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The Cgpressed Baryonic Matter experiment at

m GSI/FAIR
| lll m | Aim: Creation of the highest baryon densities in nucleus-
~ AGH

nucleus collisions, exploration of the properties of the super-
dense nuclear matter.

Time of Flight EMCAL

- up to 10 MHz interactions CBM gt
- self-triggering front-end chip Bt

Ring
Silicon Imaging
Tracking Cherenkov

STS: (Silicon Tracking System) Dipole  System
Track reconstruction

and momentum determination Fiiero
of charged patrticles in 1T field, il
8 detector stations

(30cm — 100 cm from target)

STS metrics:

>1 790 000 channels
>14 000 ASICs

1752 FEBs

600 ROBs e D e e B e

/8 DPB s

_— . Projectile
: Spectator
Detector

Goal: exploration of the
QCD phase diagram

in the region of

very high baryon densities

O
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ES

TS system - overview

l]] JJ DIPOLE MAGNET STSISOLATION BOX

CORNER OF THE SINGLE STATION COOLING STRUCTURE

double-sided, micro-strip, 1024
channels per side, 7.5°stereo angle,
58 pm pitch, lengths 20 - 120 mm,
300 um thickness,

SENSORS

SENSORS
SENSORS
SENSORS

readout electronics located at the perimeter of the
detector stations on FEB boards (8 chips/board).

FRONT-END BOARD 1024 channels
mock-up demonstrator BT .10\

- micro-cables to detector

LDO area

IN: 4, OUT: 80

Communication connector
Power connector

ASIC /
10 mm X 6.7 mm

J. Heuser, et al., GSI Report 2013-4 Technical Design Report for the CBM Silicon Tracking System (STS), GSI, Darmstadt, 2013.
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FEB (Front-end Board):
8 ASICs read-out single side of 1024 strip sensor
Rad-Hard LDOs (VECC India)

AC-coupling of SLVS e-links
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STS Power & Readqouﬂt‘
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AGH M NS o =
LOW-VOLTAGE and HIGH-VOLTAGE POWERING SCHEME (SINGLE SENSOR) ;" / d W\ d B »
I ,
(D E)m—‘ 7 \
8 m“iO 100 10‘;0 10;00 10&‘006 ‘\D;JDCO 1::7 1E6 1E9
ENVIRONMENT: Frequency (Hz)
c;ﬂ\-.'l’—lstleN)l\liEiIS BOX DI: INSIDE STS BOX - ?2? TMAGNETIC FIELD,
. [ - HIGH RADIATION —
-NO MAGNETICFIELD, | O - TIGHT VOLUME & POWER RESTRICTIONS FEB P=9-10W
- LITTLE RADIATION H
L POWER MODULE I
1@ —— . el (B AC-COUPLED
}{ 12\1 iy 12V] T av EIII\ITEERENTIAL ROB
1024
DC/ C-L_.. DC/DC | N - 7]
| + L 15V X D DIG e ..20-84 0O <
+200V ) — S [ [P || A o158
EARTHY | HVY H-@ > 8 ASICs _GND, ] *N | vTrx 20
(true OV) . o = - Ol o
= FEB —
o
§; j_Hv = 3 ASICs ALeBTSeAl | o 5
1 e ROB
POWER MODULE [> DIG :H: i RCB
[ | 1024 STRIPS
}{ e 4 12V-|_ DC/DC . \ — oy 1l
DC/DC g 1024 STS met”CS.
DC/DC | 2.1V LDO| [LDO
GND, | >1 790 000 cchannels
}{ Dag v|| recec] > >14 000 ASICs
1.5V
pcpc| T @ DC/DC > | 1752 FEBSs
2.5V
! . 600 ROBs
POB
/8 DPB s
J. Lehnert ; W. F. J. Miller ; C. J. Schmidt;
The GBT-based readout concept for the silicon tracking system of the CBM experiment. Proc. SPIE 9662, 96622S. O
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DAQ system

First levelCvent
Selector (FLES)

Software

=Slice Building

*Track&Event
Reconstruction

*Event Selection
&Storage

= Monitoring

~100m - ~700m
< CBM hall (on/near Detector) CBM Bmldlng (Surface) kComputing Center’
Frontend Board Readout Board (ROB)I Data Procession Board (DPB) !
Data& L]
FEB ontri H :
STS % ! l ! Data :
i
TRD Y
Sl = |
MUCH 1 - o I
Clock & G
ToF TR, | o S,
&
Elj: 1 Sg,?fm, Preprocessing a Buffering
clock I Build micro El Provide macro
I slice containers | | & slice containers
|
1 | |
Data : DPB o ‘ I
RICH Control ‘_l_. | Data ! N
Clock & Clock g ]
& L |s
o | [t |
1 Control DCS', I
1 | I
| |
| Slow Control | | Fast Control| |
I Network Master I

Downlink direction

<
Front-End Board (FEB) Readout Board (ROB) Data
CLK Processing
GBTx Board
DIN Control Requests 160 Mbps transceiver (DPB)
w 3.2 Gbps
P STS-XYTER2 :t 1 . -]
| ASIC f 77| cx SCA = | I & 1
> g
SLOW 4.48 Gbps
CONTROL
- X8 y: ;‘J <
/ GBTx > Q
'l receiver O e E‘_
L4 »
1| sTs-xYTER2 1 cu<+ ] = || 448 Goes
'S ASIC :t I I " T E 0
1 :’ GBTX - e 4.48 th:
1,2 or 5 uplinks/chip  |[[™1 + il a
b Data & Control link di .
R
355?3853% Uplink direction >
STS MUCH TOF TRD
station 1,2
Technology silicon strip GEM MRPC TRD
Frontend ASIC STS-XYTER2 | MUCH-XYTER?2 | GET4 SPADIC
128 channels | 64 channels 4 channels 32 channels
AGH Cracow | AGH Cracow GSI ZITI Univ. Heidelberg
Readout 1 to 5 E-Links (configurable) 1 E-Link(compatible) | 2 E-Links
@320MHz @80 MHz @320MHz
Configuration, DL: dedicated E-Link DL: control DL: shared E-Link
Slow Control, shared by ASICs UL: control in data UL: single E-Link
Fast Control UL: all E-Links, shared with data | stream shared with data

K. Kasinski, P. Koczon, S. Ayet, S. Loechner, C. J. Schmidt; System-level Considerations of the Front-End Readout ASIC in the
CBM Experiment from the Power Supply Perspective. JINST 2017.

