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Before proeduction
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summer and automn 2009. 144 chips/m?

About 6000 chips necessary to equip 40 plans of 1 m3

CALICE/EUDET meeting,LLR Palaiseau, 14-15 jan 2010



HARDROC: HAdronic Rpc Digital ReadOut Chip

e 240 chips HARDROC1 produced in
june 2007 to equip 4-chip and 24-
chip RPC and Micromegas detectors

- Package PQFP240
- Not completely power-pulsed

e 400 chips HARDROC2 produced in
june 2008 to equip 24-chip RPC and
Micromegas PCBs for square meter

- 3 thresholds (0.1-1-10 pC)
- Power pulsed to 5-8 pW/ch
- Package TQFP160

— Difficult SC loading: SOLVED in
HARDROC2B

e 200 HARDROC2b (medical
application) in plastic package
received beginning of jan 2010
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Vth1: 100fC to 1pC

Ch63:
ANALOG PART \
S8 Gain HARDROC2
Cho: 4 bits/channel
ANALOG PART | 12.1/14.18.1/16
i Read  Nuitiplex
Gain correction SLOW - Charge output
8 bits/channel Shaper "@—/ — =
Variable I
* | GanPA[ | Bipolar FAST JL *Rf“d RN
Shaper 0 vino |P? L"I':;h trig
. - = nor64_0
Vtho: 10fC to 100fC HSCIL 0[][il\l\”| triggerd
SB1 Gai . Read
| olar FAST i B o CHO_trigl
its/channel ’ Vthi :
1/2, 1/4,1/8,1/16 Shaper 1 —

RS
iscri
()mn&kl|

‘ nor64_1
riggerl

N
FSB2 Gain Bipolar FAST JL Tatch I +R‘3“d Cho_trig2
—| 4 bits/channel Shaper2 | Vtnz D2 RS |
1/8,1/16,1/32,1/64 | '1"“54 2
AN J/ Vth2: 1pC to10pC Qmask2
trigger( | eluml{l-f{l"
triggerd B8 nconER | encodi<1>
DIGITAL PART 5[ 5[
Common to the 64 channels
S nor64 | 0
DAC1 t .. ) ORG64
Wbits | Digital Memory hor6d 1
encod<0=> nor64_2
DACL | Vithi encod 1<0> . §
10 bits 5 WR
R
DACO Vtho A
10 bits : M -
encod<63> 128 1 SERIAL OUTPUT
encodl<63> X transfered to DAQ
- 160 durin
24 Bit counter BCID mter%unch /
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Trigger efficiency measurements (HR2) Z

Test S-curve vs Threshold (Butomated)

1100- ~ After gain correction:
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D 2EI 40 60 SD IDD 120 140 160 180 ZDD 220 240 260 280 SDD

DAC akie B 1M 1% 20 25 30 35 40 45 50

FSBO, 100K, 100fF, G=144 .
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Analog and Digital crosstalk (HR2) 2N

No decoupling capacitors (on bias and
reference voltages)

‘ thx10
Crosstalk ~1% Disert
- Well differentiated, capacitive like ' |
— Dominated by the input
— No long distance crosstalk

Coupling of discriminator to inputs through
ground or substrate

— Trigger on CH1 and look at analog signal
on CH2

- 8 mV coupling = 3 fC

Trigger (cHﬂ)

Pl

e Can limit the minimum threshold & _ “?BBBSU
(not in this case as similar to noise) | '

1): Average (1
B0 ns

e Needs careful chip layout e |G
; : — 1080 sups

# SRSILSEEEERINEN BEE SREEIERIIES ¥
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POWER CONSUMPTION 7

HR2 ON vdd

vdd_pa 5.5mA \e OFF _cell
Vdd_fsbx3 12.3 mA Master
vdd_do,1,2 7.3 mA Ibias ¢ Rbias

