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ROC chips for ILC prototypes 2

SPIROC?2
Analog HCAL (AHCAL) G ROC chips for technological

(SiPM) prototypes: to study the feasibility
36 ch. 32mm?2 ; . -
June 07. June 08. March 10 of large scale, industrializable

modules (Eudet/Aida funded)

Requirements for electronics
HARDROC?2 and MICROROC Large dynamic range (15 bits)
Digital HCAL (DHCAL) Auto-trigger on %2 MIP

(RPC, umegas or GEMs) ]
654ch- 1632”\3 08 March 1 On chip zero suppress
ept , June , Mlarc
P 108 channels
Front-end embedded in detector

Ultra-low power : 25uW/ch

N

Microroc: Poster ID-44

SKIROC2
ECAL

(Si PIN diode)
64 ch. 70mm?

March 10 CAIJC

Calorlmeter for 1L =L

SKIROC2 Vienna TWEPP11 2011, Sept 27th 2



EUDET/AIDA ECAL technological prototype @@9

& .
- g e Ca/lorlmete}

e « Imaging » calorimetry for « particle flow algorithm
=> 30%/VE jet resolution

- High granularity and segmentation of the calorimeters

e ECAL: Si W Calorimeter
O Active medium: SILICON SENSORS (WAFERS)

= 325um thick Silicon Wafers => 26000e-/MIP ie
1MIP=4.2 fC

= High granularity : 5.5x5.5 mm?2
= High segmentation =>

= 45 000 cells with embedded electronics for the
technological prototype

e Final ECAL: 30 layers, 100 M channels
- SKIROC2 embedded inside the detector
- No (few) external components

=

~Si wafers

o “stitchable” motherboards (Active Sensor Units)
— Minimize connections between boards I W Iayer I

e |Low cost and industrialization are the major goal

256 P-I-N diodes
0.25 cm2 each

18 x 18 cm2 total area

SKIROC2 Vienna TWEPP11 ZUll, depLzru 3



COMMON READOUT: TOKEN RING Mode 0)

Top Manager

Readout architecture common to all calorimeters and
minimization of data lines & power
- - - - SCA
O Daisy chain using token rlng mode in SK2 and Spiroc
O Open collector, low voltage signals
O Low capacitance lines

Analog to Digital | !
Converter

A

Registers

DAQ: Poster ID-109 \ _-

§ & & 5§ ¢ g )=

@ @ @ @ 2 N Reson A
o0 ™ Q Q

Time between 2 bunch crosings:

Chip 0 |Chip 1 [|Chip 2 ,{Chip 3[|Chip 4 3*31ns

! ! ! ! ! IR RITTTRRNRTTTTRLTT

Data bus “Train lengt: > Time between 2 trains: 200 ms

2820x337ns=950u s

Chip 0 Acquisition
Chip 1 Acquisition
Chip 2 Acquisition
Chip 3 Acquisition
Chip 4 Acquisition
 1ms(5%) 199ms (99%) p
1% dutM 99% dutyM

SKIROC2 Vienna TWEPP11 2011, Sept 27th 4



SKIROC : ECAL readout 2

e SKIROC?2 : Silicon Kalorimeter
Integrated Read-Out Chip
— 64 channels, AMS SiGe 0.35 um, 70 mm

- Very large dynamic range:
e HG for 0.5-150 MIP, LG for 150-2500 MIP
— Auto-trigger, Analog storage, Digitization
& Token-ring ReadOut
— Testability at wafer level

e Front End boards crucial element
— Collab with LLR (Palaiseau) and Korea

C detector with PCB = 20 pF

PCB - BACF
ASU (Active Sensor Unit)

SKIROC2 Vienna TWEPP11 2011, Sept 27th 5



SKIROC2 features 2

Very low noise (0.4 fC = 2 500 e-) and very large dynamic range
(2fC up to 10 pC) charge preamplifier

180ns shaping time Slow Shapers for charge measurement

2-bit shaping time adjustable Fast Shaper (50 to 100ns)

