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-Innermost detector of the
PANDA Target Spectrometer
-Located at the crossing of
beam pipe and target pipe

-Tracking of charged particles
-Vertex reconstruction for primary and
secondary vertices

-Improvement of momentum
resolution and PID

R. Schnell, PANDA DAQT-FEE Workshop, GSI - April 9/10, 2015 1



JUSTUS-LIEBIG-

UNIVERSITAT
ﬁ GIESSEN

The PANDA MVD Strip Detector

- Hybrid silicon pixel sensors
- Double-sided silicon strip sensors

* 4 barrel layers
+ 2 pixel barrels
« 2 strip barrels
* 6 disk layers
* 4 pixel disks
- 2 mixed disks
(inner pixel, outer strips)

Barrel Pixel Part Disk Strip Part
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The PANDA MVD Strip Detector

- Hybrid silicon pixel sensors
- Double-sided silicon strip sensors

* 4 barrel layers
* 2 pixel barrels
« 2 strip barrels
* 6 disk layers
* 4 pixel disks Y —
- 2 mixed disks Y < — = ) | /
(inner pixel, outer strips) |

Barrel Strip Part

Disk Pixel Part :

200,000 strip channels
— 3112 front-ends (64 chn.)

self-triggering readout!

Barrel Pixel Part Disk Strip Part

R. Schnell, PANDA DAQT-FEE Workshop, GSI - April 9/10, 2015 2



JUSTUS-LIEBIG-

UNIVERSITAT
ﬁ GIESSEN

mY MVYD( panda
Strip DAQ Chain

Double-Sided Data
Silicon Strip Front-End Concentrator DAQ
Sensor

GBT
—| PASTA|—| MDC |—| MMB
CN
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Strip DAQ Chain
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PASTA |==»-| MDC | ik GBT [ MMB
“OPPENModule Data c_’opper GBT :> (MVD |:> Compute
Concentrator ooticy | Multiplexer |~V Node
PASTA fm} ASIC) P Board) P
<
Double-Sided SODANET
Silicon Strip
Sensor SODANET
MMB:
- .
PASTA | mDC
|(Module Data DAQ MMC
PASTA Concentrator
m—- ASIC =
copper ) | 3,2 Gbls Fibre | 33
| 3.2 Gbrs Fibre | e¢
1 2— =
| 3,2 Gbis Fibre | ] S
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Strip Detectors

* Barrel sensors * Disk sensors
rectangular 60x35 mm?2 * trapezoidal
896+512 strips 58 mm high, 37 mm long side
square 35x35 mm?2 - 7684768 strips
512+512 strips * 15° stereo angle

* 65 pm strip pitch * 45 pm strip pitch

— 130 pym readout pitch  _, 90 pm readout pitch

JLU GieRRen IKP Julich
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Strip Detectors

* Barrel sensors * Disk sensors
rectangular 60x35 mm?2 * trapezoidal
896+512 strips 58 mm high, 37 mm long side
square 35x35 mm?2 - 7684768 strips
512+512 strips * 15° stereo angle

* 65 pm strip pitch * 45 pm strip pitch

— SRR readout pitch  _, 90 ym readout pitch

JLU GieRRen IKP Julich
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- 200,000 channels on 296 sensors need to be read out
- PASTA - PANDA Strip ASIC

 Measurement concept inspired by TOFPET architecture
* ASIC for SiPM readout from EndoTOFPET-US collaboration
* self-triggering, fully digital back-end
* Complete redesign of analog stage for strip detectors
* Time-over-Threshold (ToT) using analog interpolators
multiple ToT stages to reduce pile-up
low power consumption
precise time resolution
* Joint development of:
University Giel3en
Forschungszentrum Julich
INFN Torino
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* Requirements:

event rate up to 40 kHz per strip

detector capacitance 10-25 pF

input charge 1-40 pC (10 MIPs)
* Goals:

linear time measurement with input charge
8 bit dynamic range

50-200 ps time bin width

noise < 1500 e

power consumption < 4 mW/chn
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* Architecture of the chip

- 2 discriminators for each of the 64 channels
* 4 time-to-analog converters (TAC) per discriminator

1. Front-end 2. Analog TDC 3. TDC Control 4. Global Control

it- | data _
. i | register LVDS clock
B CLK | <—odlc

LVDS confg

; config. ~<
ch1 data |
- register | E
’ output | LVDS data
[ buffer | >

V. Di Pietro A. Riccardi A. Goerres

ch63
—> T analog - digital

. data
. register |

technical advisors: A. Rivetti, M. Rolo
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PASTA Features

* Dual threshold concept
* time information t: from
lower threshold Vi T
— reduce time-walk

* hit validation from higher
threshold Vin_e

* ToTl: t1 to t3

Vi — event signal
dark signal
store

Vee [T T
t t,: validate ts t

1
time over threshold

 Time measurement

* coarse time from chip clock
+ fine time from interpolation
(interpolation factor 128x

@160 MHz — 50 ps bin

size)
Signal ......
clock ‘
capacitor
voltage
0x01 GXGZ OXO% 0x04 Ox4( 0><4D GX4E
Counter coarse start of end of
time conv. conv.

