N
m
3
N
N
i
g
N
X
§




SKIROC : ECAL readout 2

e SKIROC?2 : Silicon Kalorimeter
Integrated Read-Out Chip
— 64 channels, AMS SiGe 0.35 ym, 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
— Collaboration with LLR and SKKU (Korea)

C detector with PCB = 20 pF

PCB - BACF
ASU (Active Sensor Unit)
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SKIROC2 Analogue core 2

12 bit-TDC Ramp 12 bit-ADC Ramp

HOLD
v

i TDepth=15 ;
C2=1.6pF ;I; E

i B VL
Slow Sh. G1 VUV f E TDC ramp

R2=100k i V signal
D

Rf 1 or 10M RI=4k  Cl=45pF | !
yax/L AN | - HOLD ! RE

' ) T : out_tdc
Ccf , E Time,
ul/ vref_ss + i ;I;Den:th= 15 ssh_Gl1,

00f 800
400f .800f, 1.6p. 3.2pF out ssh G1 ssh_G10
C2=3pF = =
|1

: : conversion
1f ! /— . out_ssh_G10
AN i Slow shaper®.
Slow Sh. G10 L 5%,

in_PA R2=60k d signal

R1=22k  C1=8pF
A | . HOLD READ Gain_selection

v i>_i
" 1 Vth_gs| //

vref ss 5 Depth: 15

100£. 200f. 300f or 400fF
TDC on ?
(slow control)

Fast Shaper

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

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

’“’-‘ﬂ-‘lgﬂ / Sel FlagTDCb Ext 7|
Forced FlagTDCb ?|

4-bit DAC (slow control)

adjustment -

out_trigger

- - FLAG_TDC
10-bit DAC 10-bit DAC (from Digital ASIC)
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SKIROC2: DC PreAmp, Fast and Slow Shapers 2

b

Out_PA: uniformity of the DC level Out_SS10: uniformity of the DC level

1,006

1,005 <

ol : -
i e o o M’V{[QLA A
RN /\1\ AN N bt AL AA

|| Il 5
A Y S L S .
N ' L\’I ~ V \ll 1,001 J’ ) § \;I v V

 <>=1.969V | N <>=1.003V | |
. rms=1.5 mV 0 rms=1.04 mV ” N
Out_FS: uniformity of the DC level Out_SS1: uniformity of the DC level

1222 ® ! 1:0021 k . X ®

1:205— ’ \ 1,001 Q‘IK t A . ,\ 2
== N '\lh\ N \Ixf\\!'\ / \ Iﬂ = LVV{\. ALY \,«I \ \"\VI\ ]\'A"‘vl\"'l\y/
VR YA | RV A A

1,201 & Y y l ’ V p

<>=1.204V <>=1.000V

rms=1.5 mV rms=1.00 mV
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DAC Threshold Linearity

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

Setup ISInwEnntrnIl ISInwEnntrnlz IPrnhe,SEARead

Analogue Test: DAC

Test DAC

Max ¥alue

A
=
DAL choice

‘ Threshold

¥_bandgap (DALC)

Max ¥alue
2,77029

Fit Slope
2,20711m

Min Yalue
829,628m

Fit Intercept
828,321m

Max DML ¥alue
1,461 LSB

Min DML Yalue
-0,5135 LSB

Max IMNL ¥alue
1,758 LSB

Min IML ¥alue
-1,754 LSB

20 December 2016

Analogue Test: DC

DAC Yoltage

H~
[
| |

]
200

1
100

Residuals (Yoltage)

I 1
100 200

Calice Electronics Meeting, DESY,

| FPGA Registers | Debug _ Info pcb1011 (1)

]
300

1
300

1 1
400 500
DAL code

1 1
400 S00
DAC code

]
GO0

1
600

Analogue Test: Full

1
G00

]
700

1
0o

| Info pcbio11 (2)
Digital ASIC Debug / DAQ

—_
[ I S = )
| | 1

e e

DNL (LSB)
=

= =
B oN ) =0 B o0 e
1 1 | | | | 1 1

.
=

[ [ [ [ ]
400 500 600 70O 00

DAL code

INL (LSE)
=]
[4) ]
|

1 1 1 1 I
400 500 &00 70O o0

DAL code

Hamburg, Germany, 12/12/2011

| Analogue Test: 5-Curve




SKIROC2 Analogue Simulations/Measurements z

SIMULATIONS MEASUREMENTS

b I N TS O T T T Pl 0

0 D

Qinj =10 MI

Out_

File  Vertical  Timebase Trigger Display  Cursors Measure  Math  Analysis Ulilities Help

