Review of Readout
for the MaPMTs

= Beetle chip (1.2 & 1.2MADO) = results with boardBeetle

= results with Heidelberg board = summary on magnetic field
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Beetle 1.2 chip

standard front-end
— 128 channels pads of Beetle I/O

used with 8-dynode stage
MaPMT

— ~55000 e/ photon front-
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Beetlel.2MAO chip

O standard front-end A

O used with 12-dynode stage MaPMT

O tested:

3 channels: input attenuator

3 channels: standard Beetlel.2
3 channels: charge divider

2 channels: modified FBR

53 channels: charge divider

64 channels: input attenuator

6.1mm

~300000 e / photon

on Heidelberg setup

on boardBeetle (briefly)

in testbeam (only quick check
with boardBeetle)

<
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Digital switching noise (80MHz)

— 80 MHz noise on analogue outputs and DataValid
— Stems from digital circuit and multiplexer
(tested by cut in power line internal to the Beetle)

O fix implemented for Beetlel.3

O Beetlel.3 returned to HD last week — no 80MHz noise!ll
ek Run: TO00MS/s Hi Res i ;
e D : I | I . F . . I | L | i, | = :
_ | 3 data fragme (128 —1) :
| SETUP | _ n {
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Setup with Heidelberg board

0 Beetlel.2 data frames: pedestal

0 Edinburgh setup

P R e R
______________

| 'uml_lhf ﬁz
128 — 1 data frame &4
_ G5/s

‘ 20000 -» Z2000R pt.:5|
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MaPMT
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Heidelberg board: CM reduction

o New Beetle chip

=» visible noise factor 2-3 lower compared to the old chip which had died
o Tuning of existing setup:

=» noise reduction of factor ~2

o Noise reduction session:
e rerouting of power supplies I
» shielding of LED pulser !
* new coax cables between MaPMT and HD board i
* new GND routing layout for unused channels at PMT base m
e new star point for GND at front-end m
e massive (1/2 inch) Al GND plate below HD mother board 1

=» all-in-all a noise reduction of factor ~5

o Common mode reduction:
* problem: 12 connected channels move more than the others
* solution: split into and treat independently

=» noise reduction of factor ~3
* problem: individual channels have ~10% weight

— artificial dip at cut position in corrected spectrum
e solution: CM reduction

— dip reduced and moved to pedestal, CM reduction stays efficient
o Total noise/CM reduction wrt. last photodetector review: factor ~80
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Signal with CM correction (HD board)

o Uncorrected pedestal
width: ¢ ~ 4.5 ADC

o Corrected pedestal width:
c~1.4 ADC

o artificial dip in spectrum
from CM correction on
only 10 channels
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HV scan (HD board)

Beetlel.2 with CM correction
HV: -750...-900V 230 g T I 250 £ - I
225 F s oxml 25 F =
200 700 £
O uncorrected pedestal 175 E 175 E
: . 150 E 150 F
width: 125 E 750V 125 E 800V
joe E 100 E
75 E 75 E
50 F 50 E
25 E 25 E
E 1 1 1 1 | 1 1 . 1 E 1 I] 1 1 | 1 1 1 1
¢ ] 100 200 0 0 100 200
teat teat
250 = [ 200 250 = o =5
o CM corrected pedestal 228 F b W 225 F N s
width: 200 F 200 E
175 E 175 E
150 E 150 E
125 £ 850V 125 £ 900V
100 B 00 E
75 E 75 E
clear single photon signal - . E WM
1 —~ g 1 1 1 | 1 1 1 1 | 1 1 g 1 JJ 1 1 1 1 1 1 | 1 1
gain doubles every ~50V o L - 0 ¢ - _—
test test
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Beetle Readout Calibration

o Quadratic description 0 1 2 3 4

5 6

O VOItage Step: % 3000__ 12 runs superimposed with voltage steps of 0.0V .. 5.5V
0.0v,0.5v,...5.0V,5.5 2 2500 Beetlech. 8
o Error: +0.025V... 0.2V soeol o individual
o Risetime: <10ns 1500 - Gauss fits
o Ringing: within 25ns .
1000 no CM
500 - correction!
o Attenuation: 400 £10 N S S SR |,
0 50 100 150 200 250
0 C.. 3.0 +0.1pC 12 runs with varied voltage step [ADC]
eﬂ-‘. . . .
5 180
i 160— 1* order polyn. 2" order polyn. Beetle ch. 38
o 1V:Q=CV =47+2.3 ke <Qﬁ 140L A0:0041793  A0:-0.384027
= ~150mV Hig 120%_ A1:264122  A1:28.2728 =0~
= 100 - A2:-0.822573
> 1 photoelectron o :
% 80F
g 60
o Linear description up to g 40
2.5V (2.5 photons) = 22;
8.‘ L L | L L L L | L L L L 1 L L L L | L L L L | L L L L 1 L L L
-
3
=

beyond Polynom fit to peak positions
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Equipped boardBeetle