J. Lehnert, A.P. Byszuk, D. Emschermann, K. Kasinski, W.F.J. Mller, C.J. Schmidt, R. Szczygiel, W.M. Zabolotny, GBT based readout in

the CBM experiment, JINST 12 (2017) C02061.

Clock phase adjustable clock 160 MHz external 160MHz phase adjustable
clock (tbc) clock@ 160 MHz

Channels 1.8 million 249k 100k 245k

No. E-Links DL 1.800 1.944 25.000 ASIC Links < 7.500

UL 20.000 7.776 25.000 ASIC Links 15.000

Versatile Links DL | 600 216 <=625 240

UL 1.800 648 <=625 1.152
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“Detector — readout ASICs assemby

micro-cable
14.8-49cm

Micro-cable tab-bonded to the SIC

sensor
2:4:6:12¢cm

shield
1
! ;
! :

1 i

—2cl

“~bias line

~signal lines

t L tab-bonding

readout channels
with staggered input pads

n-side bias

1024 strips

p-side bias

FEB

during-assél

_l :

8 128-channel ASIC

CSA  SHAPERS

D
=
| > |> u
¥
Qo
@ > G|l :
i}
~
8 * 128-channel ASIC
CSA  SHAPERS
o
| : > b=
LIIJ
4
(&)
:

S
" >

400v

ﬁ tab-bonding

micro-cable

O

SENSOR

Aluminum trace (signal & bias)
Palyimide

Palyimide mesh

Aluminum shield

www.agh.edu.pl 9




s (o e ————
STS & MUCH requirements

AGH double-sided, AC- o
Sensor type coupled, stereo-angle 7°  Gas electron multiplier,
on n-side, 280 - 320 ym  3-foil, trapezoidal GEM
thickness SEIIS0lE
Sensor lengths 2cm,4cm,6cm, 12 cm
Microcable lengths 15cm-47 cm
Expected total capacitance 4-50 pF up to 50 pF
Hit rate 250 kHz average 4P (9Ll
(in central pads)
Channel pitch 58 um 116 um
Power consumption [mW/channel] <10
: 0-15fC
Dynamic range 4 1C typical 1-100 fC
Time measurement accuracy <10ns
Signal polarity positive, negative negative
Operating temperature ~-10°C ~ 60 °C
Irradiation expected up to 2 Mrad | 20 kGy
higher gain (x6) lower gain (x1)
ESD not critical ESD critical
all channels every 2nd channel
(100% power) (50% power)
STS: Noise ~ 1000 e- rms O

www.agh.edu.pl 10



STS/MUCH-XYTERZ2 - overview

YTER2 ASIC

wire bonding pads
pogo-probe pads

128 channels + 2 test channels

charge sensitive amplifier (continuous+pulsed reset, switchable gains (STS/MUCH) + trim)
5-bit amplitude measurement (shaper slow + ADC)

14-bit timestamp measurement (shaper fast + leading edge discriminator)

i
DETECTOR |

Analog Front-End

]
1 |

+ Pulsed reset

7,=40

ns
Shaper
Shaper
slo
out_fi
Vau t e

7,=80 —
280 ns

T

VTHR

Comparator
& peripherals

—_

ADC logic

X128 channe]g

14-bit

time-stamp | i
\

5-bit

amplitude }E
=

O

Digital Back-End

P i
14 | timestamp counter | |
] I

FE register l/F

Register file

(R

Channel FIFO

]
[ Decoder | i
]

SORTER

o

A\

Arbiter & Sequencer
Data transmission unit

LVDS/SLVS Interface

www.agh.edu.pl




STS/IMUCH-XYTER2 ASIC

Threshold (8-bit)
2 SRS NSRRI .
T[T

E CSA Fast Shaper
Charge|Sensitive Amplifier 1, =30 ns Discriminatol

Comparator

=» 8-bit registers (R&W)

Back-end

Test
Interface

Clock
module

©
&
i) L
; L 2 £ el e
- : E E -é ] § ; o
5 o :bC_I - AR LEEIEE —<t: DIN &
: £e ol (it Diagnostics | |
i 20FH—" o ZE ES il & monitoring)
i 20:fF ""_/'_ é;%g PSC Polarity Selection Circuit .-_,.;_.L:_'.,q counlerf,'_ %:‘3 :E :: r | monitoring E
! o5 reset T2l 1 Q — :
i "‘”& e @ Slow Shaper 5-bit continuous-time ADC EE i E : % g -[E: ol
{ cabration 00 F -i/ T 1 =80-270 ne Vg r % E ) §:§ +:DOUTB §
i _—| _\/ 3 comparglo[s E : E S % £ H- Fiboutc g
: g “b digital SR 1M EhH IS =
; —I —_| - IQI "d;;telaltc timestamp | @ : iiJo T g ] E -m: DOUTD 3
- . etector <130>y] © alE & :E !
i I w% energy<d.0= E? +§ E E @ - d DOUTE
EDET_IN @ %8 GM. Ei ‘_:-l—bm :
5 T z2 | e i | i a
O o o A —
i 1l Testhit |1
- E i generator E
T Sy T T L T T ™+ i il s s SELEETE T LI R T O I A LS E IS DAL O P o ! E Timestamp E
o : counter
o Y E 64-bit |
GLOBAL (off-channel) ' EFUSE_|:
128 channels - time (3.125 ns) & amplitude digitization (5-bit) Back-end:
0-12 fC electrons & holes (STS) - control via synthesized reg & AFE DICE cells
gain switching & trimming - 9.41 — 47 Mhit/s/ASIC data BW
250 khit/s rate (pulsed reset) - dedicated protocol
80-280 ns shaping time (slow path) - throttling, diagnostic features
time-walk corrected offline - link loopback (multi-level)
continuous-time ADC + peak det. - 64-bit e-fuse for traceability
P=8.5-10 mW/channel (incl. logic) O
www.agh.edu.pl 12



