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Applications

Analog Hadronic CALorimeter (AHCAL) for the Future Linear Collider

Design requirements:

Charge measurements for Silicon Photomultiplier signals

v Fully integrated: Front-end + Digitization

Cassette

v Low power consumption
e =4 ASICs

v Severals million channels in the dense AHCAL
HCAL Base Unit (HBU)
(144 channels +

4 SPIROC ASICs)

v 25uW/ch with power-pulsing (> 0.5% duty cycle)

absorber structure
(half-sector)

DAQ interface boards
DIF, CALIB, POWER
on Central Interface Board

v No active cooling

v Low noise: precise charge measurements

v SIPM gain calibration HCAL ECAL

. . . Cabling Side-Module
v Single photon spectra for small gain devices Interface Board

Sector Connecting Plates (10cm)

v Large dynamic range
v Large number of SiPM pixels
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Overview

« KLauS4 : 7 channel prototype ASIC
* ASIC structure

#* Characterization measurements
% Test-beam results

e Summary
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KLauS4: 7-channel prototype

KL&US = Kanale zur Ladungsauslese fiir Silicon Photomultiplier

‘.rl'.mi-ﬂiimlti il

Front-ends ADCs Digital part ADC test channel

Submitted in May 2016
* Mixed-mode prototype
UMC 180nm CMOS, 1.5 x 4.5 mm2 mini-ASIC
7 channels (Front-end + ADC + Digital control block)
TDC with 25ns binning
Fast LVDS (160 Mbit/s) or 12C link for data transfer

» SPI for slow control
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Inside structure: Front-end

HV =
I HG Integrator Shaper
AN
e = ADC [+
gplk
SIPM E LG Integrator Shaper || Energy information
i Gain selection J].\ HGI/LG select
reneeendenns / timing information
B\ — J]'\ it | L[ |
Input stage / Iogic 7N TDC
T 3.3v Channel block diagram
Vbac
o—{[_m 1) Ioc _ . .
 Front-end: Input stage, 2 integration
+—a branches, 2 comparator, ADC and TDC
Input
. = M,  low input impedance: Common-gate
' structure + current feedback
$
i « 8b-DAC - SiIPM bias voltage tuning
m_ || [ » H
| | . : ST
Power-gating functionality
l @
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Inside structure: Front-end

HV =
I HG Integrator Shaper
/N
= 4><ADC ——
LG Integrator Shaper =i Energy information
Gain selection J]_\ HGI/LG select
"""""" / timing information
_,L trigger J].\ Hit JL ‘/TDC .
Input stage / logic '\
Channel block diagram
1.8V V.
ref - .
Bty « Two integration branches

Cascode mirror

Base-line holder

Cs

i e

Passive

From input stage p
integrator
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Vo

Active shaper

> High Gain — for calibration (single
photon spectrum)

> Low Gain — for large SiPM signals
* Charge integration stage

> Passive integrator

> Active shaper

> Sub-threshold region base- line holder
to stabilize the pedestal
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Inside structure: Front-end

HV =
I HG Integrator Shaper
/N

Y ADC [+

LG Integrator Shaper || o i Energy information

i Gain selection J]_\ HG/LG select

romoenndeaes / timing information

_,L trigger J].\ Hit .y L/ D¢ |+~
Input stage / logic N
Channel block diagram

« Gain selection comparator — which branch to be digitized

> Auto gain select is also possible

« Time comparator
> TDC - time reference

> Hit logic — delay the trigger signal (hold delay) initiate the ADC sampling.

TWEPP 17 Santa Cruz KLauS4 ASIC



Inside structure: ADC

HV
HG Integrator Shaper

i
0

ADC [+

LG Integrator Shaper || Energy information

Gain selection HGI/LG select

I
ceeeeeadaaan / timing information
\
I
/

%

Hit -y

logic

W

trigger
29 »{ TDC [+

Input stage

(

Channel block diagram

12-bit pipelined SAR ADC

Implemented — SAR ADC with structure type
of Monotonic capacitor switching procedure

E 8b (MCS) - to save power and area
2otredndeny | /16 - Two configuration:

input &b 4b > 10-bit ADC — MIP quantization (SAR ADC)
Blgital output > 12-bit ADC — SiPM calibration (pipeline SAR)

> « Sampling rates ~ 3Msps (10-bit ADC)

