|

The

.

lLTl

C
lec

| eyn, S

Viapd VioauUlator:

eCnNoloegy o1 Cnoeic

Stanfora Linear Accelerator Center

a

NV NV |



ILC Modulater Specifications

Pulse Voltage
Pulse Current

Pulse Length [flat-top]
Total Pulse Charge

Total Pulse Energy
Repetition Rate

Average AC Input Power
Total # of Stations

G.E. Leyh ILC Workshop, Snowmass CO

120 kV
140 A
1370 uS
192 mC
23,520 ]
5 Hz
125 kKW
576

17 August 2005



Currently  inruse at ENAL ana on
the XEEL at DESY

ACVantages:

= SImple circuit topology:
= Proven design; 10+ years off operation

PiSadVantages:

= Viechanically: complex:
= Massive pulse transformer — 6.5 tons
=Requires large floor area

= Insulating ol — 100's of gallons

G.E. Leyh ILC Workshop, Snowmass €O 17 August 2005
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Marx Advantages — Efficiency.

Much lower switch currents (140A vs >1600A)

Switches operate only once per pulse

= Highest efficiency — avoids switching losses
= Improves reliability — switching events are high risk

No core losses or reset circuitry
Higher waveform efficiency

96-98% stack efficiency, based on measurements
of switch losses under full pulse width and current

G.E. Leyh ILC Workshop, Snowmass CO 17 August 2005



Marx Advantages — Site Installation Cests

Compact size — requires 1/3 the floor space

No oil required

= Saves 100’s of gallons per modulator
= Avoids safety and environmental issues

Simplified modulator enclosure requirements

Modular construction improves tunnel transport

G.E. Leyh ILC Workshop, Snowmass CO 17 August 2005



Marx Advantages — Modular Design

Increased availability

= Marx Stack can work around failures
= Modular Design reduces MTTR

Allows printed-circuit integration

= Greatly reduces assembly costs
s Streamlines QC processes

Reduces inventory of spare components

G.E. Leyh ILC Workshop, Snowmass CO 17 August 2005



ILC Marx Medulator [Layout

VERNIER REGULATOR CHARGING REGULATOR

MARX CELLS
(16 TOTAL)

DIAGNOSTIC
DISPLAY UNITS
BACKBONE
BEAM GROUP

EQUIPOTENTIAL

BACKBONE RINGS

AIR PLENUM

BACKPLANE AND
SUPPORT STRUCTURE

MODULATOR SUPPORT
STRUCTURE

MARX MODULATOR - MECHANICAL DETAIL
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Schematic — Marx Stack

MARX CELLS s 2y
(16 TOTAL) - : = an| am| KLISTRON

MODEL

VERNIER
REGULATOR
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12k\/ Solid-State IGBT Switch
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ILC Workshop, Snowmass CO

5-Section modular PC-boeard
design, using 4500V Single-
Pie IGBs

Each sectioni has
Independent gate drivers,
delay stabilization| circuitry,
GVErVoliage protection;and
snUbLING NEtWorks

Switch designed to operate
at fullf spec withr ene failed
section

OVEercurient protection; With
multple threshoeld/delay
setpoints
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DIAGNOSTIC DISPLAY

CHARGING SWITCH ARRAY
FIELD CONTROL RING,

SUPPORT STRUCTURE
CELL CONTROL MODULE

CELL ISOLATORS
MAIN SWITCH ARRAY

STORAGE CAPACITORS HARGING INDUCTOR

BYPASS DIODE BOARD
BACKPLANE CONNECTOR

MARX CELL COMPONENT LAYOUT

ILC Workshop, Snowmass CO 17 August 2005



APERTURE PLATES AIR FROM
CROSS-FLOW
BLOWERS
BACKBONE ‘.———-—
PLENUM

BACKPLANE

MODULATOR
STAND

CELL CONNECTOR
GROUP

ILC MARX MODULATOR -- AIRFLOW PLAN DETAIL
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EXPECTED HEAT LOADING:
MAIM IGBT SWITCH -- 75W
CHARGING IGBT SWITCH - 125W
CHG DICDE BOARD - ?0W

AIRFLOW PATTERN FROM BACKBONE PLENUM
ACROSS IGBT MODULES AND CHG DIODE BOARD

G.E. Leyh ILC Workshop, Snowmass CO 17 August 2005



Marx Prototype Cell Testing
L HL N5\
B) m')