2
-4
. MO0 78.2ns, -6.318mn

600 TTTOWTy T= VOLTTamTs ! -
igg 7\ ~—Mail11ns, 556.6m) OUt—SS 1

% 0 Out_FS Qinj = 40 fC

o~ lon
-

(10 MIP)

-200 -
-300 '

JWTT Fout_ssTT — VI T out_s:TT T

6703, 59.37mY1

I?ns, 25.61uvy

imehase i
E 1

{23873, 6.23m = OUt_SSlO E-:: . 00K8 10
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SKIROC2: Fast Shaper noise

100 nsidiv [Auto 142V

Timehase -246ns§Trigge (EANEN
100 nsidiv |Auto 142V
5.00kS 5.0GSis [Edge  Positive

File Vertical  Timebase Trigger Display Cursors Measure Math  Ani

@ Trigger
10.0 #id Nodata 100 psidiv Normal 118V
50.0 pVid: avallable. 100kS 100 MSfs Edge  Positive
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Trigger efficiency (1)

Test 5-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- ﬂ’ ' D L
1?:‘0 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 01214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 63

DAC code Channel #

Test 5-Curve wvs Threshold (all ch.)

B <>=183 +1.5 DACU
N 6 e 1 e A A A e et B
e e X e e e B e A M AR M B
...........H..ﬁil..!
i

&
&
g

.8
13

&
)
&

il

=

Qinj=3fC=0.8Mip § S I LA e
_J____pJ Fa - " ...I‘III I I I I I I |.|.|.|.|.|.|l|.|l|.|.|.|.|.| I I I [N
172 174 176 178 180 182 1 ' : 3 3 3 3 ) 8 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
DAC code Channel #

st S-Curve vs Threshoeld (all ch.)

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) 20

« 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

—_~
[7]
=
C
-
O
<
Q
—t
k=
(@]
o
%)
C
@
'
=
()]
| —
)]
(@)
2
| -
l_
<9
o
(g}
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SKIROC2 : PreAmplifier ENC

SKIROC2
Cf=6pF, Qinj=2510° e-
CRRC2 x 100

A

A*181.5

B

0

0.4

72.6

664700

33

0.7

127.05

1400000

e, nV/sqrt(Hz)

i, fA/sqrt(Hz) (Cd= OpF)

i, fA/sqrt(Hz) (Cd= 33pF)

Ca pF

1,6

120

270 45

000

— s

£ ° 3@ = 45 oF |

%000 b en=1BnV/Hz
= . e ;‘ ( .= o0pF) = w2@ fA/~/Hz

3000 L] i(C,=33p ,,,),,,i,,ZZQ,fA/,\,/H,Z ,,,,,,,,,,,,,,,,,,,,,,,,
* ® ‘

Peaking time t, (ns
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Linearity of the Charge Preamp

[Residualsinmv] i T —

SIMULATION

1000 1500

Injected Charge (in MIP)

; 1" SCOPE MEASUREMENTS

[Linear Fit]

[y=0.61093 £ 0.00243 x + 11.965 £ 2.77] 1~

out_pa (mV)

800 1000 1200 1400 1600 1800

Qinj (Mip)

2000 2200
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Linearity of High Gain Shaper 2

Noise = 630 pV $SS10@20 MIP
1 Mip gives 5.7 mV Rms =1.16 ADC
S/N=9 Uu=600pVv
Histogram Conv2
2

L5

MNumber of entries
n

kn
1

0-) 1 1 1 1 | 1 1 1 1 1
420 422 424 426 428 430 432 434 436 438 440
ADC unit

[Residuals (ADC Units)|

INTERNAL ADC, Autotrigger Mode, Threshold=1 Mip= 4fC|

.302 £ 0.0282 x + 251 2.81I

(ADC counts)

out SCA

100 120
Qinj (Mip)
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Linearity of the Low Gain Shaper 7.

