ATLAS 2 iE il 2k 13 HH ASICiHE g

b LE CERefT)
On behalf of the ITk ASICs Group
2017.4.28




» MERER

e ABCStar:Cx i Wit A 5e 1k

e ABCN’iH &



R [mm]

ITRACE TR 25 M 45 T2
e LHC—> ATLAS—> ITk—> Strip

KPS T2, OB, U R o
o MR, FAE K, HiEES GaR=

T T T | T T | T T | T T | T T T T T | T LI T | T T
1400 —ATLAS Simulation Preliminary ITk Strip Layout
1200 — =10 =00 e - ) 593 mm R
1000 — o~ v =

=-20 Y / n=20
800 \ / -

: \'. f."l
600 i / 7 |

C L \ / V
4002— 0 \ .; """'"'/, ] ! Jf:

T T e AR Vit 1 S S s T i
2003000 2000 -1000 O 1000 2000 3000 hybrids

2 [mm] modules EoS
=
| i i i - H
1400 mm
-+ -

2017.4.28 Fifi [ @ AR GE SR 28 0t iF 2



d

TR IS R 2 AR R

|
HCCStar Power ABCStar ReadOUt
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ASICs (AB
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Hybrid Control
ASIC (HCC)

Silicon
Sensor //HV power

~97mm

e Sensor, Hybrid, power board
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ABC [€
e The ABCStar front-end ASIC e
— ABC--ATLAS Binary Chip r
ABC
— Star--Star readout with point [=m
ABC

* From ABC130 to ABCStar ABC
— Change chip design to meet | aBc [
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e |t usesthe standard binary readout architecture

e Data path: amplifier, discriminator, input register block, pipeline,
event buffer and a cluster algorithm to compress data for output

e |tis being designed to support various trigger modes
e |t will be builtin GF130nm technology
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Blocks/tasks

Analog

FE ongoing

Voltage regulator ongoing

efuse pending

Analog monitor pending

ESD pending
2017.4.28
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Blocks/tasks
Digital

InputRegisters
Two stage buffers
Cluster Finder
Readout
TopLogic

LCB and
CommandDecoder

hitsAccumulator

Functional
verification

SEU protection
Digital backend

i T [E @~ T R sE S R 28 T v 2

fixed
fixed
fixed
fixed
fixed

ongoing

fixed

ongoing

pending

ongoing

Our

contribution

v
\4

interested

interested

10



ABC130F5 41 Hif v 0] 42

— 1200
N o 750!
W, - Y = L
s L TP
2 1000 — 5 100
= — L
=z |
L = r
- G650 —
800 — C
- 600— —
L —
600 — ¥ o ;=
:_/*/ Dose Rate Temperalure
s 225 MRadmr -15C
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Y L o ¢ [} C o™
- A Prototype measurements (n* on p) —— 62 kHadmhr 150
- ——m—— Capacitor measurements (n* on p) — 23 kRadmhr 250
L Barrel hybrid with ATLAS12 (351) oo _— ]
200 q% Barrel hybrid with ATLAS12 (LS4) — 2.3->1.2 kRad/hr -10C
L b Single chip card with double mini-sensor
L O Irradiated barrel hybrid with ATLAS12 (LS3) | TE N T [N B I |
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 Arange of prototype: ABC130 front-end prototype, ABC130 single-chip test
card, full barrel hybrid

 Connected to discrete capacitors: ENC for the prototype agrees well with
hybrids and single chips

e Connected to sensors: noise increase due to strip resistance
* Noise increase for changed signal polarity = resistive feedback
* Excess noise after irradiation = Critical NMOS devices in enclosed geometry
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ABCStar FE prototype

e Better noise slope w/o irradiation

e After irradiation

— ~10% increase in the measured noise after 50.46 Mrad

e X-ray, 0.87Mrad/hr
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Input Registers block

* |nput register latches data with BC clock

* Mask/test registers for dual purpose
 Edge detection circuit with different selection

criteria

Pattern1[3:0]
Pattem2[3:0]| |

ThreeBCSel mode[1:0]
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Name of
Selection
Criteria

Hit

Level

Edge

Clear

Hit Pattern

(Oldest data
bit 15t on the
left)

1XX or X1X
or XX1

X1X

01X

None

Usage

Detector
alignment

Normal Data
Taking

Normal Data
Taking

Special Mode
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Two stage buffers

The two stage buffers: Pipeline(LOBuffer) and EvtBuffer
Basic memory IP: single port RAM

Modification of buffer size
— Pipeline(LOBuffer)extended to 512bit length
— EvtBuffer reduced to 128bit length(128 events)
Transfer 1 event per LO from Pipeline to EvtBuffer(instead of 3)

