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Abstract The primary function of the GVFF module is to gen-

The Gap Voltage Feed-Forward (GVFF) Module produc«erate a periodic reference signal which sets the amplitude
adaptively generated inphase (I) and quadrature (‘and.phase fqr the 476 MHz klystron RF dnve_&gpal. The
reference signals for a single RF station. This modudesired amplitude and phase for each RF Station is defined
measures the periodic (1-turn) beam induced cavin an EPICS data base which can be read by a DSP pro-
transients caused by the presence of an ion clearing gacessor in the GVFF module. The reference signal is a two
the beam. A reference waveform is generated to minimidimensional signal of | (in-phase) and Q (quadrature) com-
the direct feedback error signal transient caused by the gponents. Its period corresponds to one turn through the
In addition, the GVFF module receives a fiber-opticallring, or 7.34uSec.

connected, band-limited ‘kick’ signal from the
Longitudinal Feedback System. The kick signal modulat;
the | and Q components of the RF reference causing ' Region 12
station to act as a ‘sub-woofer’ for the Longitudina
Feedback System. This process dampens low or(
coupled-bunch instabilities induced by the fundament
mode of the accelerating cavities. The GVFF Module al¢
includes hardware for remote measurement and adjustm
of the ‘kick’ transfer function.

1. INTRODUCTION

The Gap \Wltage Feed-Forward (GVFF) Module is

C-size VXI circuit board which is installed in a 13-sloi
VXI Chassis containing the various modules of th
Low-Level RF system [1]. An RF Station consists of thi Region 8 & HER
VXI chassis, a safety interlock chassis, a klystron, an F fiber optics link
drive amplifier, and either two RF cavities for Low Energ)
Ring (LER) stations or four RF cavities for High Energ\Figure 2: Interconnect between RF Stations and Longitu-
Ring (HER) stations. The PEP-II B-Factory contains fivdinal Feedback Systems.

RF Stations for the HER and three RF Stations for ti ) ]

LER. The RF Stations are positioned around the 22! Figure 3 shows the direct feedback loop of an RF Sta-

meter circumference ring as shown in Figure 2. There tion. The stored circulating beam in either ring consists of a
one GVFF module in each RE Station. series of electron or positron bunches and an unfilled area

called anion clearing gap. When the gap passes through the
cavities, a large voltage transient occurs which would nor-
mally saturate the feedback loop. The GVFF module mon-
itors the direct feedback loop error signal to detect the
periodic gap transient. The GVFF module applies an adap-
tive digital signal processing algorithm to generate a ref-
erence waveform which combines the EPICS specified
amplitude and phase for the RF station (DC component)
with a ‘gap transient’ compensating waveform (AC com-
ponent) to minimize the gap transient as seen in the loop er-
ror signal.

The secondary purpose of the GVFF module is to in-
terface the LLRF systems and the Longitudinal Feedback

: (LFB) system for each ring. Two LFB systems are installed

Figure 1: Photograph of GVFF module. in Region 4 of the PEP-II B-Factory, one serving the HER
and one serving the LER. These LFB systems dampen the
coupled bunch synchrotron oscillations which are driven by
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tems and the LLRF systems. The GVFF module trans-

Cavities forms the kick signal by means of a cosine table and a sine
GAP VOLTAGE _ Low-Pass |« LFB kick 4 PerklystroninHER  table, so that Cos(kick) and Sin(kick) signals are applied
FEED-FORWARD Kick Input [, cjck Relay 2 PerKlystoninLER "o veal and imaginary inputs of a complex multiplier.
R — Error The complex multiplier modulates the reference | and Q
] L&) Kiystron signals to vary primarily the phase of the klystron drive RF
! +f'z\T T RF signal.
e ) '\*J'Loop Q 'V'Od:'awf _l;rive The GVFF module also measures the open and closed
0 Z' G EmMor 476 MHz RE Ampl. loop responses of the LLRF/LFB loop. A 512K word
‘play’ memory is loaded via the EPICS control interface
| Baseband T RF with a stimulus signal. On demand of the EPICS control
Q Adjust Q Demodulator interface, the play memory plays out the stimulus wave-
| Baseband |7 LF form, while a ‘record’ memory collects the ‘kick’ wave-
Ga;'{},’jﬂ';?se Q Demodulator [~ form samples received from the LFB system. For open
Saseband | LF loop response, the stimulus signal replaces the LFB kick
o Ga/i\rgjlfjggse Q Demodulator [ signal in driving the Cosine/Sine transform. For closed
T loop measurement, the stimulus signal is added to the LFB
| caprase [ RE o f—|  Kick signal to drive the Cosine/Sine transform. The loop
Adjust L Demfo i response can be tuned via a programmable 32-tap equaliz-
476 MHz RF ing filter in the GVFF module.
Figure 3: Block diagram of direct feedback loop for one
RF Station. 2. ARCHITECTURE

The LFB Systems use their own ‘kicker' arrays t&19Ure 4 shows a block diagram of the GVFF module. The
dampen the higher-order mode oscillations. However, fgital signal processor (DSP) operates at slower than
dampen the larger low-order mode oscillations, each LFBal-time in computing the reference waveform. Therefore,
system low-pass filters its analog kick signal, digitizes f PAir of 512 word Input FIFOs are used to collect up to 3
and transmits it to the RF Stations via fiber optics cabld4Ms of error waveform, initiated by a “Turn Trigger’ pulse
as shown in Figure 2. The RF Stations serve &éugh occurs once per turn. When the FIFOs have data
high-power, low frequency drivers for the LFB system&Vvailable, the DSP is interrupted. The DSP reads the error
The GVFF modules act as interfaces between the LFB syidnal data from the FIFOs and inputs this to its adaptive
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Figure 4: Block diagram of Gap Woltage Feed-Forward Module.