128x interpolation
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PASTA Front-end

- Analog front-end
* Design carried out by Valentino Di Pietro

Preamplifier Hysteresis
Comparator

* Peaking Time Adjuster introduced

* increases linearity
* peaking time ~ 30 ns
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PASTA Front-end

- Analog front-end

* Design comprises
- preamplifier
- calibration circuit
- peaking time adjuster
- current buffer
- ToT amplifier
- baseline restorer
- hysteresis comperators
- delay line
- local DACs
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PASTA Front-end

- Analog front-end

* Calibration pulse to front-end

amplitude controlled via 6 bit DAC

initiated by a test pulse

source of test pulse:

- external signal from I/O pad

- internal pulse generated by GCTRL
* Test pulse to TDC controller

initiates TDC ramping without front-end
test readout independent of front-end input
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PASTA Front-end

* Linearity from simulations

* good linearity at low input charges
* deviations compensated by calibration

ToT_Ins
p-side
« MIP
J ..__.-".N | - . _ T T(Qe’n)_.f(Q’in) _
e Non — linearity = Mean [ 2 T (O } = 2.64%
— 0 0w G 10
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PASTA Front-end

* Linearity from simulations

* good linearity at low input charges
* deviations compensated by calibration

ToT |ns
n-side

800
o ¥ «® .
ol MIP Lt

I I

_..__i__,__..--""" Non — linearity = Mean [TOT,E%;’:(EL ()Q'*"”’) = 0.34%
rad
- .-'I . 1 \ . ) ) | ) , ) ) | . . . . | 0u [EC
10 20 30 40
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PASTA Front-end

* Noise (ENC) from simulations
p-side: 500 e @ 20 pF
case of application: 350 e- @ 10 pF

ENC [He |

gl p-side
Goal: 1500¢e
Working Range
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PASTA Front-end

* Noise (ENC) from simulations
n-side: 600 e" @ 20 pF
case of application: 550 e- @ 17 pF

ENC [He |
1000 -

-side
Goal: 1500e i
Working Rangé¢
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PASTATDC

- Time-to-Digital-Converter
* Design carried out by Alberto Riccardi

Vth

no
] L
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PASTATDC

- Timing

ToT_Comp

time

Chk

time

R. Schnell, PANDA DAQT-FEE Workshop, GSI - April 9/10, 2015

18



JUSTUS-LIEBIG-

UNIVERSITAT
ﬁ GIESSEN

Il. Physikalisches
& Institut

PASTATDC

- Timing

ToT_Comp

hime

Ck

time

nme
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PASTATDC

- Timing

ToT_Comp
2 hime
: N
.
'
Ck H
. ’ time
n n
n n
T tac -
- time
N
~
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PASTATDC

TDC 1 \\ // \FDC 2

- Timing

A\

N £ N
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4. Global Control

1. Front-end

cho | thr, —
—>  PreAmp / '?_?'reoé?;?er_
| T : LVDS confg
ch1 E
dgta ||
—> . register :
output | LVDS data
— | —
buffer
ch63 redéi];?er_
— analog - digital 1

N N -
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- TDC Implementation

—i

C1
|
I
Current 11 y l\
Source L~ C2 >
f— \YJ
|+

SO0 ——

200.0+

FOO.O»

V(mV)

&S00 .0+

500.0+

e, _—_—_—_—, ‘I '|
100
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PASTATDC

- TDC Implementation

N T

Current 11 O
Source Co >
— vV
+

SO0 e

BOO.O- \

FOO0.Or

¥ (mV)

G000

S00.0

4000

r T T T T r T T T T T T T T T T T T T T T T T T T T T T T T v T T T r T . T T 1
0.0 50.0 100.0 150.0 204 -I
mme (ns)
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PASTATDC

- TDC Implementation

Ci

Current 1

Source Co >
— Vv
+
\ (—-——-—\-—___

FOO.0

V()

S500.0

R R T L S S T T T T T ‘I '|
0.0 100.0 200.0 200.0 400.
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PASTATDC

- TDC Implementation

N 2 O

Source

Current ‘

C2

>

L /4/\

time interpolation determined by:
: - ratio of C1 to C2 and
s - ratio of |1 to 12