Vddd 0.67 mA (external)

vddd2 0.4mA ibi_cell | ”-‘—;”" Ibias_cell

(=0 if 40MHz OFF) | - “;'IJ > @

Vdd_dac 0.84 mA -
vVdd_bandgap 1.2 mA W

Master source gnd

Total (noPP) 29 mA
Total with 0.5% PP 145 pA

HR2: OFF= Ibias _cell switched off during

Pwr_on_a alone 14.9mA interbunch

HR1:a few forgotten switches (Bandgap,
some reference voltages not power
Pwr_on_d 0.93mA pulsed)

ALL ON (default config) | 17 mA HR2: switches added:
— ALLOFF =>0
- 5.5 pyW/ch with 0.5% duty cycle

CALICE/EUDET meeting,LLR Palaiseau, 14-15 jan 2010 6

Pwr_on_dac 1.025mA

ALL OFF <4pA




Power On Digital: Z

e PowerON start/stop clocks and fsmms‘:j
LVDS receiver bias current to | s |, ;Dﬂu
meet power budget. !

Enable Clock

for Acquisition and

LVDS receivers for PowerOnDigital —-— _ Conersion EnableClock
RazChn/NoTrig and ValEvt ON StartReadout >3] bl Clock

. . Rsth —» Readout | StartReadOutlnt Y _ Clkin
during Powe_rOnAnang (during  awe—] — ; peston - ciom
bunch crossing)

o ClOCk iS Sta rted Phases >I<AcquisitionX Conversion
asynchronously, enabled and room |

werOnlnt

stopped synchronously (at *0’),,
e 2 operation modes : R

| |
— Acquisition, Conversion = roeonn_ |
common to all managed by

DAQ

— Readout =» daisy chained
managed by StartReadOut and * POD successfully tested on
EndReadOut testbench
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Power pulsing: « Awake » time 2

16-Jan-A5 Reading Floppy Disk Orive
15:01:17

— PWR ON

3.08 Y . Y ﬂwiuhqﬁtuL
T

2 ps

21 ot | « Power pulsing of the DAC:
I — 25 ps (slew rate limited)

e PWR ON
: |
5 ps

2.0 Y
-0.g5 W

| p— S—

5 ps I
2.0 W L
tbioben
1.32 v e

All decoupling capacitors removed )
PWR ON: ILC like (1ms,199ms) .

PP of the analog part: | DAC output (Vth) I
— Input signal synchronised on PWR L L

(:>I\I 5 s T

-z v fCi Time 247095 ps

=> Awake time= 8 MS 2 2 v O [ 20C1.88 Y

2 G5/s

0  NORMAL
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PCB board associated to both RPC and pMegas detectors

Semi-digital electronics readout
system validated in beam
conditions (daisy chain,stability,
efficiency, no external
componant)

RN

Curseudrs Mesure i ath Analyse Litilitaires Aide

| : T
Daisy chain measurement
I 4+

516 p=| |[DeclenchemiEEiEs

1 Header (8bits), then BCID (24bits),
4 then 128 bits for trig0<0-63> and trigl <0-63>

= -16560.00 p=
M= -65.2500 KH=

[wwaiting Tor Trigdier

]
Lu]
=
=




HARDROC2: test of 400 chips 2N

e 400 HR2 to equip 1m2 RPC and pmegas detectors
e =300 chips tested this summer in ORSAY and in Lyon
e Good exercise before tests of productions (5000 chips)
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LABVIEW SETUP @Rodolphe Della Negra (IPNL)

Hardrb2
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LABVIEW SETUP @Rodolphe Della Negra (IPNL) 7

e DC levels, power consumption, VBG, memory test,
SC test with a « difficult config »

Protocol Test  First Test ‘ Lin_DAC | Scurve | Resum_Test | Relect_measure | ANALYSE |

Conso before[maA] YALID DC_FsB[¥] 2

| Conso before load 5C ' 17,84537 J DC_FSE 3,23878 ¥ oelviz
247070
Conso after[mA]  vALID DC_55[¥] 2 .if s

