TRLO Il - flexible FPGA trigger control
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ALADIN-LAND setup - R°B
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Three-body correlations in
the decay of *°He and *°Li

H.T. Johansson, Yu. Aksyutina, et. al.
Nuclear Physics A, Vol 847 (2010) pp. 66-88



The trigger has to be fast...
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VULOM

(VME universal logic module)

by J. Hoffmann, GSI

Original TRLO firmware
by J. Frihauf, GSI
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Fast-path:

N, | register input

detector signals —

master start

Timing-critical

SCALER

LEADING EDGE |-

trigger decision SCALER

LEADING EDGE

——= [mu out

—= after lmu or

LMU

All logics: 100 MHz (10 ns)

Decision in 2 clock cycles:

18 ns:

5 ns:
20 ns:
10 ns:

module in + out
anti-metastable
decision

clock jitter

45-55 ns:

IN = master start

DEAD TIME
VETO

s 1nhibit

SCALER

LEADING EDGE

CHANNEL
ON/OFF

REDUCTION

SCALER

= trigger pattern after reduction
)

OR.
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SUM OUT |=— arm

J

STRETCHER —— master start




Trigger state machine

IDLE | trigger pattern after reduction R=1 START WINDOW
TS=1 - T5=2

.!l [

: pending trigger R=2 rig pat after red

or R=§
pulse trigger R=3
- PENDING/PULSE TRIGGER
TS=15
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PULSE SELECTION

- WH;EI?W 3 wait for counter
END WINDOW
TS=4 = — . dead tme from TRIVA
busy
.......... LMIT ¢l d set
TRIGGER SELECTION e
TS=7 [ set internal dead time

TS — Trigger State

PRIORITY ENCODER

R — Reason
TS=18 T5=8
pending tigger
R=7 START SEND TRIGGER
_ TS=9
........ setarm R0 [ TRIVA DONE |+~ wait for busy
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Busy R=3 TS=14 and LI
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Stable VME Interface definition

VME registers as C structure,
with named entries,
generated by compilation

Version number is MD5
of full VHDL code

Named constants

Setup regqisters in block
RAM for readback.

Aggressive check ming
of output data.

#define TRLO MD5SUM STAMP 0Oxccb60dee
// Constants for 'direct mode':
#define TRLO DIRECT MODE LOGIC 0x0
#define TRLO DIRECT MODE DIRECT 0x1
#define TRLO DIRECT MODE LOGIC OR DIRECT 0x2
typedef struct trlo output map t
{
/* 0 0x0000 */ uint32 t version md5sum;
/* 1 0x0004 */ uint32 t compile time;
/* 2 0x0008 */ uint32 t timing tick;
/* 3 0x000c */ uint32 t deadtime tick;
typedef struct trlo setup map t
{
/* 0 0x2000 */ uint32 t mux[122];
/* 122 0x21e8 */ uint32 t direct mux[26];
/* 148 0x2250 */ uint32 t direct mode[26];
/* 174 0x22b8 */ uint32 t direct or[3];
/* 177 0x22c4 */ uint32 t scaler mode[8];

// MUX src indices:

#define TRLO MUX SRC ECL IN(i) ( 0+(1i))
#define TRLO MUX SRC ECL IO IN(i) (16+(1i))
#define TRLO MUX SRC LEMO IN(i) (24+(1))

#define TRLO MUX SRC WIRED ZERO (32)



General logic

- Pulsers (programmable frequency).

- PRNG (pseudo-random sequence).

- LMU (not the same as in fast-path).

- Downscale.

- and stretch (a.k.a. gate-and-delay).
- Edge-to-gate conversion (e.qg. spill mimic).
- Fan-in (masked all-or).

- Coincidence.



Monitoring

- Scalers. Latched 32-bit with selectable input.
Hybrid flip-flop / block RAM -> few resources. (25 ff/ch)
- Timer latches (latch global timer on a signal edge).
- Multi-entry buffer for the timer-latches.
Block RAM fifo.
- Self-triggering soft-scope.
Block RAM circular recording. Block RAM multi-trace fifo.
- Input pattern latch.

- Front-panel LEDSs.

- Front-panel display.




Multiplex everythlng'

Any signal & Vodule outputs
destination can ECL & LEMO |SSSeress ECL & LEMO

use any source. 7
: Front-panel LEDs
Generators W
//

Module inputs \/

Routing cost:
2 cycles = 20 ns

Exceptions for
timing-critical
fast-path:

use fixed ECL in

master-start to
any output, bitmasked

L MUuxX[TRLO _MUX DEST xxx(j)] = TRLO _MUX_SRC_xxx(i); I X



Trigger alignment - measurement

Ch 22:
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Pile-up measurements

Record inter-arrival times of signals

Every ion entering the cave — off-line pile-up rejection

Hits: 1482288 ©Lost: 1 Cut: 70 = 1.000 s Total t: 525.246 s Rate: 2822.1 Hz

Example: / :l_— _...ii{lé...——— | 1|ms—.... | | 1is
: (divide by Poisson distrib.)

almost perfectly | ;

random detector ; L T e e,

trigger signal : - ;

(cosmics+noise)

1|us 1|ms 1|s
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o . DAQ program . DAQ program
TCAL start signal :

Work-in-progress .-- .!_

Stop clock

I O O e B

|
End marker = TCAL stop

| |
- <= tTCAL B eI\ §

Figure 9.2: At the arrival of a TCAL start pulse. the next clock pulse is
used as TCAL stop.

- Random TCAL
(generate and measure semi-random pulses).

- 64-bit timestamps
(10 ns resolution, 32 bits wrap after 42.9 s).

- Serial timestamps send + receive
(for event synchronisation between systems over
one signal line, 'survive' disconnections).

|
L | | | I e B R

-

320 ns/ 32 cycles
1 message cycle: 41 pus




FiInale!

Thank you!
FPGAs are F U N !

Live by the compiler timing messages!
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