STS/IMUCH-XYTER2 ASIC
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Sensor and cable models

1

AGH

strip to metal strip

~—top shield

165 pm

Lo lo |

|

strip to strip

strip to bulk

p-p

-+

C n-type bulk I oxide

B parasitic capacitances

between top '

and bottom sides

to a neighbot

75pPm

150 4

T5fm

C1-2

Cr2

—top layer 1

AR AL e ATa

~top layer 2

Ctb Ctb Ctb Ctb

—bottom layer 2

on adjacent layer

to same-layer neighbgor—

«~bottom layer 1

5 pm

1

I—I—'! | == — ==
1-8

C1-1 C11
Cis Cis

1 | |

—bottom shield

[ polyimide [ 30% polyimide mesh
[T Altrace [ Foamtac |l spacer

Cross section and parasitic capacitances of ultra-light
micro-cable assembly

» multi-line micro-cables;

« 128 thin aluminum trace lines;

* 116 pm pitch, 15 uym thickness

» signals’ transfer between the sensors and front-end (FE)
electronics and for the sensors biasing;

* insulating meshed spacer made from polyimide foil
between the layers of cables in a bundle

« shieliding of the stack with four micro-cable layers

O

Cross section and parasitic capacitances of
double-sided detector

« array of strip-shaped, reverse-biased diodes on
a common bulk;

* 1024 strips with 58 um pitch;

» 7.5° stereo angle on each side;

« thickness - 300 ym;

* lengths - 2, 4, 6 and 12 cm;

» AC coupled (the coupling capacitor formed with
the metal strip deposited over a diffusion strip
and an isolation layer);

www.agh.edu.pl



Double-sided sensor

Sensor and cable models

best R & C combination

SENSOR CABLE

Sensor Value Cable Value
parameter FAB1 FAB2 parameter
strip to strip Co-p (p+) 0.36 pF/cm 0.43 pF/cm | trace material & dimensions | Al 35 um x 14
strip to strip Cp-p (n+) 0.37 pF/cm 0.57 pF/cm | capacitance to same-layer Hum
strip to metal strip Cpm 10 pF/cm 18 pF/cm neighbor C;2=C1.1= Css
strip to bulk Cys 0.18 pF/cm 0.21 pF/em capautance to a neighbor on | 0.119 pF/cm

adjacent layer Ci-, 0.139 pF/cm
metal (Al) strip Rsm 10.5 Q/cm 10.5 Q/cm ) P

to ground plane Cz.¢ 0.38 pF/cm
strip Rsp (p4) 66 kQ/cm 66 kQ/cm 2o p

to ground plane Ci¢ 0.29 pF/cm
strip Rsp (ne) 44 kQ/cm 44 kQ/cm . . 2P

trace series resistance Rs 0.635 Q/cm
Bias resistance Rpias (pside) | 500 kQ/strip | 450 kQ/strip | (signal) '
Bias resistance Rpjas (n-side) 500 kQ/strip | 1700 trace series resistance R 0.618 O/cm Optlm|zed for
Sensor thickness 285 um kQy/strip (bias) . .

320 um (incl. yield)
Total strip capacitance
p-side 1.02 pF/cm 1.74 pF/cm Total cable capacitance 0.382 pF/cm
n-side 1.02 pF/cm 1.52 pF/cm
signal traces
—_2 1 0 1 2
Channels : i :

0

n-side

Ultra-light micro-cable

e

@"3

.-.—D?
H =

1

top
layer 1

top
layer 2

bottom
layer 2

bottom
layer 1

lowest C (selection of dielectric)

bias traces

s (biss)

T
16




—_ =
-~

-

-

ENC? = ENC? + ENC% + ENC? ' C
i w 1/f 4 /ESD_p
1Ieak ESD
T _ESDp
+HVRbias """"" Ra RCE'D'E PAD' | lea ESD_eff
o B e B '
i ‘ A 4
AC coupling 051 coupling i r!JE.'ak_ESD”
C T - L
el Ccable R h., C ESD_n
PCBE PCB ESD

DETECTOR

voltage noise

aluminum
readout strip
on detector

current noise

detector bias
resistor

FE ASIC

equivalent noise circuit

................................

:CTz Cdet+CcabIe+CESD n.*p+C +C_,,+C

gs1 gd1 PCE

Source | Typ. value Used for calc.

Ryias 500 Q- 1.5 MQY | 1.5 MQ

L e 1-8nA/em 4nA

Ipspn | 1-10nA 9nA

IESD]:J 1-10nA O9nA

Ry, SMQ-30MQ 20 M

R 10.5 Q/em 42 Q)

Reapie | 0.635Q/em 12.7Q

Rinter. | 10Q2-2502 1512

My 41, Tech. dep. a = 0.5 v = 1,
9m,=0.044 A/V

O

www.agh.edu.pl
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NMOS input
typ. 1,=2 mA
GBW=9.1GHz

electrons

G<1.0>

G<2>

e

VIJ Ias CSA

]
I
I
|
I
|
I

Jd

Vtoic ap
o —¢ M3

Vd dm

Vin _ref
Meas My M

Vout fed

Mgur }_O "
‘l I Vot e

g,.=44.8 MAIV
C,..=3.92 pF

POL

POL

Vout_h
Voutfe

400m

MUCH OPERATING RANGE

v e

R s @ o3

S & =] &

S o =] 1=

2 3 2 E
L]

