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BOOSTER ACCELERATOR LLRF SYSTEM BLOCK DIAGRAM  10/16/2014

Updated Block Diagram to include corrections and new C.Drennan [ 9/26/2013
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HRM Readback Channels in Crate $90
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TO PHASE Added 0.4 ms pulse generator block to the Beam Gate C.Drennan | 2/20/2014
. DETECTOR TEST Generator. Swapped "A" and "B" designations at ENI's.
Optional 10 dB attenuator. LOWER SHORT
1/2" HELIAX L00P FILTER Rear Test Stand was removed and new Accel PD and C.Drennan 10/10/2014
ON CEILING RG58 589 MIPL modules installed in rack BLLRF-5
ONFLOOR  gigrs 5E FULL/PARTS TURNS Prototype Dual Phase Detector
— -4- -7- TERM PHASE DETECTOR SWITCHED OUTPUT
43 dbm does not generate DELAYEDVCO o (8 (W72 vy  [BANDPASS FULL PHASE 5-C-9 MODE CONTROLLER | PHASE ERROR 5-C-5 .
— L U FILTER A £
a beam gate. (1 Turn 240mV) BLLRFS z FAST *| 0331.00-ED-180845 .
BLLRFS TOP ENI Ao . 73 PHASE | SAMPLE PHASE 608 (006 |-
Minicircuit BLLRF5 5-8-12 BEAM MANUAL 308 8 DETECTOR TO MADC 2
L18 434 477/ 573 ZFSC-2-4 BANDPASS | AM DETECTOR ly SWITCH 1 PHASE | e FPERR 5-C-7 T08 |38 fyteen
RESISTIVE 1 FILTER 0432.00-ED-63094 BLLRFS 0331.00-EC-180852 SHIFTER 815 S
WALL BEAM NI 3w 5-8-10 nc_GATE INl 0331,00-ED-180843 . 50 OHM BUFF 39,
PICKUP 5 # |
QBIT p/n QBH +19 224 +37db TeRm GATE IN ;H—> INPUT - OUTPUT 25 HRM READBACK 5-C-6 e
1 db comp. pt. @ +17dbm NC ——p] OUTPUT 15— ) c 5 | $90/5LOT 20/ CH11 o om
0331.00-EB-180857 BEAM GATE GENERATOR 0UTPUT |——f}— B:FPERR sc.8 M| o8 nosean st
L6 OUTPUTS ON RP. 0331.00-ED-180847 OUTPUT f=——{}—&> MADC#13 & e
-7- = Direct Beam 4-6-8 T1: BEAM GATE
RESISTIVE 576 CABLE TO 43 dom RE@4-2-4 4CHANNEL = | geam N Gate Out BEAM GATE " st
{1 13.6 mv DC out BUFFER R 4-6-6 RACK 7 TOP 8 Jccen
WALL BEAM SCOPE 240mV=1TURN RACK 4 TOP ~ 7-C-4 c RIGGER
PICKUP 0331.00-EC-180855 - N 5-B-11 569 4-B-6 {} o 50 OHM atvoc 504 HoLD PO TRGGER
. SREE BNC TEE I:J 0 O & Beam Gate to VXI DDS Module YV S Prototype Dual Phase Detector
. | BT nput
" RPENG BNC TEE 4-B-14 BNCTEE RPENG to Phase Controll CAMAC C377 \
Delayed Time G - o Phase Controller RF Input A 503 : RUN_MIP
Phase Adjust Trombone CAACCTT ﬂ_ Beam’ mebent M == $92 /SLOT 4 W A o v romn, ||
Switch 33ms | Direct Timed Gate Out L Beam Gate to MIPL Trigger Module 4-5-9 Chan 1 B:PHDSW z
S.QTZFéé%\IOTS PULSE To Analog Fan-in CH7 RACK;\TOP 5-E-2 - 5-E3 E% o H .
: i L BLLRF7 o - = Re g 5
L& RPENG to VXI Cogging Module MAIN INJECTOR RF sa11 3c11 RACK3TOP 208 e ° } g A
ACCEL PHLK GATE DELAYED VCO e e EE e npue a2
TO ACCELERATION PHASE FEEDBACK &
5-4-1 4-4-1 DIVIDED VCO SIGNAL TO PHASE DETECTOR
3-63 5-4-4 BLLRFS AN | 2 SEO o pRoGRAM ERR =5 iy [}— O BDFSM A/D INPUT T oivioeo v nr rommese serecron
L D—PgL AOUT ] HIGH STABILITY OUT 5-A-13 LABELED = FP
353 528 Ml 3KHZ r— GENERATOR TOVCO OLAEONCO T 1000 3 ot
DELAYED VCO n f BIN 20d8 I T 10 9 B coTERS
U U B OUT &= IN1 PR}C));;EEED our | BNC TEE TO LF PHASE DET. M | Phase-Lock PP
3KHzZ '—l—'
5.C-10 32 DETECTOR FROM FAST | 0331.00-ED-180850 | fox  Feedback 5-C-1
=BEAM GATE N UPS USP  Countdown <39 S&H #2 TABELED , ,
INPUT A-BP 0331.00-EC-180846 TOVCO .