_) DC_ 5SS 323221

Succed[%o] MumTest YALID

Test Slow Control 1] 10 0

Canso after load SC ' 30,28721

Trig CONFIG SLOW CONTROL RESLULT MEMORY

DACO:300,DAC1 11023, DACZ: 1023 Trig:0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18, 19,
55 Gain:15,FSE1 Gain:s,FSEZ Gain:s 20,21,22,23,24,25,26,27,28,29,30,31,32, 33,34, 35,36,37,
Trigger_wirited:On, Trigger _writel:OFF, Trigger_write2: OFf 35,39,40,41, 42,43, 44,45, 46,47 ,458,49,50,51,52,53,54,55,
all Channel Cap. Enabled 56,57,58,59,60,61,62,63

Al Channel Discriminator Ackive Trigl:Trige:

DAC0:1023,0AC1:200,0AC2: 1023 TrigD:Trig1:0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,
55 Gain:15,F5B1 Gain:s,FSB2 Gain:5 18,19,20,21,22,23,24,25,26,27,26,29,30,31,32,33,34,35,
Trigger_wirite: OFF, Trigger_writel:On, Trigger_write2: OFf 36,37,38,39,40,41,42,43,44 45, 46,47,45,49,50,51,52,53,

Tesk memory

all Channel Cap. Enabled

J

All Channel Discriminator Ackive

54,55,56,57,58,59,60,61,62,63
Trig2:

DAC0:1023, 0811023, DAC2: 200

55 Gain:15,F5B1 Gain:8,FSB2 Gain:5
Trigger_wirited: OFF, Trigger_writel :OFF, Trigger_write2:0n
all Channel Cap. Enabled

All Channel Discriminator Ackive

TrigD: Trigl: Trig2:0,1,2,5,4,5,6,7,8,9,10,11,17, 13, 14,15,
16,17,18,19,20,21,22,23,74,75,26,27,28,29,30,31, 32,33,
34,35,36,37,38,39,40,41, 42,43, 44,45, 46,47, 48,49,50,51,
52,53,54,55,56,57,58,59, 60,61, 62,63
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3 DACGCs linearity 77

Protocol Test | First Test Lin_DAC | Scurve | Resum_Test ' Relect_measure | AMALYSE

ampli LinCacz
1,26422

DiekaMax[mh']
545 Deta_i[rmy]
532,7

=) Test DACO
) Test DAC1
= Test DAC2

| STOR '

—

Amplicude

g e
M) L3 A N =~ 00O
I 1 1 1 1 I 1 I

—

- s

1 ] 1 ] i 1
150 200 250 =00 350 400

-

Maxirmum value Minimun Yalue LinDacz_Resid

2,3141 1,76422

Standard Deviation
538,572m

ML (LSBY DML (LSE)
3,32623 259,549

Amplitude

Fit Slope Fit Intercept
-2,05245m 2,31905

1 i i i i ]
150 200 250 300 350 00
Dz

Fit Mean Square Error
13,75u
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SCurves measurements: pedestal, 100fC, 1pC 7

S-Curve | S-Curye_Goor | Linearity/Resum | S-Curve-debug

5_Curve_Ped 5_CurvePedestalDACO[94,50;98,50;96,16;1,25] g™
5_CurvePedestalDAC1[88,50;93,50;91,11;0,88] [N

80— S_CurvePedestalDAC2[89,50;92,50;91,17;0,57] [gy

100-

bl -

"_:IIB l[lll] 162 1[I|4 II . I-
l N II -
96 00
S_CurveDACO(100fC)[218,50;261,00;235,16;8,48] [Ea

S_CurveDAC1{1pC)[412,00;496,00;446,27;16,67] [gh
S_CurveDAC2({1pC)[226,00;276,00;258,42;11,11] [gn

I I I L I I I ] I I I 1 I I I ] [ I [ I I
175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 200 225 250 275 3l]l] 325 35!] 375 4l]l] 425 450 475 500
DAL DAL
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FSBO Gain Correction 2

