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Chip overview Measurements

The presented chip has been fabricated in 200
nm Silicon-On-Insulator (SOI) CMOS technology,

The presented measurements were performed for two different sensor
_ _ _ wafer types: floating zone n-type (FZN) and Double SOI with p-type handle
in which the handle wafer is separated from the wafer (DSOI). In the Double SOI structure there is another thin silicon layer
electronics by the burried oxide (BOX) layer. e between sensor and electronics that shields the electronics from sensor
Therefore, the high resistivity handle wafer can : 5 B electric field.

act as a radiation sensor with the readout ma : For each chip the performance characterization was done with the

electronics located just above sensor, forming a  SREEREREIT_. ...~ 5 Americium-241 source. The data were collected at room temperature and
monolithic detector.

. A with the integration time of 100us.
| | | o Y IS To extract the signal a simple analysis including the pedestal subtraction
In this o:eS|gn,t Z ?energl purpdose.trllolxel m)?trlx Figure 1. Chip foto and clusterization algorithm was applied. The exemplary spectra for each
was Implemented can be used €ither as A-ray submatrix and each wafer type are shown on Fig. 5. For almost all cases
detector or as a tracking detector for high [FHEHHEHH P in X- -
energy physics) to study general performance of | £ | | g gl]eear@a\;?sié(lg?isggiiragﬁ/y for tshfsgihsg]ezs{fe\ usters, D e e
the ISOIlc)sttru.cture.dThet m?tritx ds.i:fe 1S t16 b)é 36; farge sensor One can notice that there are two cases for which the performance is
PIXels, but in ordaer to test dirrerent readou SOURCE | & : much worse and low energy peeks are no longer distinguishable: pre-
designs, it was splitted into two parts: one with a | FOLLOWER E% amplifier pixel architecture with the small sensor implant on FZN wafer
simple source follower architecture (SF), and the g : and source follower architecture on DSOI wafer. For the first one the
second one with a charge pre-amplifier (CPA) on PRE-AMP performance loss is caused by the influence of the high voltage sensor
_tl_f;]e Inplfct stage (Stee Fig. ZI)I.' - e that : smal sesor bias on the electronics left without any shielding layer (no BPW or middle
€ Matrix operates In rofling shutter mode tha I : silicon under transistors). Whereas for the second case the reason is in
reduces the dead time to 1%, but it also limits m el much higher pixel capacitance for DSOI wafer than FZN wafer, which for
minimum integration time to around 100 us. Figure 2. Matrix structure the source follower pixel architecture leads to signal degradation.
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In Fig. 3 and Fig. 4 schematics of both Vest
pixel readouts are shown. For the first T
one there is only a source follower in
the input stage, whereas for the second
one a telescopic amplifier with Vo
additional current source was used. To

maximize the pixel gain a "T-shaped" +HV
capacitor structure was used in the . CPA Small BPW (DSOI) CPA Small BPW (FZN)
feedback, that allows to get small Figure 3. Source follower g r—— e P e : : :
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In both designs the input stage is followed by the correlated double § W o fyin— oo - j ) Epeypes
sampling circuit (F]1 and F2 switches with storage capacitances Cg] and e e 8 |
Cs2). This allows to store baseline on the first capacitance and baseline If B FLY o n
with signal on the second one. By using a differential output from the pixel 05 05
only the signal value is propagated further. 1 il f h ,i \ - b 1} 158
_ For both architectures the pixel = 5 M q %‘ ' | ’ 5 ' IEH” I
J size is the same and it is 30 um e e o %0 500 600 700 80G
by 30 um. Charge preamp“ﬁers Source folower (DSOI) Source folower (FZN)
F1 _-I-_C51 ShOUId not ,SUﬁer frOm large ; - , ' , , ‘ Al clusters 80 i T R Al clusters
i T Vour p!xel capacitance, so two o R SEM [ imew
~ ~—  different sensor layouts were S AT D o ey | — shitouse
RE ADO_I used. The first one with the I e s o I 10 l;.'| \ """"""""" EEPYR R B et
— ¥ Vo small (5x5um) burried p-well R 20 T 2
I _I_CS2 implementation (BPW) in the 102 §_ ............. — ....... .................. ,,,,,,,,,,,,,,,,,, 10% B .-
" T pixel centre and the second one U B, R
With BPW over almost whole L AAAAAAAAAAA T
pixel (29x29um). For the source . T g oo
follower pixel sensor implant =L ,,, LI | WA 1T .
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pixel schematic minimum size allowing to cover Figure 5. Exemplary Americium-241 spectra

all electronics above the sensor. for each submatrix and wafer type

Summary

One of the key parameters describing the general feedback capacitance in pre-amplifier, so there is
detector performance is ENC (equivalent noise Iless profit from the preamplifier. In fact due to the
charge). Using the energy calibration (based on the lower pixel noise of the source follower architecture Wafer DSOI FZN
Am-241 spectras) for each device the pixel noise it shows slightly better general performance with the | Submatrix
was translated into ENC. The final results are shown ENCof 113 e.. ] ]
in table 1. As expected for the Double SOI wafer Pre-Amp Large BPW] 128 e 131 e
where the sensor capacitance is significantly larger To conclude, all the results are very promising and Pre-Amp Small BPW| 98 e 148 e
the best performance was obtained with charge pre- further dedicated designs (X-ray, tracking) may
amplifiers and small sensor where the ENC value become competitive to the current state of the art Source follower 321 e 113 e
was 98 e. Whereas in case of FZN wafer, the pixel designs.
capacitance is only about two times larger than the

Table 1. ENC values for each submatrix