150m
100m A

50m

Pulse amplitude at the CSA output

C;,=600fF
1.6 mV/fC

0 10 20 30 40 50

60 70 80 90 100

Input charge Qin (fC) [HOLES]

ODD CHANNELS
INPUT PADS

BYPASS PROT.
RAILS

CSADIRECT RAILS

DIODES ¢ gypasS RAIL STUBS

worst cas':"e AV=20mV

VDDM GNDA VDD VDDM GNDA

AR 2R —

BB AE T I ETIEEE ' EEEE RN

:cﬁo

'CH3 CH2 CH1
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STS/IMUCH-XYTER2 ASIC
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VH!—.I— T

Comparator
5-bit continuous-time ADC]

_|

Fast Shaper
1, =30 ns Discriminatory
Slow Shaper
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......... mgmr YL L L.
L amplitude

dependent

moment

ADC input

discriminator input

latch_ts

v

timestamp<13:0>

0 S-R latches <13:0> 0

\ ¥ block _ts

\ W data_valid
11

K channel logic flops
X_\ channel FIFO

| reset

vVvyvVYyvyYy

SELF-TRIGGERED MODE

Hit digitization mechanism

14-bit timestamp counter
LSB=3.125 ns, GRAY

<;— 160 MHz clock
{

Input charge (fC)

Hits leave channel out of order
depending on their amplitude.

AFE channel
fimestamp<13.0=
latch_Is Ho a
| 30 ns shaper discriminator @} { 1 T - g
og i _
) 8€e | T 2| &
-hi energy<4:04] —82 | L-T°| =
O [ 80-280 ns shaper [ APC 5-bit CT| o 325 | 55| S
+peak det. data valid )}  Ezz | € 2| @
. raset & S| 2
IDQ"': missed = = —
U > ©
fe_data f ¥ {0 test interface
T T T T T
350.0n - -
@300.0n - =
>
iy
35
T 250.0n | }
5 200 ns
®
>|
&'200.0n - .
©
L
150.0n - -
oon L— 1+ L
0.0 2.0 4.0 6.0 8.0 10.0

O
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STS/IMUCH-XYTER2 ASIC

Haa zHW 091

| sezieeg g soweiy] | |

end

Back

[

T 5 &c
23| |83 %6
85| |22 2%
Fg Og lazieussaq 56
£ & E
JapooaQ [a P

|

8|14 Jeisibay

Test hit
generator

044 Ule #x62

1810S JH

Timestamp

counter

S04l IPULEW 824 o4 exze ] [ |

i
§
]

(ney) sisisibal 1g9-g <

(W) s199un0211g-Z |1 4|(sieunoo g siasibal 34y)
aseaWI pus-yoeg

<+

counters
reset

counter

Comparator
[ bl
AL
®

(I)Th reshold (8-bit)

A= =3 R

Discriminator

=30 ns

T

Fast Shaper

5-bit continuous-time ADC

Slow Shaper

ators

{5

I 0 31 compar

t, =80-270 ns

bit
counters

(sUH)
a2eLslul pua-yoeg
A
aasl 2=
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= .8
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?

Back-end

Q

4.48 Gbps

STS/MUCH-XYTER2

“ Physical interface on FEB
- DOWNLINK: shared, multi-drop, AC-coupled 160 Mbps clock & data lines, SLVS (e-links of GBTX)
AG H = UPLINK: indIVIdual, AC'COUpled, 320 Mbps Downlink direction
- Dedicated protocol: STS-HCTSP (shown later) e e oo Sl (0P
, :t\\\i\ 3.2 Gbps

[ VTR« |

vclkﬁdin

S
| eBTx [|con

Q

4.48 Gbps

@)

4.48 Gbps

™., Galvanic isolation

[ virx |

:1
E1
&
FPGA
Data Processing Board (DPB)

Test interface J test_en
WR_strobe [<}] strobe reg
RD__StrObe .-g < géeiﬁt_rg[gk IDat;a&C':lntmI Responses
DIN<15:0> = —=
. [ > [ dout_reg
ADDR<14:0> —
DOUT<15:0- [ & - din_ro test path 20 Mbps
[1h] | -
Register 3| S = Ic?(t)ﬁﬁ]_rrg to evaluate noise
file > é % % Bdata:start introduced by digital part
{ Timestamp<13:0>[ @ L ElS
i Energy<4:0>[_J 2 g > o E 3 Cldin
i Datavalid [} @ | L status |3 ||O
R 3|2
%14 S control path 5 g Mframes/s
-1 i % L secure configuration
I § ﬂ-
*128 *128 = | & - [ doutA
£ 38| 2|z | DdoutB
o= Ladbitjes |8 ] [ doutC
= 5 — ||l el = [ doutD .
25|(|°
3|18||Z||&| D doute data path 9.41 — 47 Mhit/s/ASIC
o © . .
Timestamp || Test hit E S E 5 fast hit data streaming
counter generator | [iL ||@ ||~ |9 ctr. requests ack. O
www.agh.edu.pl
<1 Clock module |<J clk No separate slow control interface.