- 40dB 1
REPLACED WITH MIPL TRIGGER MODULE 3-5-2 5-2-9 8P INPUT B-BP DSP DSP IN 5-C-2 5-6-8 4-2-2 %moow 180 OHM FP
DELAYED VCO 0 0 - Il 0 ayow] A oA 50 00
REQUEST PULSE IN BP RACK 7 TOP RPOS S/H L L T1: TEST BEAM GATE (FROM ACCEL PD, DOZ)
(Initizte MI Phase Lock] REQUEST PULSE IN 4817 eem 467 Py 7-C5 DISABLE = awos oo
GATE SYNC MODULE dte VI Fhase Lock) CAMAC C377 MIPLTRIGGER MODULE (Initiate MI Phase Lock) PLLER {1 o SUM BOX R UL —
5-8-4 SET (ARM) $92/5LOT 8 - & PLERR SR 5.C-3 = T4+ EXTERNAL MI PHASELOCK TRIGGER (FROM DDS FREQ. SOURCE)
B:BMIPLT ARM_1 50 OHM BUFF CONNECTION 500HM
5-A4  DDS FREQ. TRIG PULSE OUT RACK 5 TOP REQUEST_PULSE (= WpUT  OUTPUT osp|  pan CAMAC C377 s
QTRIG. o] TRiG VXPLTRG = 5-A4  DDSFREQ.TRIG. _| 1riq 1 MCR12 GETN‘EAR‘E%R ouTPUT [ ¢ $91/5L0T 16 e
J - “A- P -5
RPOS_HOLD S-A12 PP_BLLRF-5-03 0331.00-ED-180859 ouUTPUT 2 HRM READBACK 0331.00-EC-180858 Chan 0 B:PEFFTR
- BEAM GATE & BEAM_GATE ooH $90/SLOT 20 / CH14 B:PLERR ZERO BOX
AL ] 5-B-5
| BNUEEB USE_ALT RPOS_HOLD ouTPUT | & PLERR (MON) PARABOLA
Beam Gate to HOLD_RPOS (ALT TRIG)
P ‘ = -
MIPL Controller ALT_TRIG
5.B-8 MIPL ARMED
82 5-C-12 | P oATE LOGIC FAST SAMPLE &
BLLRRF5
BOTTOM ENI RG-58 ON FLOOR L = TRACK (SAMPLE) HOLD #2
150 ns DELAY savpLe | 0331.00-ED-180853) z
ENI = M\ s H e H s —e| BEAMIN TTLOUT = PULSES out 5-B7 F];
& il
- ANALOG
Dbl. Wide NIM Panel Signal Feedthru. e 511 \ __mmour|  GAPDETECTOR/ GATE I - H> \9 IN 5-8-3 TERM
Labeled: GSBREV BUFOUT +37db i |]  GENERATOR CIRCUIT 581 £y 586 W
\NH\/\ Feedthru Panel ne 0331.00-ED-180842 ﬂ[J
[Col 2, Row 5] 3-4-1 5-4-10
COUNT DOWN GATE OUT NC
GS8 BREV / B IN out 0 0 (Divide By 84) GATE OUT NC W o
(See Page 2 of 2) BEAMSYNC |— & To "Cog Notch Input" alm|o FAST SAMPLE &
TTL PULSE 4-D-6  on the "Booster Gap RPOS S/H DISABLE i HOLD #1 PHASE SHIFT
— " 2 RPOS S/H
DISTRIBUTION 2-£-8  Generator 582 g D‘SC;SBi/E 0331.00-ED-180853 CONTROLLER
— L]”A -~ 0331.00-ED-63397 . DASE ERROR
- 4-6-3 RACK7TOP 5 TO VXI DIGITAL
RPENG PSDRV ] 7-C-3
SAMPLE o {1 S FREQUENCY SOURCE
PULSES GATE VA B°
L20 > BPM RF 3.5-10 558 5A-6 e 57 i ooe 52 5.A-3 571 421 PSDRV PDERR
MODULE n a H N ANALOG IN o5 ! 1} 50 OHM BUFF
BPM > EE-37626 u o 7 i o L 0 RPOS 50 OHM BUFF