10x8 PGAs
(2 rows GND pins)

00000000
00000000
00000000

00000000
20000000
00000000
00000000
00000068606
00000000

() o¢
00000060

Q00000006

00000000

00000000

00000000
00000000
00000000
00000000

000000081

pitch adapter

protective plastic cap
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4x differential amplifiers

4x single ended probe pins
4x differential line drivers

Beetle chip -
preamp,analog, digital, comparator
GND connections
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Cluster Setup

V\mountlng holes for
' ﬂ ~ mounttovessel
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* daisy chain of
% power cables




Saturation in Testheam data

o A) differential amplifier
— gain 10 seems too much for our signals

Board Beetle (4 channels):
-5V supplies with 100nF, 10uF
hooked pin for
single ended Qutput

buffering are omitted in the drawing
(scope with 1M termination)

e gainb
* remove serial 500 e i \_
=> total gain maintained wsizs N B | N e
=» dynamic range doubled - FDRG | s0(] ADSIL ™,
L— //’,/f 3
| lRFJ = = //-/ 50
true offset(V): - ain = B
Teom i iome s sies j e
= Vin (1+RF/RG) —
RE = 2200 proper termination could be
e
o B) FED vour = vin t
— Edinburgh FED was configured single-ended, unipolar
— conversion to differential OK, but still unipolar (no level shifters),
l.e. =>» 8-bit > 7-bit reduction
O ... at least the two devices match...
15
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Timing of Beam Photons

delay: +0ns

TR [T [T T[T T[T [T [T TTrT

» 0000000000 0o0|
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120 130 140
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delay:
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0000000000000000000

T[T T [T [T T[T [ T[T

n

180
orm VS. tde(3) t [nS]

O adjusted average timing
between beam photons
and Beetle clock

— 25ns jitter
— measured by TDC

O aim to sample at peak of
signal

— adjustment for average
by cable delay
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Result of Timing Optimisation

O made from Cherenkov Ring

timing of Cherenkov photons

photons / event

 f — Air 960 mbar
2 i run 190, 188
ZEoas | run 186 — no lenses
A b — HV =800V
: .- — 8 8-stage MaPMTs
I — 5Beetle 1.2
:_mm +18ns:
o final run condition o narrow distribution
5 L final run condition:
' as run 190 — as one expects
S — indicates shape of analog
LE pulse signals at sampler in
s | the Beetle
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Noise in Beetlel.2

) pedestals : Beetlel.2 : before common mode reduction
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O

O

>

>

final noise level
— after DC-offset tuning
— after tuning of timing

full cluster
— 6 boardBeetlel.2
— 9 8-stage MaPMT

from pedestal run
— before CM correction

— shape due to baseline of
Beetlel.2

low o (1.0...1.5 ADC)
=> no CM problem

uniform offsets
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Noise in Beetlel.2MAO

o final noise level
: 1.2MAQ : before common m reduction .
% . _ pedestals : Beetlel.2M before common mode reductio . after DC-offset tunmg
é o /’kf\ jfm‘h /»\" — after tuning of timing
S sl
qé 20 —
s £ o half cluster
. — 3 boardBeetle1.2MAO
0 f 1(|)0 - ‘260' ' 3(;0 4(|)0' - |5(|)0 6ll)0 ' I7(|]0I - - 6 12'Stage MaPMT
channels
§ ii charge division front-end O from pedestal run
%t / input attenuation front-end — before CM correction
E 1.2 -
e > lower o for charge divider
(1.0 ADC)
100 200 300 400 500 600 c’;(l]:;nnels 9 even Iower G for

attenuator (0.5 ADC)