Analogue Test : S-curve | External ADC Test | info pch0807 info chip HARDROCZ Setup
Slow Control (1), Read | Slow Control {2) | Debug FPGA | Debug Digital ASIC | Analogue Test : DAC | Analogue Test : DC Test_Auto

Protocol Test ] First Test | Lin_DAC | Scurve | Resum_Test Relect_measure | ANALYSE

S-Curye 5-Curve Gcor J Linearity/Resum | S-Curve-debug | NameChip |Hardr194_01 [MAXMIN;MEAN,DEV]

oo S_Curve Ped 2 5_CurvePedestalDACO[94,50;98,50;96,16;1,25] [ |

80—

b0 -

5_CurveDACO_Geor{100fC)[231,50;242,50;235,0%;2,00] [
S_CurveDACO({100fC)[218,50;261,00;235,16;8,48] =

5 _Curve 2
100 -

&0 -

b0 -

[ | | I i I 1 I 1 ]
180 190 200 210 240
DAL

Filtre Analyse JM  OFF
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Read back of the measurements

S-Curye | S-Curve_Gcor | Linearity /Resum | S-Curve-debug |

Resum

Hardrz11
110972009 0F:54:56

Linearity

--======== tlnzacl: Marme_SlowConkrolRef © SlowContral
o inDac

EEieiiem CSTIEESIneiememineRE LnDac PR

ERIESESITESISIESSEInIESS

Zonso before load SC
Delay=0:5:887

alue ;13,94 ma

Zonso after load SC
Delay=0:6:343

alue ; 27,61 mA

Dielay=0:3: 586

Res_LinDach ‘ alue 1 2,42 W

Res_LinDacl

Res_LinDac? [Ea N
Delay=0:3:830

alue ;3,24 W

Dielay=0:3:743

1 1 1 1 1 1 1 1 11 .
50 100 150 200 250 300 350 400 450 512 alus 1 3,23
DAC

CALICE/EUDET meeting,LLR Palaiseau, 14-15 jan 2010
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DATA ANALYSIS 77

atlht.

Protocol Test l First Test | Lin_DAC | Scurye | Resum_Test | Relect_measure  ANALYSE

Lisk measure .
LR Gl | Biuild I | End of Analyse ' ) Analyse Build

MEmOry . ﬂ Restart Analvse

Lin_DnAC0_fdax CUT: measure[MingMax] + Mbr

Lin_DACO_MIN

Lin_DACO_Slope -I SCped_DACO_Mean [70,5E+0;102,2E4+0] : 108 .ii

Lin_DAC1_Mas

Lin_DAC1_MIN

Lin_DACT_Slope

Lin_DAC2_Mas

Lin_DAC2_MIN

Lin_DACZ_Slope

ch_SCped_DAcD_MaY

sCped DACO_MAX j
¥

Ch_aCped_D&C0_MIN
Sup doublons

SCped_DACO_MIN
| Save Mame Chip '

- =l

104~
_____________ Mean
92,4394
E 15 5 O D
il
z 3,73415
S
<
':'| ; | MM
- SR ERERERETRERERL JNRERERBENFSAmEERES EEEREREmEmEmEEE REREELEEEERZE BEmamsmamamamammsmmm (7.
u
DLy — L ..
] Min
HF 84,64
I I I I I I
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110
g, Num_Meas &
N e cut ‘ Nbl‘_Chlp
R High -0,0311573 02,2 v 108
| LNBO | BLow 19,515 84,64
Ch_SC_DACO_MIN=f(SC_DACO_MAX) ' L
= B8 Hardr317_01
| NEXT I reverse Correlation B Hardrat7.
A 7 - Courbe 0 107 10z,2 J ®
_ maodify rj OFF | |
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Results of the SC test performed on 274 HR2

‘A
t/

e Some gain configurations are Number of asics
sometimes difficult to load in ool I AN S— S
hardroc2
— Due to long connections between 100 - S— R —— S—

flip flops inside the chip: can be | | | |

corrected with additional buffers on 80 Hle -
clk and data signals

- necessity to increase digital | I S -

vdd to 4V.

sofl

e But still, ®50% of the chips exhibit
pb with the loading of « difficult » 20 [ I A — Lol
SC config.
- Gain=170 = 10101010 loaded 10 e L “H]O

times, calculation of the ratio of 9, of sUCCeSsS
success.