2000 Mip = 8 pC

[Residuals (ADC Unit) -\ |

.I\Linear :Fit

_~ out_ss1

0
=
>
Q
o
@
a
<

i

out sca

i i i — i 1 i T i —
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Qinj (Mip)
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Pow E R P U LSI N G 'gi‘f;;cnl;cl\\'ccn 2 bunch crosings:

<>

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

a 25 uW/ch with 0.5% duty cycle “Train length. . Time between 2 trains: 200 ms
O 500 pA for the entire chip SETI e s

vdd
\e OFF cell

0 Power pulsing:

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

Ibias ¢ Rbias

(external) 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

0 4 Power pulsing lines : analog, conversion, dac, digital
o 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

20 December 2016 Calice Electronics Meeting, DESY, Hamburg, Germany, 12/12/2011
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SKIROC2 Summary

e 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), minimum threshold 0.5
Mip, autotrigger mode

e 300 SKIROC2 will be packaged
— For FEV8-CIP (design complete, PCB expected end January 2012

e Test with FEV and sensors

to be done at system level
(power pulsing, DAQ)

e 4 Test Board
- 2 OMEGA, 1 LLR, 1 SKKU
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SKIROC2 overv

=4fC,

1MIP

rimeter
Integrated

Read
Oout
Ch

1Z€E

th digital activity

ifficult layout

ip

D

WI

17 for test purpose only
ie s

Kalo
64 Channels

D

7229 um x 8650 um
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SKIROC2 Requirements 20

SILICON SENSORS (WAFERS) :
e Using 325um thick Silicon Wafers => 26000e-/MIP

Cletector €Stimated 9pF
— Add also 10pF due to PCB pads’ capacitance

e PIN diode leakage up to 10nA / channel
— Chip has leakage current capability

DETECTOR INTEGRATION

e Full power pulsing capability
- 25 yW/ch => 24h operation of full slab with 2 AAA batteries !

e Dynamic Range : from 2 MIP up to 2500 MIP

e Auto-trigger, Analog storage, Digitization & Token-ring ReadOut
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SKIROC2 One channel block scheme

Slow shaps

GainsA0

e SKIROC =180nS Analog Memory
Depth = 15 Q 9
o)
. AN < e
PARIS ROC Slow shaper g Gain selection = _\%
Gain 1 N} " Q E
N

J,=180ns Analog Memory =

Depth = 15

fast shaper

Gain XX

Amplifier
Gain 10

e Trigger out
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SCA detail

Clk40MHz Read Column<14.0>

StartAcg 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> Y i D‘—i out_sca_t

500 F j;Dep,th:15 B
|
| “TDC ramp
i © signal .
T&H_SelColumn<j» READ_column<j>
Slow Sh._ G1 y :
¢ out_sca lg
, | =
ITrack_HoId cell 14 | Depth=15
8-bit Delay Box: Track_Hold cell 0 T&H<i>_SelColumn <14:0> I :
100ns to 300ns out_t_delayed_<i> |
out_trigger_ch<i> i S'oggs:jpef:\__“
T&H_SelColumnl4 READ_column<14>
Slow Sh. G10 *Tl>——*
out_sca_hg
T&H SelColumn0 .- lREAD_cqumn<O

y |> y

500 fF
l Depth=15
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SKIROC2 analogue features 2

Bandgap (reference voltage from Hardroc2b)

Dynamic Range : from 2 MIP up to 2500 MIP
— With Cdetector = 20pF

Analogue channel muting capability (PA can be shut down)
- Common 4-bit adjustable gain
— PIN diode leakage current swallow capability (up to 10nA)

180ns shaping time Slow Shapers for charge measurement
— Optimized S/N
— Antisaturation system in Gain 10 Slow Shaper

Analogue signal-to-noise ratio : 17 (1500 e noise for 1 MIP)

2-bit shaping time adjustable Fast Shaper (50 to 100ns)
— Antisaturation system in Fast Shaper

Analogue Memory depth : up to 15 events can be stored
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SKIROC2 mixed features

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

Trigger Discriminator for autotrigger on 2 MIP
- Better performance
— Mask on each channel