10-bit DAC for discriminator threshold , With 4-bit adjustment on
each channel

Analogue Memory depth : up to 15 events can be stored

Trigger Discriminator for autotrigger on 2 MIP

8-bit adjustable delay to position the Hold signal

Digitization of either time and charge or of both charges

SKIROC2 Vienna TWEPP11 2011, Sept 27th 6



SKIROC2 Analogue core 2

12 bit-TDC Ramp 12 bit-ADC Ramp

HOLD
v

i TDepth=15 ;
C2=1.6pF l 5

i v e
Slow Sh. G1 VYV ! E TDC ramp

R2=100k i \ signal
:

Rf 1 or 10M RI—4k  Cl=45pF
% A B HOLD READ

' ) T E v out_tdc
Ccf 7 E Time,
ul/ vref ss + i ;I;Dep:th=15 ssh_Gl,

400f .800f. 1.6p. 3.2pF out ssh G1 ssh_G10
C2=3pF . : =— conversion
" ! R out_ssh_G10

AN ' Slow slmpe\r\‘
i Slow Sh. G10 A | "
RI=22k  Cl=8pF
WA II(:IJ) Gain_selection

Vth _gs //

100f, 200£, 300f or 400fF
i TDC on ?
Fast Shaper : (slow control)

5p.10p. 15p or 20pF HOLD Auto Gain ?
Forced Gain ?
(slow control)

vref fs / TH= 4 | 8-bit Delay Box:
100ns to 300ns

‘“’-tﬂigﬂ / Sel FlagTDCh Ext 7
Forced FlagTDCb ?|

4-bit DAC (slow control)

adjustment -

out_trigger

- - FLAG_TDC
10-bit DAC 10-bit DAC (from Digital ASIC)

SKIROC2 Vienna TWEPP11 2011, Sept 27th 7



SKIROC2 digital features 2

N

—

Acquisition

| Hit channel register 16 x 36 x 1 bits ‘
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Ecriture

I

SKIROC?2

Vienna

Common features with Hardroc & Spiroc
(compatibility with any CALICE DAQ
system)

— Open Collector token-ring ReadOut

— Multiplexed Slow Control & Probe

— Redundancy on Data Out & Transmit On
signal lines
2 switchable StartReadOut Inputs &
EndReadOut Outputs :

- to prevent chip failure

Very Complex Digital Part (~10% of the
Die)
— Manage Acquisition, Conversion, 15 SCA
control, RAM, I/0Os...

TWEPP11 2011, Sept 27th
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SKIROC2:DC PreAmp, Fast and Slow Shapers 20

Out_PA: uniformity of the DC level Out_SS10: uniformity of the DC level ‘
2101 1,005 <Y 1
L HE i . " - .
o e A ’MWQX«A A —
196 N/ | \N| v 1,002 ! V V 4 k fm
: j— S S ] 1Y
2 «5>=1.969 V 1} <>=1.003V ” " ”
o] rms=1.5 mV “ K “ rms= 1.0& mV
Out_FS: uniformity of the DC level Out_SS1: uniformity of the DC level

= g

g an ,'![U\h fA\I'\,A . 2 I\ A A A k\ \AI t

ol VAW VA, / \ ] AVV WAl |V vv..vvv \
\l ;

DC (V)

QV ‘w

o v - 0,999

0,998

1,199 T T T T T T
’ 0,997 T
0 10 20 30 40 50 60 0 10

— <>=1.204V | <§=1.600\)
rms=1.5 mV rms=1.00 mV ‘

50 60
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DAC Threshold Linearity 2

Slope 2.2 mV/DAC Unit, DNL £1LSB INL= +1.7LSB

Setup I Slow Control 1 I Slow Control 2 I Probe, SCA Read | FPGA Reqgisters | Debug _ Info pcb1011 (1) | Info pchinil (2) | Analogue Test: 5-Curve
Analogue Test: DAC Analogue Test: DC Analogue Test: Full Digital ASIC Debug / DAQ

Test DAC

Max ¥alue

¢] 880 |
-

DAL choice

DAC Yoltage
DNL {LSB)

._.
ES
|

‘ Threshold

[
[ge]
1

¥_bandgap (DAC)

1 | 1 | 1 | | 1 1 | 1 1 1 | |
100 200 300 400 500 600 F00 500 400 500 600 FOo 500 Q00
DAC code DAC code

Fit Slope Max Walue
2,20711m 2, 77029

Fit Intercept Min ¥alue
828,321m 829,628m

Max DML Yalue
1,461 LSB

INL (LSE)