- Anyway 90% of the chips OK
for the other tests performed

with various SC configs have to
be loaded

CALICE/EUDET meeting,LLR Palaiseau, 14-15 jan 2010




VBG A

""""" 2458
o 341 5E - 01

Rms=34 mV
Offset to be improved

_|i-| \|-|| | : i |
0235 2.575 2.4 2425 2.45 2475 2.9 2525 2.55

VBG
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DACO slope

25
20
15

10

....................................................................................................

OK when redone

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

SLO
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FSBO,1,2 PEDESTALS dispersion between chips 7

(]

D
Entries|
- Mean oo

RMS H

pedestal

pedestald
o
[}

200
num

Mean=90, rms=3
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before and after gain cor

FSBO

100 105 110 115

200

100

koo

s+~ g ©f

Mo ] w|

ol G

- T M

o W

2l

[ |

B il LARe—s BRI N

=i

ﬁ ﬁ

~+ [N

— —

.

.

ﬁ

|®] 9]

Iy —

— —
st o=
RN Te) :
NN g ;
N “
o |
= H
j. H
= = 2 *2 N b
o 5 L= :
SPwuEr :

b , m ,

100 105 110 115

200

FSBOCOR

Aum

95

100

FSBO

Aaum

pedestal substracted

22
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FSB1 and 2 (pedestal subtracted) 2N

DT e, 12345
- Entries 274
L [ Mean £ 151.0

LD 312340
Entjries

L | Mean
L | RMS

O LJJI|I||—‘ 1 ‘ | i | | | }I_‘ m]ll | 200 | 250 |
260 270 260 290 300
FSB1

FSB2
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HaRDROC status 7

240 chips HARDROC1 produced in june 2007 to
equip 4-chip and 24-chip RPC and Micromegas
detectors

— Package PQFP240
— Not completely power-pulsed

400 chips HARDROC2 produced in june 2008 to
equip 24-chip RPC and Micromegas PCBs for
square meter

3 thresholds (0.1-1-10 pC)

Power pulsed to 5-8 yW/ch

Package TQFP160

Difficult SC loading: SOLVED in HARDROC2B

200 HARDROC2b (medical application) in plastic
package received beginning of jan 2010.

TQFP: t=1.4 mm

CALICE/EUDET meeting,LLR Palaiseau, 14-15 jan 2010 24



HARDROC2B >y

e Hardroc2b submitted mid June for a medical
application, minor modifications
— Pinout UNCHANGED
- Bandgap: offset minimised
— Read/SC selection bug corrected
- SC control register: buffers added on the Cilk

e 200 HR2b in plastic package received at the
beginning of january 2010

e On going test in Lyon

CALICE/EUDET meeting,LLR Palaiseau, 14-15 jan 2010 25



SC pb with HARDROC2 >y

e Test of the SC: 64x8 Gain bits, Gain set from 0 t&
255, SC config sent 10 times =>Loading success

% of success

ws-g Vdd=4V, room tpture

—_
F 100-
ld

SC gain=170=01010...01

95—

I I I I I I
[II le] 4|l] Ell] Bll] l[lll] lll‘l] 14|l] 160 180 200 220 240 260 G al n Settl n g
GAIN »

Vdd=4V, tpture increased

0- I I [ [ I ] I [ I ] ] [ I
1] 20 40 60 &0 100 120 140 160 180 200 220 240 260
GAIM

CALICE/EUDET meeting,LLR Palaiseau, 14-15 jan 2010
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SC with HARDROC2b: P