> uniform offsets
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CM Suppression in Beam Run

evt

102

10

evt

102

10
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o from CF, beam run

HV= 800V

cluster of 8-stage
MaPMT with Beetlel.2

O common mode correction:

typlcal pedestal widths : w1thout and with Cherenkov photons
¥/ ndf 5302 / 5% - X/ ndf 189.6 / 65
Cdnstant 341.4 i Cfinstant 207.0
an 38.30 10%E an 37.49
3 Sigma 1.163 : Sigma 1.564 —
L BG pixel : (265) I signal pixel : (242) _
background 0E ring|center
5 raw f naw
6=1.16 .l H M"HM‘
(; ' slo ' 1(;0 T 150 o ' 100 150
ADC [ADC] ADC [ADC]
2/ ndf 4329 / 3 E - 2/ ndf 208.6 / 64 —
Cdgnstant 462.2 L Canstant 266.0
an 38.48 102k 37.51
3 Sigma 0.8603 F a 1.188 -
BG pixel : (265) I signal pixel : (242)
L CM corrected 10 3 CM corrected
: background g ring|center
[ CM corrected i CM corrected
r 1|, 0=0.86 YE U ﬂ"ﬂllﬂlﬂ’\.
0 50 100 150 0 50 100 150
norm [ADC] norm [ADC]

Stephan Eisenhardt

on boardBeetle ~20%

as the noise already is as
good or better than with
CM correction for the
Heidelberg board
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Single Events

Cherenkov photons

CF,: 800mbar

8-stage MaPMT & Beetlel.2
HV = -900V

with lenses

O
O
O
O
O

from raw data

-

file=r574.rz pmi=0 evis=1 Si hils=8 pmt hits=11 cul: 5 sig file=r574.rz pmi=0 evis=1 Si hils=11 pmlt hits=8 cul: 5 sig file=r574.rz pmi=0 evis=1 Si hits=7 pmt hits=11 cut: 5 sig
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Cherenkov Rlngs

0 Cherenkov photons (from raw data) e 2250
— beam: -10 GeV - mostly AbERE e "
s+ [w|njm 1750
O 8-stage MaPMT & Beetlel.2 JEREE 1 W ise
— with lenses; HV =-900V (from HV scan) PEEE | Buso
5 4 4 ¥ X T 9 1 H 4H & N N ¥ S 1 &5 & 4 ¥ B 17 9 1 3000 : 1001]
: 1a™

: s

2500 -

Nieer377rs pmimh eis=i7406 S BS=TT96S pmi BRI cot S 0

Air960mbar 6.7 photons/evt

2000
i 1800
- 1600
1500 i
: 1400
" 1200
m | " :m 1 1000
1000 - [3]s »
mluﬂ n 4| . s+ S Y 1 15 | = g W s 1 : j ‘-_:I_ - - : o~
SRR T R TR T 3% 2% K W . N " s 1 7 |3 Moo : -
6 4 19K 1984 1180 7 3 2 9 = i TS ST Wt < |
e 500 QB 400
1200
Mle=r35%rz pmi=0 cvis=10674 Si hits=0 pmi hits=78374 cul: 5 sig 0

file=r574.rz pmi=0 evis=16382 Si hits=150366 pmt hits=169023 cut: 5 sig

CF,800mbar 10.3 photons/evt N, 960mbar 7.3 photons/evt
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Binary Readout

0 Study of single channels in Oxford lab: Beetle1l.2MAO
— part of S-curve, as negative DC-offsets are not accessible in Beetlel.2:

Binary Threshold Scan

120 — Chl+pmt
= 100 ——ch3 no pmt
= ——ch9, B1.2 bonded
S 80 -|
X
@ £ 60
S o
22 40
S =
o
< 20
2
3 0 T T ‘

(0] 100 200 300 400
-20
delt lUA

O at testbeam: threshold scan of cluster of Beetlel.2
— work unfinished: results not yet understood
— more lab-studies needed
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Magnetic Field Map of RICH1

Y200.0

0 magnetic field at photodetectors up to 25Gauss

o dated map: for illustrative purpose
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4x4 Shield

O 20 Gauss ambient transverse field

— Cut through the centre of the XY-plane at Z=230mm
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4x4 Shield: transverse field

O 20 Gauss ambient transverse field

— Cut through the centre of the XY-plane at Z=230mm

_ Max=1.21G

Carmpanent: BMOD
0.0

Maxz0.32G

Maxz0.27G

¥-10.0 I)(-d-ﬂ.ﬂ I:(-ED.U

I:(BD.U

—V 200 Max=1.06G

_-40.0

1.0 2.0

]I —

—

UMITE
L=nglh rmm
Magn Aux De=n :ga==
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Elec Flux D=n G0
El=cic 1=id W mt
Canduddly  :Smm’
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FAJELEM DA&TA
Q40 mmd xdtrans.of
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Simulation Mo 1 of 1

1950 e lements
YYIAED nodes
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Xlocal =0.0
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F=i =0.0

[ Fraiia00E 1104118 Fage 20
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4x4 Shield: longitudinal field

