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ElectroMagnetic Calorimeters at ALICE The Physics Front-end Electronics Overview
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FEE Cards APD pre- Callbratlon & CSP High/Low Gain Shaper
N A v N v
32 channel Front-end Electronics cards, mass production and test for PHOS APD gain M depends ‘\\ Highpass  Lownose  2udorder fgental i ATRO
- & pole-zero buffer (gain =2) Bessel filter ADC driver  filter 10 bit ADC
in Wuhan on: manufacturing, bias,’ \ cancellation Hoyfﬁm I
16 APD bias 16 APD bias voltage, temperature i - dual integrator ' V e 0
regulators 16 shapers on both sides regulators : i~ : > I e | il
Hardware properties: o : . RI NERE il | N P
connector for 2X 8 connector for 2X 8 , Gain calibration of each | ! 1 gl |
» 32 ch. dual gain shapers, APD with LED ( each point | || MAXHSY MaxHSt 1, TR |
64 readout channels 3 is one Date/Root Run ) : : C2 o a0 R - IJ\
° RMS n0|se _ 32 Mev ‘ APD gain as function of bias voltage at 25 degree | : i : _|_|__ R, L ®1® R1131 :
) ; I 1 o Alro Topak
+ 14 bit dyn. energy range 10° =l I el N R e
EEEE s 1| * 32 HV regulators, 10 bit # . d | opr o | B N\
e !'73-9-3 7 i’ 1 i I - 1 PR 1 . . o Fas 2 100
e for APD bias e Arpis Ganeran = ssortan I ; : " Seh . Ref. PHOS User Manual, revision 2.1' ™% - AN
i o 3 ‘_ : : E * FaSt OR (2 X 2 —+— APD #24 Gain*140 = 57.5*140 : C5 Only'mw | ‘ "'m C ematlcs: - = — I
4;4 o o | o  emm | - ¢ B n:_._:;; “' Tt CrystaIS) for trlgger %'103 ) |‘ for test i 5w e Of CSP ': fg ,-'"““-.‘\X L . ;
i""i EEIEL: “;;5 3' I§ ol a (- -f : '7" Y 1 - ’\-’o”q S an” {‘YI C Vi= -’U - / -‘- "‘ '1."" """" . ifier "R-RC2 shaper
m.-h”g.;l :ﬁ: l : "ﬁf?, 5 :‘:‘.‘ 128 ? a2 10 blt ADCS (ALTRO) 8 1,’!\,,/! N d!\,,/! dT Sy QA\}’/O\’ \\ % e ] ,I 0 1 i T ol ’% 1 P f-.\]:lnlllllel CR-RC2 shap
i i ] ’J;f.- 10 MHZ é /M- dMIdV.=-2.3%/\. \\N___________________E_ ___________ ,’, -10 T " ’ T ‘&‘ T |:|d|\ 1 Differentiator 2 Integrators :I’l‘l‘ll:nll:.":})zﬂllsi‘
i e e e Board controller = -90 111 S R | AT} AT N R n Reoam ]
, - R : : 5 1l \ o N
“1 2 T ";‘m—t flrmware in FPGA 3 ieCroy -30 AT S-HH LU L LU ‘\‘ L | § I
o o= o Ry =100 M LED test 40 | I | [t i 1 1 | L o |-
“""'.:j ; ‘l o GTL readout and &102 = 5.0 U 5 Cf=1pF 1 fl"l'lf‘w“u\p*""W*%whwmmnwmwvw-wwhw\rw 50 /, i b \ E CSA
4 it =g o] el .1 | control bus 2"*'*"";.: ..... Plateau M=1 o sy ; CSP voltage -60 [t ~;;ri»~By:angx1a Li (HUST, Wu \)m
. g | C = _DAQ readout and DCS s Gair staliility @ M=50 , s 70 LUl I 0y
- b i ff&%”‘f""‘iﬁ“:»*'r via RCU UM X dM/dT ~-2.2%°C '+ T CsP u=arc, | “* f P t 10 100 1-10° 1-10* 1.10° 1.10° 1107 1.10° Hopaper () = l[ 5T 1 l a/Cq J[1+1/(Rdis fﬂ[ W
