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Status of the MVD Strip ASIC
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Outline

• Concept for MVD strip ASIC
– Features of TOFPET ASIC

• Planned modi!cations
– Current work
– Radiation hardening

• Conclusion / Outlook
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The MVD Strip ASIC…

• What to use for the MVD strip readout?

3

Existing ASIC

+ (almost) no 
development

– ASIC has to be 
available

– speci!cations maybe 
not matched 
completely 

New development

+ matches needs
+ optimized for 

purpose
– much development

Modi!ed existing ASIC

+ reduced 
development

+ adjustable to needs
– basis has to be 

available
– speci!cations maybe 

exaggerated
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• What to use for the MVD strip readout?
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The TOFPET ASIC
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EndoTOFPET-US FP7: Endoscopic PET and Ultrasound

Manuel D. Rolo (LIP, INFN) TOFPET ASIC PANDA FEE/DAQ WS 5 / 30

Development by:
- LIP Lisbon
- INFN Torino
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The TOFPET ASIC in detail

• Digitalization of signal
with time of "ight
– high time resolution
– low power consumption

• Only ampli!er, capacitors
and thresholds analogue
– logic controls:
• Charging, reset of capacitors

• Threshold → timestamp
• Common backend

– "exible to adaptations

5

Parameter TOFPET MVD TDR
Number of channels 64 128
Channel pitch 102 µm 50, 65, 67 µm
Clock frequency 80-160 MHz 155,65 MHz
Power 8.7 mW/ch * < 8 mW/ch
TDC time binning 50 ps < 20 ns
Max. input hit rate ~ 300 kHz 40 kHz
Deadtime ~ 3 µs < 6 µs

* powered two ampli!ers per channel

FE-Chip FE
-C

hi
p

Solution for higher channel pitch:
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Function principle of TOFPET ASIC 

• Two TDCs per channel
– time and energy

(low and high threshold)

– energy trigger (t2)
validates time trigger (t1)

• Charge with time-over-
threshold
– ToT meas.:  t3 - t1

– time binning:  50 ps

6

U

t
t1 t3

UT

UE

t2

event signal
background
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Structure for TOFPET ASIC
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Planned modi!cations to MVD strip ASIC

• Improve general functionality
– Bugs, recalibration of capacitors,

placement of digital part, …

• Radiation hardening
– Protect logic from single event upsets

• Change technology  (IBM 130 nm → UMC 110 nm)

– Supported by Europractice
– Cost effective

• Adapt resolution and rate capability
– Reduce clock speed (→ saves power)
– Reduce time resolution (→ less data)
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constantly 
ongoing

TDC ctrl: almost
Backend: next

next step

future
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Types of radiation damage

• Charge deposition in electronics can lead to:

• Hard errors
– Destruction of gates
– Permanent damage

• Soft errors
– Effect only temporary
– Single Event Upset (SEU)
• Change a value inside a "ip "op (buffer)

9
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Single Event Upset

• Example: a !ctional readout control
• Normal operation

10
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• Single bit:
– Triple Mode Redundancy (TMR)
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Prevent logic freeze

12

ready
0

ready
 000

MVD Strip ASIC
Single bit FF:      140
TMR protected:   30
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• Single bit:
– Triple Mode Redundancy (TMR)

• Multiple bits (e.g. state machine):
– Hamming encoded states

– additional parity bits to detect and correct SEU
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Prevent logic freeze
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majority still says 0
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Detect corrupted data

• Protection of data inside the chip too expensive
(area, power)
– 5 times 10 bit timestamp buffers per channel
• Hamming encoding:  20 additional bits + correction logic

• Detection of SEU desirable
– Simple check:  parity bit
• even # of 1:  parity 0
• odd  # of 1:  parity 1

– SEU: mismatch between data & parity

– Implementation easy (xor) and small

13

   data     →   data + parity
000101   →   0001010
001101   →   0011011
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Simulate SEU

• Step 1: Ability to simulate a SEU
– Functions of development environment »Cadence«
• nc_force:  forces a signal inside the logic to a given value

• nc_release:  releases a previous force

– Problem:  "ip "op in simulation without internal memory
• Flipped value in input wire

• Modi!ed standard cell library

14
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Simulate SEU in project

• Step 2: Check all "ip "ops
–Which "ip "ops are critical?

