0.005512
1.000

[ 100000 ]
[ 0.000000 |

Ch2 Avg Mode
10x2
Mode=0: raw data
Mode=1: 167 averge

Mode=2: 500 average
Mode=3: 10 average

Reg10
0xB6C4T76
DAC-SP
72.993378
[ 10.000
[ 0.99832

[ oooto00 | |

Monitor 16-bit ADC READBACK Chan 2

Regl1 Reg12 Reg13 Reg14

OxFFSE287E OxFFFFFBEQ 0xFF688288 0xA14ACY
VOLT-Mon GND-Mon Spare PS-Reg-Out
8.092338 -0.000639 -6.059788 8.064853
41250 | [ 1000 [0 | [ 120 |
[ 1.00000 [1.00000 [ 1.00000 [ 100000 |
0.000000 | [ 0.000000 [ 0000000 | [ o0.000000 |

Slow ADC data can be used for power supply long term performance analysis and long term stability
With different average settings the slow ADC data has different low-pass filter settings
Each slow ADC has its own gain and offset for calibration

Reg15
0x47CD
PS-Err
0.011219
1.000

[ 100000 |
[ 0.000000 |
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Snapshot ADC Data

» Snapshot occurs for different trigger conditions

Snap Shot State Diagram

Ty / T '“-' _\
I\_ PowerlUp | { Scan D.:t.a\-. Scan D.a?;\‘ﬁ Scan Data ,f/s;n Data

l _ | into Glitch | | into Fault into | | into Global |

Buffer / Bluffer Immediate Butfer
Buffer
Initialization — —
Load Program
Load Calibrations

Load Trigger .f'tht-:h h\. !"J Data ,r"f_ Fault ﬁ\. f’r Data ll‘l'lme:llat | Data _““-. .r'rmubmﬁ‘\

Data
Conditions '-M_TFISEEF \MTranﬁfer | Tr'gﬂer,,-" '\HTranst[/a \\h TFIEEEF__,,.-" Trans.fer / Tngger__}; (ransfer ]
Scan Input Data - —
& Fau1t ) Gl
obal
Satection I Buffer [ Im&?‘g?m Buffer
I

Detection | Readyto | Readyto | Readyto | | Readyto

|
Process Trans.fer to | Transferto | Transfer to
ICH.Z \ 10C Transfer to 10¢
10C

i,

» The approach in the FPGA for the snapshot data taken at a 10kHz acquisition rate is as follows:

All Check ,| Timeout: stop snapshot
Diagnostic Timer - Wri
ADC 10 KkHz Snapshot Else: Write to DDR DDR Area
Data trlgger ? for one
Write to Snapshot
DDR
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DAC Setpoint Mode: Fast Orbit Feedback

» FOFB Full System Response times

ek Prevu

DAC Voltage

Start of cell controller Tx to start of DAC step: ~12 us
Time of DAC step: ~10 us

End of DAC step to start of current response: ~10 us
From start of current to commanded current: ~184 us
From cell controller Tx to commanded current: ~216 us

L/ L/
0’0 0’0

L/
0’0

PS output
current

S

*%

S

*%

FOFB Tx packet

h FOFB Rx packet

| Scope Legend:

| + Pink: DAC Voltage

| % Blue: Bipolar Supply Output Current

§ < Yellow: FOFB Tx packet from mock cell controller

(R TR < T S T SR f,“.i’t‘j., ool fggﬁ'f,f,ﬁ,,tsﬂ d 2‘““"’\ % Green: FOFB Rx packet from PSC back to cell controller
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Bipolar Power Supply Design

. Designed in-house and manufactured as build to print (BTP).

. Power converter is the power part of the overall BTP bipolar power supply.
Power converters are voltage mode converters. PSC and DCCTs provide current
regulation.

. Designed for the needs of ALS-U: packing density, remote diagnostic capability.

. Modular component designs to accommodate range of power supply types.

Type V/I Chassis Name Power/Channel Location Chassis
2 Channel Fast 18V/24A BPC-2CH-F-18V-24A 432 W AR 1U
2 Channel Slow 18V/24A BPC-2CH-5-18V-24A 432 W AR 1U
4 Channel Slow 18V/10A BPC-4CH-S5-18V-10A 180 W SR/AR 1U
2 Channel Slow 16V/35A BPC-2CH-S-16V-35A 560 W SR 1U
1 Channel Fast 16V/70A BPC-1CH-F-16V-70A 1120 W SR 1U
1 Channel Slow 18V/90A BPC-1CH-5-18V-90A 1620 W BTS 2U
1 Channel Slow 16V/200A BPC-1CH-S-16V-200A 3200 W SR 2U

[
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Power Converter Basic Design — Single Channel

REGout

PSC I/F —
Vout

Vcap
lgnd

ON2cmd
ONlcmd
RESETcmd
ONsts
FAULTsts
Heartbeat

Power Amplifier Board

Filter

24V to Boar
PWM Regulator BOard Isolated 15 V | 2 interleavable H-bridges
1 1
o 'é " Isolated a Jlf‘ mr***n T
. C° fge] L C“”tenl PWM »  Gate =4 | | :
Low gain controller
for each half-bridge *| FAN ;’Zr:sp‘
< !
24 'V to T
<L \/ 24V
I Isolated +15 V . S Configurable
: =1 Modular DC Power
Supply (COTS)
==} | | Controller Board —~_ -
: Al Al__PWM DO = 1-Wire SV/1A Stdbyfpwr il
y Digital Atme 12C assts
: /‘;{) ga MODx_EN Rear
Isolators DIO DIO: [
= 2560 SD Card Panel
- SP] » Ethernet r—| g

