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SuperKEKB BxB FB

KEKB COD measurement system



SuperKEKB BxB FB

SuperKEKB COD measurement

Separate HER and LER 
BPM systems

– Cutoff freq. of LER 
chamber lower than 
1GHz.

Continue to use VXI 
system with MXI (1/2)  
connection.

Gated 
TbT

Gated 
TbT

Selected BPMs have 
gated turn-by-turn 
monitor function. 



SuperKEKB BxB FB

Digitex  17K94A 509MHz detector

4:1MUX

18bit ADC (AD7690)

Direct downconverter with image rejection

CPLD
(VXI control)

SHARC(21369)DSP

• Final tuning to get better S/N, 
linearity, etc, is in progress.

• Mass production is scheduled in 
the next FY. 
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Gated turn-by-turn monitor

Fast gate 
switch

FPGA
(Spartan6)

509MHz/1GHz narrow band detector, or 
medium-band detector (Libera?)

BPF 
&Amp

Log 
Amp

14bit 
ADC

508.886MHz & FID

BPM

TBT
Data
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Switching noise



SuperKEKB BxB FB

Better isolation and switching noise cancellation

Proposed and tested by Dr. T. Naito



SuperKEKB BxB FB

Switching noise

About 1/20 of single SW for CH2



SuperKEKB BxB FB

Switching
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Board view

Fast Gate SW

Log amp and 
14bit ADC

Spartan6LX
100T FPGA

1U size 

GbE port
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IR feedback detector



SuperKEKB BxB FB

μTCA size board
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IR orbit feedback 

Down 
converter

Down 
converter

Down 
converter

Down 
converter

μTCA
Detector

μTCA
Detector

μTCA
Detector

μTCA
Detector

μTCA 
backplane
(GbE or PCIe)

μTCA Orbit feedback 
processor at 2nd MCH

From other feedback 
processor (GbE/PCIe) Str. Corr. value 

(GbE/PCIe)
Fast Steering 
Magnet controller
(VME?)

MCH

GbE
EPICS Channel Access
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Feedback processor board

Virtex5-XC5FX200T(FF1738) FPGA

GTX
Matlab/Simulink 

with system 
generator (HDL 

coder)

GTX

GTX

GTX

FabricA RX1

FabricA RX2

FabricA RX3

FabricA RX4

PPC440

DRAM

EPICS
Linux

GTX

GTX

GTX

Mag PS
(SFP)

FIFO

GbE Phy
CA

FMC HPC



SuperKEKB BxB FB

Might we need medium band detector?

We have bought a Libera Brilliance+ 
with orbit feedback unit to evaluate 
the performance.
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SuperKEKB Transverse FB plan



SuperKEKB BxB FB

SuperKEKB Longitudinal FB plan

Install L-FB in LER only. HER is optional.
Considering to use 4 DAFNE type kicker, with 2-input, 2-output ports for 
larger capture range.



SuperKEKB BxB FB

Bunch position detector prototype
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DAFNE FB experiment

Collaboration with 
SLAC (US-Japn) and 

INFN-LNF.



SuperKEKB BxB FB

Feedback digital filter(iGp12)

• Resolution of 8 bits is enough in most case. More bits 
should help to enlarge dynamic range to capture large offset 
from beam-beam kick.

• 8 Tap FIR should be enough for the transverse plane.
• More taps (32 Tap?) is desirable for longitudinal plane 

without  (or reduced) downsampling. 
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BxB feedback system location (Fuji)



SuperKEKB BxB FB

LER(1604) optics

Tune (*.53, *.57)

Phase advance between FB monitor, Kicker
– PPU1(U) to PPU2(D): H:62deg, V:53 deg

– PPU1(U) to Kicker (include one turn): H 170 deg, V: 177 deg

– PPU2(D) to Kicker (include one turn):H 62 deg, V:53 deg

Phase advance from collision point to FB detector
– PPU1(U): H: 346deg, V:153deg

– PPU2(D):H 48deg, V:205deg

Phase advance from injection point
– PPU1(U): H 346 deg, V:43 deg

– PPU2(D): H 48 deg, V:95 deg



SuperKEKB BxB FB

HER(5605)