\j

10-bit SAR ADC
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ASIC block diagram

Ext. Trigger

Input<0:2>

Input<3:4>

Input<5:6>

ADC test Input

Serializer
Cha 1
\ block_Channel Il:—'—’ Arbitration 11| FiFo T
x3 Frame
Generator
‘ |l: | > Channel Group FIFO IF
block_Channel Arbitration —» | FIFO Arbitration L2 selection _l
x2
—
> 12C IF
Cha 1
| block_Channel Il:-'_’ Arhidan FIFo [ .
x2 »{ Channel Event Counter
TO0 _Channel
Coarse counter T Coarse counter
A Configurations sP1 >
TDC < * Control Registers Interface —
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LVDS Serial
Data Output

12C Slave
(x2)

s5DI
SDO
SCLK
cs

ADC test chann
Data Output
(LVDS serial lin

clk_ADC_test



*

#* Characterization measurements

x



SiPM bias tuning

* Linearity and range of the 8-bit voltage input DAC > 3.0 .
> Always on: Low power (1-2nA/LSB) > i i :
> For each configured DAC value the voltage 25 ]

at the input terminal has been measured. - i
> i i
2.0 — 7

« Measured 3 boards, 7 channels each - -
> Monotonic behavior 150 N
> Tuning range of 2V as required i -
> The differential non-linearity is due to YT Y SN WS SRS S SR S

’ 1 | L1 1 1 | L1 1 1 | L1 1 1 | I T | L1 1 1 | 1

mismatch in the current mirrors of the DACSs.

o

50 100 150 200 250
DAC code
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ADC characterization

Linearity measurements:

Used an external DC voltage source at the ADC input , voltage sweep (0.5~1.7V) — front-end output voltage.
* 10-bit ADC:
> Dynamic range: -1.62~1.62V - LSB~3.2mV

Smaller than the reference voltage of 1.8V. Possible cause a
parasitic capacitance from the MSB array to GND.

> Nonlinearity every 32 bits from large bridge parasitics

capacitor

> Can be calibrated after ADC characterization * 12-bit ADC: [DNL|<0.5

> Corrected in the next version

10bit ADC ADC in 12bit mode
DML: -0.52/0.14 DML: -0.44/0.36
% ':"25_ _ % 0.4
= 0.1 ! { = 03
= ?.L'.n o b i I'-.'.li i e J ’j l Z
= 0.0 b W !qu;‘l, L;J?'i‘f’h'il'!pq "'5"4’5' ul.rf!"f A Wr ‘“,."-' i i rhm b A ﬂr: i ‘ & oo
0.1 H '11
- 0.0
02 —01
-03F 02"
_0_4;_ J ‘ -0.3
—0.5F l b 04
2 1. PRI BT A PRI B | 05 . . o0 e e
700 750 800 850 900 950 1000 2800 3000 3200 3400 3600 3800 4000
ADC bin ADC bin
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Front-end characterization

Charge injection pulse pass trough 33pF capacitor and is connected to the FE.
The FE output is measured with scope.

« 3 possible gain scale setting

> HG branch - 1:1(HG) or 1:7(MG) exclusive

> LG branch - 1:48

« Dynamic range (1% Full Scale Range):
> High Gain scale - 2.7pC
> Middle Gain scale — 16pC

> Low Gain scale — 136pC

= I H
£1-6— .
o>k 1 chip, 7 channels
1.4
: MG E;:'I
1.2 # LG
1ﬁ
" HG branch
B ~— HG branch, scaled
0.8
L —— LG branch
0.6
'—||III|III|III|III II|III|III|I\I|I><103
0 20 40 60 80 100 120 140 160
QI[fC]
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Voltage amplitude as a function of input charge
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=

=

S
NEeS

lelelel™

I.lI|III|III

III|III|JJJ III]J

0 20 40 60 80 100 120 140160

Residual is the difference between the  Q[pC]
measured value and the fitted line.

o

residual [V]
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Full chain characterization

1x10°

0 20 40 60 80 100 120 140 160

QIfC]

—— Extemnal hold

1103

QIfC]

Charge injection pulse through 33pF
capacitor.