0 max field values at the center points

Field values:

» 40mm for 20Gauss

2.25 G 211G
16.90 G 15.85G » 40mm for 150Gauss
28.14 G 26.63 G
» 33mm for 150Gauss
1.97 G
example: 13mm cut for 150G
14.80 G v ™ - = -'
25.08 G
b . - - L
(;EIU.U_ I:i' . . ’ ‘ IX_BD.U_
b - - L] i
- - TOWoORA N - -
UC%mponem: BMOD e i
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Transverse B-Field

Total Number of Entries against field Tube 9C24C1

& o shield

£ of entries

1.2 : : : : : : Transverse lield

Transverse field in x-direction

o2l — I S T S S T

n 1 1 1 1 | 1 1 1 1 ; 1 1 1 1 | 1 1 1 1 | 11 1 1 | 11 1 1 ; 11 1 1 | 1 1 1

=40 =30 =20 =10 0 10 20 30 40
Field (mT)

normalised light yield in whole MaPMT
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MaPMT insensitive to
fransverse fields up to
>20mT (>200 G)
without shielding
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Longitudinal B-Field

[|  MNormalised Signal Fraction Against Field | Tube 0]  Normalised Signal Fraction Against Field | Tube 9
Tube 9K20C3 - zoom in

no =hiakd

B no shiak

-k
ha
-t
ha

& 13mm shiak 13mm shiy

-

1
‘.\_ L®oonmahich, .

# of entrles
[
of entrles

=20mm =hiy

O 20mm doub Q.8 20mm dout

L]
A

II'\LIiIiIII

N

=]
-
I
¥ T

0.4 E
B J \ \m -
- e
- .iN.e.W.fQCUSi.ng..m‘_; S IV I I U IV - P P I
940 =30 =20 10 4] 10 20 30 4 a -15 =10 -5 a 5 10 15
Fleld (mT) Fleld (mT),
B
Sh'm]d\ > O unshielded MaPMT
Bam: — — >20G B longitudinal
—H — B
— b _— < — — >200 G B transverse
— 1 BASE_”L@M
— 0 — <—— 0 single u-metal shield
0.9 mm thick ) - — 0.9 mm thick, 13 mm extension
13 or 20 mm extension 13 mov20mm

— >80G B longitudinal
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Conclusions

0 Beetlel.2 & Beetlel.2MAO:
— functionality proven in lab tests
— no noise/CM problem anymore
0 boardBeetle:
— noise excellent, almost no CM

9 164 SEEENNSS AR SERES s 17 L B B

£E ¥ 2 9 ¢ B E = &

O the testbeam was a success: T -

— Beetlel.2 & 8-stage MaPMT ‘B IR
comprehensively tested 30 | EEEE M N
0 expected magnetic field will be

no problem to MaPMTs B
O ISsues: B

= E ¥ 3 3 B

. blnary StUdleS Only Started l'ilr78r7. pt vts=1245 Si hil537 pl its=143550u:55i

made this result possible!!!
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Spare Slides
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Cross-talk from Header to First Channel

200

150

100

50

150 -
100

50

150

100

50

CM corrected pedestal of first channel of frame

board 1 200 board 2
last header bit hig 2 . 51V } 2 . 50V
last header bit low|, 150 '
100
50
____________ 0 S
0 0 40
pedestal
| board3 board 4
150 2.48V
100 I;‘ i
50 J ':
[ [ L — _.LiLL.L__ ______ [
0 0 40
pedestal
board § board 6
150 2.46V
A 100
:"' I 50 1]
- L_l:._.J__ 0 ___g.i;ril;_ ______ |
0 0 40
pedestal
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O clear correlation of pedestal
of first channel with state of
last header bit:

— header high
— header low
O due to daisy chain of power
cables:

— voltage drop along chain

=> the lower the voltage,
the more pronounced the
sensitivity to the header
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Beetlel.2MAO cluster test (quick shot)

O cluster of 6 12-stage MaPMT & 3 boardBeetle1l.2MAO:
— time too short to get it to run properly
— only ring fragments

57 4 41 13 » 17 L 1 57 49 a1 3 E-] 17 L 1 L @ 41 3 s 17 L] 1

nnnnnnnnnnnnnnnnnnnnnnnnnn

o [} 0 0 0 . ST A

2l o & o0 4 0 4 8 W

nnnnnnnnnnnnnnnnnnnnnnnnn

0 [ " @ 0 0 0 e o 0 0 [ [ ] L] a o 5 A & A e e

&4 1 3 L ] L] 3 L o L] o 0 1 L] 1 2 3 L] 0 L] o o L L] L]

file=r610.rz pmi=0 evis=10537 Si hits=85267 pmt hits=24684 cut: 5 sig
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Pitch adapter |

ii'l..l.'l.lli

| N

Mot T

O Pitch adapter is irregular: due to accident in submission
— design was sent in low accuracy =» rounding errors & shorts
— layout altered at CERN to fix shorts (but not the rounding errors...)
— not communication back to IC
— so this structure only was found at bonding...