Tune (*.53, *.57)

Phase advance between FB monitor, Kicker
– PPU1(U) to PPU2(D): H:200deg, V:42 deg

– PPU1(U) to Kicker (include one turn): H 145 deg, V: 201 deg

– PPU2(D) to Kicker (include one turn):H 307 deg, V:159 deg

Phase advance from collision point to FB detector
– PPU1(U): H: 245deg, V:173deg

– PPU2(D):H 85deg, V:215deg

Phase advance from injection point
– PPU1(U): H 270 deg, V:335 deg

– PPU2(D): H 108 deg, V:17 deg



SuperKEKB BxB FB

Horizontal tune is near 0.5

Need several turns of 
revolution to observe real kick 
if the phase relation between 
the source and the monitor is 
not so good.

Using two feedback loop with 
betatron phase advance 
around 90 deg might solve this 
difficulty.

Simulated horizontal beam oscillation 
starting beam-beam kick measured at 
PPU1 (Upstream). 

PPU２
Horizontal



SuperKEKB BxB FB

Phase shift by digital filter

Creating near 90deg phase 
shift in the digital filter makes 
the stability limit worse.

LER (PPU1 and PPU2) might 
be acceptable. 

PPU2

PPU1



SuperKEKB BxB FB

HER PPU1 (U) situation

HER PPU1 (H,V) is not 
acceptable. 

Considering to move the PPU1 
to downstream location.



SuperKEKB BxB FB

Bunch current monitor

MAX108 8bit ADC
Spartan6 FGPA 
VME 2W size

Bunch current information will be
send through reflective memory
(real time) to the bucket selection
system during injection period.
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Schedule

BPM heads for LER antechamber
– 1/2 of needed BPM will be delivered soon. The rest will be 

fabricated in the next fiscal year.

509MHz narrow band detector
– Final tuning to improve the performance (S/N, linearity) in 

progress.

– Mass production will be starting on next fiscal year.

Gated turn-by-turn monitor
– Prototype test is in progress (with many difficulty).

– 2nd trial production might be needed.

– Waiting for the decision by the optics group for the place (and 
the total number) of the monitor.



SuperKEKB BxB FB

Schedule (cont.)

Fast orbit feedback
– 2nd trial production of the detector (uTCA) is planned in the 

next FY.

– Feedback processor unit will also be ready.

– Simulation work using Simulink/Matlab is in progress.

Bunch by bunch feedback system
– Feedthroughs (button, high power) will be delivered by E/Mar.

– High power amplifiers (10k-255MHz 500W x 8, 0.8-1.8GHz 500W 
×8) will be delivered by E/Mar.. 

– Waiting for the decision of the chamber structure around the 
feedback systems to design the vacuum components such as 
monitor, feedback kicker.

– iGp12 will be used for the digital filter.

– Continue the collaboration with SLAC and INFN-LNF.
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backup



SuperKEKB BxB FB



SuperKEKB BxB FB
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SuperKEKB BxB FB

SO-DIMM type FPGA(SP6-LX45)

http://www.enclustra.com/en/products/fpga-modules/mars-mx1/
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SuperKEKB BxB FB

周波数応答(-10dBm)



SuperKEKB BxB FB

群遅延特性



SuperKEKB BxB FB

420mVpp(500W)



SuperKEKB BxB FB

立ち上がり(240MHz FG)



SuperKEKB BxB FB

SR830の場合

SRS
ＳＲ８３０
Lock-in
アンプ

デジタル
BPF
0-

99.9kHz

sin output

Detection in

AIOで制御

GP-IB(LAN-GPIB/ASYN)で制御
位相を読んで、0にするよう周波数を
ずらすEPICSシーケンサ
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Lock-inアンプ