Full chain measurement with 10-bit ADC

Measurements with two type of hold
> Internal generated hold (time walk)
> External generated hold
No time walk effect observed
Dynamic range
> HG scale — 2.3pC (vs 2.7pC only FE)
> LG scale — 130pC (vs 136pC only FE)

Dynamic range smaller than that of FE due to
ADC limited dynamic range (1.6V)

1% Full Scale Range

(The residue is the difference between the fitted data and the
measured result)
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Full chain: Auto-gain selection

Full chain linearity measurement using 10-bit ADC in auto-gain working mode
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 The auto gain selection works well

5 10 15 20 25 30
QlpC]

<ADC>[bins]

A [bins]

o
U

~20057

=
T CQL T T 11
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C;L T

10 :

1
200}

Combination of the LG and the HG plots

LG
3 HG E
. —— Combined
_ f_/ — _ GS,(HG) i
C Scaling uncertaintites (fit)
Scaling uncertaintites (thresh.)-
JIIlHJ 1 L1 1 Ild L L1 ||Hl| | | JIIlI]
_I |||-I-II-----I----I--I--I---I-I-I-l------l---I---I-;-I-;;;"“‘--I----I--I--I-;-I--I|- -_:
101 1 10

02
QlpC]

« Linearity is satisfactory, for charge smaller than 130pC
 The deviations < 1% (FSR)
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Counts

Measurements of the SPS

Single Photon Spectra (SPS): SiPM with different pixel sizes.
Sensor illuminated by a pulsed LED

« SPS with 25um MPPC * SPS with 10 pym MPPC
» Spectra recorded in self-triggered mode - External triggered mode
- Large gain: 10b ADC sulfficient - Small gain: 12b ADC used
> ADC DNL correction performed - SIPM operated at nominal bias voltage
Gain = 1.35e5 (data-sheet)
SPS: 25um pixel MPPC SPS: 10um pixel MPPG
CorSPS_TimeB0us 1 02400= spg_vled5p0_1
1000 e 7| Saanot o or
B sEaSev 25.03 822005_ Std Dev _ 26.18
- 2000
800 — Hamamatsu S10362-11-25C MPPC 18001 mamatsu S12571-010C MPPC
N 1600
600 1400
B 12001
B 1000
oo 800
- 600F-
200 -
- | | 400F
. 200F-
—— | : I —— | ! | - | = | I I ‘_LL-I_I | — :l Ll 11 111 111 111 111 111 111 |- |-
f00 720 740 760 780 800 820 840 860 B8O 00 oo 3020 3040 3060 3080 3100 3120 3140 3160 3180 3200
10-bit ADC Code Merged 12-bit ADC Code

* For both cases a nice spectrum is obtained with clear peak separation.
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Power-pulsing features

Power pulsing scheme: ; £
PP signal | . .
> Turn off ASIC when no events L — ON —
- 25uUW/Ch(>= 0.5%) A S S N ——
FE output ,

T

Beam structure S ———

H_J
~3k Bunches 1ms

200ms
Chip ON  Chip OFF

Key points:
- Stable bias voltage at the input

—— Time=10us

~  Fast front-end setup < 10us —— Time = 2.0 ms

Hamamatsu S10362-11-25C MPPC

SPS at different illumination time
respect to the ASIC ON time

> Almost no observable displacement

KLauS4 can work well with 10 ps after :EE JP“[L. ¥ L]
turn on during power pUISing 'pﬁﬂl | I';’2|l] | 'n’l;-'l]I | I'ﬂliﬁl | ITéﬁl | I8'l|]1‘.]I | I82|l]I '340

10-bit ADC Code
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« KLauS4 : 7 channel prototype ASIC

% ASIC structure

* Characterization measurements
#* Test-beam results

e Summary



KLauS4 in DESY test-beam

 One week of beam in February
- Parasitic to AHCAL DAQ tests

« 3 ASICs used
~ 1 board: single tile + SiPM in center
- 2 boards: fully equipped (7 channels)

Hit-map for combined
AHCAL+K4 run

I“

3 layers with KLauS4 6 AHCAL layers
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norm. entries

Validation In test-beam

« MIP spectra: with/without power-pulsing * MIP efficiency:

Require coincidence in outer layer
Check for hit in center layer

0.025— 2 1.000
: :' Powergating enabled {from t=0) 5
0.020[ %;t, o = //{\{'\._.
- i Pawergating disabled W 5905/ 4’/
[ s % -
-1 El MIP —
0.015F— *
- I * Hamamatsu S$13360-1325PE
I 0.990
- x &
0010 @ ¥ 3 . beam
C o F 2MIP i ?
[ 0.985— ’
0.005[— 4 #34 #33  #32
[][][][]0' - '50' - '100' - '150' - '200' “ i 400 0.980 L— ‘ll L1 é L1 :13 PR T T T I T T S S SN S T
ADC bins Epeam [GEV]
* The position of the MIP peaks is preserved * The efficiency is > 99% for all the
 The ASIC performe the same with and beam energy tested
without power-pulsing
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Summary

Current KLauS4 prototype
v Front-end and ADC working well
v Fulfill the design requirements
v Successful measured of SPS for SiPM down to 10um pixel size

v Validated the chip performance in the test beam at DESY

Next steps

= Plan to include the new chip in the future AHCAL
prototype...

v 36 channels prototype submitted in July 2017
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TWEPP 17 Santa Cruz

Thanks for your attention!
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How the ADC digitize the Peak

The time comparator gives a trigger(input trigger) at the arrival of signal.
The Hit Logic delays the trigger signal (hold delay, configurable)

At the rising edge of delayed trigger, the ADC samples the input signal
and start a conversion.

input signal

input trigger f
delayed trigger \

ADC hold /

start

busy
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DNL [LSB)

ADC DNL

Large Cpm — dynamic range shrink

Large Cpb — DNL negative spikes

10bit ADC
DML: -0.52/0.14

0.2;
0.1! I || 1 { || To CMP

| .I" i lr' M T I.u, "I e I U 2
0.0 “," :,'II ,\I.T!, b | _IL‘ . ! | Ir | b ||L' | 'I|I U VA ﬁll.*l ¢_!.5 "'uj O I I
0.1 - ‘ ‘ S O = e T e i
02 J Cﬁ.—?}f ......... CL}'IC&" Cii COT ~Ga
0.30 ‘ Dy. D D,. D

E . ‘ | +V,os l N-2 f L L-1 | i)
-ud,_— l | I' 1 | | | 8 |
05E ' o -V, MSB: C=2"kC,, i=N-2,...,L; LSB: C=2C,, i=L-1,...,0

“700 750 800 850 900 950 1000

ADC bin
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Front-end setup

Front-end can be setup less than 10 us during power-pulsing

i v s —_—— i O EOL

PG signal 10us/div
ol o g . o

'“\ — FE setup

FE output Mol ittty AR MDY (T D

4 o S I g
\
- FE trigger \ } o LED response signal \ }
o] " " b, n l\j n . . " . A b .\.\j s,
i
Measure P1:max(C4) P2:sdev(C4) P3:mean(C4) P4:x@max(C4) P5:ampl(C1) P6:rise(C1) PT:fall(C1) P8:mean(C1)
value 606 mV 114 mv 55 mV - 83 mV 11.9067 us 8.1533 us 4mV
mean 606.3 mV 113.76 mV/ 54.84 mV - TT6mV < 3.365091 us < 3.142988 us 273 mV
min 606 mV 114 mV/ 55 mV/ - 66 mV <160 ns <160 ns -5 mV
max 606 mV 114 my 55 mV - 100 mV < B4.7675 us < 87.0517 us 0mv
sdev — — — — 9.6 mv < 5214304 s < 11.450931 ps 1.08 mv
num 1 1 1 0 140 1.526e+3 1.520e+3 140
status v v v k4 A "
histo I 1 | L | ke
rigger LY

TWEPP 17 Santa Cruz
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10.0 ps/div|Stop 122V
5kS 50 MS/s)Edge Positive
X1= -9.96 us




Full chain : noise performance

RMS Noise (Front-end Onl
Measurement : The Root-Mean- S Noise (Front-end Only)

Square of the pedestal voltage for E al
different capacitance connected to < ‘
the input terminal. 2+
o [
Fixed charge input @ 330
e .
For capacitance < 100pF, the -
equivalent noise charge (ENC) < than 3
6fC C *
- 25
Code spans from 3~5 ADC codes : . ENC < 6fC (Cin<100pF)
Stddev is around 0.6~0.8 bins -,
(LSB=3.2mV) 2% °
11 | | | | | | | | | | 11 | 11 11 | 11 11 | 11 | | | | | | | | |
The front-end noise is the dominant ° > 0 0 o =0 0 C. f;ﬂpl
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