Buffers added on the Clk only
Gam Preamp . . Chip ID (8bits) 3x10 bits
. S12bits Bias (41 bits)  Nask (3x64 bits) DAC digital SC (22 bits)

1 A I 1 A 1T Ay — Sr_Ol.lt
> T T

P P T [>
’— sr_ck
4—'\}‘."‘."T“M" M "-P.ﬁﬁ.vj_—"-ﬁ.ﬁﬁrq—d—
T T T T T T

4 mm & mm

64 x 8 bits= 512 SC parameters for Gain correction

[hstributed RC Line
) Dot W WA AWM W —
Jata = = T =

/I T e o A L |_

[Distributed RC Line sr_rstb

sr_rstb

110~

"l Vdd=2.6V, temperature increased

95-

90 Tl I 1 1 1 I I I I 1 1 1 I I
1} 20 40 b0 &0 100 120 140 1600 180 200 220 240 260
GAIN

e 36 HR2b measured in Lyon: 100% success when sending the
difficult SC config=10101...10, 100 times

CALICE/EUDET meeting,LLR Palaiseau, 14-15 jan 2010
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HR2b measurements (1): 2N

e Vbg measurement:
rms=18mYV instead of 34 mV
in HR2

e Pedestal of FSBO

]
T

D
Entries
o MEAR

12345
s
i 2.485
0[1808E-01

O
o

pedestalO

75 80 85 90 95
PEDO
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HR2b measurements (2):

pedestal

D
‘Entries
'RMS

pedestal?

CALICE/EUDET meeting,LLR Palaiseau, 14-15 jan 2010
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Entries :
1 Mean
RMS
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Summary ,

Analog and digital performance of HR2 validated on test bench
and testbeam

SC pb solved in HARDROC2B

On going test of the 200 HR2b: in Lyon

=> HARDROC for prod= HARDROC2B

Test setup with a robot to test 10000 chips (IPN Lyon)
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ANNEX

CALICE/EUDET meeting,LLR Palaiseau, 14-15 jan 2010
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Digital part

start_readout2

si I
867: Sel startraadoutt pin 102 Y Ck_5n,ck_5p

Ck_40n,ck_40p

resetb LVDS pin 99,100 Clk_40MHz

LVDs iin 98,95 ‘

orz

y

868: EN_OC chipsatb
{Open Collector)

J

pin 111
start_readouti : g O— . v

il Synchro WiiteEvents g -
pin 119 b State Machine e

start_acq

block

pin 92

rst_counterb
pin 109

Counter

=l RAM
une l El trol |
T&:xr’“ 128 x 160b

128 bits 24 bits

encodl_chO to 63
encod(_chl to 63

160 hits Sarializer

RAM address _—
Counter ReadOut

Clk_SMHz / 1MHz (

Slow control
#72: EN_OC doutib

Slow control
869: EN_OC_TransmitOn 2k

State Machine

EA
RIS i

From Synchro Block—

FRAME:
1 byte (Header),

3 Bytes (BCID),

4 bytes {encod0<Ch48>, encod1<Ch48>... to encod0<63>, encod1<63>),
4 bytes (Ch32 to 47),

4 bytes (Ch16 to 31),

4 bytes (Cho to 15)

— D> [
p—

Slow control
870: EN_OC_TransmitOn b

[ BE6: &?::;z:'.;ﬂm ar? ]
!
_o/o—'. ot
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Analog to Digital schematics

