The TDCpix readout ASIC

A 75 ps resolution timing front-end for the
NAG62 Gigatracker hybrid pixel detector

A. Kluge
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NA62 - Introduction
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@ Experimental setup- NA62

hit correlation via matching of arrival times — 100 ps

a
selects particles straw chambers RICH
with 75 GeVi/c all particles measure position § identifies pions

sees Mag2 Magz2
kaons only i S

straw chami®ers RICH
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beam: hadrons, only 6% kaons-> only 20% of charged kaon decay in the vacuum tank
a.kluige -> OUt Of which only 10" decays are of interest (pion-neutrino-antineutrino)



I@m Experimental setup

/50 MHz particle rate
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300 pm thin, 200 pm sensor + 100 um chip
— 1 .
- (<0.5% of X,), operated in vacuum
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Beam & detector
configuration
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ASIC covering beam
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<) Giga Tracker setup




@ Giga Tracker setup

» Sensor&bonds: 0.24% X,
200 pm Silicon

* RO chip: 0.21% X,
100 pm Silicon

» Structure: 0.12% X,
120 pm silicon

Total: 0.47% X, uniform




The electronics specification




@ General: System Specifications

Number of pixels per chip 1800 = 45 X 40

Size of pixels 300 UM X 300 UM

Active area per chip 12 MM X 13.5 mm = 162 mm?
Chip design TDC binning 100 pS

Thickness of sensor 200 M

Type of sensor pinn

Thickness of read-out chip 100 M

Dynamic input range 5000 — 60000 electrons
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@ General: System Specifications

Design particle rate per chip 130 MHz nom. [/ 212 MHz max.
Rate of center pixel 140 kHz

Rate of center column ~3.3 MHz or 0.82 MHz/mm?
Average rate per pixel 73 kHz

Maximum dead time 1% (2 % in beam center)
Data transfer rate per chip 6 Gbit/s

Total dose in 1 year ~ 6 * 104 Gy

Neutron flux in 100 days 2 X 10%* 1 MeV neutron

equivalent cm2

Material budget/thickness 0.5 % X, per station
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End-of-column architecture
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()l EOC column principle

® No digital signals are distributed to pixel matrix during operation

h_ amplifier
&
i discriminator/
time-walk-
i compensator

| o reference
time-to-digital converter TDC clock

buffering & read-out processor
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Time-over-threshold
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@ front-end processmg chain

~ I

pre-amplifier TOT discriminator transmission I|ne driver

5 transmission lines

hitArbiter

,»"/
V//

1 out of g pixel groups in a column 5 transmission line receivers
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40 pixel TDCpix
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X demonstrator ASIC 130nm
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TDCpix demonstrator ASIC
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@ TDCpix demonstrator: test pulse & laser test

Electrical charge injection. Laser Charge Injection.
No detector. Detector biased at 300V.

| T1 RMS Jitter vs Qin, Trise=2.5ns

| RMS T1 vs Estimated Q |
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@ TDCpix demonstrator: beam test

Time resolution dependence on sensor Vhi“
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@ oclenamont

® Build a system with 54 0oo pixels
@ divided into 30 ASICs = 1800 pixels

®to measure position
300 um X 300 um pixel size

® and arrival time with 200 ps resolution



TDCpix ASIC block diagram - simplified ¥ 45
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Why Is It so complicated?
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TOF module 1998
8 x 4 cells
90 ps resolution

A.Kluge

24 cm

> 3cmx3cm “pixel”
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oTDCpix
@40 columns X 45 rows
@300 UM X 300 UM
@200 ps resolution
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» VME module 128 channels



TDC in ASICs (HPTDC)

32 channels

»=> 22 chips




8 x GOL (1.6 Gbit/s serializer)
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I

® Pixel chip with:
@ sub ns time resolution
etriggerless architecture
® 4 x 3.2 Gbit/s serializer




Full chip: 12030 um
Pixel matrix: 12000 uym

Pixel = column * 45 + row
Pixel group = column * 9+ group
group O contains pixel 0
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Building blocks
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IA Substrate separation in front-end




45 oUt of 90 pixels pulsec

12 power pair connections

Transient Response

Expressions

—Comp. Inp. Left  —Comp. Inp. Right — /D02 —/DOl —/POUT
150 500
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0 50.0 100 150 200 250 0 50.0 100 150 200
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simulation of gnd loop

250



Serializer Cell-3.2Gb/s

Eye diagram, diff data at RX, C1 Eye diagram, diff data at R¥, C9 Eye diagram, diff data at RX, C10
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@] TDC

Pixel column

Delay Locked Loop based TDC 5 {111

« 32 bins, 97 ps width Hit| it aroiter
51
i i i g x9
Hlt mUItlpIEXIHQ —® |Fine register (lead)
« Extensive simulation with realistic Encuiar 8| pLL
stimulus = | Fine register (trail)
- 99.4% hits recorded, 0.6% hits Enicuder I
collide, pile-up recorded | f
| Time stamping 7] Come
I T

__ —o—— o }

Register bank

Pixel group
FIFO

320 MHz
Reference clock




18 x 2 channel TDC layout

Arbiters d

DLL State |
Machine —§

DLL

Fine Code
Registers

................

Hit data
bus

2700 um

Coarse
Time Units
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now system on Chip

- Temperature Interl
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Power domains

Analog

Digital

TDC

PLL

Serializer
Temp. Interlock
SLVS

+ + + + + + +

2164 58

090900 0 0000000 OB BB
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Will it work?
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Top level test bench

Test Sequences
IIl.-r‘ \-\\
(f -"\ ' '
TestA
TestB
TestC

TestB Test Library e .
\\“u TestB | Within ncsim executable
\ ' |
Rt ' J \, J ! "Within" the simulator
|
|

:

:

Test RSTGEN cLKGE% |

Seq, Pc_ !

! il B — :

*_g—:l"!'_i_ [Plhmg - Readout Bus - i

> e Modol <—— | IbcPi

_ : il Top Level |

_______ 1 ogy——————————— 1

’ I CMD !
! Server !

Log | __Bus Functional Model :
| i ! ! !
e = I R s ! ! :

| . L ﬁ FIFOUP — . i
' ' - i 8biob| |SERDES! |
| I I:l ! ! I I '
! e : < FIFO DOWN - - :
| I |

:




@

® Demonstrator with 170 ps @ beam

® TDCpix - pixel chip arrival time tagging
@ 1800 pixels
@ 300 pm X 300 UM
@ triggerless read-out
® 4 x 3.2 Gbit/s
@ 100 ps TDC time binning
@ with 200 um thick silicon sensor
@ resolution target: 200 ps
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@ e

max delay min delay

HitArbiter received hit from column 99.83 % 99.83 %

HitArbiter successfully assigns address or pileup info  99.76 % 99.80 %

Input to hitArbiter was not treated 0.07 % 0.03 %

all channels have constant latency

Table 4.1: HitArbiter Efficiencies. 100 % = 425714 hits sent to TDCpix front-end.
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Time resolution studies

Timing resolution P, P,
- Laser: 75 ps RMS lE : |-
- Testbeam: 175 ps RMS : s
Random fluctuations of input S '|’>
current signal shape

- Position of track hit in pixel

- Charge straggling Sensor current pulses

i [uA] A
. . —— pixel center
Ongomg studies e gixel edge
0.6

» Track hit position
- Position scan with laser: 85 ps RMS 0.4 ’ :

« Charge straggling '
- >60 ps RMS

0.2