SuperKEKB BxB FB

gain 0.8、44k-45kステップ



SuperKEKB BxB FB

gain0.8 45k-44kステップ



SuperKEKB BxB FB

Vacuum chamber 

Aluminum alloy antechamber
cutoff frequency <1 GHz

2010/8/6 KEK - BINP Meeting46

Aluminum-alloy duct Aluminum-alloy duct
110



SuperKEKB BxB FB

BPM head



SuperKEKB BxB FB

Impedance/button output simulation



SuperKEKB BxB FB

RF to No.1 (SW off)

IL~-2.7dB



SuperKEKB BxB FB

RF to No.1 (SW ON)

Isolation~-63dB



SuperKEKB BxB FB

RF to No.2 (SW ON)

IL~-3.96dB



SuperKEKB BxB FB

RF to No.2(SW OFF)

Isolation~-78dB
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KEKB COD measurement system
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SuperKEKB COD measurement





		Separate HER and LER BPM systems



Cutoff freq. of LER chamber lower than 1GHz.

		Continue to use VXI system with MXI (1/2)  connection.



Gated TbT 

Gated TbT 

		Selected BPMs have gated turn-by-turn monitor function. 







SuperKEKB BxB FB



Digitex  17K94A 509MHz detector

4:1MUX

18bit ADC (AD7690)

Direct downconverter with image rejection

CPLD

(VXI control)

SHARC(21369)DSP

		Final tuning to get better S/N, linearity, etc, is in progress.

		Mass production is scheduled in the next FY. 
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Gated turn-by-turn monitor

Fast gate switch

FPGA

(Spartan6)

509MHz/1GHz  narrow band detector, or medium-band detector (Libera?)

 BPF &Amp

Log Amp

14bit ADC

508.886MHz & FID

BPM

TBT

Data
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Switching noise
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Better isolation and switching noise cancellation





Proposed and tested by Dr. T. Naito
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Switching noise

About 1/20 of single SW for CH2
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Switching
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Board view





Fast Gate SW

Log amp and 14bit ADC

Spartan6LX100T FPGA

1U size 

GbE port





SuperKEKB BxB FB



IR feedback detector
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mTCA size board
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IR orbit feedback 

Down converter

Down converter

Down converter

Down converter

mTCA Detector

mTCA Detector

mTCA Detector

mTCA Detector

mTCA backplane

(GbE or PCIe)

















mTCA Orbit feedback processor at 2nd MCH

From other feedback processor (GbE/PCIe)

Str. Corr. value (GbE/PCIe)

Fast Steering Magnet controller

(VME?)

MCH

GbE

EPICS Channel Access
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Feedback processor board



Virtex5-XC5FX200T(FF1738) FPGA

GTX

Matlab/Simulink with system generator (HDL coder)

GTX

GTX

GTX

FabricA RX1

FabricA RX2

FabricA RX3

FabricA RX4

PPC440

DRAM

EPICS

Linux

GTX

GTX

GTX

Mag PS

(SFP)

FIFO

GbE Phy

CA

FMC HPC
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Might we need medium band detector?

We have bought a Libera Brilliance+ with orbit feedback unit to evaluate the performance.





SuperKEKB BxB FB



SuperKEKB Transverse FB plan
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SuperKEKB Longitudinal FB plan

Install L-FB in LER only. HER is optional.

Considering to use 4 DAFNE type kicker, with 2-input, 2-output ports for larger capture range.
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Bunch position detector prototype
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DAFNE FB experiment

Collaboration with SLAC (US-Japn) and INFN-LNF.
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Feedback digital filter(iGp12)

		Resolution of 8 bits is enough in most case. More bits should help to enlarge dynamic range to capture large offset from beam-beam kick.