~ ‘ : A A0 5.5 watt, 349 X 210 mm? : UM X dM/dV ~3.3%/V i e . | LED oL 1.259x10" f_log(k) 100x10° S| 1+sto | [1+1/(Ryis-Cp) 1+51g
POWGI’ ConneCtOI' FPGA BC COﬂth' bus ReadOUt bus i b b b b b b b e ten b - VOItage/Charge ga" o ] pu se Hz \ \\ l‘ l‘
ALTRO ALTRO 0 50 100 15&32503(_;:;:[%? 350 400 450 UQ =1mV /fC __.__J‘ e s 2 S N B Magnitude Response ofShaper, HFF, LPF step function differentiator CSPdischarge pole-zero Rg_tir?tgrgégtror
4 4 N\ 4 N\
Shaper Readout fast-OR Differential Slgnal Shaper/fast-OR Readout Linearity
N A v N v
> inole APD channel is m red bv two 10 bit ADC” , sp S vweer ek N S'"g"jocsp channelenemylSel ¢ - fast OR saturation at 2.5 - 2.74V differential
a single channel 1s measured by two S ' 4?—| L S . 40 cm cable to TRU -fast OR / LG = ratio 9.403
- . . - L 82pF . . CSP gain = 29.2 uV/MeV (for M=50
> high/low gain ratio between both channels is 16/1 | ﬂ=ﬁﬂ i — ! s . LG shaper gain = 0.427 ( )
CSP_A2 |82pF 4.22K | E P
; . . — || - . HG shaper gain = 6.85
> combined measurement corresponds to 14 bit dynamic range | comEy lerg o N s '=' A T g . Linear range:
— § [T monmabu . fast OR saturation @2.5V:
[ Run 1153, Samples 009, event 20 | Entries 184 [ Run 1153, Samples 008, event 20 | Entrics 184 1 +2v5_ref M+Ax445 m\ QuUAD+ | | T I = - ‘ LG value ~ 260m\§®
: o A i gl oRee— | ' R it || -CSPvalue=0609v P
®F Tmax RO asof- Tmax 1507000 : summing amplifier 4.22K ' I : £ G [y | . Saturation Energy = 20.86 GeV Q
so;— Ped 37.74 £ 0.13 -um;— Ped 36.73 2 0.13 : @ m\ QUAD- : | U | g - ?;Z?“ﬁb;"ﬁz,ff”ffﬁ?hﬁ . Non linear range: %
- 3500 ) ) / \ J 5 , . ga -54.9?31;5? ?-6.826&4210;1111125 : . fast OR @ 2.68V Q
55:_ LOW gai n 300%_ H ig h gai n I faSt OR Ilnearl'ty up '2.5' V 4.22K - == _ Shapers.'fast‘-OR reat;lauts ‘asa.funr-:tio-n n;rt;_sﬁ output (PHdS FEC) ‘ * LG Value -~ 380 mV
oF J5oE \ absolute non-linear limit: ~2.7 V differential shaper ' / - ————————— — .CSP value = 0.890 VV
- 2005 SN v i analogue 2 X2 CSP 107 csP output (V] - Saturation Energy = 30.48 GeV
sE 1505 signal of 100 ns : _ .
oE 100 [ PHOS_FOR with LED pulse | [ EMCAL_FOR with LED pulse | J 0 50 1§d"g'fscospz°5‘oar'"§é; ™300 ®350 400 as0 .]tast OR ?atura_tlon_at 2.5 - 2.74V differential
; L L |, N L g L ) 50__| e — . . . . N T . ] . N E = : = = . : E 0.1— { . : o . 3000:—'""\ Shaperslfa:st-ORrea;:loutsas;funclion:ofCSPo;Jtput(EM[CALFEC)- """" ) aSt OR I:G - ratlo 13784 —
10 12 14 16 18 20 22 24 26 10 12 14 16 18 20 22 24 26 K 0.3 [ g F'ttmg_fl{?qffm' E(?S qugl © B il il i vl el . ‘ : d .CSP gain = 17.5 uV/MeV (fOI' M—30)
2 ..F posicmiphiianiiaii T I Veum P Amp (5o et e e PEPTT TTTTT PIPI S S . in=0.
