Pixel test board

Alexey Petrukhin, Daniel Pitzl, DESY
CMS Tracker Upgrade 23.2.2011
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 Pixel testboard
» hardware

» software
* Psi4d6 chip

e first plots



pixel test board (Beat Meier, PSI)
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psid6expert software

ControlNetwork
& modules — .
= GetModuk:  c++ class library.
 Written by Peter
Y — Trub (ETH, 2005-
& hublD = & testParameters : e
w DigitalCurrent = ModuleAction 2007) for SClentlflC
Q A Linux 32 bit.
| " e Now compiled with
TEM ROC Trim IV Curve
@ thmParameters & dacllﬁramters - & veal & voltageStep g+-+ 4.4.5 under
= SetRegister & rc - = AdjustVirim | | ModuleAction .
= SelDAC Ubuntu 10.10 64 bit.
\! Tﬂ \f * USB interface
TRHInterface DoubleColumn Keithley .
& thParameters & doubleColumn = & port reqUIred some
w SendCal w EnableDoubleColumn w SetVoltape Changes (long N ll’lt)
|  Lot's of code - only a
W/ 1) .
USBInterface Pixel small pOI‘thl’l
& buffer & trimbit =
= Wric = EnablePirel | explored so far...
[
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Configuration

e Configuration files for test board and readout chip imported from
PSI:

> board name,

» define single chip setup (no TBM),

» run in 40 MHz mode,

» set 28 DACs and Control Registers on the ROC,

» define timing sequence: reset - cal - trigger - token,

» read and load pedestal and trim values.
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psi46 pixel readout chip
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i e capacitance :
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H pad I/ G i
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g enable - —-; _

: Virim VhidDel

: = trimming [ comparator = hold delay |———————

E delay [—

E E} ; VthrComp ; VComp

: = @ | !

- > 4 trim bits mask bit
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adjustable by programmable DAC, per ROC

programmable register, per pixel
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psi46 pixel readout chip

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

Vhias_sf
|_|

— _T_ | :
____________________________________ H Mux ﬁ
double :
column : 3 Bit
i i address : lbias_DAC DAC
VOffsetRO [\_ S
= > I
: : Wibias roc i
: é‘ \ : EI AL
H a = A
: = ‘ VibiasOp o = \"f
H = =
H e
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adjustable by programmable DAC
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psi4d6 DACs

13 VIBias Bus 30

1 Vdig 6 14 Vbias sf 10
2 Vana 150 15 VoffsetOp 55
3 Vst 160 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 7 24 VSumCol ©
12 VthrComp 124
25 Vcal 200
253 CtrlReg © 26 CalDel 125
254 WBC 20 27 RangeTemp 0
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pulse height vs test pulse

%) * One sample per
% 800 point: some noise
é 700 e Below threshold for
6001 Vcal < 50:
S » can be varied with
} VthrComp.
400 - .
]  Roughly linear Aout
300 vs Vcal.
200 « Need X-ray source
100 for gain calibration...
' .
0 50 100 150 200 250
Vcal [DAC]
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one pixel with test pulse

2200{
= 2000 -
1800-
1500{
1400
1200%
1000
800
600-
400{
200-

ggers

t

R

h026

Entries 10000

Mean 677.647

RMS 7.11483

Underflow 0 # ‘
Overflow 0

¥2 I ndf 14.13/8

mean 677.6

sigma 7.126

nu 314.9

area 1.003e+04 *
BG -14.91 #
slope 0.01819

10k triggers:
»at 100 Hz = 100 s.

e (Calibrate 200 small
DAC = 13'000 e (PSI).
« Width = 7 ADC counts:
> thermal noise,
» perfect Gaussian,

» 135 e (no sensor).

B
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Pixel map

h086
Entries 4160
Aout [ADC]
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52 X 80 = 4160
pixel per chip.

Vcal = 200 DAC
VthrComp = 80

Strong pulse
height variation:

> gain?

> timing?

DESY CMS Tracker Upgrade, 23.2.2011



Pixel address

£8000- £5000]
o ] ) ] . .
37000 5 Pixel address in 5 data:
: 4000
e } C1,C0O d-columns 0..25
5000 i
: €180 A2, A1, AO rows 0..159
4000 ]
_— 2000] each with 6 analog
2000 levels (25 blt)
] 1000
10007 | All well separated.
0-"'|"\"‘|""\""|"" 0\“"‘!‘“‘"’1\\\
500 0 500 1000 1500 2000 2500 500 0 500 1000 1500 2000 2500
C1[ADC] Co [ADC]
26000- £5000] £ 4500
g | S ’ S 5
S ] 5 34000
5000 4000 35001
- 3000 ]
f = 2500
3000% - o]
, 2000 ;
2000 | 1500
] 1000 ] 1000_;
1000*: : 500
0’: L L L B B B UL_FHH"_V"_'_F"_FL'_F'\"“\""\"" 0’: L L
500 0 500 1000 1500 2000 2500 500 0 500 1000 1500 2000 2500
500 0 500 1000 1500 zggczmézioo e i
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Summary

e Pixel test board has been taken into operation under Linux

» seems to work well with 64 bit Ubuntu.

e Single psi46 readout chip tested (without sensor):
» Registers and DACs can be programmed,

» analog readout works, with ADC on the test board.

 Lots of things to be explored and tested:

» timing, threshold trimming, ranges for DAC settings...

 Later:
» single chip with sensor
> test bump bonding
» X-ray source
> -20°C

» test beam
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