		8 Tap FIR should be enough for the transverse plane.

		More taps (32 Tap?) is desirable for longitudinal plane without  (or reduced) downsampling. 
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BxB feedback system location (Fuji)
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LER(1604) optics

		Tune (*.53, *.57)

		Phase advance between FB monitor, Kicker



PPU1(U) to PPU2(D): H:62deg, V:53 deg

PPU1(U) to Kicker (include one turn): H 170 deg, V: 177 deg

PPU2(D) to Kicker (include one turn):H 62 deg, V:53 deg

		Phase advance from collision point to FB detector



PPU1(U): H: 346deg, V:153deg

PPU2(D):H 48deg, V:205deg

		Phase advance from injection point



PPU1(U): H 346 deg, V:43 deg

PPU2(D): H 48 deg, V:95 deg
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HER(5605)

		Tune (*.53, *.57)

		Phase advance between FB monitor, Kicker



PPU1(U) to PPU2(D): H:200deg, V:42 deg

PPU1(U) to Kicker (include one turn): H 145 deg, V: 201 deg

PPU2(D) to Kicker (include one turn):H 307 deg, V:159 deg

		Phase advance from collision point to FB detector



PPU1(U): H: 245deg, V:173deg

PPU2(D):H 85deg, V:215deg

		Phase advance from injection point



PPU1(U): H 270 deg, V:335 deg

PPU2(D): H 108 deg, V:17 deg
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Horizontal tune is near 0.5

		Need several turns of revolution to observe real kick if the phase relation between the source and the monitor is not so good.

		Using two feedback loop with betatron phase advance around 90 deg might solve this difficulty.



Simulated horizontal beam oscillation starting beam-beam kick measured at PPU1 (Upstream). 

PPU２　Horizontal
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Phase shift by digital filter





		Creating near 90deg phase shift in the digital filter makes the stability limit worse.

		LER (PPU1 and PPU2) might be acceptable. 



PPU2

PPU1
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HER PPU1 (U) situation

		HER PPU1 (H,V) is not acceptable. 

		Considering to move the PPU1 to downstream location.
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Bunch current monitor





MAX108 8bit ADC

Spartan6 FGPA 

VME 2W size

Bunch current information will be send through reflective memory (real time) to the bucket selection system during injection period.
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Schedule

		BPM heads for LER antechamber



1/2 of needed BPM will be delivered soon. The rest will be fabricated in the next fiscal year.

		509MHz narrow band detector



Final tuning to improve the performance (S/N, linearity) in progress.

Mass production will be starting on next fiscal year.

		Gated turn-by-turn monitor



Prototype test is in progress (with many difficulty).

2nd trial production might be needed.

Waiting for the decision by the optics group for the place (and the total number) of the monitor.
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Schedule (cont.)

		Fast orbit feedback



2nd trial production of the detector (uTCA) is planned in the next FY.

Feedback processor unit will also be ready.

Simulation work using Simulink/Matlab is in progress.

		Bunch by bunch feedback system



Feedthroughs (button, high power) will be delivered by E/Mar.

High power amplifiers (10k-255MHz 500W x 8, 0.8-1.8GHz 500W ×8) will be delivered by E/Mar.. 

Waiting for the decision of the chamber structure around the feedback systems to design the vacuum components such as monitor, feedback kicker.

iGp12 will be used for the digital filter.

Continue the collaboration with SLAC and INFN-LNF.
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backup
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SO-DIMM type FPGA(SP6-LX45)





http://www.enclustra.com/en/products/fpga-modules/mars-mx1/
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周波数応答(-10dBm)
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群遅延特性





SuperKEKB BxB FB



420mVpp(500W)
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立ち上がり(240MHz FG)
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SR830の場合



SRS

ＳＲ８３０

Lock-in

アンプ



デジタルBPF

0-99.9kHz



sin output

Detection in

AIOで制御

GP-IB(LAN-GPIB/ASYN)で制御

位相を読んで、0にするよう周波数をずらすEPICSシーケンサ
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Lock-inアンプ
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gain 0.8、44k-45kステップ
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gain0.8 45k-44kステップ
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Vacuum chamber 

		Aluminum alloy antechamber

		cutoff frequency <1 GHz



2010/8/6

KEK - BINP Meeting

*

Aluminum-alloy duct

Aluminum-alloy duct

110
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BPM head
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Impedance/button output simulation
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RF to No.1 (SW off)

