CBCa3 preparations

CBC3
production status
documentation
test system ideas

hardware & software

test plan schedule
modelling
sync pattern generation

systems meeting, 20" September, 2016.
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CBC3 documentation

for the less familiar a user manual is required

will certainly appear, but not yet ready

for more expert users (who want to start preparations now)
spec document describes interfaces

http://www.hep.ph.ic.ac.uk/~dmray/CBC documentation/CBC3 Technical Spec V1p3.docx

12C address list
preliminary version exists and being used for DAQ firmware/software development
pad layout

http://www.hep.ph.ic.ac.uk/~dmray/pictures/CBC3 PADS Footprinti.png




single wirebonded chip test system

provision to
inject charge
electrically
on a few
channels

can be connected to VME DAQ and control system
first tests, develop probe tests, efuse blowing, ..

/4

m
—_ —
- —

e —

+3.3V, -2V

12 LVDS signals

Ck320, SCl inputs
6 output data
SDAto CBC

SDA from CBC
SCK

RESET

1.2 V power,
AMUX,
VDDA,
efuse signals

similar interface card will be mounted (piggyback) on probe card <——— probe card ordered

can also interface to FMC (FC7)
will be used for ionising and SEU tests



VME DAQ system
hardware

40 MHz
pattern fast VME slow
generator  control DAQ control
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fast control signals from VME system

LVDS signals buffered by DS90LV001 chips

(see last time)

---------

diff. probes here

<— 320 MHz

<— 320 Mbps

-’ —374mv"|

2.50G5/s
10k points

100mv @

V Q

(@D 100m



basic VME DAQ software ready

YME Address|3 <02

walug

b[1111111100000000

o of reads (cBus Error 2
200

this i sets the BRAM access to VME
and then reads the BRAM data
{data length set by no of reads)

update display

sync pattern ——

emulated
L1 data

SLYS182
-

SLVS3R4

p—

SLYS5EE

dummy stub data patterns
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CBC3 test plan outline (continues to evolve())
2016 2017
Juy Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

CBC3 submitted
6 wafers out of fab, send 1 for dicing @? o¥nact th bo ready
wire-bondable chips in hand to undertake SEU and
: , _ ionizing tests during
note: this has changed a bit since wire-bond chip carrier 1t half 2017
previous showing in Sept. - better +interface card (Z)
not to commit to bumping until basic + VME DAQ

: : o can start to develop
functionality verified SEU & ionizing test,

using FC7 based DAQ <— Kirika & Georg
(need suitable FMC)<— can use CBC2 FMC

send (some) wafers for bumping <— choice of vendor?

bumped wafers in hand
probe-test bumped wafer, send for dicing

bump-bondable chips in hand, send to hybrid co. for bump-bonding
CBC3 chips on 2CBC3 hybrids under test
15t 2CBC3 mini-module?

A A
2CBC3 hybrid suitable sensors
for 2CBC3?

2CBC3 hybrid interface card
FC7 based 2CBC3 DAQ
(need suitable FMC) 8



Li-ﬁ Science & Technology Stephen Be”, RAL
“—~ Facilities Council C BC 3 Syste m m Od e |

requirements

What are the requirements for the CBC3 system model?
« What is it to test or interface to? CIC
« What type of output data is it required to produce?

What is the level of complexity
« Cycle accurate?
« Simplified FE analogue circuitry as digital on/off signals?

What tool environment is it to be used in?

