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TOFFEE = Time Of Flight Front End Electronics
First prototype developed for timing measurements with multichannel LGADs

Applications

- Testing purposes
- Usage In CT-PPS timing stations

* Due to the high luminosity, 150 — 200
events/bunch crossing are expected

* Time-tagging of protons is used as a pile-up
mitigation tool

* To determine the z position of the vertex with an
accuracy of 4 mm, 20 ps time resolution is needed
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FHE T Hel i UltrarEast Silicon Detectors (UFSD)
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UFSD are thin Low Gain Avalanche Diodes (LGAD)
sensors optimized of timing measurements of

MIPs.
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The CT-P

8 ch LVDS
to HPTDC

8 ch LVDS
to HPTDC

8 ch LVDS
to HPTDC

PADS
Thickness
Module size

Strip size

16 narrow + 16 wide
50 um
12 mm x 6 mm

3 [anm < 0.5 [
3mm x 1 mm

15

3 pF (narrow)
6 pF (wide)

50 pm between pads

v, 8 ch LVDS
J / to HPTDC Gain
Cdet
N Dead space
:L,; /V/I 0.8 mm
+——>
0.8 mm

The ASIC size and the number of channels have been chosen based on the CT-PPS sensor.
Power consumption can be 20 mW/CH — Power is not a constraint
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The TOFF

AMPLIFIER
: ToT : DISCRIMINATOR
«—>: =L RVENAT VR °
M £ i frontendside + The channel architecture
: Back-end side.
H : External threshold STRETCHER
ToA H : - .
: : External
N { vth adiustment
/ ' T L
o— \ Stretch * VDS drver _gHPTDc LVDS
hX input I'e C er "
ChX Vth / OUTPUT
EEERUREN CMOS 110 nm » TOFFEE is a full custom analog chip developed by the INFN of
BRSNS 8 Turin and the LIP institute of Lisbon
Sensor capacitance 2-10 pF . e . e el . . . .
- . - Developed for the amplification and digitalization of signals coming
Input dynamic range 3 fC - 60 fC ¢
Analog gain 7 mV/fC rom UFSD sensors . N
GBW 14 GHz  The outputs are digitalized by the external High Precicion TDC' and
RMS noise (C=6pF) 800 pV for this reason a stretcher line is used
Discriminator output 2 -14ns > The size 2.4 mm x 3.6 mm
Power consumption 18 mW/ch > (1) J. Christiansen, 2004, http:/icds.cern.ch/record/1067476
AVDD/DVDD 1.2 V/25V S
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The amplifierse Cll ST SO L i

vdd vdd Rise time Schematic ~2 ns/ post-layout < 3 ns
Analog Gain ~ 7 mV/fC
z % Slew Rate + ~25mV/ns
o_IE M4 M6 jl_o Noise ~ 800 uVv

Expected jitter ~32ps

°‘|E M3 M5 jI“’ buffer
ouT

[ M2 L - Based on a telecopic cascode common source with
N split bias current
—r—_ M1 ~ Source degeneration resistors used for noise reduction
V L Cf - Wide dynamic range
) I > High slew rate
Rf
VWA
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The reconstruction is done by means of a Vth scan
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049 Q=107fC o
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time (s)

+ TOAVTHz - TOAVTHI

rise time: 3.5 ns (3 ns in post-layout)
slew rate: 25 mV/ns
noise: 0.8 mV

~ VTH2 — VTH1

Noise = SR " x Jitter
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ELECTRONICS
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o] [V} (o] BN WAt IS the expected final time resolution?

Complete system:
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L R e TR iTe) s W hat 1s thel expected final time resolution?

The effect of the non-uniform charge deposition can be studied with WF2

Se-

Proton MIP
Thickness: 50um
Gain: 15

\ Landau
\ Fluctuations
| 8 — 30 fC

\ \ Most probable 1
\ | SignalsfC

09
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Ge.

(1) Nicolo's talk on Friday
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CSA TOFFEE
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The sensor contribution is 25 - 30 ps




L R e TR iTe) s W hat 1s thel expected final time resolution?

The contribution from the electronics can be measured with a laser

Jitter [ps]
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TOFFEE Laser, CNM 50 micron, bias =200 V
Jitter vs ToT

——Laser,Vth=7mV
—=—Laser, Vth =14 mV
——Laser, Vth =21 mV

TOFFEE floor = 30 ps

i \
¥ : . Slew rate limited

8 10 12 14 16

ToT [nsl
The electronics contribution is 35 ps




L R e TR iTe) s W hat 1s thel expected final time resolution?

TOFFEE jitter and resolution

150
——Resolution, Vth=1fC
——Resolution, Vth=2fC
Resolution, Vth= 3 fC
" 100 F -=-=-Jitter, Vth = 1fC
R ----Jitter, Vth = 2 fC
c Jitter,Vth =3 fC
S
)
=
o 50
(7]
()
(a4
o [l [l [l [l [l ']
0 5 10 15 20 25 30
in [fC
Jitter (35 ps) and non-uniform distribution (30 ps) determine the final
expected time resolution (45 - 50 ps) 11
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Beam tests

Four beam tests at CERN SPS - H8

In H8: 120 GeV/c pion beam

May:
« Telescope 3 TOFFEE boards + HPTDC
« Scan in sensor Vbias - fixed Vth

July and End of August:

« TOFFEE board, read-out with differential
probe

« UFSD CNM 1x1 mmZ2 + USCS preAmp
board (time resolution ~ 35 ps)

+ Bothrecorded by a 4 GHz scope (LeCroy
HDO9404)

« Several studies done

October

* Telescope of 2 TOFFEE boards read-out
with the differential probe
* HPK pad 1x1mm? (50 um)
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Analog g