RACK 5 TOP RACK 4 TOP et OUTPUT o= [ &| PUT  OUTPUT [—
S S HOLD OUTPUT [=— E oUTRUT
FROM FOUR WAY SPLITER ~ ~ o outpur 4| HRM READBACK i HRM READBACK
BPM OFF SET(28.3 MHZ ABOVE RF) CAMAC a3 o 1-A-11 2-A6 233 464 COFF i $90/SLOT 20/ CH12 B:PSDRY 7 $90/ SLOT 20 / CH13 B:FRQERR
{1 {1 OUTPUT [=—
BOOSTER MARKER 591/5L0T 2/ CHO HRM READBACK a7 a7 231 465 OUTPUT &= PHASE ERR (MON)
50 OHM BUFF o $90/SLOT 20/ CH7 B:ROF o o= 0 i RGAIN _— 4-6-2 RACK7TOP 5 5
oo CAMAC C473 8 (OPENING) CABLE LABELED: RPERR 155 = { S
4-C-10 $91/5LOT 2/ CH1 : 4-4-9
4-3-1 O INPUT D1-AOUT - W BRAG p HRM READBACK BSTR LLRF VCO TO TG-9 0 RPERR 4-D-4
D1-B OUT | : $90/SLOT 20 / CH8 B:RAG PHASED MATCHED S0 OHM BUFF BUFFER A1 OUTPUT | SEXTCORL o
PLCOUT 7= SF(;P;—S(M BUFF BDOT 425 F:L wpuT - OUTPUT clReuIT A20UTPUT| _TOIN-A G16-RR2-1 406
L o A w
D1-D OUTI 4-B-16 OUTPUT 43 RACKﬁ\TOP RAC{K_\6 ToP 62-13 RpOS 4014 | BDOT TR 5 ) HRM READBACK A3 OUTPUT SEXTCOR1 409
INPUT - N OUTPUT t——}—
D1-MON OUT|-— outeur 1 ~ ~ B:ACRPOF Ac RACK 6 TOP 111 Al P $90 / SLOT 20 / CH10 B:RPERR A4 QUTPUT
G 4-5-1 HRM READBACK CAMAC C377 B:ACRPON RPOS ACRPOS CTRL 6-CC-10 ~ n AUX2 OUTPUT {— "
ouTPUT f——J}F———T | $90/SLOT 20/ CH9 B:RPOS $93 /SLOT 2 DAVPER A4 L =N PP (RPOS+ROFF+AUX1) X3 «|INVERT B1 OUTPUT L__SEXTCOR2 4-D-5
461 RACKTTOP 55 [ecope B:ACRPOF INPUT B " TOIN-B G16RR2-1 ___ 4-D-7
OUTPUT 5 L = TV CHAN 27 B:ACRPON CAMAC €377 RACS TO AT TRANSITION B2 OUTPUT -
$91/SLOT 1 ~ ~ GATE 6T+ |NON-INVERT B3 OUTPUT
B:TTPS(xx) Al INPUT A "
B:TTPSOF SUMMING -] AUX1 PSDRV = B4 OUTPUT |
4-C11 CIRCUIT
BLLRE-3 g BOOSTER MARKER e N e RC AIN AR
NIME TOP ENI BNCTee ) . CIRCUIT &
eedthru Panel (DAC2) eRm 4-D-8
Col 1, Row 2 -6- 7- C- MI RF BUFFER VXI 4-c-1 -D-
(Co ow 2] ENI 7 1 DB 364 4!'?9 a4 DIG IN 2 FP BIN A+B P
e - “OGGING CONTROL
C G
MIRF REF. OSC ENI3W VX MODULE
VIA MI-10 +37db BOOSTER DIVIDE BY 84
+5.6 dbm 0331.00-EC-180680
’ RACK 3 TOP 4-C-7 o)
S nas - RF TTLOUT semns  (SEESHEET 2 OF 2)
RPENG From Beam Gate o BLLRF-3
Generator (above) LOWER EMI 1f—————p= RCC WEST
BPM LOCAL OSC. RF (28.8 MHZ OFFSET) RACKfi Top | o RCCEAST
A\
ACCELPHLK GATE  RACK4TOP VXPLTRG (pac2 oun)
Ay TERM 383 . B
308 fp—o—s ;EM%)SSLEBPM
___ PHASE ERROR TO VXI DIGITAL FREQUENCY SOURCE
BLLRF3 3-5-5 3-5-6