=}
=}
=}
=1
o
|
.
&
wn
|

Min DML ¥alue
-0,5135 LSB

Residuals (Yoltage)
=]
=
=2
|

Max IMNL ¥alue
1,758 LSB

= I I I I 1 1 1 I 1 I 1 1 1 I
Min INL Value 100 200 300 400 500 600 700 SO0 900 400 500 600 FOO 300
-1,754 LSB DAC code DAL code
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SIMULATIONS MEASUREMENTS

2T rout _To 371 - W s ront _to_F3mTl

f o - 4 N D
Qinj =10 MIP

Out

‘ —_— File  Vertical  Timebase Trigger Display

Cursors  Measure  Math Analysis Utilities Help

/MD(IIB.EHS, -b.318mW

- —_— e ———

F—\ ““rmztnm;sss.sr;nw OUt_SS 1

Out_FS Qinj = 40 fC
(10 MIP)

26705, SAITML ey

I?ns, 25.61uwy

200KkS  10¢

239.7n5, 6.23mV) = OUt_SSlO “1 0000 ;

SKIROC2 Vienna TWEPP11 2011, Sept 27th 12



SKIROC2: Fast Shaper noise

Cdetector = 30 pF

Timebase -246 nsf Trigge NN
100 nsidiv Auto 1.42V

Trigge (EEDER
100 nsfdiv |Auto 1.42Y
500kS 50GSis |[Edge  Positive

File” Verical Timebase Trigger Display Cursors Measure Math  An!

1 w Timehase 0 psgTrigger
10.0 #/di Nodata 100 psidiv Normal 118V,
50.0 pvid avallable, 100kS 100 MSfs Edge  Positive

27 September 2011 SKIROC2 Vienna TWEPP11 2011, Sept 27th



Trigger efficiency (1)

Test -Curve vs Threshold (all ch,) X -
1000- 50% trigger efficiency
90,0-
80,0
70,0
60,0
50,0
40,0-
30,0
20,0

Trigger Efficiency (%)

00- RS R b o
1
170 1?1 1?2 1?3 1?4 1?5 1?6 1?? 1?8 1?9 180 181 182 183 184 185 186 18? 188 189 190 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 50 =

DAC code Channel #

Test 5-Curve vs Threshold (all ch.)

A
i <>=183 +1.5 DACU i B
i o e e I e
l.....................l......lll

it Bl Bt il Eaiili i Eiiii i i i

£
('
2
o
o
&
P
S
K=
=

h
QﬂifC_O_SI\H SRS R IIIIIIlIIIIIIIIIIII

172 174 176 178 180 18 : : 3 3 3 3 ) § 10 12 14 16 18 20 22 21 26 28 30 32 34 36 33 40 42 44 45 48 50 52 54 56 58 60 63
Channel #

Trigger Efficiency (%)

Qinj=10fC=2.6Mip FHSSESSSESR\
202 204 206 208 210 212 214 216 218
DAC code

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [}
10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 63
Channel #
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Trigger efficiency (2) 2

« Real » Pedestal=167 DAC Units
.1 Mip =4 fC = 20 DAC Units
- Noise= 2 DAC Units
Minimum Threshold= 5 o noise= 0.5 Mip

[y=20.739 + 0.0582 + 166.95 £ 0.33]

| 50 Noise limit

—~~
[72)
=
c
)
O
<
Q
-+
£
@]
o
o)
c
Q
9
=
(0]
e
()
(®)]
2
-
l_
N
o
(e}
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Linearity of the Charge Preamp 2,

| 2000 Mip

—[Residqualsinmv] o —— I —— ]

SIMULATION

|

out_pa (mV)

0 500 1000 1500 2000
Injected Charge (in MIP)

L e e e e —— —m—— je—

[Linear Fit]

- [y=061093 0.00243 x + 11.965+2.77]

out_pa (mV)

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200

Qinj (Mip)

SKIROC2 Vienna TWEPP11 2011, Sept 27th



Linearity of the Low Gain Shaper 7

Autotrigger Mode
With 1 MIP (4 fC) threshold

2 g

~|Residuals (ADC Unit)] .\

Linear Fit|_..

