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Documentation

2 RD53 manual: https://cds.cern.ch/record/2287593/

2 RD53 testing twiki: https://twiki.cern.ch/twiki/bin/viewauth/RD53/RD53ATesting

2 Middleware repository: https://gitlab.cern.ch/cms tk ph2/Ph2 ACF/-
/tree/daqSchool2021

2 Firmware download: https://gitlab.cern.ch/cmstkph2-1T/d19c-firmware/-/releases
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_ IT excercise
SCC jumpers

2 Necessary jumpers on SCC

v' IREF IO
VREF ADC
VDD CML SEL — VDDA

VDD PLL SEL — VDDA

NN

PLL RST

v JPPWR
2 LDO power mode:

v/ PWR A to VINA (to the left)

v/ PWR D to VIND (to the left)
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SCC to FC7 connection

Imperial
Power
Board

2000°L3LEL91
SOSPOM:

ETH SFP W

adapter o Power IN
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Middleware preparation and configuration

2 In Ph2_ACF create a working directory (create as much working folder as you need,
for example one for each sensor you are testing or whatever)

>mkdir workingFolderSensorName < Folder name example

2 Copy from settings folder in Ph2_ACF the configuration file CMSIT.xm| and the ASCI|
file in settings/RD53Files/CMSIT_RD53.txt

>cd workingFolderSensorName
>cp ../settings/CMSIT.xml .

>cp ../settings/RD53Files/CMSIT RD53.txt .
>chmod -x CMSIT.* «———— Thisis not mandatory, but | prefer not to have execution permises for configuration file only

2 You need to properly configure the CMSIT.xml wrt the scans/calibrations you need
2 Remember to properly set the IP address has explained in FC7 setup

2 After firmware load, please reset the board:

>CMSITminiDAQ -f CMSIT.xml -r
2 As an example see the monitoring in the next slide
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Monitoring

2 For the monitoring of some parameters such as Vypp, Vppar Veer (S€€ Next slides), you
need to switch on the monitoring by putting to one the RD53 monitoring enable flag

in CMSIT.xml, as shown in figure

2 Then you need to run CMSITminiDAQ, for example:
>CMSITminiDAQ -f CMSIT.xml -c physics
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The trimming of the

SCC Configuration (1) voltages on the board is

useful, but not strictly

mandatory for the school

2 Power supply (PS): excercise

v/ Suggested PS voltage 1.8V (? Better on SCC and control the voltage drop on the cables?)

v/ V..Dand V. A are shorted on SCC (JP PWR jumper):

m Single PS channel for both analog and digital power (you need enough current, i.e. 2 A or more)

You should
m Two channels, one for analog and one for digital: you need to switch them on simultaneously | have a "both
on" button
2 VDDAI VDDD =1.2V: or similar

v In LDO mode, once the chip has the PLL locked, it is possible to set Vs via voltage trim bits

V' You need to properly set the registers named SLDO_ANALOG_TRIM & SLDO_DIGITAL_TRIM in RD53A manual

5 bit registers
V' In Ph2_ACF, the registers are called VOLTAGE_TRIM_ANA*and VOLTAGE_TRIM_DIG

In order to write

v Measure the V, with a multimeter between GND and PWR A for V,, or PWR D for Vyp registers you need
to run
CMSITminiDAQ

v/ Adjust bits until both are at 1.2V
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_ IT excercise
° ° e 8 Jumper joining a pair > 1 o v
SCC configuration (2) STy et

D lpgr=4.0 pA:

v/ Using a multimeter, measure the current on the SCC card between the two
pins IREF 10 (for this measurement you need to remove the jumper and
measure the current between the two pins)

V' Adjust o properly adding or removing jumpers on the 4 IREF TRIM its on
the SCC

V' The higher the bit value, the higher the I current

v/ Put back the jumper IREF 10!
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I |7 cxcercise
SCC configuration (3)

D Vpgr=0.9V:

v/ Using a multimeter, measure the voltage on the SCC card between the
VREF ADC jumper and GND (you need a jumper on VREF ADC with a
probing hole in the middle, allowing you to use it as a test point even with

the jumper itself)

V' Adjust Vi properly using MONITOR_CONFIG_BG register in the xml
configuration file
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SCC configuration (4) - Bias voltage SOREE | oo