O Cause of cross-talk??
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Pitch Adapter ||

il sl

Bond pads towards Beetle

TR

i} o locate source of cross-talk:
— track in or on boardBeetle?

corrupted & badly fixed
Iayout of IC pitch adaptor

(TR
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— Irregularities on pitch adaptor? |

.
.,
.
-
Y
-
b .
L
)
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3-bit comparator in Beetlel.2

0 from discussions with Hans Verkoojien:

Main IDAC (8-bit)
LSB: 8pA(—2.048mA)

1/64
LSB: 0.125pA(—>32uA)

main

No access to
negative DC 20kO
offsets!!

Delta IDAC (8-bit) o 1 MIP =22000e =15...38mV
LSB: SpA(D2.048mA) o comparator DC offsets: = 26mV (30)
— trade off:
range covered at atime vs. resolution,
L /oa e.g. 1*40mV, 2*20.0mV, or 8*5.0mV
LSB: 0.125uA(—32uA) o Comparator buffer: gain *0.7
| eita o Beetlel.2MAO : 12-dyn : 300000e"—» 30mV
3bit: — Signal: 300000e" — 0.7*30mV = 21mV
1/1,1/2,1/4 — Noise:  7500e"— 0.7*0.75mV = 0.525mV
or any combination o Beetlel.2 8-dyn : 50000e —> ~85mV
— Signal: 50000e- —» 0.7*85mV = 60mV
— @ — Noise: 1000e - 0.7*1.7mV = 1.2mV
Y | geita: Vielta: Veita FANQE: Velra StEP SiZzE!
0.125pA = 2.5mV 0...4.375mV ® 0.625mV ©
0.250pA = 5.0mV 0...8.75mV ® 1.25mV ©
© ®
1 1.250pA = 25.0mV 0...43.75mV © 6.25mV ®
RICH meeting, CERN, 02.10.2003 Stephan Eisenhardt 36



5-hit comparator in Beetlel1.3 (08/2003)

o from discussions with Hans Verkoojien:

Offset IDAC (8-bit) Delta IDAC (8-bit) o 1 MIP=22000e = 15...38mV
LSB: 8uA(—2.048mA LSB: 8uA(—2.048mA
WA ) HAG ) o comparator DC offsets: = 15mV (30)
wrt. Beetlel.2:
— comparator input buffer gain *0.7 — *1.0
— DC offsets reduced due to removal of one buffer
1/64 1/64
LSB: 0.125pA(—>32pA) LSB: 0.125pA(—>32pA) o Beetlel.3BMAO : 12-dyn : 300000e" — 30mV
i leita — Signal: 300000e- - 1.0*30mV = 30mV
Shit: — Noise:  7500e-— 1.0*0.75mV = 0.75mV
1/1,1/2,1/4,1/8, 1/16 o Beetlel.3 8-dyn : 50000e" — ~85mV
or any combination — Signal: 50000 — 1.0*85mV = 85mV
— Noise: 1000e-— 1.0*1.7mV = 1.7mV
)
lgetta™ | \+/ >
elta main .
ACCQSS to Idelta: Vdelta: Vdelta range: Vdelta Step SiZe:
ive DC 0.125pA = 2.5mV 0...4.84375mV 0.15625mV
negative DC 5or0 0.625pA = 12.5mV 0..24.21875mV©  0.78125mV ©
offsets 1.000pA = 20.0mV 0..3875mV = ©® 125mV  ©
possible!

—
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MaPMT @ HV = -1000V
(nominal gain: 3.3M e")
direct to scope (50Q2) — density plot

av.single ¥ ¥ —Persist ~5000 single photon events (stray light)
photon signalfge e ~5000 pedestal events
' signal shape
signal walk

input to simulations by Nigel Smale

HISTORY
1 DC -2.8my

0 STOPPED

O MaPMT @ HV =-1000V
(nominal gain: 3.3M €)

o direct to scope (50Q)

o average of time measurements

o ~5000 single photon events (stray light)

— av. fall time: 1.1ns

—> av. risetime: 2.7ns

—> av. pulse width: 2.6ns
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