TROMBONE
ncs RACK 4 TOP RG-58IN | DELAY 1/2" HELIAX PHASE SHIFTER <37
BOOSTER DIGITAL DDS FREQ. TRIGGER (DAC2 OUT) O BLLRF-3 ON CEILING 0331.00-EE-62812 GROUP"A"ENI | i RCCE
32 DELAYED VCO OUTPUTS(50 OHMS) ON"A" 5-7-5
FREQUENCY SOURCE DELAYED VCO PHASE — A 4-4-5  5-6-10 ENIF.P. BLLRFS| _ 2 [} BRF#19
MODULE (BDFSM) SHIFTED {eoe § RF IN out—{ L 0 1= 5.7
. RF
482 4-23 BLLRF-3 DELAYED VCO -85 s—}—& BRF#17
DDSO BPM LOCAL OSC. T 2ND FROM TOP FAN OUT PSDRV PARAPHASE LONGITUDINAL ENI 3W 517
4-B-3 422 CONTROL TO MTN RANGE CONTROL DAMPER BLOCK DIA _Pzz +37db _4—| —e RCCW
PHASE ERROR IN (ADC1) 4-B-1 DDS LO RE FROM VXI RF IN BOX (PHASE SHIFTER) 5.3.6
DDS1 LLRF OUTPUT 0 EE S EE ENI 0332 00-ED-62829 DWGH 282391 .
RACK4TOP ~ RACK2TOP RACK2TOP | HRM READBACK veo 4-7-6 Upper NIV Crate onvgr  CROUPTBTENI 1—|:|—>5 I RCCE
9PIN 4-B-13 BNC TEE FAN OUT -6 DB 1 1 308 & RF IN - 5 X T
CAMAC C177 osus BIAS CURVE OUT(DAC1 OUT) o o ] o) $90/SLOT 20/ ENI 3W BOX B 44 6 5 107 ENI F.P. BLLRF-5 - = BRF#20
$92/SLOT 15 484 DDS CURVE TRIGGER (IRQ1) ras AS CH29 B:VXBIAS +37db out 526
Set f . 4-8-10 -4- HRM READBACK -A- 3 & BRF#18
BDDSCTG BeDg::F;ZWGErRej:r(alnzc)y sweep FREQ. CURVE MON.(DACO OUT) {1 $90/SLOT 20/ Veo ENI3W 5-1-6
: 2 " 32 VCO OUTPUTS(50 OHMS +37db +——}—& RCCW
o Starts the frequency update timer. CH30 B:VXFREQ 5[] 0 1/4" HELIAX (BLUE,BLUE) ( )
CAMAC C377 A 3-9-2 BIAS CURVE OUT TRANSITION
CAMAC C064 4-5-4 4-B.5phe B'ﬁ%&% mcree  RACK4TOP [ HRM READBACK CAMACC377 | 245 e 4-4-
S?\/Z/\/PSLLOC;T v - L]é ACCEL. PHASE LOCK GATE (FLGO) == © chr?s/lséov%&/z VXI CRATE BLLRF-4 §9T2T/R§(LO)T urt f £ UMP
B . B o N XX
B:VAPLON Required to enable phase lock feedback. [H] [H] , B:TTRXOF BNCTEE
< <
4-B-6 BEAM PRESENT GATE (FLG2) 487 pias2 w s <] <
BEAM GATE Required to enable phase lock feedback. —D_STA 19 3 Q i:? * % 9
-B- &) h )
BLLRF-2 487 BIAS CURVE GATE g 8 3 2 3 S PARAPHASE CURVE
12 L =8 =38 MODULE
OUTPUT CURVE S S
MODULE [ % % I8 ¢ o v CAMAC C377 RACK2TOP ~ RACK4TOP 4.4 se, 3Bo RACKATOP
CONTROLL BIAS GATE OUT DDS1 RF1: SPARE LLRF SIGNAL - & P g3 ca $92 /SLOT 16 o S TRIG IN bE A o CONTROL
NTROLLER & CURVE OUT
DDS1 RF2: LLRF SIGNAL © w O 3o B:VXTPPP U 4
EC-63181 ” : | =2 2 S S : RACK2TOP  RACK4TOP 4.