2 For this exercise it is not mandatory to switch on the high ’ '
voltage, but

2 IF you want to bias your sensor, do it at your own risk, and

at lest be sure that:

v/ You never bias the sensor with LV off (switch LV on before biasing, switch
bias off before LV off)

v/ Limit the maximum current of your bias voltage supplier such that you
can't break your sensors

v/ Bias your voltage with the right polarity and "gently" (no fast ramps and no
bumps)

v/ Depending on your sensor type, choose a proper value for the bias voltage

v/ Take care of all the possible sensor breaking circumstances
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I T cxcercise L ..
Latency coarse

Latency will be
. f din st f
D Copy CMSIT.xml into CMSIT_Latency.xml (for example) 0 units of latency,
givin you a coarse
result

>cp CMSIT.xml CMSIT Latency.xml
2 Change this file, taking care of:

. Scan
2 Run alatency scan: serformed
>CMSITminiDAQ -f CMSIT Latency.xml -c latency 'i?;igft
2 Look at the generated root file: WARNING! Remember to
. put DoFast back to zero
>root -1 FileName.root after latency
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_ IT excercise
Latency coarse

200

Enfries

180
160
140
120
100
80
60
40

20

Latency_Board00_Mod00_Chip00

It tells you where you
expect to find your
latency value

1 I 1 1 1
400 500
Latency [n.bx]

Actual peak to be used to Spurious peak due to the
obtain the correct latency arming process of the
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) |7 cxcercise
Latency fine

2 Change CMSIT_Latency.xml file, according to the previous results:

1

2 Run alatency scan:

>CMSITminiDAQ -f CMSIT_Latency.xml -c latency "
2 Put the found value +nTRIGXEVENT/2 .

(it looks from that value on, where
on is determined nNTRIGXEVENT) in o
your CMSIT.xml file and all of your

—_

Efficiency

IIIII

RMS

o>
ojIII‘\Illll\\I|II\I‘\III‘Illlll\\Illl\l‘\lll‘l\llll\

config files from now on

a0

L1 L 1 1 1
132 133 134 135

F
w
iy

136

137

138

139 140 141
Latency (n.bx)
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) |7 cxcercise
Pixel alive

2 Copy CMSIT.xml in CMSIT_Scurve.xml
2 Change the file, taking care of:

1

>CMSITminiDAQ -f CMSIT Scurve.xml -c pixelalive

e/0/0/0

Fows

0/0/0/0 0.999590

0

PixelAlive_Board00_Mod00_Chip00

50

100

150

| 4
200

230

1 4
300

350 400

Columns
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I ' xcercise >
Noise

2 Copy CMSIT.xml in CMSIT_Noise.xml|
2 Change the file, taking care of:

10000000

>CMSITminiDAQ -f CMSIT Noise.xml -c noise

§ 180—
TH 0/0/0/0 F s
| 11] o
I8 ok
Il PixelAlive pl - i
|1 IXe Iive p of 1=
|l1] should be empty. wof- s
[1T] . =
1T This not empty =
I Iil 9/9/0/3 0.000000 plot |S Just for 63;—
|l1] demonstration  “f o5
[Tl 0/0/0/0 20f-

PN N R B [P B
% 50 100 150 200 250 300 350 400

Columns

0

A particularly low threshold was used just for
demonstration
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Threshold equalization

2 Search pixel by pixel TDAC values to equalize their thresholds

2 The configuration file is the same of the pixel alive
>CMSITminiDAQ -f CMSIT Scurve.xml -c threqu
D _B(0) O(0)_H{0)_TDAC_Chip(D)

o WAL Chegi i)
g TEs
2 3o Msan B OR5
W Ead D 3429
2800
TDAGC distribution should L
look like this.
Be aware of first and last e
bin not to be too much
populated 1800
10010
- I I 1 L I I I
-:-"'z"'ct"'a"'.!."'1-:-"'12"'14”'1_5

TS
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I |7 cxcercise
Threshold adjustment

2 Searches for the global threshold to a target value in electrons
2 The configuration file is the same of the pixel alive
2 You just need to set your target threshold in electrons

= 2000

>CMSITminiDAQ -f CMSIT Scurve.xml -c thradj

2 The value(s) reported has to be used to properly set the threshold in the xml files (2

of them!
0/0/0/0 351
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I ' xcercise >
Scurve

2 The configuration file is the same of the pixel alive (well actually we called it scurve...)
2 You just need to set the range and the number of bins you want

D_B(0)_0O(0)_H(0)_SCurves_Chip(0)

Charge (electrons)