— Vv

C1 can handle
already the next hit

T T T T T T T T T T T T T T T T T T T T T T T T = 3
0.0 200.0 2400.0 &00.0 800.0 r I
rime (ns)
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PASTA Digital Control

- TDC Control and Global Control
« Design carried out by Andrée Goerres

1. Front-end 2. Analog TDC 3. TDC Control 4. Global Control

cho |  thry 4:—— 4x TAC; — ADC; TDC_CTRL — data
| | PreAmp ol valid. T register "]
e+ 4x TAC. — ADC; TDC _CTRL: — CLK LVDS clock
LVDS confg
Ha- o TR ATV TDC CTRL conﬁg.
ch1 e — I+ 4x TAC; — ADC; = TDC_CTRL; — hit- data
e N thr: ——- 4x TAC. — ADC; ——+ TDC_CTRL: — valid. | | register ]
B output | LVDS data
[ buffer
data
ch63 o register |
— analog - digital
7 2 S g
(=]
/})0 j/}f f}?@ / "73}.0 c f?Q?,
Cop s, /o Nap, N
/O ’OO C?/- . f?@ Co
&, 7 Q 9
7/ h; Nz 7
Ay ’?s% Q
72 4 %
Oc 9
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PASTA Digital Control

- TDC Control and Global Control
« Design carried out by Andrée Goerres

* Rewritten TDC Control code with major simplification

area reduction: 0.11 ym2to 0.01 ym?=2
power reduction: 1.57 mW/chn to 0.25 mW/chn
* Integration of SEU mitigation techniques
protect all state machines and device registers
Hamming encoding
* triple-modular redundancy

R. Schnell, PANDA DAQT-FEE Workshop, GSI - April 9/10, 2015 22
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PASTA Digital Control

- TDC Control and Global Control

* New features/components included
(optinal) skip validation
(de-)select use of delay line
synchronization chain to prevent event losses
asynchronous FIFO for TX data
refresh control per TAC
internal clock divider

R. Schnell, PANDA DAQT-FEE Workshop, GSI - April 9/10, 2015 23
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PASTA Bugtixing (1)

- Example on TDC Post-Layout Simulations

Q00.0

GIESSEN

850.0

800.0

750.0

¥ (mV)

B50.0

1
1.75

&00.0 -
I T T T T T T T T T T T T T T
.75 1.0 1.25 15

0.0 .25 .5
time (us)

R. Schnell, PANDA DAQT-FEE Workshop, GSI - April 9/10, 2015

24



JUSTUS-LIEBIG-

UNIVERSITAT
ﬁ GIESSEN

Il. Physikalisches
b Institut

PASTA Bugfixing (1)

- Example on TDC Post-Layout Simulations

R. Schnell, PANDA DAQT-FEE Workshop, GSI - April 9/10, 2015 25
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PASTA Bugfixing (1)

- Example on TDC Post-Layout Simulations

500.0

after bugfixing
850.0 o *
800.0 -
750.0
=
=
} -
700.0
650.0
600.0 -
550.0 -
I T T T T T T T T T T T T T T T T T T T T T
0.0 .25 .5 75 1.0 1.25 1.5
time {us)
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PASTA Bugtixing (2)

- Example on Front-end Post-Integration Simulations

16 Channels + Bias

1.V

R. Schnell, PANDA DAQT-FEE Workshop, GSI - April 9/10, 2015 27
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PASTA Bugfixing (2)

- Example on Front-end Post-Integration Simulations

Channel O Channel 63

Baseline
Restorer

Baseline
Restorer

Current !\; Current N
Buffer : Hysteresis Buffer : Hysteresis
Comparator Comparator
T T T Tes
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PASTA Bugfixing (2)

- Example on Front-end Post-Integration Simulations

64 Channels + Bias

l 1.2V
I 1.2V
Residual
bias Cross-talk
pickup

R. Schnell, PANDA DAQT-FEE Workshop, GSI - April 9/10, 2015 29
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analog front-end

analog TDC

Layout screen-shots

digital
TDC controller

Complete channel 200 pm gap with Pminus shell
to increase resistance of substrate
front end TDC 1 TDC_CTRL N

e [
=

_ 2069 um (7862 um)
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PASTA Chip
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Layout screen-shots
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64 channels
(without global control)
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PASTA Chip

global controller complete ASIC (Aanda

& EEAREREAR

TDC controller
to scale ™ —

472 mm (4.25 mm)
5.00mm (4.50 mm)

e
L7
ul {
]
.
£
L
"
W
W
] L

= I - o R Ty - 2 o & : :
0.84 mm (0.76 mm) : ESRAERREAELSEA 1
André Goerres | HK50.2 Instrumentation 378 mm (340 mm)
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TEEREY
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472 mm (4.25 mm)
digital global controller
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André Goerres | HK50.2 Instrumentation 3.78 mm (3'40 mm)
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PASTA Status