£ | DDSO RF1: SPARE BPM LO 4 & S v3 @3 o« -~ ~ 4-C-7 BR ENABLE
F2: [ A4 A\
(SEE SHEET 3 OF 3) & | DDSORF2: BPM LO S 2 B £z |22 s CAMAC €377 e PAsT DESCRIPTION OR SIZE ary
> | ADCO: Not Used ~ S - aa o D $92 /SLOT 16 AUX ENABLE :
O | ADC1: PHASE ERROR INTO VXI w o) = o0 oo @ B-BRON PARAPHASE
<Z( ADC2: Not Used § (’7’ 5 & % & % o _ CONTROL PARTS LIST
& | pACO: FREQUENCY CURVE MONITOR OUT (B:VXFREQ) < o 2 S 8 s EXT ENABLE (PHASE SHIFTER)
) '} [a) @ @ UNLESS OTHERWISE SPECIFIED ORIGINATOR
DAC1: BIAS CURVE OUT (B:VXBIAS) EXT CURVE IN Lower NIV Crate
DAC2: DDS MI PHASE LOCK FREQUENCY TRIGGER Y24 VX VXI X Xk (SPARE) FRACTIONS DECIMALS ANGLES | DRAWN
— { p— A +- -
o, | FLG3 LED: DDS RESET INDICATOR Ea E/_E\\C/\L;E;; EIERTSSOCO VXI E : BUXTPPP  CURVE START TRIGGER JUMP CHECKED
&= | FLG2 LED: BEAM PRESENT SIGNAL RECEIVED INDICATOR s Ex B:PARAT  PARAPHASE CURVE e e EDGES APPROVED
};(g FLG1 LED: BIAS CURVE ENABLE INDICATOR B:PAUXT AUXILARY CURVE 2. DO NOT SCALE DRAWING USED ON
%8 FLGO: ACCEL. PHASE LOCK ENABLE INDICATOR B:PARANM NUMBER OF PARAPHASE CURVE VALUES 3. DIMENSIONING IN ACCORD
zm | 1RQ2 LED: Not Used B:PCLOFF  BASELINE OFFSET FOR PARAPHASE CURVE WITHANSIYIAS STO'S.
IRQ1 LED: B:DDSSCTG CURVE TRIGGER RECEIVED INDICATOR B:PC20FF  POST-TRANSITION OFFSET
IRQO LED: Not Used LOST BEAM ENERGY VXI MODULE .| B:PBROFF  BEAM ROTATION OFFSET L ARCHINED MATERIAL
— BEAM ENERGY CHGO ~ ——————&=[CHARGEIN &| B:PC2CNT  1.2us COUNTS BEFORE APPLYING
@ BAVFRQT  FREQUENCY CURVE LOSS TRIGGER = POST- TRANSITION OFFSET AutoCAD LT 2008
= Y
= CAMAC C377 RACK 2 TOP RACK 4 TOP B S| B:PBRCNT  1.2us COUNTS BEFORE APPLYING
& | B:VBIAT - BIAS CURVE S S e 4811 HRM READBACK = BEAM ROTATION OFFSET FERMI NATIONAL ACCELERATOR LABORATORY
2 $92/SLOT 15 S S &[TIMING IN
< | Bvand o INECTION FREQUENCY B:BELTRG e BELOST 330/ SLOT 20/ & | B:PAUXNM  NUMBER OF AUXILARY CURVE VALUES UNITED STATES DEPARTMENT OF ENERGY
% | B:VCDLY  DELAY START OF CURVE RELATIVE TO DDSCTG : - CH46 B:BELOST | B:PAUXCT  1.2us COUNTS BEFORE APPLYING
& B:VFRSTP FREQUENCY REVERSE SWEEP STEP SIZE g5 = AUXILARY CURVE
% B:VFIBR  TRANSITION TIME BETWEEN THE INJECTION = 4-B-9 HRM READBACK 2 B:PAUXDV AUXILARY CURVE CLOCK DIVISOR B O OST E R ACC E L E RATO R
g FREQUENCE AND THE FREQUENCY CURVE 3 | B:BELOST  BEAM ENERGY LOST BPLIHA $90/SLOT 20/ B:PEXTEN  EXTERNAL OFFSET ENABLE
B:VAPLGN ACCEL. PHASE LOCK GAIN TIMES TWO = | B:BPLIHA BEAM POWER LOSS 1 HOUR AVG. CH45 B:BPL1HA I
< | B:BPLSMA BEAM POWER LOSS 5 MIN. AVG. R S S M OC K G M
=z
B:VXFREQ FREQUENCY CURVE MONITOR G] 4-B-8 HRM READBACK I_I_ F Y TE B I_ D |A R
B:VXBIAS BIAS CURVE MONITOR < BPLSMA $90/SLOT 20/
I CH44 B:BPLSMA SCALE FILMED DRAWING NUMBER REV.
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