The analog gain is determined by measuring the signal amplitude generated by
different input charges.

input charge

CNM LGAD, 1 mm2, 50-micron thick - The gain of UFSD changes with

20 TOFFEE Qin vs Bias Vbias.

g H 16.8 . .
= 15 . > This curve is well known from lab
g o e and beams test
o 10 W 9.9
E H 386
3 8. s.s. 7.6
o W s
'g 5 m s 28 51
8
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100 150 200
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Analog g

s Landau
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- The amplitude is determined exploiting the
bunched structure of particles and the
properties of the Landau distribution

- The number of particle per spill is fixed
(300 - 400 particles/spill)

The Vth value which keeps 70% of the events/spill corresponds to the Landau MPV
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Analog

TOFFEE chip - CNM 50-micron UFSD

70 Amplitude vs input charge
°Ch7 y-6.8776x-7.3843
°Ch6 y=7.2072x-9.0369
60 |
°Ch5 y=6.1131x - 4.5578
- Ch3 y-57043x-3.3911
E 50 F Ch2 \-57633x-5.1428
£ °Ch1 y=5.0898x -0.0928
E 40 F °Ch0 y=-5516x-1.2254
=
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c
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Good agreement with the expected value (6.5 mV/fC)
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TOFFEE Ampl @ 70%
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resolution

TOFFEE prediction (Laser+WF2)
Beam test data with HPK, 50-micron
—Predicted, Vth =1 fC
—Predicted, Vth = 2 fC
——Predicted, Vth =3 fC
A Beamtest,Vth=1.5fC
¢ Beamtest, Vth =3 fC
B Beam test, Vth = 4fC

150

[y
[=]
o

Resolution [ps]

|

Qin [fC]
Best resolution (~50 ps) is in good agreement with the expected
Low thresholds degrade the time resolution
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Comparison with an old test'k

TOFFEE + 50-micron HPK sensor

100 r
N 4 TOFFEE Vth = 8 mV

30 F s 4 A + TOFFEE Vth = 18 mV
—_ . . W TOFFEE Vth = 23 mV
% A
Qo 60 F * » * A SC Paper

. A . . .
= 40 Time resolution limited
= A
S 2 | to 50 ps
Q
m ] [ ] ] ]
0
100 150 200 250 300 350

Bias [V]

Good agreement also with the old test beam results
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Low thres

ToT_ToA V207 At low Vih, ToT does not get much longer with amlitude

Entries 16657 :
Mean X 11.59 TOFFEE with 1 x1 mm2 HPK sensor

Laser data on CNM sensor |[Meany 1802 LASER input Vth=7mV
Std Devx 2.574 e
Std Devy 1.131

| 8

ToA

It seems that the ToT

ToT

ToA [ns]

3 saturates around 12 - 13 ns -

- :

— 0

1 - Amplitude [mV]

C | | | | | | Time walk correction in this region
0 | | | | 1 | | | | | | | | | | | | | | | | 1 . . . . .

6 8 10 12 14 16 18 20 IS not possible in this region
ToT [ns]
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CAD SIMULATION
Charges from 5fC tp 200 fC
T=40°C

Baseline =426 mV

0.0 2.0 4.0 6.0 8.0 10.0 120 14.0 16.0 18.0 20.0 22.0 24.0 26.0 28.0 30.0 32.0 34.0 36.0
time (ns)
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CAD SIMULATION

Charges from 5fC tp 200 fC

T =40°C
Baseline =426 mV

TOFFEE pre-amp, sensor G =10

nemp

[ ety
120

Entries
Mean
Std Dev
Constant
MPV
Sigma

140




le of solution

CAD SIMULATION
Charges from 5fC tp 200 fC
T=40°C

Baseline = 426 mV

R TR I B B B e e I L L I B o B B e e T I T B e B e e T B e B B A B R B R B B R
5.0 100 15.0 200 250 30.0
time (ns)
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1) expected ToA/ToT correlation
W\ 2) expected slew rate saturation for high signals

@O?‘\:?&SS 3) events with incompatible ToA/ToT (not present in Laser data)
QQ@ 4) Very long tail, possible re-triggering
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Unexpected effects

Teledyne LeCroy HDOS40
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= Analysis

X Utilities | @ Support

v

T i s i

Data will be saved on each trigger.

Configure Auto Save

Disable Auto Save

5.00 ns/div Normal
20 GS/s Qualified
AX 47.05 ns
22.05 ns VAX= 21.25 MHz

Jonhatan Olave
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Unexpec

Two families of events observed § b
Short ToT at 5-6 ns from the trigger _”15

Long ToT with a timing close to the
trigger timing —~—

T
STUDY WITH LASER SYSTEM in the LAB -
< » 2;
O 54— -
- o L -
52:_ 07‘ 1 | 1 I | 1 | ‘ 1 | 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 1 Il I 1 Il 1 ‘ 1
a2 2 4 6 8 10 12 14 16 18
50—
- ToT
48j "
sof- T — . . .
g «——  Laser on neighboring strip
44—
sl Crosstalk??
- T e
40— R O ) .
M N———- Laser on read-out strip
S S R R R

ToT
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Outlook a

* The signal reconstruction with threshold scans shows that the rise time ( 3.5 ns )
is in good agreement with what expected (3 ns). Parasitics play an important role
in this value.

* The prediction of the TOFFEE performance with WF2:
- jitter slew rate limited to ~35 ps
- non-uniform charge deposition is ~30 ps

* The measured gain is 6 mV/fC and is in good agreement with simulations

* The time resolution of TOFFEE is 50 ps for gain > 20

Future plans
* Extensive lab measurements to investigate about possible crosstalk
* Investigate on possible crosstalk
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