Pixel high rate test pulses

Daniel Pitzl, Simon Spannagel, DESY
Hamburg CMS Pixel Upgrade meeting, 22.2.2013

e update from 16.11.2012

e new test board firmware from Beat Meier PSI:

» more efficient packing of digital ROC data:
12 bits into one word (2 bytes)

» extended 'event FIFO': 128 words



Data Rate Estimations

* Simulation with Pythia Z2 tune and GEANT4

* Assuming 24 bits per hit, 100 kHz level 1 trigger rate

* Peak luminosity = 2x10*cm™~s™, 0,,=80mb, o, ,=1.5mb, 25 ns BC
[ayer 1 @ 29cm 2 3 4
Pixel fluence [MHz/cm?] 520 119 52 27
Hits / trigger / module 190 40 18| 84
MBit/link/sec 435 118 66 45

1 ROC = 0.65 cm?

Hans-Christian Kastli,
CMS Upgrade plenary,
20.7.2011
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digital ROC data format
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CLK40 \ \ \ \ \ \ \ \ \ |
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TOUT "
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k. v A, A > A v A, ~ /
start marker id field column row pulse height
e SDATA: ROC header pixel hit (repeated)

» 4 bits per 40 MHz clock cycle = 160 Mbit/s

» ROC header: 12 bits
> pixel hit: 24 bits
e FPGA version atb5b:

» 12 bits stored per data word (2 bytes)

» deeper 'event FIFO'
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maximum: 6.6 Mpx/s
readout from one ROC

DPIX meeting , 20.11.2012



max read out: 6.6 Mpx/s/ROC

where does the rest go?

 to garbage!
e CMS trigger rate is 100 kHz max:
» on average 10 ps between triggers

e ROC data buffer expires after ~135 bunch
crossings (3.4 ps trigger latency = WBC)

» 99.5% pixel hits are never readout
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double column readout
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psi46 test board with digital ROC

 Single chip module:

SW: 260962-19 | &
CW: VBBIMDT &
< 15 DIG

» Indium bump
bonded at PSI

» Glued and wire
bonded to carrier
printed circuit board

» Interface card to
psi4d6 TB with edge

O«
o

PEERITIITII13S (FERRE A ;
- O | i | connector

» ETH adapter card
for digital 160 MHz
differential signal
directly into FPGA

V). s e - | (LCDS into LVDS)

September 05

64 MB memory
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test board signals and steering

signal sequence from FPGA to ROC:

reset nxcalibrate trigger token = r c(ccc) t k

tbParameters.dat:
trc 18 time between reset and cal [BC]
cc 20 calibrate counter n
tcc 38 time between calibrates [BC]
tct 167 time between calibrates and trigger
WBC = tct — 5 = 162
ttk 18 time between trigger and readout token [BC]
trep 12 time between triggers [many BC]

ROC: expired | WBC | WBC |

signal: r cccccccccceccecc t k
. . | |

FPGA: trc cc tcc tct ttk
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High rate ROC test

pixels read out:
f =f n n
read trig pix/DC DC

pixels active:
f = f n n n =n f
act trig cal pix/DC DC cal read
limit:
£ _ :write < 25 MB/s into memory, < 6.6 Mpx/s ROC rate

rea

reached:
n =20, £ _=4Mpx/s => £ =80 Mpx/s/ROC

cal read
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takeData with test pulses
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activate test pulse for columns 0..51 in 6 rows
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high rate test
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312 pixels pulsed

13 kHz trigger rate
(trep 12):

» 4 Mpx/s read out
» 19.6 MB/s

20 calibrate pulses:

» 81 Mpx/s active.
100% efficiency

no data errors

DPIX meeting , 20.11.2012



ROC digital current vs activity
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Summary and outlook

e New test board firmware allows to read out at higher rate:

» ROC readout up to Mpx/s (24 bits/pixel at 160 MHz):

e Higher pixel activity generated by multiple calibrates:
» reached 81 Mpx/s/ROC
> corresponds to 125 Mpx/s/cm®.
» error-free readout

» digital current increases linearly up to 250 Mpx/s/ROC

e Test board firm ware still has limitations:

» higher trigger rate and/or more calibrates don't work

e next:

» test irradiated ROCs
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Back up
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psi46dig periphery

26 double columns with buffers
1121314(5|6|7[8|9(10[11|12[13]|14[15|16(17[18|19(20(21|22|23|24|25|26

I ‘ 15 g
S DCOL readout = H
@ QO . ol 8
Q= 1st stage <UL readout buffer 8 bit | £
E = _ e ] (FIFO) ADC
T START EMPTY
tza N
40 MHz %
ROC readout |<— — 4 bit mux =
2nd stage
g vy o PLL clock
START END - 160 MHz
‘ serializer generator
TOKEN TRIGGER TOKEN SDATA CLOCK (40 MHz)
IN ouT 160 Mb/s

Beat Meier, CMS tracker week, 1.2.2012
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digital ROC data format

[N ]

3 Bit Code

= =ooo o
[=]1=TE g e =] =
= [ D= | D | =k [ D

6 bit DCOL# 9 bit pixel# from data buffer ADC
3 bit code 3 bit code 3 bit code 3 bit code 3 bit code 8 bit
23 bit DC[5:0] PX[8:0] PH[7:0]
24 bit DC[5:0] PX[8:0] PH[7:4] 0 PH[3:0]
DC[5:2] DC[1:0], PX[8:7] PX[6:3] PX[2:0], PH[7] PH[6:4], 0 PHI[3:0]
6x4 bit W1 W2 W3 W4 W5 W6
0111]1111|1010{ ? trigger [0111|1111]1001| W1 | W2 | W3 | W4 | W5 | W6 |0111{1111{1100] ? status

TBM header, data

ROC header

Hans-Christian Kastli, CMS upgrade plenary, 20.7.2011
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ROC data (n times)

TBM trailer, data

DPIX meeting , 20.11.2012