IL~-2.7dB
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RF to No.1 (SW ON)

Isolation~-63dB
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RF to No.2 (SW ON)

IL~-3.96dB
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RF to No.2(SW OFF)

Isolation~-78dB

















Super

KeKB




D

Belle II




 


WAYNE STATE
UNIVERSITY




Dual 4 ch. multiplexe RF signal detector

7
R U i ey
oz =]
X =] ==
(QIRES:: . =
L = oo > @\
Ef-s e o 2
HERBPM | M ]
preylacimy () !
NES A e e 20012
)1 ons == S 1 Moritor et
D tweeg | I et
i
[ ona :
e i
e~ i
Dual 4 ch. multiplexer | [eerodne =T
Dl dch mutp 3
EaEM | o | 5 ADC 0sp
=]
[ e ; Tl pre ToncHzoamerson
ES
N) |3 == I —
e | fontrotior
X i
HERBAM | ChT ey i
Uenz s
[t
) Iens =]
Lr lawA
ore e Vs
—





HER BPM

4:1 MUX

HP 1GHz
detector
with 4:1 MUX

)

)

N N N O

)

LER BPM_

4:1 MUX

Digitex 509MHz
detector
with 4:1 MUX

VX1 with MXI(-1 or 2)





; 0p-23770





11 Oct 2011 9:25 AM

File Control Setup Trigger Measure Analyze Utilities Help

On| s, N On On
50.0 mV/ o O

2

Ml

T

[ 17.5697 ns [4Jelp]

.00 ns/

ey Scales

Delete

Al Sampling Mode Equiv Time  Analysis Mem 200 k of 200 M Mode Edge (4)

InfiniiScan




600MHz Bessel LPF

1M-750M 0-180 Spritter
MGL SBTCJ-11#

Odeg

180 deg

4
_\_Q)C

Hittite HMC232LP4
Fast Switch

Odeg

180 deg

C_\_ 0 deg
Oﬁ

180 deg

[ s S

—
I
1





File Control Setup Trigger

Delete
All

Measure

11 Oct 2011 8:56 AM

Analyze Utilities Help

ey Scales

Sampling Mode

Equiv Time

puapousrs el oAt ————

Woseres  [op] (@ =l

Analysis Mem 200 k of 200 M Mode Edge (4)

InfiniiScan

NA





File Control Setup Trigger Measure Analyze Utilities Help 11 Oct 2011 8:54 AM

E 5.00 ns/ | 17.5697 ns

Acquisiti Analysis Trigger
Sampling Mode Equiv Time  Analysis Mem 200 k of 200 M Mode

InfiniiScan





MAIN PCB
DP-2412

SZX'd‘O‘lZ'ﬂK)d 713000

)

\ s g
. 7

2w

SBLP-933+
Gowrass e

Jeey SBLP-933+ I





14218 922 TRRE M AR e -RR
. o o0 —





LT LTC2208

Button electrode Down sampling

-8.65dem TL

o fo
fi=98.398MH=

Jo=/fa/D LAN.

fo= 4.576kHz

frr=16.896MH=

ADC ?

fro=16896MH= | | L T |

= Hor.

sine out

—= Ver.

NCO DR : Data Rate

D : Decimation ratio

S o o5 -
f=990f,,, Controller e
=170 frev
























BPM BPM

(Downstream) (Upstream) 8 30cm wideband
I ] eam Kicker
an
JE
Hr] O
L p DC adust_=! Tune x AR 2508250 2500 amp.
ene r
From vertia!
ooz o >
oxre
00wz
Hr] Al iGp S
o ppe b |
fust |+ I > A
From vertia!
ooz e >