L J AFE > Channel FIFO > Sorter > 5 output serializers
AGH

DATA FLOW

TRIGGER_CH DAQ STOP FLUSH _FFO drop data with
B bad panty  tema 320 Mb H
y a ps/link
are | OMEWC] B o | 0T ore [ 9.41 Mhit/s/link
CHANNEL |fe data |paRTY 22x8 ) COMPARE [ ;-
data drop _{fgg} ACTIVE LINKS tema
when FIFO full VALIDATE |~¥ ' ] t v
- COMPARE | €M@
’ SERIALIZER
, ] time |\, tema tempa
lime<13:0> 126> N SERIALIZER
energy<4.0> | fe_data | VAHOATE Y ompare [ COMPARE INVERT,
missed time time » ADD [—* FIFO SERIALIZER
parity || < 126> 125> PARITY 29x4
address<7:0> ,| VALIDATE / SERIALIZER
-
P SERIALIZER
| TEST_PULSE e 1
y {
TRIGGER_CH VALIDATE [ — GENERATOR e |
i1 ¥ {| coMPARE o0 e i
¥ L =
AFE <M [swc | temp [o -] temp <12:6> #7[01
CHANNEL » ADD g B *| VALIDATE [~ 10}#2
fe_data |parmY g #3|:
ch_rdy 11 #0
il 1 msb_sel msb_match 00
count missed count FIFO AFULL rotating window
timestamp counter <13:0>——" WINDOW_GEN for time <13:12> validation ink_staius

Hit from any channel

Pre-sorting based on timestamp <13:6> _ :
can leave via any link

Diagnostic / throttling features: O
- test hit generator (multi level, separate generator (rate & content control), channel triggering)

- counting of: event missed, channel FIFO almost full
- channel masking & data drop & FIFOs

www.agh.edu.pl 24



AGH

Downlink frame (60 bits after encoding)
— r O C O Frame 8b/10b 8b/10bblock 8b/10bblock 8b/10bblock 8b/10bblock 8b/10b block
type/ bits block
18 9-12 [ 13-16 17-18 | 19-24 25-32 3340 4148
GENERAL FRAME STRUCTURE

Jframe ‘ K 285 ‘ Payload 4bit ‘ Frame Payload <29:0>

comma <33:30= Sequence MNe. type
STS-SPECIFIC FRAME STRUCTURE

Mo_op K285 Chip & ddress 4hit [03:01] Payload=<14:9= Payload=<&:1= Payload <0= CERC=7:0=
comma (0z0.0x7, 0x15) Sequence MNe, CEC<14.8>

WEaddr K285 Chip & ddress 4bat 0x1 Payload=<14:9> Payload=<8:1> Payload <0= CRC=7:0>
comma (0=0.0x7, 0215) Sequence Mo CEC=14:8>

W Rdleta K285 Chip & ddress 4hit Ox2 Payload=<14:9= Payload=<&:1= Payload <0= CERC=7:0=
comma (0z0.0x7, 0x15) Sequence MNe, CEC<14.8>

protocol ad apted for other CBM-related ASICs RData K285 | Chip Address 4tit x3 | Payload<149> | Payload<Bil> | Payload <0> CRC<7:0>

comma (0=0.0x7, 0215) Sequence Mo CEC=14:8>

Uplink frame (30 bits after encoding) ° fu”y SynChronOUS
8b/10b block 8b/10b block 8b/10b block
Frametype | 1 | 2 | 3 [ 4|56 ] 78 |08] 10 [11|12]13] 4] 15[ 16| 17 ][18] 1 [20]a]z2]25] A |° Constantframelenghts
GENERAL FRAME STRUCTURE i
Frame Hufman-encoded header +up to 23 bits af user-defined payload ¢ 8b/10b enCOd I ng
_ _ STS SPECTFIC FRAME STRUCTURE _ o huffman encoding
Dummy Hit | 0 7-bit channel address=0x0 5-bit ADC=0x0 0x0 0x0/ Time-stamp TS<13:6= 0 . .
Hit 0 7-bit channel address 5-bit ADC = 0x0 Time- Time-stamp TS<7:0=> EM |° peI‘IOdIC SynC frameS (Comma)
0..127 stamnp Event .
©.127) Ts<0:5> weed * |0SSlESS compression
{overlap) . . .
7S M5B | 1 | 1 | Time-stampTS<13:8> Time-stamp TS<13:8> [ TmesampTs<ize | 4bicrcox |°  Special synchronization
RDdata ack | 1 1 15-bit payload (register content) 3-bit 3-bit CRC
SequenceNo. {0x2C) ) methOd
Ack 1| 0| o0]| ACK | 4-bitSequence | CP 4-bit status Time-stamp TS<7:2> 4-bitCRC(0x9)  |(Setting up GBTx delays)
status Number Control
Pari
= - - DATA delay bit_alignment
Special uplink frames DOWNLINK «__ LK dolay agjustment__adjustment ]
Frame type 8b/10b block 8b/10b block 8b/10b block 8|8 Jalale Jalslsls . 5lzs . 5 l8l5 . 8lglelgl. g 88/8
Sync K 28.5 K28.5 K28.5 I B B[ |x| [x|x|x| |x|x|x| |x|djujb] e
Post_Reset K28.5 UPLINK i i : ‘ N S
Low-level reset frames* (not in 8b/10b encoding) -18|8 - (RIS - BISISIS - 815|s - 8|88 - 88188 - 88 dldl
Sos 00000111111111100000 s ——— _ t—>
EOS 11001111110000001100 Petpmerun Smemals | KL il i
375ns ) .
downlink frames uplink frames
Dummy : o ’ 'Rddata Dummy :
WRaddr WRdat no _op no _op RDdata ... ‘ hit Hit Hit TS_MSB Hit Ack ack Hit TS_MSB Hit
. N
K. Kasinski, R. Szczygiel, W. Zabolotny, J. Lehnert, C.J. Schmidt, W.F.J. Miller, 93.75ns 25

A protocol for hit and control synchronous transfer for the front-end electronics at the CBM experiment, NIM A 835 (2016) 66—73.



