Analog FE circuitry simulation

PSPICE simulation of the possible implementation of the FE analog part for ECAL/HCAL
electronics has been done. This is a case of “Discrete solution” mentioned by Frederic on
the last Calorimeter Upgrade Meeting. The PSPICE analysis includes the simulation of a
total electronic chain: photo-tube, coax cable (PMT - FE), cable matching load resistance,
input amplifier, clipping circuitry and output integrator connected to ADC.

Main features of the simulation are mentioned below:

« Thereal PMT signals are used for simulation. They were collected in 2003 with first
detector modules at the CERN beam test zone.

« The PCPICE model of the 12 meter length coax cable is similar with real cable type.

« Model of the fast low-noise operational amplifier CLC425 is used, but it is an obsolete
version and now a new improved replacement LMH6626 (dual channel) is available. (Input
noise for CLC425is 1.05 nV/sqgrt(Hz) and 0.92 nV/sqrt(Hz) for LMH6626). The circuit
performance will be better with new component.

 Clipping and integration delay lines are simulated by a piece of cable.

« Simple analog switch could be used for changing an amplification range of the circuitry (x2
factor is shown on slide).

A short circuit consideration is presented on the last slide. Simulated circuitry is satisfied
needed requirements, but of course a verification by prototyping will be useful.
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Analog FE circuitry simulation
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Applied for simulation signal shapes were obtained (recorded by scope) during
the HCAL/ECAL modules test beam study in 2003.
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Analog FE circuitry simulation

Date/Time run: 04/03/09 10:38:13 Temperature: 27.0
{CB) Qslée.dat (actiwve)
1.1968V
] ] ) ] ] [ ] 1 1 ] ¥ ) ] 1 1 ) )
Lgint TRt e T e Rl e aiin e T“l‘fﬂ‘ il Wty Tl eyttt oy 2z et det At iCetiaa At iedeleis
] (] ] ] [ i 1 I i ) ] ) ] I
_____ | | UPTERTITE.. FPPPRrerl FNSETIERE e aee U CEPTEPITY (LSTRTR ST L, NS SEWPTUCINEY ] NP ) SRR [ PITHEPII. o (RN SUCSNCIPENETA (TR | APRSRETRTRIL, S | D USSR | SUSPCIUUIT. Lo PNITI - | CHRTMTSTCI
1 1] 1 ] t 1 1 1 1 1 ¥ ] 1 1] 1 I
] ] ] I [ ] 1 1 I ] 1 ] ] ] 1 ]
----- e T N e T T T T O Y N R O v e
o b e e e e el o “f‘%‘@%““%%’-ﬁ“-”—{"%“#‘"**%“l“*“
LA800V. j : i T 1 (R
B 18 L A b T P e A T 4 =P
i i Yol e 8 i i i | i i i
_____ A T T O Y & I A _Flattop | ¢ b b | bbb ]
i A i i i i i i i i
_____ { I | I\ N W Y T (T P U " IR A VI (I T, S E— N T N  —
1 [ [} 1 ] [} ] ] [} i ]
| ol ek | | | | | i | |
1.1200V : s ; i i i ; i i
I [ 1 I 1 ] 1 I ] I
I [ ] I 1 I ] I 1 | 1 I
———————————————— e o T e =t e e e e e i e e S
SEL>> x|l b : : o
1-0995“! Py [Py R SR [ FUGpSppp S SAp Sy S Py e e o e e e e e e e e e e e e e e
[E]viul4:0UT)
1 L] i ] 1
__________ i taiiar aass shabah o
i 1 ]
1. i i i
I i i
ST N S e
I 1 I
- - s i DA, et
| ] ]
U S - SO S—
i i i
PRl PSS B NS 3
I 1 I
0. : ; I
i 1 I
P -l -l -
| i |
e s e =k ! St
1 ] ]
______________________
b [ Lo———
o | |
N i | i
1.0903us 1.1000us 1.1200us 1.1400us 1.1600us 1.1800us 1.2000us
o0 V(T19:B+) o V(R2:1) » V{(Ul4:00UT)
Time
CB1:(1.1314u,1.1651) CB2:(1.1279u,1.1645) DIFF(CB):(3.5789n,558.291u)
Date: April 03, 2009 Page 1 Time: 11:29:40

Integrator-shaper output response on 50 pC PMT signal charge. The integrator
signal “flat top” is about 3 ns and residual level less than 1 %.

LHCh
Calorimeters

8.04.2009 Anatoli Konoplyannikov [ITEP/LAPP]



Analog FE circuitry simulation
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Noise characteristics of the analog circuitry. Total output voltage noise is less than
0.4 mV. (about 1.2 counts for a 12 bit ADC with input range of about 1300 mV)
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Circuit consideration Analog FE circuitry simulation

OA LMH6626 main characteristics:

« Gain bandwidth (LMH6624) 1.5GHz;

 Input voltage noise 0.92nV/sqrt(Hz);

 Input offset voltage (limit over temp) 700uV

« Supply voltage range (dual supply) £2.5V to 6V
Room on the PCB:

« The LMH6626 is offered in SOIC-8 and MSOP-8 packages. Dimension of SOIC-8is 5 mm x
6 mm. Two packages of OA per FE channel take small room. More room will be needed for
two delay lines. In my opinion, the needed room on the FE board is less or the same as on
the existing FE board.

Power consumption:

o Supply current for each OAis 12 mA. In total about 50 mA per a FE channel will be needed
and about 1.6 A per 32 channel board.

Price estimation:

 Each front-end channel will be equipped with two LMH6626 chips (price for one chip is $
2.05), two delay lines 10 ns and 25 ns (the type of the delay line could be as for the present
FE boards), resistors and capacitors. Total component price per channel will be about $ 10
. (in.case if delay line price is about $ 2).
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