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Gianni Mazza

Pixel Detector

Sezione di Torino

Pixel size

100 x 100 pm’

Chip active area

11.4 x 11.6 mm’
(116 rows, 110 columns)

dE/dx measurement

ToT, 12 bits dynamic range

Max input charge 50 fC
Noise floor <32 aC (200 ¢)
Input clock frequency 160 MHz

Time resolution

6.25 ns (1.80 ns rm.s. )
12.5ns (3.61 nsrm.s. )

Power consumption

< 800 mW/cm?

Max event rate

6.1 -10°

Total ionizing dose

< 100 kGy
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Module

~

Epitaxial silicon sensor

Sezione di Torino
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ToPiX prototype
R/O architecture

w
Ll
—

!

i

I

!

Av
W

b
(==l
—

Time stamp
Time stamp

W Addre

o
A
A
v
v

0
'

Sense amplifiers 1Sense amplifiers ISense amplifiers |Sense amplifiers

I 4 g 1

|
: : 320 Mb/s
Chip Control Unit >

Gianni Mazza PANDA FEE-DAQ Workshop, April 9" - 10" 2015



PANDA FEE-DAQ Workshop, April 9" - 10" 2015

S N
~
: =
3 > & 8 42 & 8 =
= > S EEEE B
= = o0 g = T =
= = o 3
B g 8 o ST
¥ wl = O © Q % o]
X B <7} m o0 o ] ._m m o
= H & N & v o T o=
£ O & x X 3, <
S E N N © P 2 >
n = 9 5 X X o H o -
< O O o o« o4 m »nn »nn 0
3 * * * * * * * * * *
" = =
L = e FEE
0 TEs
o L Smes aE
- i tavy .
il i "
H g i T
| s HE ik
. _ s a Sk
it I E a2 Sk
| _ i e ik
il ! it i i
b i e gl
1 =—-_- B E ad HilE
i | ==—=-=————— i i i 2!
1 =4/ i Y ik
— =————— 1§ i HH Al
- — - A
= AR Bl il
i ASEaREERE i R |
= e e R S e SRR |
— il il i HESEHE | i kS S
=1 | = ==[=]
= = Ss===c=.=1
C=

Gianni Mazza



Sezione di Torino

*  Size : 3 mm X 6 mm
*  CMOS 130 nm
* 640 pixel cells, 2x2x128 and 2x2%32 columns

*  Hamming encoding and TMR pixel logic
protection schemes

#  Compatible with v3 sensors

#  Clock frequency 160 MHz

*  SEU protected EoC
*  Serial data output (SDR and DDR)
*  GBT-compatible SLVS 1/0

*  Received on Feb 18" 2014
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Changes
from v3 to v4

Sezione di Torino

Analog cell :

* Analog gain (not ToT gain) increase for better linearity in the sub 1
fC region

*  Radiation tolerance of the clipping circuit
*  Threshold control DAC linearization

Column readout @ 160 MHz

*  Improved driver
*  Bus capacitance reduction

System aspects :

*  DDR readout

*  Frame based transmission
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Data format

Sezione di Torino

12 8 12
1| Chip address Frame header
packet
14 12 12

1 Pixel address Leading edge time | Trailing edge time Data packet

16 16

packet

38
idle code (Hex 3A55AA55AA) Idle packet
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Other features

S GDTiG
Output frequency 160 Mb/s 320 Mb/s
fime stanp counter 160 Mt 30 MH:
Time stamp mode Binary Gray
Idle packet off on
Analog timeout off on
Detector type n-type p-type
SLVS current control 0000 (max) 1111 (off)
Driver pre-emphasis off on
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B‘V- d 101 measurements

Full range

f(x) = 0.263x - 0.081

Output ToT [us]

15

Input charge [fC]
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Sezione di Torino
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Noise
measurements o

ToT noise

Noise [mV]
ToT sigma [e-]
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Pixel # Pixel #
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Pixel number

Baseline average value : 727 mV
Gianni Ma--o ~ Baseline sigma : 0.73 mV

ToT slope [mV/ns]

Sezione di Torino
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Supply current [mA ]
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Sezione di Torino

Estimated power density for
the full size version :

523 mW/em’ @ 80 MHz
666 mW/cm’ @ 120 MHz
725 mW/em? @ 160 MHz
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Total data events

20-

16-

Total data events
20-

16-
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160MHz

Dummy events
Issue

Filtered events

2000 2200 2400
TP frame delay (clock cyclas)

Dummy events are generated in many cases @ 160 MHz
Reason : busy propagation delay underestimated

To be corrected in the next version

Workaround : filter out events with LE or TE = FFF
Some loss in efficiency

Note : FFF in Gray is AAA in binary !
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hlv TID mesurements
WLEE] baseline _ tail slope W™

B Board 2

@ Board 3
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Tail slope [ns/fC]
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TA"[»] TID mesurements ..