d . ‘_5‘.025;._ ...................................................... y°;0,004700,error=0i000240; io'oa_ ................................................................ Amp = 0.093000, error = 0.001990; Ezsoo: oreeee ge-BatUFAtion _**A II:I% SSI;]aapeerI-. gaali?] _ % 26269
2n O rde r G am ma.2 flt: t— to _ g 0.2:_ ________________________________ X, = 2.066300e-07, error = 2.441700e-10; E B Ty = 1.900000e-07, error = 3.227727e-09; 2 . :L:;:i::m‘"e‘:h‘:;;‘;:;;;1" 2 : Linear r%nq%_ - 9.
) L, 2 Q = input charge on APD = g 8 7 semane s enucr L N0 Eo.06] « = 6200000008, error = 7.6273526-10; 8 2000 i | . ' fast OR saturati ey
v _ 4Q A t to T C =1 pF 0.15— a, = 1.976260, error = 0.031850; z r Pef =-1.000000&-04_,errnr=7..3535002-07; g e renon LaCS; Va|u2a..l,“;|_a8borq]\@/ OV \
out(t) = c : [ ] ‘€ = 1000 ns (PHOS) or 100 ns (EMCal) OB e R e 0 0,041t A e .f.’.’.‘j’ ...... — T A S . : lue = 2 o)
f T - e : Fting prameters for <naoes CSP value =0.792 V Q
_ A CSP gain 0.05F - I e < | T - Saturation Energy = 45.25 GeV
P H OS - U/ A\ W .................................. 0,021t B e ——— E ............ ,,é_moo i R e . Non linear range:
energy ranges 0.005 GeV~5 GeV / 0.08 GeV~80 GeV for APD gain M=50 F . B RSP By Ny -fast OR @ 2.68V (Oé
E I\/I Cal . -0.05:_ - o= = realsignal with Lecroy osellliscope { o :, :w? %y * :*f : ‘ : N ghg ) . I(—:g"Pvalll'le - 21589T\\//
- P | X7 _— NP S | Leimidimeniill e e R VOO T PN v et D S S S S . value = 1.
- > 01 02 53 0.4 0.5 06 02 o, 405 o5 0. FI 0523053000 4000 5060 ~2000" '7'0061 E . Saturation Energy = 62.8 GeV
energy ranges 0.015 GeV~15 GeV / 0.25 GeV~250 GeV for APD gain M=30 time [s] Time [5] CSP output [mV]
( ( \ 4 \
Noise filtering for fast-OR MIP and S/N ratio CSP & APD new version
N A v N v
.................... FEEside .. e JRULSIDE B T2 I LS T _Energy deposited by cosmic particles | [ |i""""”nm‘|============'====='====;lili"""””"””’"'\ e :
5 ' : : 2 8, B )06 - [
33 I \ §1o3 = adcDistFit_CSP_10 §1° g adcDistFit_CSP_15 ﬂll“ Wl [ HIHHH 1 | % ’ C) S J%Ww — i )
- A e oo o ] "““”“'i!'::'.:.""'“.ﬂ.ﬂ!ﬂl.l....,.;“'m&ﬁﬁﬂrﬂ...!!i’:;;;:::;;.l N T .
E : 40 cm Cable . ; 102 ; M.ean:la 553;249 102 — Sigma 5.88 F Il II\II“I |i|||ll|||| Ill'lml' |I|I| ‘]I" IIII ‘E " ‘||||||| C30739ECERH 7 . e LT: : J;
E E 12 blt ADC E ; ; \O Il II IlII "Ill Il |I‘| I||||‘ II“" l ||||! !!||| 7@74' /_jikmsum 25A14i101u
. . : i B i e . 5 T APD C30739ECERH
. C <— — E . . 91 : i : I IIIIlIIII | """ i'i\ II|I|E !l m “||| || ||“ ||I|| F 1 r a ﬂ c f’ipd - 60 pF
f 2., filter capacitors ; oL 'h' in" | |||I||| |"{i!i"| m..'a.l. s e T N B
Shaper GND . for low pass / g 10 '!'!:! HIIII’ m I| ||| |||| e TDa_rieozlpc 4 =t I
SR - P """r.' IIII""'i'“"’""""'l!!'l"""""'323K1875 Eféf: | == e
. . . N . W Wl =] -t .