SuperKEKB Transverse Bunch Feedback System




DAFNE type 4in
J4out kicker

BPM
(Downstream)
o

@ nfmanamanasnsaannaaananasasnanaanaanaana——a_SnnaSaaanSnaaanaaaaanaaannaanaananaaanan—annananann

exre

00wz

: Ao e e

Moo

=]
Tt

soswkz

SuperKEKB Longitudinal Bunch Feedback System

















FB-Mon(LER) FB-Mon(LER)| | FB-Mon(HER). i, ¢  CT-DCCT(LER)

I [ sy ] L
TSR oL q)"u‘w i

&

=

4

72 g

L-Kickers(LER) Sl





Figure No. 1

THMD REE YWD SR A
DEH&EG NA A/ BRPD





Figure No. 1

THMD REE YWD SR A
DEH&EG NA A/ BRPD





X iGp: Coefficient Generator

[T

SYSTEI

AN [0-1]

FREQUENCY [0-1]

NUNBER OF TABS

P

oo

0.57000





X iGp: Coefficient Generator

[T

svsTE
GAIN [0-1] 100
PHASE, DEGREES o.57000
rrogmor [0-1] [oomo | | S e
Phase
NINBER OF TAPS mhase 1o
B
.
. 1003
-
o]
-
a0
003
-
503
PR PR





X iGp: Coefficient Generator

[T

SYSTEI

AN [0-1]

PHASE, DEGREES

FREQUENCY [0-1]

NUNBER OF TABS

oo

0.57000

o oq





X iGp: Coefficient Generator

[T

SYSTEI

AN [0-1]

PHASE, DEGREES

FREQUENCY [0-1]

NUNBER OF TABS

oo

053000

o oq





X Gp: Coefficient Generator

SYSTEI: 1GP DEVICE:LERL
X Fractional
GRIN [0-1] tume.
enss, pemezs 25300
| ooy (0-11 [psemo | S e
I
Phese
J——— e T
m
b
o
-
| 2o
e -1003
e





X Gp: Coefficient Generator

T =
oo [ =
| oy (01 [oson | | 650 s
I
P

e me s

=

z

: -
£
.

e -1003
e









e

KL

"
o o
2 S ER

o= -
o

[l





B 7 1 — KRy JBAM TSR - BB AT A Ver.1.01
R RRRITTe-S RORREESTI DI IRATRRTD
a0 5722

BPMIZQCIIHULTIB4E

acie | acie R L sk He i oum
i o L sam i (B sor - mmpao
oy, R 3 S50
3 RATUbtELE - T2t
2 3 I 7 s0n
2 [ Eleme By [t S—e—
lewraancen i
mxomm - [eregnsen, 3
|57 237 e Temrersmenma
[

2





FPOA VirtorsFiT)

Farion 10

!
H - oo
H roris o™ S
. : D gy
oy — 2By 0 i T
wEREn o TP wdule kS E Fabrich 113
- : B, gy
oy — oy T 1 [jemrmet+
nam il Module .
P *—l ot e
oo
oo~ S
\“ ]
G R !
a raen !
2 e e[t e an oo
| T
= e
P = wa
s ez
T W R (o] [FRERITE
e Fon] [ e e s BEHH
T B
pentionder A ABERRER— 8

Kl
[ty
) P





. BN









Milmega





30dB
Attenuator

10dB
Attenuator

Signal Generator
(1150 MHz CW)

Pulse
Generator




AR
1.15 GHz
/N)LANE4 ns

Milmega®D 7>





Mon 2010 Jun 14 13:43

MKR 277.5 |
- ‘:_u-m Norm B_Blank Norm o.w:





Two Port Group Delay

gdelay Two Port Group Delay
I RN I L
S T A i i
b N ———

Measuremen Parameers

Stop Freq: 260.000000 MHz

Calibrafion s

Tower

Data Points Serial Number 707065
‘Output Power Base Ver. Vise
Sweep Time App Ver. Vies
Bias-Tee Date 72006 52753 P

“Operator Name

Device Name.