o |out_ss1f

0
c
>
Q
o
&
a
<

L

—

out sca

— ! i | — i | ! = | | —
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Qinj (Mip)
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Linearity of High Gain Shaper 2

Noise = 630 pVv ss10@20 Mip
1 Mip gives 5.7 mV Rms =1.16 ADC U=600uV

S/N :9 Histogram Conv2 c“""zml
ll')_

G 3

MNumber of entries
T

5_

: 0 1 1 1 1 | 1 1 1 1 I
: : : 420 422 424 426 428 430 432 434 436 438 440
esiduals (ADC Units)! ADC unit

‘INTERNAL ADC, Autotrigger Mode, Threshold=1 Mip= 4fC!

.302 + 0.0282 x + 251 # 2,81|

(ADC counts)

out SCA

100
Qinj (Mip)

SKIROC2 Vienna TWEPP11 2011, Sept 27th 18



Pow E R P U LSI N G ng‘;gcnb:l\\'ccn 2 bunch crosings:

<>

)
/
0 Requirement: |!|||||A°q|||||||lﬂ J””l” """ ||||||||II_

O 25 uW/ch with 0.5% duty cycle “Tram longt: . Time between 2 trains: 200 ms
O 500 pA for the entire chip 22 e

vd
\e OFF cell

0 Power pulsing:

Master O Bandgap + ref Voltages + master I: switched ON/OFF

Ibias g . .
l, ool O Shut down bias currents with vdd always ON

] ON_cell

| ¥ i

| T 0 SK2 power consumption measurement:
OFF _¢ell *1

O 123 mAx 3.3V =40 mW => 0.6 mW/ch

ibi_cell Ibias_cell

Master source end

o 4 Power pulsing lines : analog, conversion, dac, digital
0 Each chip can be forced on/off by slow control

Measurements
Acquisition 88 mA , 290 mW Duty Cycle =0.5%, 1.45 mW
Conversion 27.3 mA, 90 mW Duty Cycle =0.25%, 0.225 mW
Readout 8.0 mA, 26.4 mW Duty Cycle =0.25%, 0.066 mW

Skiroc2 power consumption with Power pulsing: 1.7 mW ie 27 uyW/ch

SKIROC2 Vienna TWEPP11 2011, Sept 27th
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SPIROC2 : Si PM Readout Chip
SIMILAR to SKIROC2
similar dynamic range
.1 pe — 2000 p.e. (1 pe. = 160 fC)
All backend similar
But different preamplifer, 36 channels

With internal (auto) trigger
And internal ADC

— ASICNF = 1, Channel = 13, 10 first Cefls, Run260087
— ffc?iu?!w DAC = 1004'F all events

— With external trigger Hit_Bit = 1

(0.36m)2 Tiles + SiPM + SPIROC (144ch)

&
! g_...m.':'_

SKIROC2 Vienna TWEPP11 2011, Sept 27th 20



EUDET/AIDA ECAL technological prototype (1)

A/
(/
Next steps towards a LC detector  3x15cells
. i . . Technological S
2/3 final module size (partially equipped) protolipe
9 cm sensors
Mechanical housing Short detector
. ) slabs (x14)
O 15 Tungsten plates wrapped into carbon fibre :
O 7mm thick detector slab slided into the alveola
o 1tungsten core, 2 layers of detector + electronics on

Long detector slab (1)

N Complete Tower
of 4 wafers = 1818 cm?

Composite Part

Thickness - 1 mm with metallic inserts —_———
(15 mm thick) \\Y Heat shield: 100+400 pm
struct (copper)

-/ I

(with FE‘ embedded)
182!1 x 9.4 mm
glue: 75 pm

B Wslah = l

——
N\

=

y wafer: 325 pm
82,1 % 7.3 mm .

