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psi46 pixel readout chip
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adjustable by programmable DAC, per ROC

programmable register, per pixel
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Aout [ADC]

One pixel

Analog pulse height
vs threshold and
calibrate amplitude.

White region:

» no signal.

Colored bands are
not vertical:

» time walk.
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Threshold curve
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Threshold optimization algorithm

If comparator thresholds are adjusted with global VthrComp
only: spread of thresholds in ROC ~309 e- (PSI value) due to
transistor mismatches

Unify pixel thresholds by 4 trim bits (values from 0 to 15) and
scale with Vtrim DAC

Each trim bit value is set such that Vcal -threshold of the pixel
differs least from the selected target threshold in the procedure

PSI threshold spread reduced to 87 e- after the optimization
(chip with sensor)

Works only in Token Bit Manager emulator mode on FPGA



Threshold trimming

* One pixel.
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Trim range
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Threshold variation untrimmed

Chip 0 (no sensor)
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variation
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Threshold variation untrimmed

e Vertical scale -
threshold in ke

row

Chip 0 (no sensor)

VthrComp 124

e 10% spread
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Threshold variation trimmed
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e Chip 0 (no sensor)
e VthrComp 112

e Vtrim 104

e 4100 TrimBits set.
e time: 3 min / chip
e 1.7% spread

e 50 e threshold
variation!
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Threshold variation trimmed

row
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e 4100 TrimBits set.
e time: 3 min / chip
e 1.7% spread

e 50 e threshold
variation!
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Towards the minimum TrimVcal

Use as low as possible target Vcal: good charge sharing, good
for radiated chip with low charges.

Observation at lowest Vcal: initially many pixels out of
threshold range.

Chip2 (no sensor):
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Towards the minimum TrimVcal
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Tests with sensor

TrimVcal=80
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Tests with sensor

TrimVcal=60
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TrimVcal=50
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Cluster charge

» 2 GeV e+ test beam.

h032 ‘ |
Entries 631573 | * Pixel detector at vertical
Mean 20 2268 incidence, fully depleted
RMS 8.40697 (-90V bias).
Underflow 0 -
Overflow cess | No magnetic field.

 Test pulse gain
calibration applied.

* Foot of small pulses:
Hump due to

saturation

» wrong timing?

* Peak at 26 ke, OK for
MIPs in 285 pm silicon.

30 40 50 60 70 80
cluster charge [ke]

Hump: saturation.

Tail: multi-pixel clusters.
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Internal gain calibration
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D. Pitzl: Pixel beam test
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large Yeal [DAC]

17
18

Scan with internal
calibrate pulse

Linear regime above
some threshold:

» fit gain and offset

Preamp saturation for
large pulses

Repeat for 4160 pixels
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Internal gain calibration
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Pixel charge

2 GeV e+ beam test
No magnetic field

New test pulse gain
calibration applied

Peak at 25 ke, Ok for MIP
in 285 pym silicon

No hump at 36 ke (as for
linear fit, last presentation)
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Cluster charge

2 GeV e+ beam test
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. most probable charge vs col C luster Charge
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GUI
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VthrComp vs CalDel

Working space for Chip2 evaluated from GUI and “manually”
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Summary

e S-curve code for fast pixel threshold determination put into operation:

» works only in TBM emulator mode on the FPGA.

e Pixel threshold trimming algorithm put into operation:
» several USB time delays had to be adjusted.
» Acquire threshold maps, determine spread,
» adjust trim range,

» determine trim bits for each pixel.

e Results:

» threshold variation reduced from 290 e to 50 e on chip without
sensor and to 80 e with sensor.

e (Calibration: gain variation across chip (~8%).

e Further:
» apply settings in DESY test beam.
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Threshold curve at PSI

Efficiency
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P. Tritb, ETH phd 2008
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Threshold vs trim voltages
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psi4d6 DACs

13 VIBias Bus 30

1 Vdig 6 14 Vbias sf 10
2 Vana 150 15 VoffsetOp 55
3 Vsf 135 16 VIbiasOp 115
4 Vcomp 10 17 VOffsetRO 120
5 Vlieak comp 0 18 VIon 115
6 VrgPr 0 19 VIbias PH 130
7 VwllPr 35 20 Ibias_DAC 122
8 VrgSh 0 21 VIbias_roc 220
9 VwllSh 35
10 VhldDel 130 22 VIColOr 100
. 23 Vnpix 0
11 Vtrim 104 24 VSumCol O
12 VthrComp 124
25 Vcal 200
253 CtrlReg © 26 CalDel 125
254 WBC 98 27 RangeTemp ©
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psi46 pixel readout chip

Double Column

Periphery N'& e eetmssesmssmmsemssnsseenns e

| data buffer ' Control & Interface
_ i | H Block ;
5 \*————*  Static e £
% T -
T | \e——  32x9 Bit :
T A read -

Vhias_sf
|_|

------------------------------------ : MUX —
double :
column : 3 Bit
I address : Ibias_DAC DAC
I ;
WOffsetRO ""\-\\
P L — s S
- Vibias —7
i3 \ P gL
E %" m Vion : E '\V,r’
: = — =
e e 0 0 o A A A AR AR AR 4 1 £ £ £ b AR e e I N S I
adjustable by programmable DAC Ul mout
29 DESY CMS Tracker Upgrade, 23.9.2011

A. Petrukhin et al.: Pixel threshold trimming



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29