@ 200mv o 1.000s

§+v492.800ns

5.00GS/S
100K points

value Mean Min Max std Dev.
@D Peak—Peak 1.75V__ 1.70 520m 1.76 112m

14 Jun 2010
11:50:55





& 200mv 4.00ns S.OOGS/§
Value Mean  Min Max Std Dev | WW»v452.400ns _}{100K points
@D Peak—Peak 752mV 745m 736m 760m 6.77m

14 Jun 2010
ERER









Tek Stop

(@ 1.00v

10.0MS/S
10M points

Mode
sample

@ 7 s0.0mv





Tek Stop

(@ 1.00v

10.0MS/S
10M points

Mode
sample

@ 7 s0.0mv













338

16
4.1
1.8
Ra<08
14 Hw65
= i
SUS3I6L
C0.2
9105, 2RO FITREOI LT
L,
HREY. 36 5 ME0I LT
21

rKEKBFABPM model—E1

i Tobivama 6,/0 ct/2006
{E1E: M. Tobivama 8/Nov/2006













Quit Save PS GIF.

2D Piot Zoon Zoom Ot Full Zoon Previous Zoam
linear y-near 2-linear Fitto Page Grid=Ofr
o0 Fon 13 10707198 200 1,0000w-12 (a1, xymilonae (63,7500 2L, 69,2209 21, L.37o4e 15> (Ve
'
' GafdL, Re(impedance) (windowed)
v =t 0,000, 0,0000 tn1
( T T T T T
o ]
w
T
) ] ]
i
'
f
t
« " ]
c
o ] ]
(
z
)
) ]
1 T T T T T T
] 10010 20010 30010 33010
v )





Quit Save PS GIF.

2D Piot Zoom In Zoom Out Full Zoom Previous Zoom
x-linear y-linear 2-lingar Fitto Page Grid=Off
{535 Feb 13 10708125 2010a= 1,00000-12 [As), [xuzlloss= ( —63,7355e-21, 64,2263e-21, —1,37945-15) VAl
i
s GfidL, Im(Impedance) (windowed)
t = 0,000, 0,0000 tn]
« 1 T T T T T
w
v
)
I
1
1
t
¢ 0
c
Q
(
z
)
)
1-0.9803 T T T T T T
0.0e0 1.0e10 2.0e10 30010 3.3e10
v flHz]





-40


-30


-20


-10


0


10


20


30


00.511.52


Output(V/mA)


Time(ns)


(A)Time-domain response


10


-17


10


-16


10


-15


10


-14


051015202530


Amplutude


Frequency(GHz)


(B)Ampliutude spectrum






MEE 511 Log Mag 10.0008, Ref 0.00008 [F2]

Tr2 521 Log Mag 10,0008/ Ref 0.00005 [F2)
50.00

s0.00 1 508.0000G MHz| -30.625 dB

52 1.3000000 GHz -10]062 db

T 508, 00000 WHz| -2.7427 OB
52 1.3000000 GHz -5.9091 db

40.00 40.00
30.00 30.00

20.00 20.00

10.00 10.00

a.000) S a.000), 2
-10.00 -10.00 | T
-20.00 -20.00

-30.00 -30.00

40,00 [ 1 -40.00

-50.00 = -50.00 =

Tr3 522 Log Mag 10.00d8/ Ref 0.00005 [F2]
50.00

Tr4 512 Log Mag 10.00d8/ Ref 0.00005 [F2]
50.00

T 508, 0000 MHz| 401822 B
52 1.3000000 GHz| -7.8380 dB

T 508, 00000 MHz| -2.7365 HE
52 1.3000000 GHz| -5.9093 db

40.00 40.00
30.00 30.00

20.00 20.00

10.00 10.00

0.000) 2 a.000) 2
-10.00 -10.00 | T
-20.00 -20.00

-30.00 -30.00

-40.00 -40.00

-s0.00 Lo -50.00 =

Format
Log b

Meas [ Stop.