2366



algorithm which calculates one turn of “reference' wavélRF VXI chassis. The control panel for the GVFF mod-
form. The result is placed into the inactive region of thele is shown in Figure 5. Controls are provided for loading
circular buffers. The DSP then toggles the buffer selectequalizer filter coefficients, down-loading or reading back
to put the new reference waveform ‘on-line’. The DSPBhe Record and Play memories, loading and starting DSP
begins the next iteration of its adaptive process by re-arprograms, loading the Cosine and Sine tables, setting the
ing the Input FIFO controller. loop delay value, and setting the GVFF module into its
The circular buffers repetitively play out the latest refvarious operating modes.
erence waveform, on a one-turn period. This reference
waveform is then modulated by the LFB kick signal via 4. ADAPTIVE ALGORITHM
the complex multiplier. The DSP adaptive algorithm used to generate the refer-
The low-pass filtered kick samples from the LFB sySance waveform is outlined below:
tem drive one input of the digital adder. The other input of
the adder is driven from the ‘play’ memory. Either inputs Arm Input FIFO and wait for ‘data ready’ interrupt.
may be disabled by the EPICS control interface to put the
GVFF module into normal feedback mode, open loop
transfer function measurement mode or closed loop trans-
fer function measurement mode. The ‘equalizer’ is a pro-
grammable 32-tap FIR filter. It is required to correct kick* Remove the DC components from the | error signal
signal phase distortion induced by the low-pass analog fil- and the Q error signal:
ter in the LFB system. The Delay FIFO time-delays the NewErg[0..n] <= NewErf[0..n] - DG
k|ck_ S|g!’1al o) t_hat the delay due to the position _of the RF NewEr[0..n] <= NewErp[0..n] - DCq
station in the ring and the sum of data processing delays ] . i
add up to exactly one turn. The Cosine/Sine tables convett COMpute difference equations using constarifsr-
the kick signal to I/Q components to cause primarily phase 9€tting factor) an@ (adaptive rate):
modulation of the station RF drive signal. Y[0..n] <=a * ( Y,[0..n] +B * NewErn[0..n] )
Yol0..n] <=a * (Yg[0..n] +B * NewErrg[0..n] )
» Get ‘AREF’ and ‘PREF’ (station amplitude and
— phase) parameters from the EPICS data base, and con-

F
PEP-II Low Level RF -
Gap module vert to | and Qer.

Average across the N turns of collected error signal
data to compute one turn of ‘averaged’ | and Q error
signals.

MRsT B star [ stR HO_ALARH
status essage

Compute the new Reference waveform, placing the re-

WD 0x4£00  SEN  Oxl  ¥SHL  Oxiffe sult into the inactive regions of | circular buffer and Q
MTYP 0x7105 VERN 0x1111 A240 0x9000 .
wrr 0xd circular buffer:
GSTO 0x9084
n  0x006 | mm  Oxffs?  oBm  oweoso | BL6 NewReferencg0..n] <= Y,[0..n] + g
IMSK Interrupt Acknowledgement

LI L ink Buror] ¥

taudwaie Eurol]

NewReferencg[0..n] <= Yg[0..n] + Qs

THREE jfzoz& |C E— jofiware EBuroy]  Softwaze | . Toggle the ping_pong Circular bUfferS to put the new
ine osine Lock-up-tables Load . ;
Al 3200000 Phase 0.0 = reference signal ‘on-line’, and loop back to top.
Efqualizer Coefficient Files Load Status
EOCF /thl/gvfEqCoefsD, thl m &
FICF /tbl/guiEqgosfsl. thl i — 5. GVFF MODULE TEST CAPABILITY
EER T DSP Files Load Status
DSPE Suna: skl cronsitom/aptstol [ —— A set of test programs has been developed for the GVFF
T e s #ﬂm‘e module, and a tester board has been built which generates
AU 3200000 PREF 0.0 [ Toa ] 0.00 a synchronized ‘kick’ test pattern, feeding this to the
- Flay hafter H e GVFF module through a fiber optics link. To facilitate
™ 5 e Tl Gat Status testing, the GVFF module includes an additional data path
e WW“ E— from the complex multiplier output to the ‘record’ mem-
oL ory (not shown in Figure 4). This allows most of the GVFF
TF  _OFF | GFF Loop OFE |17 Loop OFf|  Equalizer Bank Bank 0 | module to be tested in an automated manner.
State T b Taol Pre-DAC Data Aligament [ 1
Figure 5: EPICS panel for Gap Wltage Feed-Forward 6. REFERENCES
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