Slow control
618: 15 _or

diseri Slow control

619 mask0_ cli

N\

Slow control
BE5: EN_ trig out

Slow control
BE6: disc_or_or

ir=1 == no mask
out_tri
Dicris I—] . in 8% =
Cloanmel j {caj) : vdd pin
veho | LX) - Lok
Analog part CER -
pa fal vl D] 13 MNORa4_0_chi. trighh
| riggern_chj ————NOR40_chy
vih2 E/ LATCH disari DO NORG4_0_cii
— - = Slow confrol
620: mask1_chi wa | 1 chi
READ chi trig 1 chj
| L ‘ vl out_trigl
Lateh diseri D1 oL s Ltk % pin 84 L
x 04 NORG4_1_elui triglh Trigger
: - (to Memory WER)
: I igml_mL,—l*Jt:lRi;-l_l_fru —| >°_ _(to
NORE4_1_ch63 N
L ) (o )
J l:-!'
Dhcris trig_2_chj
@ EAD chi ’ 0— D
¢ Vi out_trig?
Analog part — 1 i 10k g | pin83 —0+ -
pafsh @ Lateh disi D2 RS 2 o trig_ext
DR64_2 el — trig in %6
@ NORA4 2 chj i [Slow Contral ]
i ; 857: trig_ext_validation
trigmerl dlr‘ i g_ext
ﬂ |_ﬂ NOR64_2_chid | :
and_|
872 Slow Control parameters
val_evip - alEy triggerd ehi_— pueopER — encodi_chj serially loaded
pin 93 LXCE triezerl ey s to 2 ouputs | encodo_chj sr_in, sr_out, sr_clk, sr_rst
val_evtn & trigger2_chj_ .
pin 94 ’ - ol
l“i_lz_;:mp b out| —————— 70 raz_chn
— o | RazChn_int 240
nliz_chrm ' _m ] limemory)
pin 96 15 ns

Slow control

858:raz_dn_int and
820 raz_chn_ext
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TRIGGER and RazChn

’ | 2 i 2 | 1

FEVISIONS
e [ ] s [ or [ wwom
g I \
th, vdd
o o prothose ? Y " .
D mtg_;g i " i, il i 3 en tg_out
— ck_so ck_se ol_se
ck_sc P 7 -
s & —
9nd 1 - T - = i
it
vas @ )
~e g B
S Srmm
=
nerod_z narge_1 T me B 5
B od § e Tl R
Bd_2w - = Strig2b B4 1m o E Uric 1 T T 2 e T G o4
NOoroa_. B m_@_i_ norca_ oS, s m_@a_‘i_ norbd w'vs's =, — o Sriggb
— = _ "
EI i CRERY S A P e R R
vdd wdd wdd udd
! n1.CKb - in1.CKb vdd vdd .
N n2.eK Ty in2.0K W e
(= sl =+ =Y B— -

vid §

dise_or_er, disc_or_or |——= 8
C i
J_L disc_2

disc_0@

vss

p——
= SN trig_out

- - .-
out_trig? lig_buffer, cut_trigd i aiar oy Ll iria st
- VI 4 T R |
Default: out=or64 .
v
—E=
vdd vdd
rstb_sc L ;r‘;j rsti_sc
EN_trig_out tise_or_or oo 1 1 | W
MR
Lﬁt e a-sc
5= 5 5
frm— — w e
— S From outside
trig_ext® “iye m
P vdd
. raz_chn_ext T lw o inten
» & in2.en2 . to the 84 channels
T 5 vdd } i
s Ex{Trigger raz_chn
] w0 memory (WR) L

kL e s
2 Lil
faz_chn_int o= J;l»

trighb \ raz_chn_int = default
_____ tri;b ﬁ“ e From memory
tig2e | Sy R

25n

]

hard ro@ danﬁcdlzgj%nelﬁ)

TG .

[Gee

OFoATED

A w7 osenes 2ome | OMEAGA LAL/INZPS

trigger

CHECKED

GRecKeD

=)

ﬂérﬁrNBCZ ‘TMCTDIWCG\Z,\'LJHE@EKX
s 10F 1

| =
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PA+FSB schematics

sw_S0f0 sofF
—
sw_L00r oo
W/L=64/0.5 I_—p out_pa | — ] —
I sw_S0K0 5ok
vgain_pa v