ExtRef]

Svc

2011-10-11 09:57





TRl 511 Log Mag 10.0008/ Ref 0.00005 [F2) Tr2 521 Log Mag 10,0008/ Ref 0.00005 [F2)
#0-90 508, 00000 Az 157158 B 30-00 <55 pogog Rz 637576 B8
40,00 |2 1.3000000 GHz 201465 db 20,00 P2 1:3000000 GHz -64.404 ds
30.00 10.00
20.00 0.000)

10.00 -10.00
a.000) i -20.00
-10.00 -30.00
2
-20.00 -40.00
T

-30.00 -50.00
-40.00 -60.00 z
-50.00 = -70.00

Tr3 522 Log Mag 10.00d8/ Ref 0.000d6 [F2] PR 512 Log Mag 10.00d8/ Ref 0.000dE [F2]
%0-00 50500000 Az 17564 B 30-00 55 poo0g iz 631680 FR
40,00 |22 1.3000000 GHz -12]371 |de 20.00 P2 L:3000000 Ghz| 64241 s
30.00 10.00
20.00 0.000)

10.00 -10.00
0.000) l( -20.00

~10.00 /A_J_/\/\—/_\/ 30.00
-20.00 -40.00
-30.00 -50.00
-40.00 -60.00 m

Format
Log b

Meas [ Stop.

ExtRef]

Svc

2011-10-11 10:00





TRl 511 Log Mag 10.0008/ Ref 0.00005 [F2)

Tr2 521 Log Mag 10,0008/ Ref 0.00005 [F2)

s0.00 1 508.00000 MHz| -15.241 dB

52 1.3000000 GHz -20]363 db

20.00 1 508.0000G MHz -3.9638 OB

52 1.3000000 GHz -7.8403 db

40.00 10.00
30.00 0.000) >
20.00 10,00 | £
10.00 -20.00

0.000) i -s0.00

-10.00 5 -40.00

-20.00 -50.00

-30.00 B -60. 00

-40.00 -70.00

-50.00 = -80.00 =

Tr3 522 Log Mag 10.00d8/ Ref 0.00005 [F2]
50.00

MR 512 Log Mag 10.00ds/ Ref 0.000ds [F2]

T 508, 00000 Mrz| 181466 B
52 1.3000000 Gz| -14]043 dB

20.00

T 508, 0000 MHz| -3.9555 HE
52 1.3000000 GHz| -7.8370 dB

40.00 10.00
30.00 0.000) >
20.00 10,00 | £
10.00 -20.00

0.000) l( -30.00

-10. 00 2 £ -40.00

-20.00 -50.00

-30.00 B -60. 00

-40.00 -70.00

-50.00 -~ -80.00 -~

Meas [ Stop.

ExtRef]

Svc

2011-10-11 10:04





TrL SLL Log Mag 10,0008,/ Ref 0.000d8 [F2] Tr2 521 Log Mag 10,0008/ Ref 0.000d8 [F2]
#0-90 7508, 00000 Az ~31/065 OB 20-00 <55 pogog Rz 787138 B8
40,00 P2 13000000 GHz -101020 de Lo.00 P2 13000000 GHz -76.733 de
30.00 0.000 )

20.00 -10.00
10.00 -20.00
0.000 ) , M -30.00

-10.00 -40.00
-20.00 -50.00
-30.00 -60.00
~40.00 [T -70.00 2
-50.00 = -80.00

Tr3 522 Log Mag 10.00ds/ Ref 0.000ds [F2] MR 512 Log Mag 10.00ds/ Ref 0.000ds [F2]
%0-00 505 00000 Az 12]558 B 20-00 55 poo0g iz -4 1302 FR
40,00 P2 L-3000000 GHz| -12]501 (de 10,00 P2 L-3000000 GHz| 881601 He
30.00 0000
20.00 -10.00
10.00 -20.00
0000 4 -30.00
-10.00 1_3/\/\_/‘\/\’“3 -40.00
-20.00 [T -50.00
-30.00 -60.00
-40.00 -70.00
-50.00 -80.00

Format
Log b

Meas [ Stop.

ExtRef]

Svc

2011-10-11 10:03





UNKNOWN-0.doc

[image: image1.png]Office of
Science