External Triggers now follow same path as internal ones

8-bit adjustable delay for peaking maximum signal

(10 or 12-bit) ADC Discriminator from Parisroc

Digitization of either time and charge or of both charges

20 December 2016 Calice Electronics Meeting, DESY, Hamburg, Germany, 12/12/2011
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SKIROC2 digital features 7

e 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

e Improved Slow Control/Probe

— Default value for Slow Control (already done in Hardroc2B &
Easiroc)

e Very Complex Digital Part (~10% of the Die)
— Manage Acquisition, Conversion, 15 SCA control, RAM, I/0Os...
- new layout (easier interconnections with analogue part)

— minor modifications concerning some timings (allowing more
latency to analogue signal during conversion)

20 December 2016 Calice Electronics Meeting, DESY, Hamburg, Germany, 12/12/2011
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SKIROC2 extra features (free R&D !) 200

e 1 ns TDC capability

TDC facility to operate in ILC mode or in test beam mode
— 200ns for ILC / 5us for test beam

Power consumption optimized
— Power-On-Digital included for LVDS receivers
— Each stage can be totally disabled

Analogue and Digital probe system

Tri-state multiplexed Analogue output

Test purpose : few pads required, single ended 40MHz
needed, default slow control configuration, “only”
Acquisition/Conversion/ReadOut Command necessary
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Read Out: token ring 2

e Readout architecture common to all calorimeters
e Minimize data lines & power

&
©
o

Time between 2 bunch crosings:
337 ns ILC beam
-

“Train length: » Time between 2 trains: 200 ms
2820x337ns=950u s

Chip O Acquisition

Acquisition

Acquisition

Acquisition

Acquisition

1ms (.5%)

99% duty cycle
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SKIROC2 Analogue Simulations 20

Out_PA Out_SS1 Out_SS10
639.6 uV  |623.7pV 6.65 mV

\

6.32 mV 6.236mV | 66.47 mv))

3.2V — 6233 MV 564.1 mV
126.4mV 124.7 mV 1317 mV

315.9 mV 311.5 mV Saturation
to 1.5V

631.6 mV 622.4 mV
1252 mV 1234 mV
1465 mV 1437 mV
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SKIROC2 ADC Test : Board 1

Using DC voltage as input and manual
step-by-step acquisition system

Residuals in mV 4—\

ADC counts

240 PV/UADC

I I 1
1.4 1.6 . 2.0 22

DC Vin (V)

0,0- ] 1 ] ] ] ] 1
0,0 S00,0  1000,0 1500,0 2000,0 2500,0 3000,0 3500,0

time (A0 unik)

20 December 2016 Calice Electronics Meeting, DESY, Hamburg, Germany, 12/12/2011

ADC count

5

> Underflow

N

_ ) Overflow
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SKIROC2 ADC Test : Board 2

injected Vdc (V)

20 December 2016 Calice Electronics Meeting, DESY, Hamburg, Germany, 12/12/2011

’, ,
A
V DC ADC count
0,89 10
0,9 36
10 4 | | | 1 235
3 3 ———
20 — | | ‘residuals in mV| 15 1234
PP D N R I 2 2236
| | 500 uV/UADC 22 2649
| | ‘ 2,5 3240
oo N - 2.8 3842
= 2.9 4000
3
O 2000 —
(]
<
1000 —
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SKIROC2 : Digital Data (Board 2)

Input signal: 3.8V@20dB in 10 pF=1000 Mip
1350 UADC ie 1V+674 mV=1.674V  Scope measurement 1.580 V

| 1397 ] 2245 [f 3002 [f 3039 [J 691 f 1538 f 2385 f 2386 | 3233 [ 4080 [ 831 [] 832 [f 1679 [f 2526 | 3373

- - - - - - - - - -

e e e ' /-/‘/-/H
(1347 [ 1348 1351 [ 1349 [ 13a6 | 1345 | 1349 | 938 [ 1342 [ 1347 [ 1349 | oa0 1347 139 [ 1350 o

- - - - - - - - - - - -

- - -
— — — — — — — — — — — — - e /H

- -

- - - H
' o e e e

Input signal: 3.8V@40dB in 10 pF=100 Mip
340 UADC ie about 1.1V Scope measurement: 1.06V
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- -
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FEV board . >

b

-

0 SO - below 1.2 mi

e

Devices bonded inside cavities, &vith>

- Bonding @CERN

i

R
e

feeet s
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