ILC Workshop, Snowmass CO 17 August 2005



SERVICE
ISOLATOR

C || L
&) ¥E) § 6 o—

34.5kV FEEDER

CHARGING REG

EHE\_{

i
n@: y

D?E-‘ﬁ;f:’ﬁg 10.5KVAC 3PH \ e X—T—! LA A
) UK 34.5KV/10.5kV B 6o ¥ —_EO"‘:LMA%T%
LA R FOUF L E R
N
= . g (RN
Yy ; |_°r°_ B —_I’EOI{\LI_MA%T%
_| C ! ' F UL F R
cay ¢ e [N A\ A A
e [ | S
E Y I " FOUE U E
L CARREIERES I A A A0 A
o F o | Poinfind
FOUF L F R
PRIME POM,{;EER ONE-LINE DIAGR
D?E-?;EE‘,R 10.5KVAC 3PH LT A X—T—Z‘r LA A
34.5kV/10.5KV s |’6r°_ EHE - —_EO"‘LLMA%T%
il ReR FOUF N E R
AL 3
S | AN
Y, o S BE | peoevpasrack
_| C ! ' F UKL R URE
¢a I ‘?\ CARGIERESIN A7 A7 A7 o
e | Tt
€Yy ¥ 't It
L_lr! N A
2 cx
F F

* * w/BACKUP LOOP

ILC Workshop, Snowmass CO

17 August 2005



BILL OF MATERIALS, IGBT MODULE ORDERING INFO

QUAN QUAN X COMPONENT PN# VENDOR |QUAN DATE RCVD|UNIT $ ORDER $
PERED. 160

Costing — IGBT

3 480 100p PCCINICGCT-MD DIGI-EEY 430 0.224 108

4 6410 10n PCC222EMNCT-ND DIGI-EEY 640 0168 08
;) 3040 UALT] PCCIS40CT-MD DIGI-EEY 40 0.072 222

4 E40 33 478-1735-1-M0 DIGI-KEY &40 1824 Te7?

4 640 100p P44748-M0 DIGI-EEY 640 0.355 227

2 320 33n BkY THEEEIIGKE0ZNE NOVACAP 320 10.000 3200

2 320 3 a0s 320 0.025 ]

4 6410 4.7 a0s 640 0.025 16

3 4210 75 08 420 0.025 12

] 1280 120 205 1280 0.0268 32

] 1440 1K 208 1440 0.025 36

2 320 3K a0s 320 0.025 ]

3 480 1K a0s 430 0.025 12

4 6410 270K a0s 6400 0.025 16

3 4210 kel 8 PPCIW-2JCT-ND DIGI-EEY 420 0.305 46

3 40 i FRCLOMW-ZJCT-MD DIGI-EEY 480 0.305 146

4 640 EAw3s BAVISDICT-MD DIGI-EEY 640 0.208 133

3 480 ESzDA ESzDADICT-MND DIGI-EEY 430 0.456 213

] 1280 DOZI4AE 15SMCE40A WISHAY 1za0 0.301 386

4 6410 EOD100E APTEODI00E APT 6400 2.340 1493

3 4810 330nH 334-1073-1-ND DIGI-EEY 430 0.330 158

4 B4 12FIN HD SE15F-MD DIGI-EEY E40 1370 7T

b 1220 S0T-23 E7-16E6-1-MD DIGI-EEY 1zan 0.435 BET

3 480 WM3205 WMIZ0GNE SUPERTER 430 0147 bl

1 160 WM3203 WPIZO3ME SUPERTER 160 0147 24

1 160 SWITCHEVD PE047SCT-ND DIGI-EEY 160 0.533 96

2 320 LTIF20C5E LINEAR TECH 320 1.590 509

1 160 TE0SCKTER 296-110%-1-MD DIGI-EEY 160 0.23% 4%

1 180 LFZagBAIME-23 LP2385AIMG-2.2CT-ND DIGI-KEY 180 0.367 57

1 160 MICE235 MICE235EME MICREL 160 0.455 T3

1 160 HCRINZZHL HILIME 160 2100 336

1 160 CSHVRIPEC CERTEIPBC-ND DIGI-EEY 160 2.870 475

0 0 HCPLZEN HCPL2E1W-MD DIGI-EEY 1] 0.567 1]
TVS STACK 1] 1] MTAT21G C&D S00-543-2630 ] 2.700 1]
] 420 QIS450E02 QIS45080M FOWEREX 420 £2.250 39360

METWORK
COLLECTOR
TERMINAL MECHANICAL

1 180 FCE, SWITCH20 COLDOCKTS 180 25.000 4000
0333 6328 AL HEATSIMNK EXTRU 80140 ARVID 63 15.000 k)
1 160 MACHINED HEATSIN SWITCHI0 SMPCD 160 30.000 4300

2 320 HEATSIMK FADS BER134-MD DIGI-EEY 320 1.000 320

3 4810 IGET SPACER 903034813 MeMazsterCarr 430 0.470 226

3 4210 SCREW, 10-320718", AL 912618346 MeMazsterCarr 420 LA 1 5&
4 B4 SCREW, 4-40x 114", TR 517708092 MeMazterCarr E40 0.030 13