POS HU

Python +
LabVIEW

PC

Scientific Linux 7.2
Python 3, IPBUS

[ =\

A iceeTH

Test setup

TEK AFG3251C TEK DPO7354C

3.5 GHz digital oscilloscope

KEITHLEY 6487 —
+- 500 V SMU, Picoammeter S_ero dd@d@a:

MEDIA &' ‘ External Waveform
CONVERTER [ | P B us ) calibration acquisition
HEEE ro HV detector bias
interfacing i
mezzanines Omlttlng GBTx

e e
AFCK (DPB)

uTCA, Kintex-7

ASIC BOARDS OPTIONS

v
H-FEB

A

AG

| l} L *¢

full-size detector CBM-03
demonstrator  baby detector
(12 cm detector
37 cm cable)

GSI-FEB-C BEAM-TEST SETUP
I ; L. - (I)
o
LLl
L
x
(q\]
L
s |
m
<<
(&)
o]
o
Q
=
) &~
H
other o 2
w modules 8 §
phantom & §
detector &
(COG capacitors, o
low-leakage,
1.5-30 pF) 26
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Inter-assembly testing with pogo-prober

Aim: check connectivity of ASIC — CABLE — SENSOR prior to wire-bonding onto PCB

@ VWinWay Tech.

S/N:S1709719-010

A | SPEC:51400100 Rev3

-3

Winway Tech. GmbH additional set of pads pads are wire-bondable
150x150, pitch 240 um afterwards (multi-tier bonding of VDD)

] I
]v- :
# i
| ] 1

T

Bring chip into operation and quickly evaluate noise growth.

Tab-bonding can be reworked at this level. www.agh.edu.pl 927
C. Simons (GSI, Darmstadt, Germany)



Measured waveforms

|/ ——

TO
BACK-END

amplitude

High gain (STS)
| ! | ! |

500m T l T , T l T l \\
450m -_ 73 mV/fC // ° ® (] [ ] _-
I s °
/ ] -7
400m - e o
,/ ‘/
< 350m Ve - -
/ 32.7 mV/fC ™
300m o 7 =
/ " ’
250m / 2N -
i o _m” linear range (STS) |
200m | )/ =’ 0-10fC =
- // ./’ -
150m - L . -
100m |’ =" Typical charge .
50 S ¢ = Slow shaper
e e Fast shaper| ]|
0 i ! | ! | ! | ! | ! | ! |
0 2 4 6 8 10 12

Input charge (fC)

Fast shaper output (V)

Slow shaper output (V)

1.1

1.0

0.9

0.8

0.7

06

-50.0n

06

0.5

0.4

0.3

02

Fast Shaper
(Time measurement
at leading edge)

Q =11C- 12 C(11C step)

73+8.6 mV/fi
14.3£0.36 m

C (STS)
V/fC (MUCH)

100.0n 150.0n 200.0n 250.0n 300.0n

351£5.5 mV/fC|

620.18 mV/fC (MUCH)

Slow Shaper

(Amplitude Measurement)
1 L 1 ' |

Buffered slow shaper output (V)

Switchable Shaping Time

www.agh.edu.pl



E 5 < Gain Typ: 1.14 VIV To CSA

PS time

Discriminator
994 mV @ IN SH=3 DISCR TH2 GL
mV@IN_ @ ~ Comparator T, 7T,

(L] — i o om | s e

A G H . DETECTCR time-stamp _I I— :l@ I_ cj}» Ve
§ | — 200uA @ IN_SH=32 12-bit
' - —» counter
BACK-END - -

Q
“— DI$CR_IREF_GL

DI$CR_DISABL P

amplitude

Replica (1/5)

wt 100w/320n
—\/; TRIM_VALUE

l 0-31UA

976 mV - 1037 mV IN_SH=32

13UA @ IN_SH=32 Voltage slope

. 6-bit tri ing DAC —
Time walk of comparator — L e
§12-°_‘ 2 V/us up to 11 V/us ]
o 30 %10.0— . . .
E Time walk. Threshold = 16 (DAC) =0.90 fC g | ..
S -~ Mean Time = 8'0__ . ]
= ©
Q o 60 4
S ® i
= 20 8 4ol .
% g 200 jitter <4 nsrms
s |
00 ' ' ' ' '
0.0 2.0 4.0 6.0 8.0 10.0
10 Input charge (fC)
Timestamp will be corrected based on
5

5-bit amplitude value.

0 i 2 3 4 5 6 7 8 9 10 11 12 13 O

Injected charge [fC] www.agh.edu.pl 29




P

B

After trimming

Measured effective fast discriminator offset spread (128 channels)

250

After trimming

200

150

counts

100

50

0.15 0.2
threshold (V)

0.05 0.1

Effective threshold @ampcal=32 LSB,1.67 fC

lll]] JJJ Before trimming
i 250 v s v z .
- Before trimmin
AGH g
200 f=m ) TR
i) i ll.
|l
150 |
8
C
S-curves §
100
50F
0.05 0.1 0.15 0.2
threshold (V)
______________________ FRONT-END
uft)
.,
} DETECTOR time-stamp
| ‘ —
0 0
H BACK-END
i E
i amplituce E
it g’ 20
holes E
— uf) =
o—
0.04 0,045 0.05

0055 0.06 0065 007 0075 008 0085
effective threshold (V)

I before trimming: «=7.72 mV
-aﬁertrimming: a=1.12 mv

0.25

I before trimming: #=2.80 LSB
-aﬂertrimming: =041 LSB =

565

L
120 3 O 140



FRONT-END

M ADC response

™
1) time-stamp
ViR —

DISCR

B LOGIC O

BACK-END

ADC
LOGIC

[V

amplitude

|
(]
i
o

—=— Not calibrated ADC
—=— Calibrated ADC
[ Trim correct. from typical value

200
200

150

Discriminator threshold [a.u.]
o
o

Thr [amp_cal units]