SFP Port

BERKELEY LAB ‘ & ALs-U
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1 CH Fast BPC— 16V/70A Voltage Loop Step Response

op L

4 ms/div

+—>

N

(@ 1.00v & 2.50V QR

1(4.00ms 250kS/s
std Dev ] W+v11.9600ms 10k points

r value Mean

Z, =0.14 Q + 200 pH

lout

Vout:
t, =10 ps

40 ps/div
t =11 us > f.z = 30 kHz
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Different PS Version with Single Power Amplifier board Design

Version 2: 4-Channel 16V -10 Amp (Slow)
|

Vinl—— PID

Version 1: 1-Channel - 16V -70 Amp
I
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Different Model of the Bipolar Power Converters

. BPC-1CH-16V-200A
BPC-2CH-18V-10A Power Amplifier Board - x ——

\\' .

Controller Board

PWM Board
Pa

: 1.2 kW PS 2 kW PS
2l BERKELEY LAB | G ALs-U
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Booster Bend Power Supply



Existing Power Supply Specification

Existing Booster Bend PS

Existing Booster Bend Power supply is currently in operation at ALS.

Following are specification :

* Input: 480 VAC, 3 Phase, 60 Hz, Power: 464 KVA

* Peak DC Voltage: 1800 V, DC Current: 400 A Continuous, Peak Current: 1050 Amp
* Load Current Tracking Error: 0.2% during Rise/fall, Slew rate: 1312 A/sec

e Output Voltage Ripple (Pk-Pk) : <1 % ( DC to 720 Hz)

* The current waveform is a single approximate triangle waveform with a 0.714 sec
(1.4 Hz) period (Trise+Tfall) and the cycle time of waveform is 1.4 Sec (0.7 Hz) period
(Trise + Tfall+ Zero Period).

Booster Bend Dipole Magnet Waveform of Existing Booster Bend PS
— AC Current

& 7.32v

ddomy Output Current

BB z)
N6673
200457674586
WT. 4250

Output Voltage

M 200ms ‘A Ch2 S 5.90

@ 2.00vV " Ch2" 5.00
B3 2,00\

PERDOS D
T vV Bar H Bar
Function Mode units Units
H Bars ind seconds Base

<Y
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Replacement of Existing Booster Bend Power Supply

P

& BERKELEY LAB | &5 ALs-U

* Necessity of Replacement

New Booster Bend Power Supply require to achieve 2.0 GeV for ALS-U

And Existing Booster Bend Power Supply current rating is not enough to achieve the
2.0 GeV Energy level.(Existing booster bend power supply maximum current rating is
1050 Amp and 1080 Amp is required for 2.0 GeV)

Some of the component of existing booster bend power supply will be end of life
period at 2024.

Existing booster bend power supply is very difficult for operation and maintenance.
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Measured PS current [A]
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Booster Bend Power Supply Specification

Each PS Input Voltage Rated 3-Phase, 480V AC, 60 Hz, 3C+PE

Each PS Input Current rated 304 Amp AC @ 480V

Each PS Output Voltage & Current 1100 Volt DC (Pulse) & 1200 Amp DC (pulse)

No of Power Supply in series 2

Total Output Voltage & Current of the system 2200 Volt, 1200 Amp

Pulse Duration for PS 1 Second

Cap Cabinets

ap Cabinets

2
U B ]
c 8 < F
. . ‘S "
Total Capacitance per PS 1.4 F (Total 640 Capacitor per PS) O § | §
= § $ -f%
Booster Bend Power Supply Control Interface 4 :’_ *
= 8 :I
Booster Bend Power Converter A A
BEO115 A
A x A
; ‘ Ignd
¥ v Y § R
[hime )| e oy H
A - Magnet
| 14V Sensor 64 CH PSC 2 2 L
Chassis (Monitoring) i
| A
Y Y *
B+
Booster Bend Power Converter B
BEO116 B

PS will be delivered next month

<Y
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New Booster Bend PS — 125 A Limit on Capacitor Bank Charging
Current

3.000K ALS-U Proposed Mew Booster Bend simple dib - 4 power converters.cir 1 Run=1..2
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New Booster Bend PS — 125 A Limit on Capacitor Bank Charging
Current — Expanded View

3.000K ALS-U Proposed New Booster Bend simple dib -4 power converters.cir 2 Run=1..2
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ALS ramp
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peak.

0.000K

-1.000K-

* Magnet current
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Booster Bend Power Supply

AC Input & Transformer Cabinet Rectifier Charger Cabinet  Capacitor Bank Cabinet Switch-Mode Interleaved
H Bridge

. [
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Conclusion



Conclusion

A large number of power supplies means that reliability and availability are critical. Therefore, the ALS-U
design incorporates numerous monitoring and diagnostic features.

 The upgraded ALS will occupy the same facility as the current ALS, utilizing the existing ALS infrastructure.
Consequently, space presents a significant challenge, emphasizing the importance of modularity and compact
design for the power supply components.

* The design takes into consideration factors such as easy assembly and installation. The team has successfully
developed a highly compact design to accommodate the limited space available at ALS-U.

* Prototypes testing confirm the overall performance for the different power supply configurations. The
stability requirements will be met with planed changes to the Power Supply Controller design.

* ALS-U Team completed final design milestone last year, Team is working on procurements, prototype rack
testing, and production. The supply chain issue had a significant impact on sourcing electrical & electrical
components for the ALS-U project.

e Overall, the ALS-U power supply subsystem has successfully overcome numerous challenges so far. The
compact, modular design and monitoring and diagnostic features are the cornerstones of the ALS-U power
supply design.
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