Kapton® film:
l 100 pm

550 mr

SKIROC2 Vienna TWEPP11 2011, Sept 27th 21



= In each alveola: 2 layers of 1 to 7 Active
Sensors Units (ASU)

= 1ASU
1 kapton (HV bias of the PIN diodes)
+ 1 layer of PIN diodes
+ 1 PCB with embedded SKIROC2
+ 1 thermal drain (copper)

Interconnection by ACF
(“Adhesive conductive film”)

Front End Board
~ Thickness ~1.1mm

SKIROC2 Vienna TWEPP11 2011, Sept 27th 22



PCB with embedded Chip

GND cover layer

GND + Input chip signal
horizontal routing + DVDD + GND
AVDD

GND + vertical routing

GND (pads signal shielding)

pads routing

GND (pads shielding) ‘ ; ‘ ‘ - _
PADS i\ Z 5 drilling sequences :

X - - Laser C8-C9 120y filled
Front End = | = |2

—it | -Laser C7-C38 120u
"D § =1 |- Mechanical C2-C8 200u

Board ”  amEm | - Mechanical C1-C8 200u |

i X
i | 1\ | -Mechanical C1-C9
(FEV board) Al CJIJJU"I!:: ‘fnmllm RUEE, \N (for PCB fastening)

sans
ignaux + plen GRD
ignoux « plens DVDD et GND

40
s

g
eeeeeee hes CIC4 + (50

PCB Thickness
1100 pum
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CONCLUSION 7

1m2 Micromegas detector
@LAPP Annecy

Good performance of SKIROC2:
— 0.5 Mip (2 fC) up to 2000 Mip (8 pC)
dynamic range
— 0.1Mip noise (0.4 fC ie 2500 electrons), / v
minimum threshold 0.5 Mip, autotrigger ,/ EnE T
on n
Plaiaieminia) 0 e
Many fine measurements to be /@/@[[ 5B 8 L\

continued o M|croroc. Poster ID-44

Test with FEV and sensors to be
done at system level (power
pulsing, DAQ)

e QIPNL Lyon
DAQ: Poster ID-109

3rd generation of ROC chips to be
done 2012-2013 within the AIDA e

1 m3 RPC detector, 40 layers
program. Hardroc2: 37 000 channels

SKIROC2 Vienna TWEPP11 2011, Sept 27th 25






SCA »y

Clk40MHz Read_Column<14:0>

StartAcq Skiroc2v3 |Raz Column<14:0>
OR64_t_delayed | digital cell |Sel_Column<14.0> 12-bit TDC Ramp

T&H_SelColumn<j> READ_column<j>
CHANNEL <i> ’ D—i out_sca t

500f||: l Depth=15

| -~ TDC ramp

signal

T&H_SelChlumn<j? READ_column<j>

Slow Sh._G1 ¥ _l_ >J out_sca lg
I Track_Hold cell 14 |

- fepg’[hzﬁ
8-bit Delay Box: Track_Hold cell 0 T&H<i>_SelColumn <14:0> 5

|
|
|
100ns to 300ns out_t_delayed_<i> I /*
i i h Slow shaper" . _
out_trigger_ch<i> | S

T&H_SelColumn14 READ_column<14>

Slow Sh. G10 TI>4

out_sca_hg
T&HﬁSeICqumnO lREAD column<0

500 fF
l Depth=15

SKIROC2 Vienna TWEPP11 2011, Sept 27th 27



Power pulsing lines timing 7

N\
\)

ACQ CONV. IDLE READOUT

PWR_ON_A (DAQ)

PWR_ON_DAC (DAQ)

PWR_ON_D (DAQ)

PWR_ON_ADC (DAQ)

PWR_ON_D_Internal (POD)

CONVERSION:

HARDROC2: NO conversion

SPIROC2: max time (Full chip)= 16 SCAx 2 (HG or LG/Time) x103 ps=3.2ms
SKIROC2: max time (Full chip)= 15 SCA x2 (HG or LG/Time) x103 ps=3 ms

READOUT:

HARDROC2: 127 (memory depth)x [ 64 channelsx 2 trigger bits + 24 BCID bits + 8 Header bits]=20 320 bits => 200 nsx20k=4 ms/ Full Chip (WORST case)
SPIROC2: 16 SCAx2 (HG or LG/Time) x 36 ch x 16 ADC bits + 16 SCAx16 BCID bits + 16 Header bits= 18 704 bits => 3.8 ms/Full Chip (Worst case)
SKIROC2: 15 SCAx2 (HG or LG/Time) x 64 ch x 16 ADC bits + 15 SCAx16 BCID bits + 16 Header bits= 30 976 bits => 6 ms/Full Fhip (Worst case)