COST PER MODULE 382.2
IGBT MODULE M&S, TOTAL MODULATOR 61158.2

LABOR, MODULE ASSEMBLY AND TESTING

TIMING PROCEDURE TIME, hr/unit $'hr UNIT $ ORDER $
STABILLEATION

CIRCLUITRY SURFACE-MOUNT PLACEMENT 0 25 250 400

TEST THROUGH-HOLE PLACEMERT 020 26 5.00 800

WECHARICAL ASSEMBLY 026 26 .25 100

PANEL IGBT HEATSINK FODULE TESTING AMD CALIERATION 015 25 275 500
[ IGETs LOCATED BETWEEN

HEATSINK AND BOARD] LABOR, PER MODULE 175

IGBT MODULE LABOR, TOTAL MODULATOR

ILC Workshop, Snowmass CO



Costing — Marx Cell [.evel

BILL OF MATERIALS, MARX CELL

QUAN QUAN X COMPONENT PN# VENDOR
PER BD. 16

ORDERING INFO
QUAN DATE RCVD|UNIT $ ORDER $

2 32 100U, BEY QBKAT00Z- 2 Cal 32 240.00 7EE0
10 160 01u PCC1840CT-RD DIGI-KEY 160 011 17
2 32 027u EFE274-ND DIGI-KEY 32 0.51 16
1 16 DIODERAD S0 MODULE SLAC 16 15742 2319
1 16 DIODECHE30 MODULE SLAC 16 22554 3613
1 16 DIODEHIRELS0 MODULE SLAC 16 100.00 1600
10 160 IFCa6 INDUSTRISL FIBER OPTICS 160 210 16
10 160 IFES1D INDUSTRISL FIBER ORTICS 160 250 400
2 32 RELAY 13K GIGAN AT 32 220.00 7040
1 16 LCHG SCIEMTIFIC COMNYERZION 16 230.00 4000
1 16 MODCOMTROLI0 MWODLILE SLAC 16 129.83 2077
1 16 MODPRE-REG30 MWODLUILE SLAC 16 4347 593
1 16 MODDISPLAY 30 MWODLULE SLAC 16 4637 742
1 16 SUPPLY 3004 YI-RJE0M1-EZZZ YICOR 16 344.00 5504
3 45 a0m, 7 5 DIVIDER MC3-125005F OHMITE 48 T.50 360
2 32 20m ISOTEH 32 25.00 &S00
10 160 180 160 003 4
10 160 IGET MODULE MODULE SLAC 160 38224 61158
14 224 CET206 CET206-1T TRIAD -- ALLIED ELECS 224 4.50 1003
1 16 IZ0RFMR SC203-03 SCIENTIFIC CONYERSICN 18 22-Bug 210.00 3va0
9 144 COMMECTOR, PCE, 20PIMN SAMTEC 144 1.59 219
736 COMMECTOR, PCE, 12PIN SAMTEC 736 1.35 993

10 160 FIBER-OPTIC CABLE INDUSTRISL FIBER OPTICS 160 0.40 Gid

MECHANICAL

1 16 PCH, CELLS0 16 600.00 9600
1 16 BACKING FRAME 16 330.00 S600
1 16 EGQUIPOTENTIAL RIMG 16 230.00 4000
1 16 INJEXT ASSEMBLY 16 400.00 G400

M&S PER CELL  8169.7
CELL M&S, TOTAL MODULATOR 130716

LABOR, ASSEMBLY AND TESTING

PROCEDURE TIME, hriunit $ihr UNIT $ ORDER $
FROM IGBT MODULE LABOR 7.0 25 175.00 2800
FROM DIODE AND CONTROL MODULE LABOR 24 25 52.50 40
CELL BOARD: THRU-HOLE PLACEMENT 0.4 25 10.00 160
CELL BOARD: MODULE PLACEMENT 0.2 2 5.00 50
CELL BOARD: MECHANICAL ASSEMBLY 1.0 2 25.00 400
CELL BOARD: TESTING AND CALIBRATION 0.3 2 750 120

LABOR, PER CELL
CELL LABOR, TOTAL MODULATOR

ILC Workshop, Snowmass CO 17 August 2005



Costing — Marx
Moedulator Tep
Level

BOM, MODULATOR TOP LEVEL

MARX CELL STACK

MARX CELL STACK M&S 130716

16
$EA #ICELL #REG $MOD
16 448
B4
43

L0 L) e —

4
1
1
1

YSTEM LEVEL
- MODULE

36040
173104

15

MODULATOR TOTAL LABOR 7925

MODULATOR TOTAL M&S + LABOR 181029

G.E. Leyh ILC Workshop, Snowmass CO 17 August 2005
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