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>>> STRONG - TIIMM: strategy & requirements

B The TIIMM
The TIIMM ( Tracking and lons Identifications with Minimal Material budget ) project in STRONG

aims to create a new class of instrument combining precision tracking and energy loss
measurement in conditions where minimizing the crossed material is mandatory.

B TIIMM-prototype expectations
-TIIMM-prototypes target to establish a pixel architecture allowing to digitize in-pixel the charge
collected.
- Prominent difficulty is the dynamic range: signal equivalent charge from 500 e to 500 ke
(possibly reduced to 100-200 ke by charge sharing among pixels
- Pixel pitch should be as small as possible, at least smaller that current hybrid-pixel sensors (50
um pitch).
- 2 to 3 prototypes should help optimize the resolution on the collected charge and the dynamic
range
- Prototypes do not investigate the sensor read-out architecture.
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FOR TESTEE CSA ANALOG: : DIGITAL:
Ei Krﬁiﬁ-ﬁihﬂ —_— i E E
A PULSE PD(:: I , : !
T I Comparator i : ToT
T :ij{_rN Amplifier SESEEL COMP VDLITi i (in-pixel i
T / vib 1+ | 6-bit counter) | .
ARULSE_PIX :: Tf “ollection diode E E E
Trimming DAC
: (4 bits) & E
TIIMMO sensor layout
= CMOS Monolithic Active Pixel Sensor
= Design in TowerJazz 180 nm process
= Submitted in March, 2020
= Chip area: %.2 m;n * 1.? mlm )
=  Matrix: 32 (rows) * 16 (columns : : : ..
(the last column has the analog output for test) . TC_)T (6_ bits) — 6 bits _reglster in pixel _
= Pixel pitch: 40 pm = Trimming DAC (4 bits) - for threshold adjustment

Position and energy measurements = Possibility to mask pixels



»>> TIIMM-O0: test problems
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* The bias voltage Vfbk provide the baseline for the CSA output.

* The default value is 0.4 V.

* If we set this value at about 150 mV, the pulse width will be
large and we can see the long overshot problem.

* The performance in the simulation is consistent with that in the
test.

* In the following test, we increase the Vfbk at a large value.

The bias current Ibikrumn in the Krumn feedback circuit influences the
pulse width of the CSA a lot.

The default value is 0.8nA.

And if we set this value at 0.16nA, the pulse width is about 8 us
(@VL=0.5V, VH=1.7V).
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TIHIMM-0: CSA simulation result @lbikrumn=0.8nA
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CSA ouput vs vh, vI=0.5V

From the simulation results, we can predict that Qin is about 3.5 ke- @vh=1.8V, vI=0.5V
The pulse width can reach 1.5 us (vh=1.8V, vI=0.5V) @ Ibikrumn=0.8 nA




> THMM-O0: test result vs vh @lbikrumn=0x82
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Voltage(V)
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@Ibikrumn=0x82

* the pulse width is below 2 us.
» The overshot problem is obvious and it is difficult to see the linearity of the pulse width with vh.
* In the next test, we decrease the current of Ibikrumn to 0x20 to get a larger pulse width.
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. . . STREING
> TIHHIMM-0: CSA simulation result @lbikrumn=0.2nA
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» From the simulation results, we can predict that Qin is about 3.5 ke- @vh=1.8V, vI=0.5V
* The pulse width can reach 5 us (vh=1.8V, vI=0.5V) @ Ibikrumn=0.2nA




> TIHHIMM-O0: test result vs vh @lbikrumn=0x20
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@Ilbikrumn=0x20
* the pulse width is below 5 us.
» The overshot problem is better than the previous one.

* The pulse width is almost the same at some different points.
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22> THIMM-0: CSA output vs Vh
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* Inthis test, Ikrumm=0x20, so the pulse width is larger, can reach 5 us.
* The 3 pictures above are from 3 tests at different time.
* The pulse width is almost the same at different vh sometimes.
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We can see that the dispersion of the amplitude and pulse width of the CSA output is large in the test result.
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Qin/ke- 0.5 1 2 S 10 50 100 \ 00 .
[ Mean/ns 296 4739 8455 1818 3117 8994 12590 2144 l’r\:ze”u;‘sheeﬁ'cir]d']s doevcer:e;ggs 'ﬁi]['hf‘giﬁxamp'e' @200 ke-,
€S8 VoUllsigmains| 8094 1754 3393 7368 1247 2785 3040  388. P '
Sigma/Mgd 27.34% 37.01% 40.13% 40.53% 40.01% 30.87% 24.15% 18.11%|N\, e
ANALOG!
W (TIIMM-0 Schematic Simulation)Pulse width of CSA output from Monte Carlo
Simulation, Pu'llse width spread vs Qin(500 e-~200k e-) Comparator :
threshold: baseline of CSA output + 20mV csa vout f
comp vout
X comp vref - .
csa_vout|Qin/ke- 0.5 1 2 S 10 S0 100 200
Mean/ns 395.8 490.1 731 1434 2208 6274 9810 4083

Sigma/Md 21.48% 23.55% 30.39% 33.05% 33.93% 32.24% 29.38% 20.59%\, ; T"‘mg";igt?‘é‘c
" S

Sigma/ns 85.03 115.4 228.2 474 749.1 2023 2882 840. H :

M (TIIMM-0 Layout Simulation)Pulse width of CSA output from Monte Carlo Simulation,
Pulse width spread vs Qin(500 e-~200k e-)
threshold: baseline of CSA output + 20mV

Note:

The spread of the baseline of CSA is large.