SKIROC2 Vienna TWEPP11 2011, Sept 27th 28



Power On Digital Module: POD 2e1

O POD module (“Clock-gating”) to handle for the 2 LVDS receivers clock (40 N
and 5 Mhz) and save power:
O Starts and stops the Clocks, switches OFF LVDS receivers bias currents

Phases XAcquisitionX Conversion X Readout (99% time) X
I I

PovaEEF())r;Int J 'I M

PowerOnint
Chip 2
|
|

PowerOnlnt
Chip N

! StartLVDS ‘:7 POD module

LVDS

1
|
|
Receiver ; > ) CIkO.ut
|

|
|
|
|
|
|
|
' Enable Clock '
|
|
|
|
|
|
|
|

o for Acquisition and
PowerOnDigital — Conversion EnableClock

Enable Clock

for
Readout —p StartReadOutint t Clkin

Enable — t
EndReadOut _r ClkOut

2 others LVDS receivers (RazChn/NoTrig and ValEvt) active during PowerOnAnalog (during bunch crossing)

SKIROC2 Vienna TWEPP11 2011, Sept 27th 29



Power On Digital Sequence 2

End of Conversion: clock stopped as not needed and LVDS receivers bias switcheg
Readout: Start ReadOut signal generated by the POD and stands for a PwrOnD => starts
LVDS receivers and Clk.

End of the ReadOut: The chip generates a EndRout signal which will be used by the next
chip in the daisy chain to be read out.

Resetb

PowerOn
Digital
Start _
Acqt e Calibrated _
! Sy (LVDS start time

Start + = From DAQ

Conv b

From daisy chain

Chip_Sat

From ASIC

Start
Read-Out = From POD

Generated
SRO

End
Read_Out

Conversion

SKIROC2 Vienna TWEPP11 2011, Sept 27th 30



SKIROC2 One channel block scheme

Slow shaps

GainsA0

e SKIROC 7,=180ns | Analog Memory
B Depth = 15 ‘
o PA RI S ROC Slow shaper /\/\/\

| |
Gain 1 | |

\p~180ns Analog Memory
Depth = 15

fast shaper
Gain XX

12-bit ADC
(Wilkinson)

Gain selection '

Amplifier
Gain 10

e Trigger out

SKIROC2 Vienna TWEPP11 2011, Sept 27th 31



MEMORY MAPPING of the ROC CHIPs .

- . hn 48 (MSB) to Chn 63 (LSB)
stored data is 20320 bits Even TS TS
hn 16 (MSB) to Chn 31 (LSB)
e No conversion
e Readout worst case: 200 nsx20k=4 ms/ Full Chip (WORST case)

HARDROC?2: 127 events on 2 bits for 64 channels. Maximum of< BTG Burch Crossig 1D (240

Chn 0 (MSB) to Chn 15 (LSB)

E0 E1 hn 48 (MSB) to Chn 6_3 (LSB)
EQ E] hn 32 (MSB) to Chn 47 (LSB)

0 E1} = hn 16 (MSB) to Chn 31 (LSB)

SPIROC?2: 16 events, 36 channels. 12 bits ADC for time £
and Charge => max stored data= 18707 bits <LEcl'< ’ cmom@)t_tmz;:fh“(_:?i)singID(24bit)

< Chip 1D (8 bit) Bunch Crossing 1D (24 bit)

e Conv.: max time (Full chip)= 16 SCA x 2 (HG or LG/Time) x103 S

EO E1 Chn 32 (MSB) to Chn 47 (LSB)
Hs=3.2ms

e RO: 3.8 ms/Full Chip (Worst case)

E0 E1] Chn 16 (MSB) to Chn 31 (LSB)
EO E]] Chn 0 (MSB) to Chn 15 (LSB)
31

SKIROC2: 15 events, 64 channels. 12 bits ADC for time and
charge => max stored data= 30976 bits

o Conv.: max time (Full chip)= 15 SCA x2 (HG or LG/Time) x103 us= 36
ms Charges

e ReadOut: 6 ms/Full Fhip (Worst case)

G|H Charge measure Chn 0 (12 bit) SCA
G|H Time measure Chn 35 (12 bit) Column 15

0 0
00

Tlmes

< |0 0]G]H]  Charge measure Chn 35 (12 bit) | \ 1168

|0 0]GIH]  Time measure Chn 0 (12 bit) |
1

Lo N |
Gain (1 bit) Hit (1 bit)
R 4 ;

