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Proton Improvement Plan Il (PIP-1l) Clock and Timing

Introduction Timing System Diagram

The PIP-1l timing system is planned to be a two-part system consisting of a e ) ooer| “‘""T Genertor S Fber ém S o]
global timing system (referred to as ACLK) that provides high level, event-| || «tti— <o = T e | e [T 77
based timing for the whole Fermilab accelerator complex while the second e > R S caller 180
part is a RF synchronized clock system unique to the PIP-II Linac itself coas o e Lo T f Hrmos|
(referred to as LCLK). The ACLK System will make use of an external 10 MHz o > AL ) L o
GPS based signal source as a reference for its 650 MHz phase lock as it is the oo > paes > Jom]
reference frequency for the TCLK output of the system (needed to support = > - : el [
legacy hardware around complex). The LCLK System will use a PIP-II Linac RF > =TT e Juml
reference (162.5 MHz) from the Linac LLRF system to allow beam oA ——= voATE) S Erin i —> > e [ e
synchronized event placement. Both the ACLK and LCLK systems will have a 7 n:: | e o “%’% > Fano e
clock output with a data frame of 16 event bits + 32 data bits with frames o< ST ey [ w |
broadcast at 650 MHz, phase locked to the 10MHz reference in the case of | || ™7 s, e pee e >\ Pt e
ACLK and the PIP-Il LLRF sourced 162.5 MHz reference in the case of LCLK. Boost| s

Frame Definitions ACLK and LCLK Generators

ACLK uses a GPS based 10 MHz source to create a 650 MHz PLL. This allows
for encoding the data within consecutive 65-bit wide frames played out every
100 nS in the format as shown below.

ACLK Frame| 00 __MSB__LSB/MSB___LSBXXXXXXXX X _|111111

: 2 start 16-bit . : Parity Pad bits
65-bit bits EVENT 32-bit Data 8-bit CRC bit  HE0-65

The 100 nS frame width corresponds to the 10 MHz source which is
compatible with the creation of the existing TCLK. Currently, TCLK can not
have two EVENTs closer than 1.2 uS. Therefore, if ACLK plays a TCLK
compatible EVENT in frame 1, as shown below, ACLK will need to wait 11
more frames before another TCLK compatible EVENT can be played. TCLK
compatible EVENTs on ACLK are defined by the lower 8 bits of the EVENT. * Comparable hardware

TCLK would also be played out on a functionally equivalent TCLK output to be * Front End communication comparable to the TLG for TCLK

distributed to the rest of the Fermilab complex to maintain backwards * Console Applications for user interface
compatibility with existing hardware. * General purpose clock decoders using an FPGA design

* 650MHz based clock for both systems that uses Manchester encoding

Multiple ACLK frames each 100 nS wide with 65-bits each _ e Data rate will be 1.3 Gbps
650 MHz [ 2 3 4 5 6 7 8 9 10 11 12 1 : . .
- : * 16-bit EVENTs have been defined for beam operation
1.2 uS minimum between possible TCLK EVENTs _ . . . .
0 X X X X X X X X X 11 0 e 32-bit Data could easily be a timestamp, status bits, or some other
Start bit MSB 8-bit EVENT SB  Parity  PadBits  Start bit pertinent information
Next TCLK

TCLK EVENT EVENT

Timing Flow of Beam Request

LCLK uses the PIP-1l 162.5 MHz RF to create a 650 MHz PLL. This allows for
encoding the data within consecutive 72-bit wide frames with 1 frame [ACLKITCLK plays out the $000F] 7

| 11.7mS
corresponding to 18 ticks of the 162.5 MHz RF. VP rager from o
B:RSTDLY settable
ACLK/TCLK plays out Booster Reset "'10%/6 usS
111111 (11,12, 13, 14, 15,16, 17, 19, 1C, 1D) 1.2:[*”8
LCLK Frame n MSB LSB| MSB LSB M- 111111 [ACLKITCLK plays out the $000C| L

IBSSB decodes Booster Reset on TCLK|

: 2 start 16-bit : : Parity Pad bits
2- 2-bit D -
7 blt b|tS EVENT 3 blt ata 8 blt CRC blt #60_72 BPG does LCLK Generator 30053 request sent ooos

No .
<to ACLK Generator State/Permits/
and played out Switches/Etc.

nothing <] does nothing

Triggering
LCLK ~13mS
LCLK Generator plays No Generator request sent Generator LCLK Generator plays m
$0211 when pemits drop Permits to ACLK Generator Pemits $0211 when pemits drop
The MultiFunction Timing Unit 2 (MFTU2) is used for decoding EVENTs from v ; .
does BPG does ~15 uS
= . thi - . thi
ACLK or LCLK and providing settable trigger delays. Ll LCLK Generator LCLK Generator noting
decodes and plays decodes and plays
RF phase aligned RF phase aligned
$000A and $0203 $0202
) \
BPG decodes and sends BPG decodes and sends
9.027MHz phase aligned $0201 9.027MHz phase aligned $0201
request to LCLK Generator request to LCLK Generator
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LCLK Generator plays 9.027MHz RF phase aligned $0201

ACLK Generator plays out the $0201

*Work supported, in part, by Fermi Research Alliance, LLC
under Contract No. DE-AC02-07CH11359 with the United
States Department of Energy, Office of Science, Office of High
Energy Physics




	Slide 1

