The study of calibration process for the hybrid pixel array detector of HEPS-BPIX
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1. INTRODUCTION O Threshold Trimming
® Precise algorithm
HEPS-BPIX is a hybrid silicon pixel array detector which works on single photon counting (1) Fixed a GDAC, 32 S-curves of each pixel can be obtained by scanning the amplitudes of the
mode and bases on BPIX readout chip. It consists of 16 silicon pixel modules. input signals with each LDAC.
L Silicon pixel module (2) Based on the S-curves, the character curve of each pixel can be obtained. 32 LDAC values
Table 1. The main performance of a silicon pixel module - are responding to 32 different amplitudes of input signals.
Pixel amount Energy range  Effective area Pixel size i oRva (3) Averaging the responding amplitudes of all pixels, the LDAC, where the responding
208 x 288 8 - 20 keV 3cmx4cm 150 um x150 um W o readout chips amplitude Is closest to the average Is the proper LDAC to minimize the threshold dispersion.
As shown in Fig.1, the silicon pixel module in - ® East.algonthm | | | | |
the HEPS-BPIX is composed of silicon sensor, ( ) Fixed the GDAC, scanning the LDAC with noise can get the equivalent noise threshold of
readout chips and a printed circuit board (PCB). < wire bonding for HV _ plxgl. _ _ _ |
| | / - (2) Fixed the input amplitude and GDAC corresponding to an energy, scanning the LDAC from 1
L Readout chip N | Semsor ~bump bonding to 32 can get a s-curve of each pixel.
Tr_\_ere i T chlps i 59904 - — Chlp "Ch"i.pf —wire bonding for chips (3) To find the proper LDAC according to the S-curve and set the LDAC above the equivalent
for a silicon pixel modgle. _The mdependent signal — . noise threshold.
ggc;?ggsp(;?t”iﬁiliazz I?:I;\(:rlg; Sszzz?i\'/g I:r?]'pﬁ];i;he Fig. 1 The structure of a hybrid silicon pixel module. The regult_ of Fhe thresh_o_ld IS p_resented In section 3 . The fast _algorithm could get_ the app!icable
(CSA). an AC coupled amplifier, discriminator. The P | Digital Part threshold distribution for a s_lllc_on plxel mod_ule and take_ a shorter time, while the precise algorithm
Hulse éignals can be injected in,to the CSA 10 % - could get better threshold distribution, but time consuming.
simulate the charge pulses generated in the sensor. | H R il H Temperature GEPENES. y N .
The threshold of a pixel is adjusted by an 8-bit s N N Lowes rgmmer —H The parameters of the chips such as threshold voltage, mobility, the Intrinsic carrier |
global DAC (GDAC) of all pixels and it's own 5-bit O | F> RFbp Lt concentration of silicon, etc, vary to the temperature. The temperature dependence of the noise and
local DAC (LDAC). e / / | ;:(;u:l,: Y threshold trimming Is tested. And the results are shown in section 3.
The silicon pixel module Is followed by a e E O‘ﬁﬂ‘ 3 |- 3. RESULTS
module control board and a data acquisition : N /\;lll)l 4& The results of threshold trimming with the precise and fast algorithm are shown in Table.2 and Fig.6.
system running on the host computer to form S - _”Z‘ As shown Iin Fig. 7, the Table. 2 The average noise and threshold dispersion before and after calibration
a module detector system. Fig. 2 The pixel signal process cell. Each pixel signal process cell| | oqyivalent noise threshold of Equivalent Noise Charge (ENC) Threshold
of the readout chip consists of the analog part and the digital part. the silicon pixel module Mean/e- Sle- Mean/mV 5/mV
2. CALIBRATION : : . increases with the temperature. before calibration 171.34 22.348 209.84 46.280
— y | | 10000 - :-;-"’”’Offs‘g’E . The t fure d q precise algorithm 162.25 18.030 263.56 6.783
The calibration of the silicon pixel module includes the /E\ 1 lempetrature depenaence st algorithm 162 21 49.170 266.12 ~ 605
threshold calibration and the trimming of threshold dispersion. £ %% ] ;\'\pulse - with calibrated LDAC is ey | .
And the test method is the threshold scanning. o = shown in Fig. 8. oo, mo o0 I T
O Threshold scanning . 4000'- ] '\‘a/counts foré input signals The imaging results of % e ! égoooi EBOOOE
As shown in Fig.3, the threshold scanning with noise can = e - the LaB6 sample’s power = s« NI % - o
be described by the formula (1). The maximum noise count - ./ \ . e diiiraction ring at 12keV X £ - | - 5 o o0
rate is at Vo, = Vopeer- Te equivalent noise threshold at zero NWSRER WA - $§$ 0909090909090 w I 0 -
countis used to quantify the maximum noise. : . ThreZSOhold (?()}(];AC LS];L)O - The four Bragg diffraction " T!o 200 250 Hﬂﬂﬂ:??fo 350 200 220 210 LGO 280 300 320 340 w0 o we w0 0o
e \2 _ _ _ _ angles of the LaB6 sample Threshold (V) ) Threshold i)
Iose VTH) = 1 exp( (Z)ffset ) (1) Fig. 3 Threshold scanning with noise are 0.26rad, 0.36rad, Fig. 5 The threshold (a) Precise algorithm.  (b) Fast algorithm.
Threshold scanning with inpj’: B o narts: noise and input pulse signals. 0.44rad, and 0.51rad. dispersion before calibration. Fig. 6 The threshold dispersion with calibrated LDAC
and input pulse. According to the S-curve method, the . * - = | ee a0 — Precise algorivm | (2
threshold for the input pulse is the 50% of the full count. - _ E - . y - o
= = _ x a2 ] / 140
O Threshold calibration = _ P ; 180_' 74 b 22 / B
The relationship of the energy and threshold is quantified < - - | - H | - - o 3 / "
and shown in Fig.4 and formula (2). The global threshold can = 4o0- | — # /_/ . i . .|
be set with this relationship. - : ' = o Rine_—cCosunill " . )
The average of the equivalent noise threshold is 17.19 Eneray (keV)
GDAC LSB. Therefore, the minimum detection energy Is Fig. 4 The relationship of the Fig. 7 The equivalent noise (a) ENC. (b) Threshold dispersion. Fig. 9 The image of
about 5.21+1.76 keV. energy and threshold. threshold vs temperature. Fig. 8 The temperature dependence with calibrated LDAC. the X-ray diffraction.
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