Intermediate FIFO to give the priority to EvtBuffer read operation, in case of
consecutive LOs

Pipeline
. Interm Event to CF
hits 320%256 °
— | === [=p| &~ =
* FIFO 320%128
320%256

R W R R

W W
BCT L0 T ‘ T PR or LP
)l Sequencer €




LO tag insertion

@LO .
Data carries the LOTAG
hits l
BCID
w R LO TAG
w R
@BC @Lo | The address here is also the
[ LO tag (LOID in PR or LP triggers)
\.J LOTAG _I
+1
7

Received with LO

e The LOID counter is very sensitive and require
synchronization regularly

e We will employ new scheme--sending a LOtag with LO

* This helps to improve the reliability
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Cluster finder

f ClusterOdd \

odd_finish

Dataln[255:0 Cluster[11:0]

rearrange OutCluster
» Write_En

CFeven_we

[127:0]
Even_empty Hlt
Address

e Data reduction circuit, creating a cluster byte for channels found

with hits
* The cluster finder takes in 256 bits of strip data and reports out 12

bit clusters at 40MHz

Following 3 strip Last
values cluster

3bits 1bit
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Readout and Toplogic
» Toplogic :zazz:;f::z:es,{wm lrl =

— Sequencer for the control of .
. — PR Data_Start ataOut
EvtBuffer, ClusterFinder and ] Rvatastan —

Re a d O U t ‘ Cluster(11:0] Data_Busy (?}

From/to CF
— Register readback control | " Readout Reg_Busy 2
———*| Last_cluster ——
— PR/LP readout priority control N

LOID[7:0], BCID[?:0]

Clk{40MHz) CIK{160MHZ) rsehy

PR_Enable, LP Enable, RRmod[1:0] RRfarce
[config bits) ‘ [
empty_fifo PR —,// \—p PR_ReadEnable ° ReadOUt
mu{ ol —— ©@.Reaganie = LOL — Responsible for building data
— 1 -+ L1BReadVeto aCketS
CF s iy + ToplLogic @RSt €= ReadOut X .
| — A controller defines the
ReadOut S ———— order in which packets are
“““““ e ¥, formatted
I — Each packet is transmitted to
clk[40MHz) D . Q.
~ 38 the fast serializer
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UVM setup for verification

e A top verification setup based on (UVM)Universal Verification
Methodology was built for the current design of ABCStar.

— Functional coverage with customized random stimulus
— Result comparison with reference model through scoreboard
— SystemVerilog assertions for validating key design features

P ——— base_test

register_block f.-rREEiS‘EF model

1

1

1

. 1
write L
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1

1

1

1

1
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1
1
1
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other_seq -- t

agent env
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Trigger rates and latencies

mode

Capture and readout at LO

Capture data at LO, send
requested data at LP rate

LO/PR/LP Capture data at LO, send data

with priority at PR rate, send

remaining requested data at LP
rate

0.4-1MHz rate

LO@1MHz, LP@1MHz

LO@4MHz, LP@1MHz

LO@4MHz,LP@1MHz,PR@100KHz;
LO@1MHz,LP@400KHz,PR@100KHz

o _:l_ __ I:'_ _____ D ________ I:l_ LO signal 0.4-1MHz rate

Lo, Lo, Lo, Lo,

Fixed
Latency

PR command 40-100kHz rate -E:—
No fixed

Event ID

LP command a00KHz 1MHz rate

No fixed
Latency
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ABCStar verification

e LCB protocol updates

Next adds to ABCStar model

LO I
) . Reg b RegBlI
e 160Mb/s link Fif .
Modified Encoder A Serializer N:ﬁ — T = Jock_if =1 ock
LCB
sequence T | Decoder 10 __,
generator BSLCEN I %&»
cmd7 I AB B
I ( Reset_s| .
LP/PR I ﬂ ole[=
“Verilog” I R
Test bench I *| Frame_sync
|
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ABCStar layout

e Back-end progress
— Digital only
— All active pads on one side
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HV-CMOSHE 2%

_HV External amplifier l

-HV |

o HV-CMOSEGIRA, KM= MHA, ITkHAJ &1L E
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CHESS-2:¢>

e CHESS-2:82 7, AMS
0.35um HV L. Z,

Column Decoder

Half Comparator,
Latch & Hit
encoding

Strip

128 x 32
pixels

19p023Qg Moy

Encoder
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ABCN’

* need CHESS2 chips and ABCN-like chip for
evaluating module-level functionality and

performance
e First step is to emulate ABCN’ in an FPGA
giiagui;:'llterboard Adaptor board Nexys Video

ITSDAQ
J| control

and
readout

b e

A is an edge connector
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SCTDAQ s/w
with
adaptations

DAQ s/w
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