Low pass filter capacitors are added to filter a 10 MHz ALTRO sampling pickup noise 1l m ~ nerersmn A LT e ]
Jor fastOR channelsonthe FEE side,,, , i e e T e T Olslow Noks: - 058 * —
. - ‘ ADC Counts ADC Counts 1200 j—
— 1} — o[ fakeALTRO RS noise of PHOS/EMCal with HV=397 @' N c s emendence on shamer e Constant Lw
f R f Sel . Emcal FEE without C added S R MIP ~ 43 ADC counts at room temperature 100 1 '\ -~ for new/old CSP and APD at Rp=200 MOhm - Pspice simulation
in out o e, T | [ = = X Gl APD: Vet Saseass T T G G JFET 26KsA2
- Q A T *O*EMCaIFEEWﬁhCadded .................................................................................. i . g - EL = = - . _|1000 ":' :" . \ New APD F’erklnEImer C30739ECERH 'ENEW CSP: JFET 25K1875 o 20 i
Cf = 2 T eros FEE without G, added | ) ! - I - PHOS FEE digital resolution: 5 MeV/ADC I S AR e Lt B
Q@ 6 BLOS FEE with C‘added A s S S " - A . . . = Uy —m—ENCat-25°Cwithnew CSPandnew APD 7| |
© - ok = i —o— at 20 °C with new and new 1a o,
~ 2.5% amplitude loss ] — o — f ______________________________________________________________________________ RMS=1.17 RMS=0.51 RMS=0.81 .RMS=0.29 MIP 215hMeV IWIth noise level of 30 B 800 L E:g a: -2205‘%wtirh - gsssangdd A‘SED | e o
% s Bl Y * ' ' of | MeV per channe at room temperature _§ ool A —v— ENC at 20 °C with old CSP and old APD 1 % ol o . et S i Al
| ‘ | N R Lot : : : < : | g ®
at T, and above 3 dB attenuation g3 e e S SEREE ==zZxEZ Signal to Noise Ratio at room temperature: O g ;
per frequency octave: E i ' 7 * X A et |E~m....mi?f_.m m..i '"[Z.’."Lmif S s e _ 7 L%J 600 |- : 7 W CrrEraskeswgesecss
f,=———,R =680 . - | | |
27Z'RCf * 2 ] ' | ib n RMS=0.43  4RMS=0.67| 1RMS=0.58 R'V'i:l-“ EMCal FEE fast-OR maximum RMS noise o e
: channel number i " Ty | ] . 300 Liiil i i KT AK.T 2 c,’
: ; , evel : ~ 1.4 ADC counts, corresponding to 10° 10° 10" 10° ENC? = F, o+ -F,- =4 +C,?-const
= = : The noise filters make MIP survive over noise in fakeALTRO AT B T "‘F ........ L ‘f.' ...... - ’ - ing ti . ’ * 3.9, i
fO 10 MHz for Cf 220 pF E s s Lo — | peak-to-peak noise ~150 MeV CR-2RC shaping time [ns] 9’ q g z

-

\_

Summary &
Acknowledgements

*\

J

The ALICE calorimeters PHOS and EMCal are based on Avalanche Photo-Diode photosensors with Charge-Sensitive Preamplifiers for readout of the scintillating elements. The amplified signals are read out via 32-channel shaper/digitizer electronics\
(FEE) with 14-bit effective dynamic range. The electronics is based on configurable 2nd order shapers of different gain with 2 ALTRO chips per channel. Each APD channel is equipped with an individual 10-bit APD gain-adjustment and 2x2 channel
clusters generate a 100 ns shaped analogue sums output (Fast OR) for the associated Trigger Region Units (TRU). The front-end electronics cards for PHOS are in mass production and tested in Huazhong Normal University (CCNU), Wuhan.
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