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MDT TDC ASIC in ATLAS phase Il upgrade

» Currently work in cooperation with University of Michigan on the design

of TDC (Time-to-Digital Converter) ASIC for the MDT (Monitored Drift

Tube chambers) in ATLAS phase Il upgrade.
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MDT TDC ASIC in ATLAS phase Il upgrade
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S 1. SCA ASICFF=

» (1) amplitude Error

» (2) uneven Sampling Intervals

P e *T{*

_ ______ E> ______ b[} {> _______ {}E} ______ p{;_pt}, _________
NIMA :629 (2011) 123-132
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NSW ATLAS

NSW ATLAS

Generic Electronic
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Cylindrical GEM in
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Silicon tracker of
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DAMPE BGO
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i)
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Silicon
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250 nm
CMOS

250 nm
CMOS
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CMOS
350 nm
CMOS
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IBM 130 nm
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IBM 130 nm
CMOS
AMS 350 nm
CMOS
AMS 350 nm
CMOS
AMS 350 nm
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350 nm
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250 nm
CMOS
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CMOS
AMS 350 nm
CMOS
250 nm
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64
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EE EHIE
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(Power
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5 _
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TPC and MCH at
ALICE

EU FP-6 NMI3

HERA-B Silicon
Vertex Detector
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DHCAL(Digital
Hadronic
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ILC
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TOF PET

TOF PET
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PET, TOF-PET

ILC/ AHCAL
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strip

Silicon
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2016

2006

2000

2011

2017

2011

2015

2012

2016

2017

2010

2010

2009

I B fa

JLUG, FJG,
INFN

USP et al.

INFM,
AGHUST,
HMIB,
UniH

University
Heidelburg

OMEGA

University
Heidelberg

OMEGA

LIP, INFN,
FCT
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TET |
LIP, IST
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Tsing Hua
University

Tsing Hua
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0.8 um
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130 nm
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APV25

128 channel per chip
0.25 um CMOS process
Low noise:

246 e+36 e/pF
Analog memory:

192 cell ~ 4.8 us latency
Number of Trigger: 32
Shaping Time: 50 ns

low noise 50 nsec
charge unity CR-RC
preamplifier gain shaper

Pipeline

CECEC RN

analogue  —~—~—
pulse T
shape ™ F~H~

processor

(192¢cell | L ]

analogue |l——|

pipeline

= inverter ==
i:g! SF
u > >
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VM M designed for ATLAS, by BNL

IBM 130 nm
CMOS

VMM1, 2011, 50 mm?, 500k FETs  VMMZ2, 2013, 115 mm2, 5M FETs  VMM3, 2016, 130 mm2, 10M FETs

enwencktki di ART .
VMM Architecture SETT SETB &

neighbor  trigger ) v Y .
[ l l l l | N o7 1] Signals for trigger : 64 channels i i
: ch 0.7,56.¢ logic = H
BGR - bias - temperature —— 10T TGC out (ToT, TtP, PtT, 6bADC) x 64 T 6 B Sl 0 |
pulser - threshold - logic ’_— TGC clock [15_0 MHz) |
registers ART (flag, serial address) 5-b ADC
ART clock (160 MHz) :
flag ) eak
! — = 48-bit data CA >—|shaper P 106 ADC
. . - time spare 1-bit
neighbors trigge acquisition tstop .y thrsh 1.bIt ax
(channel or chip) enable ampl rs| el time 8-b ADC L0
L4 addr  6-bit FIFO| | L
— " serial out
addr ampl 10-bit | —» (DDR)
DsC MUX — time  10-bit
— — h 1 (64%) BCID 12-bit
channel (64x ;
cA — sA i . LD 8-bit
— tstart TAC time >
DATA clock (80 MHz)
PD/TD ampl Gray- code counters DATA sync pEp bl ey
b dd i i i BC clock (40 MHz) )
64 channels 6-bit —2— '_ serial cfg data L1A trigger %brcdqs?\;:‘)s «— 1.2V CMOS = 5CK, CS
— b i-dir

AP H e

- r - T - - . - - T T
solid line: theor. 200pF, 26ns  -- ®-- 200pF, 200ns
symbols: measured --4-- 200pF, 100ns 10k | : iggﬁi ?mﬁg
_ 10nL nominal gain 9mV/C --4-- 200pF, 50ns | ® 200ns, 0.5mVIfC
) timing ramp 125ns --m-- 200pF, 25ns + 100ns, 9mVIFC
= . --@-- 2pF, 25ns A 50ns, 9mV/iC
S AN *  time walk _ = 25ns, amVIC
] Lo
g L0 200pF, 25ns g
= Ca ﬁ
s S 1k -
3 Mg 3 Q
g &
o
£
E lines: theoretical
= symbols: measured
100p 1 1 | 1 100 ! L
0.0 0.2 0.4 0.6 0.8 1.0 1p 10p 100p 1n
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channelbd ™\ AGET ASIC
channell > | I T T
64-bit
hit register
Discri.>—b Trigger Pulse |
S 64
SCA 512 cells trigger :

I I I I MUX ADC

TTTTTTI T e

I
'
1
I
t
|
'
i
|
H
|
|
i
!
)
)
|
I
!
'

Test Slow Control Hi&g‘:jg;fltter SCA Controller
I i I O Y UM F v vt TP
Test inputs 4-wire link Mode| |Clock:
[Test inputs] [4-wire link] Mode] [Clocks| AMS 350 nm CMOS
Parameter Value
E‘}’]‘:;g;’iﬁf;;?r‘” signal ];:ga“""‘ or Positive SCA time bin number 512 or 2x236 cells
Input dynamic range 120 fC, 240 fC, 1 pC, 10 pC Sampling frequency 1 MHz to 100 MHz
Adjustable per channel Readout frequency 25 MHz
Output dynamic range 2V p-p (differential) | Multiplicity signal Analog “OR” of 64 discriminator outputs |
INL <2% Threshold value 4-bit DAC/channel + 4-bit DAC
Resolution < 850 e- (Gain: 120 fC; Peaking Time: Channel readout mode Hit, selected or all
200 ns; Cdetector < 30 pF) Test 1 among 64 channels or all
Peaking Time 50 nsto 1 s (16 values) Power consumption <10 mW /channel @ 3.3 V
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