—f_‘mﬂ_
sw_100k0
pwr_off pa T
> BT

| S .{ W
o Rt 3

16u/0.5u |

ibi_pap—l |

- . —p out_fsh0
I I ' >
o Ql | 6u/0.5u

sw_S0f1 SOfF

sw_100fL 0

fsb1:16u/2u s“;_Si}k 1 sox
4 bit-NMOS mirror gain for FSB1 and 2

fsb2: 8u/2u ———r\—
vcasc_pmos
g P % =1 =+
in_fsb1
ll 1' 1 118 1 116
cmdb3_fsb1 cmdbz fsb1 cmdb1 _fsh1

sw_L00KL 100k
¥
Cmdbﬂ '5b1

- - —» out_fsbl
16u/0.5u fsb1: 8u/0.5u fsb1.:4u/0.5u

fsb1:2u/0.5u fsb1:1u/0.5u
| gnd

fsh2: sw_50f2, sw_100f2, sw_50k2, sw_100k2

fsh2: 4u/0.5u fsh2: 2u/0.5u fsb2: 1u/0.5u fsb2: 0.5u/0.5u
fsh0: sw_50f0, sw_100f0, sw_50k0, sw_100k0

FSBI: default NMOS G_nmos= 0100 ie 1/4 of FSBO

FSNB2: default NMOS G_nmos= 0100 ie 1/8 * 1/2=1/16 of FSB(
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% Trigger path : fast shaper and DAC

Charge injected in one channel: 100fC
- FsbO: Typically 2mV/fC (variable by a factor 10)
Scurves performed by varying the DAC value (Threshold)
— 3 integrated DACs to deliver threshold voltages
— Residuals within £5 mV / 2.2V dynamic range. INL= 0.2% (2LSB)
- 2.1 mV/DAC Unitie 1 fC/DAC Unit (fsb0)

inearity

Bl FSBO, Qinj=100fC

FSB2 (0100), Qinj=10 pC

| 1 | | 1 | | | | 1 ]
100 200 300 400 500 &00 700 a00 00 1000 1100
DAC Yalus
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HV sparks (ESD)

e GRPC: HV=8 kV, PADs= a few pF
— High spread resistor= isolates FE inputs

cathode strips glass electrodes HY layer

lar ‘anode pads ground layer

e Micromegas: HV=400V, Pads= a few pF
— Small spread resistor= NO ISOLATION of the

F E i n p u ts Drift electrode

3 mm

e ~1 kV/em
Micromesh ~500V

+
Strips or pads ~40 kV/em

Amplification  Conversion
100 pum

IONISING
PARTICLE

. Amplifier
Strip read-out

1nF

GRFPC
HV=8KkV

1M g
1 nF

D
— AN

Graphite="spread resistor’

f

Micromegas

HV=500V

10M g
10 nF

A

Grid= small resistance
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HV sparks (ESD) 2N

o )A\_SIC InpUtS: | | |—. Vdd_pad
protection PADs (AMS library): robustness up | 100k
to 2kV HBM (100pF)

e From T2K large pmegas, AC coupling
necessary for detector > 10 cm?2:
- Maximum decoupling capacitor that can be

integrated: *30pF (50um x 600 um ) and
lost of signal

— EXTERNAL CAP=500 pF/ch to ensure
protection

Tm2

- Drawbacks of a decoupling cap: Xtalk, space{""“qFl
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CALIBRATION 2

inside ASIC'i

e RPC signal: -
R P S I n a ' ) r depending on the connection length between PAD and Preamp
— dirac current ——p |

Cdetector \ § Preamp ch<n>
il Zin PA=100
cmd<n>_ctest I_Ctest_ch . J;

w7 -

in_ch<63>

gnd > > 3.3V

to AST“ to ASIC i to ASIC i+1
Protection diodes =>

®
In_Ctest Max for in_Ctest= 3.3+0.7=+4V

o Micromegas Signal: Voltage falling edge Y Min for in Ctest= - 0.7V

== injected I=CdV/dt
Q‘=11 t1+i2.t2 => negative dirac pulse

Q2 [0.5nA

IpA | QI

S0ns

=> FS is too fast compared to the
signal
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