Sometimes the baseline is much hlgher/lower than the comp vref ,
there are some calculation mistakes in the Monte Carlo simulation for the
pulse width of the comp vout. Therefore, only the result of pulse width
spread of CSA is given.
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»> TIIMM-1
'FOR TEST: CSA """"""""""""""""""""" Z&NKL@G """"""" DIGITAL:
v CMOS Monolithic Active Pixel : T Rrummenacher |— il -ﬂg
Sensor A_I’ULSE_I‘IXEE “(-;- ,7/“17.%5 1&
v" Design in TowerJazz 180 nm : | SEM
! " en s hdls '
process 1 ] >l e T
v Matrix: 32 (rows) * 16 Ik ST
_ (columny ~ conrc s oo -
Pixel pitch: <40 um _ ;
p — K vaeD—¥ L \m vour™ (in-pixel
v Analog part in pixel: 1 6 bit counter)
Co o vih D———- f
optimization for better !
Comparator "
performance | e S
v" Digital part in pixel: use the
ﬁrn\?l I(jagOUt structure In 1. AC coupling structure (C_coupling). écinj: injection Capacito>;, for test)
- .. . C, : detecter Capacitor
S 2. Optimization of the CSA. ((cf: feedback Capacitor)
v' The charge is digitized over 6 3. Keep the digital readout structure.
bits (ToT). 4. Remove the 4-bit trimming DAC and the DAC configuration part.

iPHC
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TIIMM-1: CSA performance vs Cf 2,”0 IPHC
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E .ﬁiﬁi:w P ig; (Qin=500e") :5_ E rlazz output vs Cf (Qin=500¢")
~ Il /CSA_vout @ 9.0f 415.0 3 o £ 2
5 /CSAvour @ 110 | Z U 16.0
o M /CSA vour @ 13.0f | > 400 N\ S 3 140
fUI I /CSA_vour & 15.0f g \ E >| 12.0
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+ + Cf changes from 3 fF to 15 fF
_ ' ENC vs Cf - The Amplitude of the CSA output decreases
o oy (Qin=500e) with the Cf
U ] - The ENC is about 55 e- @Cf=3fF
z 0 - The ENC is about 105 e- @Cf=15fF
70.0—:
0 6o se 1o 1o 10
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»>> TIIMM-1: CSA performance vs Cf
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Amplitude of the CSA vs Qin

Amplitude of the CSA vout (V)

063 .
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0.2 7
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Qin (19
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+ Cf changes from 3 fF to 15 fF

- The amplitude of the CSA output is linear with Qin= 0~50k e- @Cf=3fF
- The amplitude of the CSA output is linear with Qin= 0~150k e- @Cf=15fF

Pulse width of the CSA (uS)

- PulseWidth_CSA_vout

PulseWidth_CSA_vout
Il PulseWidth_CSA_vout
I PulseWidth_CSA_vout
M PulseWidth CSA_vout

PulseWidth_CSA_vout
0 PulseWidth_CSA_vout
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& 3.0f
& 5.0f
@ 7.0f
® 0.0f
& 11.0f
& 13.0f
& 15.0f

15.0
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0.0

Pulse width of the
comparator vs Qin
under different Cf
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« Cf changes from 3 fF to 15 fF

- The pulse width of the CSA output is linear with Qin= 0~150k e- @Cf=3fF
- The pulse width of the CSA output is linear with Qin= 0~350k e- @Cf=15fF

Transient noise simulation (Noise vs Qin):

Qin/e- 500 5K 10K 20K 100K

Noise/mV 2.9 3.0 3.5 5.8 9.7
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2> TIIMM-1: Analog pixel design 2,”0 IPHC
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O vout  Increase Cf: 3fF > 5fF or 7fF
\ « Change current source Ibs to 2 independent current sources Ibs1 and Ibs2 (need
to add one current DAC) to provide the current 12. The area of M4 and M5 can
be decreased under this situation.
« The basic performance shows no difference with the previous one.

pmos|te - « The layout of the pixel is under design
V|HV|:|J|D—%[¥DQ@DA
iz o | 11150 nA
o . pm‘t}g S
© Mpoase H—é/IZR)QQDA- S
: V|OUt S
o pesie B
| vbscasel | SUBUE ] Vbassasd | SUBUB
e U ma | R R e 125 A
MZ net . M4 net3h =
gt el M4(W/L) _
IbS__L{ELﬁgUB Ibaﬁszﬂ{gﬁu MZ(W/L)_
M3VSSA S VIS _ To get 12=5%*11: The transistor M4 and M5 has a large W (5 times of
A : the W of M2 and M3), which consumes a large area.
M5(W /L) _
M3(W/L)

Amplifier ’I 6




222> Summary

® [n TIIMM-O:
The pulse width will increase when we decrease the bias current Ibikrumn in the Krumn feedback
circuit.
The pulse width will increase when we decrease the bias voltage Vfbk in the Krumn feedback
circuit. And when Vfbk is about 150 mV, the overshot problem can last for a long time.

® In TIIMM-O, the pulse width has a large dispersion in the test results.

® For TIIMM-1, the capacitance Cf will be increased to 5 fF/7fF.

® In TIIMM-1, we will use two current DACs to provide the bias currents. Then, we can decrease the

area of the amplifier for increasing Cf.
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Thanks!