(besides state machines)

– Tool to generate list of "ip "ops
• Input: design after synthesis
• Python parser !lters input

– Implementation easy to use
• Include generated !le
• One command generates the SEU:
sim_SEU_FF( ID, clk, clk_period );

– Found 24 critical "ip "ops

15
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Result of SEU tests

• Test of all 460 "ip "ops:

• No logic freeze
• Only corrupted data (→ parity bit)

16
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Name of MVD strip ASIC

• But how should we name it?

• My suggestion:
     PASTA  –  Panda Strip ASIC

• Robert‘s suggestion:
     STRATOS  –  Strip ASIC Torino Solution

• Other ideas?

17
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Conclusion / Outlook

• TOFPET ASIC as basic for MVD strip readout
• Modi!cation in progress
– Radiation hardening almost complete
– Switch to different technology soon

• Further modi!cations for PANDA needs
– Save more power and data

• We need a name…

18
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Conclusion / Outlook

• TOFPET ASIC as basic for MVD strip readout
• Modi!cation in progress
– Radiation hardening almost complete
– Switch to different technology soon

• Further modi!cations for PANDA needs
– Save more power and data

• We need a name…
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Thank you!
a.goerres@fz-juelich.de

mailto:a.goerres@fz-juelich.de
mailto:a.goerres@fz-juelich.de


M
itg

lie
d 

de
r H

el
m

ho
ltz

-G
em

ei
ns

ch
af

t

19

Backup
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Pamareter comparison
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Features of an ASIC for SiPM readout in PET applications

Parameter Value
Number of channels 64
Clock frequency 80� 160 MHz
Dynamic range of input charge 300 pC
SNR (Q

in

= 100 fC) > 20-25 dB
Amplifier noise (in total jitter) < 25 ps (FWHM)
TDC time binning 50 ps
Coarse gain G0, G0/2, G0/4
Max. channel hit rate 100 kHz
Max. output data rate 320 Mb/s (640 w/ DDR)
Channel masking programmable
SiPM fine gain adjustment 500 mV (5 bits)
SiPM up to 320pF term. cap., 2MHz DCR
Calibration BIST internal gen. pulse, 6-bit prog. amplitude
Power < 10 mW per channel

Manuel D. Rolo (LIP, INFN) TOFPET ASIC PANDA FEE/DAQ WS 7 / 30

TOFPET
MVD TDR
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TOFPET scheme

21

Overview of the channel architecture

Time and charge measurements with independent TDCs

TDC time binning 50 ps (option 25 ps)

Charge measured with Time-over-threshold

Manuel D. Rolo (LIP, INFN) TOFPET ASIC PANDA FEE/DAQ WS 10 / 30
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TOFPET Layout
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Floorplan of the 64-channel mixed-mode chip

CMOS 130nm 25mm

2 64-channel ASIC

Highlight shows the allocated area for bias and calibration circuitry.

One pad-free edge to allow abutting two twin chips into a
128-channel BGA package.

Manuel D. Rolo (LIP, INFN) TOFPET ASIC PANDA FEE/DAQ WS 15 / 30

7.1 mm

3.5 m
m

Area:  ~ 25mm2
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Hamming code

• Bit positions dividably by 2: parity bits
– Rest: data bits

• Parity bits cover data bits, which have bit pos. 2p set

23

Bit positionBit position

Encoded data bitsEncoded data bits

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

p1 p2 d1 p4 d2 d3 d4 p8 d5 d6 d7 d8 d9 d10 d11

Parity bits

p1

Parity bits
p2

Parity bits
p4

Parity bits

p8

X X X X X X X X

X X X X X X X X

X X X X X X X X

X X X X X X X X


