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RegFGC3 chassis

CERN employs over 5,600 power converters. FGC3s are typically integrated within a CERN-designed chassis

. . . called RegFGC3.
Cycling fast-pulsed power converters generate a pulse with a flat-top duration
of just a few milliseconds. A common backplane links the FGC3 with a variety of cards and

communication buses used to send the reference value,
transmit configuration parameters and retrieved detailed
diagnostics.

7 The third generation of Function/Generation Controller (FGC3) is the latest
" platform for the control, monitoring and diagnostics of power converters.

The FGC3 encapsulates three cards: a
mainboard with an RX610 microcontroller, e = RHAY  RREEE B
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0 A FPGA for glue logic and peripheral handling; §:

MCU «— FPGA <— DSP an analog card with four high precision ADC m
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The power converter control system is based on three layers: Post mortem Configuration
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 Control applications Al & $echaical o' %}
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The General Machine Timing distributes events containing the remaining time before the start of a cycle, Pulse Injector & 55 e sianal
beam injection or extraction. The gateways receive these packets in the CTRI and broadcasts it to the FGC3s. Data and
. : . . . L synesignal| | RegFGC3 G &l Power
In addition, a 50 Hz synchronous signal originated in the CTRI is routed to the FGC3 to discipline a Pl-based | FTTRTRE cor\;\]ferter @
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PLL, which synchronizes a 25 MHz Voltage Controlled Crystal Oscillator. The resulting clock is fanned out to ﬁiﬁﬁiﬁfé"systerj = G Pl R R 7
the MCU, DSP and FPGA making the software and firmware synchronous with the GMT. S system 81 |

FGC3 Software: state machine and timing pulses

GMT Gateway FGC A sub-state machine has been added to sequence the generation of pulses. o),
. i | |TIME_TILL EVENT =875 \\  Waiting: waits for a timing event. 6
New timing event | PULSE_ETIME(AQ) =410 ) o ,
 (Timing Network) | | Broadcastevent | [PULSE_WIDTH(A0) = 400 * Preparing: verifies if the current cycle is enabled and latches relevant parameters.
e e WIDTHAD) - < * Setting:  configures the timing pulses and sends the reference value. 7
E : . |PULSE_ETIME(A2) = 0  Reporting: publishes the current and voltage measurements.
| i i PULSE WIDTH(A2) = -1 . .
- | | * Fault: logs error information.
FGC3 at Linac4
AQ . | The FGC3 outputs timing pulses to D
R i | - orchestrate the use of the capacitors s
i : | I q ~
g - I | stocking the energy needed to generate the 3 Name Power  Pulse FGC3s
A2 i — current or voltage pulses. i Mididiscap ~ 30kW  5ms >0
Capacitor a —\ | | | | .. ¥ 5
voltage | i/ FPGA registers define the time of the rising 2l Maxidiscap 4 kW 2 ms 48
T\ and falling edge of each pulse WIt.h respect e Modulator 5.5 MW 1.8 ms 14
(1{7326; ; to the event (beam). These registers are HoD: 1s0kW | 12 ;
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3 A T T S S initialized based on the requirements of the Stap >
Time (ms) -875 410 : 10 4 0 | fast-pulsed power converter. Converters
Timing event received Remaining time = 875 ms . . . _
NB: The timing diagram Capacitor charging 22222 Duration = 400 ms with different topologies can thus be FGC3s are used to control four typ.es Cff fast
is not to scaled. Capacitor discharging Duration = 5 ms ulsed power converters. Currently, 29 circuits are
controlled homogenously.
Event [ Beam passing operational. When complete, Linac4 will require 115
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Results: time accuracy and precision

Timing accuracy is ~170 ns. Inter-FGC3 time precision is negligible for FGC3s in the same gateway and cable length dependent for FGC3s in different gateways O(100) ns.
: : 1 @ 177.200ns 20.00mv | 180 — i roosin| |
MV'M-F‘. Py P Sl -ty = SRR LR 0 —9.00000NS —20.00mV 160 | \_\ —L4L:RQD:321 ]
J’r /_,/"’”w e Pulse ; ; 1 A186.200ns A40.00mV | L4L.RQD.311
| f ‘i S O A S IO 1 140 ¢ —L4LROD34T |
% Event 9" Event —pl : : I : : : : : 120 - ~——L4L.RQD.361 | -
;\ e e : ——L4L.RQD.371
— | : 1 N . g
i \1 b sy SN SNPRRPIPIE EEPRPRY g | TV L T, ‘ il e i : "GE, 80 | \—‘ _
. o | | : )i 1 | | | | 1 2
Acquisition < Acquisition —>i E a0 | + - : - . 3 60 - [ \ -
| ol 1 _
iy non "‘""""E | 20 -
~170 ns ! ; : :
; . Modulator - - - 0
e T e T g A e A i : ' ' o . D
— —— ’ | : | : -20 - .
CH1 10.0% P S0.0ns CH1 . CH1 10.0% I 1.00rns EHIL L m 02745 0275 02755 0276 02765 0277 02775 0278  0.2785
\ CHI 500 Ey 11-5ep—15% 16523 <10Hz  CH3 2.00% CH4 2.00%  11-5ep-15 1702 <10H: @@ 1.00vE@® 1.00V J,u»vm 2000ns 1M points _ 1.40V Time (s) /