100

100
50

S|op espreadog%

:
|
3
%
|

1

IllllllllllllllTIIllI

LI

: i i i E E ||||i||||i||||i||||i||||i||||i
_50|!||Illlllllllllll|I‘||lll|lll D

0 5 10 15 20 25 30 0 5 10 15 20 25 30
Discriminator number ADC value

Single channel All channels

O
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Number of entries

60000

50000

40000

30000

20000

10000

o 2250
S
£ 2000
(&)
()
E. 1750
O
2 1500
L
1250
1000
s8]
500
250
0]
0 5
T 1 1 I 1 1 1 1 I 1 ]
h_all_adc L
Entries 445122 |]
Mean 7.832 |H
RMS 3.394 [
Constant 6.002e+04 |-
Mean 10.27 |
Sigma 1.949 [

el

Am-241 (59.5 keV) N
Q. =(255+0.12)fC ]

meas

Q,,=264fC —

exp

25 30
ADC value

ENC_vs_Capacitance

FAST (C)= 44C + 584 @ FAST disc = Linear (FAST _disc)
ADC(C)=27C +539 ¢ ADC — Linear (ADC)

10 15 20 25 30 35 40 45
Load capacitance [pF]
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| essons learned

« ESD protection structure leakage (vs. simulation).
 Rad-Hard Memory Cells SEU immunity.
 |Input transistor current source reference decoupling.

O

www.agh.edu.pl 33
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CSA reset

Voltage (V)

< —ﬁ
e
V DC
| o —
leak_sffectivel 1

[ TS, TR 1 wak_ESH
Y R_‘m‘___ geak coupling
—1 y——i} > >
coupling - c
topti jeak_fCE Iw ESDn
© ce Cp‘:a
ESD

Shaper Fast

Comparator
SH_fast,,

e LTS

Shaper Slow

S-bit continuous-ime ADC

SH_slow,,

CSA,,
DETECTOR
FE ASIC
after compensation
10 ' " ! Reset ' l : E
"y =——CSA

Fast Shaper

Slow Shaper| -

0.8 Qin=10fC

0.7

0.6

0.5 , , 1.5us
_ | | 11 I'
-500.0n 0.0 500.0n 1.04

F,. ..~ 600 kHz Time (s)

max

BACK-END

0.% L] T T
. = RC, — positive leak (2 nA)
¥ no leak
0.94 1 negative leak (2 nA)|
T = (R{RIC
e ' 1,=RC.
I N negalive leakage
a ’ baseline
= 09r y
=2
. |
(@] L e zerg - legkage
- i b li -
(?:) 0.88 & aseline
0.86 } ‘ 1 - L
0.84 + "
.............................. positive laakage
reset baseline
O 82 Dhase N 1 1
0 2 4 6 34

time (us)
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Fast reset — ESD diode leakage

leuJ Simulated leakage: ligax tota = 1.3NA,

_LAYOUT
AGH IIeak_to_amplifier:700pAv @ 430mV Vpad' 60 °C.
.... and Reality : o
—l—I ESD olutput I(—::akage,I 38 °CI Iea'kagé |ntd theICSA am'plifier 0
- —m— ESD output leakage, 42 °C i —
% 8.0n [~ —m— ESD output leakage, 49 °C vegues%gg]ngellpa trgrgrggmg)r?ratu i(, """"""""""""""""""""""""""
_§ NMOS, 24 °C 8
g - ®- PMOS, 24 °C versus reverse-bias voltag - 1.5n §
®» 6.0n | g ........
0 )
N >
Ll ©
S 11.0n = 4.0n T T T T T T T T T T
2 40nf o) - 1.8V VDD
Q 3 1.2 V VDDM )
© c ~3.0n -
© c00.00 @ <[ PMOS: 8*33u/280n (~0.328pF), -
L 20nF P8 & [ NMOS: 827u/280n (~0.248pF)" ]
_§_ 8 8 2.0n - _-'.::“ i
= — 8’ e
O e --o--0--0--0--0---0()0--0---0---0--4 2 ot
0.0 L ' | L | 0.0 Stont .
0.0 0.2 0.4 0.6 0.8 1.0 1.2 i
I -
Voltage (V) 00 —
Between 1 nA — 6 nA (and more) ".20 0 20 40 60 80
(approx. 8 times more than simulated) Temperature (°C)
NMOS leaks 10* more than PMOS
Affects: For STS: fect O
Noise, Feedback Resistor (speed & noise), or - No protection _ _
For MUCH: external ESD protection chip www.agh.edu.pl 35
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- 2mm ~ addrp<14:8>
< > - ﬂ] ROW_DECODER PATTERN_GEN
..addin=<14:8> prechargeb Top-level logic
— rd_driver_en )
Py N = _* wr_driver_en reg_write_strobe
i) E’T T§ wr_strobe reg_read_strobe
A G H gl gl i rd_strobe a1k
3 £ o]
o< w
4 T 4—reg_addr<14:0> 5 |
< mm N bus drivers | #—reg data in<15:0> E . data |bus<11:0= req_data_in<15:0>
& glue logic | «—reg_write_strobe B = 3 )l datablous<i1:0> [| [ [0,
A col decader 4—reg_read_strobe ¥ O & \ req_data_out<15:0>
. E 4 o L
paﬂern_gen T & & o
= w -
B5 registers #0 -..| Inen-overlapping clks) 2" ' : DT gega|re0_accr<130>
65 registers #1 ] : ) . o ogic > e
65 registers » 8 . 15-bit latch |—»req data out<15:0> [ ] <] o]|| reg_resetB
3 D> EE—
@D
E El } 3-state buffers (PMOS: 10urn/180nm NMOS: Sum/180nm}) -‘—
[T ] = * strong inverter (PMOS: 10um/180nm NMOS: 5um/180nm)
r~ 2
B5 registers #127 ﬁ in-channel logic related to register access
65 registers #128 | o &
B5 registers #129 3 22
- W
W 10 registers #130 G | SID_
5 datab<11:8~ DICE_ADDRESSED
o i
5 == rw_row_en prechargeb_bus
reg_addr<14:0> X\ A A prechargeb row — ] -
= data_in<15:0 X XI D N : J: l—CN
— reg_data_in<15:0= X -
1]
c : ) ——— gnd
._% reg_wrllz_stlm;:-e -.,I hj busidala=:1 1:0=
reg_read_strobe —— i
a-feat ' -. '. , data<i1:0> >
reg_data_out<15:0> X[/ [ II T a 1 e — vi “Q
row sel<i> | j | ; datab=11:0>
= | ] 7 mmmman bus_datab=<11:0>
colsel<j> ¥ : [ f —
= —_— [ d rd_driver_en
g precharge b
S 3 I wr_driver_en
E 3-state buffers enable Bbit [ 1 1z.hit N
5 latch PR - R Lo }—Ci
2 col_sel<i= cal sal<i= T
data_bus<11:0> pullup N sel<b
N E | Res reseth_bus
data_bush<11:0> pullup ; reseth
* W row en __“—c wr strobe bus
R precharge&-~row_sel : r_row_en < N ﬂ({k
§ 3-state WR buff. enable : —_— i8] ik e
E 3-state RD buff. enable N
g Register enable (CK) O
- data<11:0> pullup b 3-state buffers (FMOS: 10um/180nm NMOS: Sum/180nm)
datab<11:0> pullup www.agh.edu.pl 36