Sezione di Torino

S-curve sigma

ToT noise

Noise [mV]

M Board 2

M Board 2
¢ Board 3

@ Board 3

[ [ [ [ [
150 200 250 150

TID [kGy] TID [kGy]
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ToPiX v3

ToT

—
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ToPiX v4
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Sezione di Torino
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Cross section [cm?/bit]

10 15 20

Q

LET [MeV cm?/mg] LET [MeV cm?/mg]

Pixel configuration registers Hamming-corrected errors

No uncorrected errors detected
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TMR vs Hamming

B TMR

B Hamming

# of errors

FO° SiQ° Cl10° Ni 0° Ni 30°
co° F20° Si 20° C120° Ni 20°

Ion and angle
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ToT sigma [e-]

Sezione di Torino
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ToPIX v5

Sezione di Torino

* Full size chip design started

* Size (preliminary) : 11.2 mm x 14.8 mm

*  Pixel matrix (preliminary) : 110 x 116

* Input clock : 160 MHz

*  Max output bandwidth : 4 x 320 Mb/s

*  Supply voltage : 1.2V

# Columns divided in 8 regions with 7 double columns each

* Triple tier buffering (FIFO at the end of column, region
control and chip control units)
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01 23 45 67 89 1011 1213

REGION :

14 double columns U I
7 EoC Units 32 bits
1 RCU

335 bits
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ToPIX v5
inter_face

* reset (SLVS or CMOS input — PON ?)
* clock (SLVS inputs, from e-link)
* data output ( /-4 lines, SLVS outputs, 160/320 Mb/s, to e-link)

* control input/output ( 2 lines, SLVS, 80 Mb/s, from/to control
e-link)

* chip address ( 12 bits, CMOS input, hardwired)

* control input/output repeater (t.b.d., to chain across modules)

* AVDD, AGND, DVDD, DGND
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On ToPiX data
rates capabilities

Sezione di Torino

4 [inks Clock Ev.ent Rate/chip|Rate/chip # pixels Rate/px | Rate/px | Rate/cm? | Rate/cm’
freq. size (SDR) | (DDR) (SDR) | (DDR) | (SDR) | (DDR)
[MHZ] bits Mev/s | Mev/s kev/s kev/s | Mev/s | Mev/s
ToPiX v3 1 50 32 1.43 - 640 2.23 - 22.32 -
ToPiX v4 1 50 40 1.11 2.22 640 1.74 347 | 17.36 | 34.72
ToPiX v4 1 160 40 3.56 7.11 640 556 | 11.11 | 55.56 | 111.11
ToPiX v5 1 160 40 4.0 8.0 12760 | 0.31 0.63 3.13 6.27
ToPiX v5 2 160 40 8.0 16.0 | 12760 | 0.63 1.25 6.27 | 12.54
ToPiX v5 3 160 40 12.0 24.0 | 12760 | 0.94 1.88 9.40 | 18.81
ToPiX v5 4 160 40 16.0 32.0 | 12760 | 1.25 251 12.54 | 25.08
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GBT

Sezione di Torino

Versatile Link

Timing and Trigger 4\ Timing and Trigger

DAQ €—>

-t

Slow Control Slow Control

On-Detector Off-Detector
Custom Electronics & Packaging Commercial Off-The-Shelf (COTS)
Radiation Hard Custom Protocol
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Sezione di Torino

Proposed arrangement
for CMS tracker (C.Soos)

Versatile Transceiver

50x14x10 mm® GBTx 10x10 mm?>

45x15x8 mm® (P.Moreira et al.)

(F. Vasey, J.Troska, C.So0s)
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GBT status

Sezione di Torino

* GBT engineering run received from production. Tests of the first lot
ongoing.

*  Samples of GBTX and VTRx received in Torino
* Demo board under test @ CERN.
*  Started design of the MVD pixel board

*  GBT-SCA code received and implemented — test ongoing, first
results ok (loopback). Some limitations related to the FPGA used.
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MvéP Power regulator

Sezione di Torino

« ToPiX power supply 1.2 V—1__~1A (estimated )

— voltage drop on cables is not negligible

#* A DC-DC converter solution compatible with the radiation levels
and the magnetic field of a silicon tracker is under development
@ CERN for sLHC

% Current CERN version: V._10+-12V,V_ =12-33V,I <3A
IN ouT ouT

+» V_ =15V, I <3-4 Anow avail.
ouT ouT

285 mm

*  Tests with ToPiX v4 ongoing
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Conclusions

Sezione di Torino

* ToPiX v4 has been received from foundry on Feb 18" 2014.
* Analog performances ok.

* Test results shows correct operation @ 160 MHz albeit column data
readout 1s at the limit — some margin has to be added.

* TID test completed, v3 problems looks solved

* SEU tests performed, results ok (improvements in the pixel config
registers are under study)

*  ToP1X v3 design ongoing
* GBT chipset has completed pre-production. Samples received.

*  DC-DC converters ordered.
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Outlook

Sezione di Torino

*  On track to have full size ToPiX ready for submission on 4" quarter 2015
*  Some considerations :

*  IBM Microelectronics Division has been sold to GlobalFoundries on
October 2014

*  GlobalFoundries declared it will keep the IBM processes running for at
least three years (till 2017)

* ... this does not fully guarantee that the process will not be phased out
before that date

=2 If we want to have a reasonable probability to be on time, we should
submit and ToPiX engineering run not later than one year from now,
in order to have the production run at the end of 2016
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Backup slides
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FIE schematic

Sezione di Torino

Vref_bsline

Vout_ntype

& Output
PA> Vout_ptype I

cal_level

clip_enable Clipping Test pulse

circuit injection

test_pulse

Threshold

tp_enable

DAC<3:0>
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Pixel cell
schematic

Sezione di Torino

le load

Control
Unit

time stamp
bus
address bus

te load

D

busy_out
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Sezione di Torino

Bus capacitance : 49.9 tF/cell
Bus resistance : 9.3 Q/cell
Provides both reduced voltage
swing and pre-emphasis or full
voltage swing

MUO-MU3 MU4 -MUS

J.C.Garcia, J.A.Montiel, S.Nooshabadi
Adaptive Low/High Voltage Swing
MD4-MDS | s CMOS Driver for On-Chip Interconnects
' ' ISCAS 2007
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