>CMSITminiDAQ -f CMSIT_Scurve.xml -c scurve R DU N D VN
s Entries 1305600
= Mean x 250

Meany 0.4374

o
©

Std Dev x 1443 | =
Std Dev y 0.4845

2 CValHstart — VCalMED —2>First bin
2 CValHstop —VCalMED > Last bin |, thresholds
D VCalHnseps 2> Number of bins and not equalized

-

o
[N}

OAH\‘H

-I\\\\I\| | HIHH‘ |
- - -
=) o
>

[
300

L1 ‘ | | T | ' I
50 100 150 200 250

Antonio Cassese, Mauro Dinardo March 2021 2021 CMS Tracker DAQ School

L L
450
AVCal

o




Charge (electrons)

.
Scurve after 2000 electrons tuning

D_B(0)_O(0)_H(0)_SCurves_Chip(0)

D_B(0)_0O(0)_H(0)_Threshold Distribution_Chip(0)

Threshold (electrons)

3000 4000 5000 1000 2000 3000 4000 5000
3 1 -L T T T T T T T T I T — T | — 104 % [ T ‘ T T ‘ T T ‘ T T ‘ T T T T ‘ T T T T
qc,) : E .E — D_B(0)_O(0)_H(0)_Threshold1D_Chip(0)
3 B D_B(0)_O(0)_H(0)_SCurves_Chip(0) = &  1000— Entries 26111
i L l\EAntries 1 305228 7 C Mean 168.3
08— ean x o el L Std Dev 8.109
B Mean y 06577 || 12 AVcal for 50% efficiency w0l
B Std Devx 1443 /B8 corresponds to Threshold B
- StdDevy 04647 ||| — P B
06— — . . B
B value, pixel by pixel 600 —
L 102 I -
04— -
B 400|—
B 10 B
02— 200—
0 7\ L 11 ‘ L 1 | 1 Il L Il ‘ |- L Il ‘ 1 1 L L ‘ 1 - L ‘ 11 Il L 1 0 7\ Il 11 ‘ L L 1o, I L L L L 1 L L ‘ 1 1 L L ‘ 1 1l L ‘ Il 1 11 ‘ L Il 1 1 ‘ L L Il 1 | Il L L Il
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
AVGal (0)_O(0)_H(0)_Noise Distribut Threshold (AVCal)
Noise (electrons)
0 100 200 300 400 500
% [ T T [ T T ‘ T T ‘ T T ‘ T T T T ‘ T T T
'.E 5000 — D_B(0)_O(0)_H(0)_Noise1D_Chip(0)
w — Entries 26111
- Mean 10.19
4000 — Std Dev 1.186
3000
2000 —
1000 —
_\ L L L ‘ 1 L L ‘ 1 11 Ll ‘ L Il 1 1 ‘ L L Il 1 | 1 L L Il ‘ 1 1 L L ‘ 1 | - L ‘ L Il -
% 10 15

45 50
Noise (AVCal)
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Common suggestions
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2 Run the board reset with "CMSITminiDAQ -f CMSIT.xml -r" every time you load the
firmware to the fpga with "fpgaconfig -c CMSIT.xml -i your-fw-name"

v/ Without the reset it won't work.

v/ Every time the crate/FC7 is power cycled you need to load the firmware and afterwards do the reset.

2 In case you have communication problems, you can try using a different DisplayPort
cable

v/ For all the normal operation that are covered in school only one cable is needed: The one that goes from DP1
to DP1. The other connection are not needed

2 If you still have problems, you can try with the 640 Mbps firmware version.
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WARNING!!!
Changing the power type and

2 If you still have problems, you can try changing the powering: ‘é:':ggfsu?" be potentially

Please do it only if you are
v/ Increase the PS voltage to 2.0V. This is the maximum allowed for safe operation.| expert enough to understand

what you are doing!

v/ If it still doesn't work, you can change the powering mode to direct powering:

m Turn off the power supply and adjust the jumper settings: change the jumpers on the two PWR_A and
PWR_D headers to VDDA and VDDD respectively

m Following the exercise you should have them now set to VINA and VIND

m In this mode you have to be careful as the maximum allowed voltage is 1.32V! It is suggested to power
it with 1.25V. A bit higher than 1.2 V to account for some voltage drop on the cable.

m In this direct powering you cannot do the trimming with VOLTAGE_TRIM_ANA and VOLTAGE_TRIM _DIG
registers. Just skip this part.

2 If you still have problems and you have more chips available, try to use a different

one
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