< [0 oJGTH]  Charge measure Chn 35 (12 bit) |

Physics simulation: 2 or 3 SCA are enough

Charges

Charge measure Chn 0 (12 bit) SCA
Time measure Chn 35 (12 bit) Column 0

Digital Part Acquisition| Conversion Read-Out | Acquisition
Phases

Tlmes

Time r'neasure Chn 0 (12 bit)

__> Bunch Crossing ID (12 bit)
BCIDs -

T- Bunch Crossing ID (12 bit)
v v ime Bunch Crossing 1D (12 bit
Chip ID (8 bit)

Bunch Crossing Train Bunch Crossing Train 7
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EC DT

d COMMON to all the ROC chips

U startAcq
Q Start acquisition, generated by DAQ

Q StartReadout:
O Generated by DAQ, start of the readout

EndReadout
O Generated by chip, End of the readout

ChipSat (Open Collector signal):

O Generated by chip, « 1 »: digital memory is full or acq
finished

Dout: data out (OC signal)

O TransmitOn (OC signal)
O Generated by chip, Data out are transmitted

O Buffers integrated for OC signals

3.3V oor 1.2V
| External

R collector

50 ohm

oooooo

EN_OC Doutb EN_OC Doutb
chip N chip 1

Dout_N _&4{ Dout_1 _&4{
LY !

ul

SKIROC?2

foreach ASIC
TriggerOut
TriggerEst

D. Q. Clk. Reset* for commands write
D, Q.CIK, Reset™ for register read
Y

DIGITAL SIGNALS
for Daisy chain

Reset*
Bunch_Cnt_Reset*
Clk_40MHz
Clk_SMHz / 1MHz

ASICN

End
ReadOut

ReadOut|

Start

Fnd
ReadOut

ReadOut

Start

StartAcq
ValEvt
RazChn

DAQ

Start
ReadOut

End

ReadOut

ChipSath
TransmitOnb

Yy v v v ‘ || II|I

Douth

ILC

Start
Acquisition

i
Start 1

—

No conversion in Hardroc
blue= generated by the DAQ (DIF)

Conversion b

Start
Read-Chut

fLI

Chip Sat !

—_—r

End i
Read Out !

i

[Repi]

Conversion

Read-Out I I

[

N’

Bunch Crossing Tramn

Vienna TWEPP11

>

1
/ « pink=generated by the chip

2011, Sept 27th

33



INTERFACE DAQ-ROC= DIF board PN
7

Reception of the Slow Control parameters from a PC and transmission to the
ASICs, launch acquisition, perform analog/digital readout and send all the data
received from ASICs to a PC.

Communication
- with other DIFs
- with DAQ either by USB or by HDMI

The DIF should be able to handle more than 100 ASICs theoretically. The max
which has been tested is 48

Regulators + Decoupling capacitors located on the DIF

DlFs

(#120) ASUs x40
| ] 1 1 [ 1 | 1 [ 1 [ |[ |
..................... | I F
| I =
| I =
clock | " T T ] B =
(5 MHz) B
External L | H :
Trigger, i
Spill | PLLH

LDA-DIF on HDMI (Config, Control, Data, Clock, Trig, Busy, Sync) S
Clock, Trig, Busy & Sync on HDMI (compatible LDA-DIF)
Optique (alt. Cable) GigE

"""""""""""""" Debug USB

el

External Trigger '
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X[ *
*

e Technological prototype : ECAL module

* 4%

EUSIDOE T |

e Front-end ASICs embedded in detectorcat
— Very high level of integration
— Ultra-low power with pulsed mode
— 0.35 pm SiGe technology

e All communications via edge
- 4,000 ch/slab, minimal room, access, powenr_ *
— small data volume (~ few 100 kbyte/s/slab)

e « Stitchable motherboards »

e :
o
- /
-

Détecteur SLAB ~ _—

Hivhal I

Elementary motherboard ‘stitchable’ 24*24
> cm ~500 ch. ~8 FE ASICS | CA'_| e
~| 1 FEV= 4 wafers 9X9 cm2 = 4x4 chips

skiroc2 64 ch => 1024 pads. C.a'or;i:? O
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