AFEconfiguration m

Q=8:0>

COL_DECODER

emory

reg_addr<13:0>

<

strong inverter (PMOS: 10um/180nm NMOS: 5um/180nm)



6 DICE used for AFE configuration memory

mmJJ layout-related SEU immunity

el Bl Beh B AP B ) VB ) R R ARET BT L RET L BRI VRS BRLL L R i BEL BT bR
AR ML i

[Esijoo] miamem s TR [N A R T T e
i el

i A

.

.

b
I
4
AGH o ] NMOS
h_bit_dist t
h_bit_dist_t é 7 O
l—% - . . : : : : : : : : Entries 9108 |
5 X ST SSTS . : . : : : : | Mean 3.012 e
3 PERRRRRERKY pron P : 2309 .
a.) N AN \" < \_r . . . . i
. : .
S : : PMOS
g =5, N E N, NN :
80 GVEGVEVELSVAVE GV
60 : : : ;
40 - - .
20f KKK : bbb
[~ . \Vavs ) N
o XX 4 XA _ L
0 1 2 3 4 5 6 7 8 9 10 1 12

Bit number in trim-daq reg

Observation: Better performance for 4-7 bits

hwwwq
B e B B

D ek

H ;ﬂ H Hﬂ =




<[ PO~ PI P2,4q[ P3
0 1 0 1

X0 /X1 /X2 /13
No JH NUJH N2 JH N3 R

N4F|'[N5|:“J N6:"J N7EF,

Rys. 3.4. Plan masel bom 72 worowadzeniem zmian
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~ 280 e-

ENC [au]

Observation:

Noise difference bewteen even/odd channels

hfit_s

Rfit_s

Entries
Mean
RMS

128
61.32
38.82

" unbonded channels

Channel number

O

odd

even

www.agh.edu.pl
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E external cap

umu External capacitors for noise reduction for odd
AGH rie
hfit_s .
z E - R T O
:“; 95_ Mrtlaglfs 61.32
il = RMS 38.82
52— even
U= input
i3 odd
1 ——
OD 20 40 60 80 100 120 I even
Channel number
Input transistor current source
reference noise is crucial for =
noise performance. ||§-—2ﬁﬁ
it oot 128 =
=ri—- ¢ | Separate control of input transistor
{~  currents in even/odd channels is needed _
' (STS: all channels / MUCH: even channels B
Calnm _{ — Onl .
] Y) external cap O
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Vertical bias lines.
Sum up to:
57 ohms and 75 ohms

The problem pops-up when DAC has low
output resistance (comparable to series R
aggregated on the line)

[ 2. 4544Hz

[ 46208E-11 =) i)

~42Q)
DAC 64 channels
— _\, ~57-75Q0)
@ / —T—T T
3pF
100nF 128
external
WH2H=0> — WN2<1s
1?15
1013 \
;’_,10_1§
" 4 Noise at reference node
w24 with and without external \
10} 100 nF capacitor >
1 100 101 102 10 10% 105 106 107 108 109 1010

ENC [au]

100nF
external

Solution: place external
capacitor close to the DAC.

OR
Use in-channel R-C filtering.
hfit_s _

o - N w S 2 =2 ~ © ©
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« STS/IMUCH-XYTERZ2 (or SMX2) ASIC

was developed, fabricated and tested
Long Si microstrip sensors & GEM read-out
Self-triggered read-out

Dedicated for STS/MUCH Detectors

In the CBM experiment

New version (SMX2.1)

Submission -> june 2018
High-volume production planned Q1 2018

Caveats were presented:

ESD leakage much different than simulation
Negative effect on pused reset circuits

Parameter
Names

Process
Chip area
Channel number
ADC bits

Input charge frequency
Power Consumption:
Uninitialized
Initialized

Offset spread
of fast channel
Offset spread
of ADC [fC]
Gain
Fast shaper (STS)
Slow shaper (STS)
Gain spread:
Fast shaper
Slow shaper
ENC (Equivalent Noise
Charge)
Fast shaper
Slow shaper
Slow shaper peaking time
[ns]

Yield

Layout-related effects on DICE memory SEU immunity

Importance of DAC noise filter placement when small R,,..

Value
STS/MUCH-XYTER2 / SMX2

180 nm CMOS MM/RF
10.0 mm x 6.75 mm
128 + 2 test
5
max. 500 kHz

0.6 — 1.2 W/chip
1.023 W/chip @ ;=2 mA
8 mW/channel
1.12 mV rms/ 0.015 fC rms
(after correction)

0.09 (before correction) [39]
0.02 (after correction)

73 mV/fC
32.7 mVIfC

0.8%
0.5 % (after calibration)

44 e’/pF + 583 e~ rms
27 e’/pF + 538 e~ rms

90/180/262 /332

>91%
(146 ASICs tested on PCBs)

O
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