* Power consumption based on simulations

front-end TDC TDC ctrl | global ctrl | drivers total
1.0 0.4 0.25 60.0 4 x8.5 3.12
mW/ch mW/ch mW/ch mW mW mW/ch

target value: < 4.0 mW/ch
* (LVDS drivers instead of SLVS)

R. Schnell, PANDA DAQT-FEE Workshop, GSI - April 9/10, 2015 33
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PASTA Outlook

* Analog and digital designs combined

 Implement last modifications

 Complete fixing of issues detected from simulations

* Perform last post-integration simulations to verify design

 Submit the chip to the foundry in April 2015
(3-4 months to get the first prototype)

* Prepare test system for PASTA prototype tests
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Strip DAQ Chain

PASTA -| MDC ! GBT | MMB
'[(Module Data GBT :> (MVD |:> Compute
Concentrator V¥ [ Multiplexer , Node
PASTA . ASIC) optical Board) optical
<
Double-Sided SODANET
Silicon Strip
Sensor SODANET
PASTA | = | mpC MMB:
|(Module Data DAQ MMC
Concentrator
PASTA | ASIC) | 3,2 Gbrs Fibre | . <2
I FPGA P
| 3.2 Gbls Fibre | g2
1 5 . .
[3.2Gbis Fibre | )
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Module Data Concentrator (MDC)

- Data Concentrator ASIC at the stave level

* Multiplexes all front-ends of one sensor

up to 12 front-ends per MDC
needs galvanic isolation of data lines, DC-balanced code

* Slow control interface to front-end chips

e Data concentration and feature extraction

A J W\
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Module Data Concentrator (MDC)

Front-End H. Sohlbach
Interface #1
— (DézéoC{;e, — M FH |Ser|0hn
U
Front-End| 4, L Feature
— Irzsiggge _— T Extraction
ECC) | | optional
P Mapping, DEMUX:> erlond) = MUX
L FIFO Clustering, : @ ) ¢>
E D 24kx8 ™| Hit-Finder, |— oy = 31 St
X Event-Buffer ®
E 1 Status/
R l I Control | |
12:1
Front-End
=mp-| INterface ﬂz,
(Decode,
ECC)
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Module Data Concentrator (MDC)

e Power estimation

basic design 68 mW
full design 200 mW

SLVS-I/Os 93 mW

Total basic 161 mW

Total full 293 mW

* Chip size estimation
5.0 MGates — approx. 22 mm?2 @ 230 kgates/mm?2
118 pads

* Use same commercial 110nm technology as PASTA

triple modular redundancy for all critical components

R. Schnell, PANDA DAQT-FEE Workshop, GSI - April 9/10, 2015 38
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Module Data Concentrator (MDC)

e Status as of March 2015

designed versions with/without feature extraction

design and simulation of FPGA prototype (VHDL-based) is
finished for:

- 12:1 Multiplexer

- FIFO

- front-end interface

- 10b/8b-decoding

- triple redundancy

under simulation: triple redundancy

under design/simulation: clustering/hitfinder
* to be done:

- status and control

- e-link

- slow control
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- - H. Kleines
Double-Sided FZ Julich SODANET
Silicon Strip this afternoon
Sensor SODANET
MMB:
m—- "
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|(Module Data DAQ MMC
Concentrator
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GBT

- Additional data concentration level
 Multiplexes several MDCs connected via e-link protocol

 Placed close to MVVD

* reduce length of electrical links
* Fast optical links towards off-detector electronic
* 3.2 Gbps user data rate

GBT GBT
. . \ia " . s L
i ® FPGA
Timing and Trigger .] “_,,-—b Timing and Trigger
DAQ GBTX ] <—> DAQ
Slow Control :“ \“’ Slow Control
On-Detector Off-Detector
Custom Electronics & Packaging Commercial Off-The-Shelf (COTS)
Radiation Hard Custom Protocol
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MVD Multiplexer Board (MMB)

- Off-detector electronics of the MVD
(Developed in the Helmholtz Association of German Research Centers)
« MTCA.4 compatible AMC module H. Kleines, M. Drochner,

. o : g P. Wustner
based on Xilinx Kintex-7 FPGA | ZEA-2. FZ Jiilich
* 4 SFP/SFP+ cages (GTX transceiver)

« Connection to PANDA time distribution system (SODANET)

DAQ 4—
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