Current status
« Mixed-signal model created and runs with Cadence AMS simulator
« Mixture of RTL, gate level and transistor level blocks are modelled



CIC sync pattern generation thoughts

SLVS<5> has the sync bit

SLVS<1>, <2>, <3> and <4> can have fixed repetitive data
by setting VCTH so that all channels are permanently
firing, and then using channel mask to unmask 3 specific
seed and window channel combinations

SLVS<6> can also have fixed repetitive data by triggering
readout, but not a 25 nsec repetitive pattern

SLVS <1> .... <6>

S1<7> | S2<7> | S3<7> | B2<3> Sync R
S1<6> | S2<6> | S3<6> | B2<2> Error R
S1<5> | S2<5> | S3<5> | B2<1> | OR254 R
S1<4> | S2<4> | S3<4> | B2<0> SoF R
S1<3> | S2<3> | S3<3> | B1<3> | B3<3> R
S1<2> | S2<2> | S3<2> | B1<2> | B3<2> R
S1<1> | S2<1> | S3<1> | Bi1<1> | B3<1> R
S1<0> | S2<0> | S3<0> | B1<0> | B3<0> R

10




extra

11



SLVS interfacing  pssoLvoot LvDS buffer (800 Mops) power supply offset
+ O/P resistors provide
+3.3V +2.3V correct SLVS CM level
and amplitude

—

LVDS l-]l]10052 LVDS 1009 HI]SGQ SLVS

cLy
5

oV -1.0V

for SLVS -> LVDS just use one DS90LV001 (0 and 3.3V supplies)
CM acceptance range of LVO01 can cope with SLVS levels 12



software - for ionizing and SEU tests (assume UK responsibility)

FC7
| interface IPBUS
2L LVDS E :
1XCBC3 /\/ A AN
(wirebond) ﬁ‘
AMUX O/P
DVM USB (probably)
USB (probably)

PSU

based on CBC2 middle-ware

PSU current monitoring and/or AMUX O/P while sweeping 12C parameter)

control and DAQ procedures processes need to be synchronized (e.g. monitor PSU current
AMUX O/P monitoring data-logging (time-stamping) required for ionizing tests

13
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HP. : S1<7> | S2<7> | S3<7> | B2<3> [ Sync R

CBCS dlgltal Interfaces S1<6> | S2<6> | S3<6> | B2<2> Error R

output data: up to 3 stubs data transmitted to CIC/BX ——> | | S1<5> | S2<5> | S3<5> | Ba<i- | OR254 | R

6 SLVS diff pairs @ 320 Mbps 25 ns S1<4> | S2<4> | S3<4> | B2<0> SoF R

S1<38> | S2<3> | S3<3> | B1<3> | B3<3> R

S1<2> | S2<2> | S3<2> | B1<2> | B3<2> R

S1<1> | S2<1> | S3<1> | Bi<i1> | B3<1> R

readOUt data N S1<0> | S2<0> | S3<0> | B1<0> | B3<0> R
readout data frame Igngth. 950 nsec R = L1 triggered readout data
=>up to 1 MHz L1 triggering capability time flow top to bottom (e.g. S1<7> output first)

MSB 15t Total active frame length = 276 bits = 862.5 ns »

(T
n
A T \ | J v ) | ' |
2 start bits | 9 bits pipe 9 bits L1 4 254 bits strip readout data
2 error bits address  counter  ch.254 1st

(latency, buffer overflow)

fast control

320 MHz clock s2omtzclock [ | [ 1 [ ]1]]1]1]1]]]
320 Mbps fast control line ; ooooooooo N

b1 b0 b7 b6 b5 b?4 b3 b2 ?1 b0 b7

40 MHz generated from fixed sync pattern in fast control data Fast Test Orbi
; . Trigger roit
normal command structure can’t be confused with sync pattern Reset Pulse Reset

Trigger
40 MHz clock r1 5




increasg in bias FET CBC2 VS. CBC3

allows higher currents

/ 4El 0 1.0 V analogue 1.2 V digital

\/ a/1 ns, ->—| 10/0.5 Ipans 1->—| 1041 m-' 1 “ ﬁ” 3 0.y 0.48/
' I ' 012 ‘o1z
IPREL _>_| Eu:-,i mF IFRE2 . I s |_“: ’_{ |:

|[2505
J:i;f - [j jlemn [z e zf“—éwws Mo B TR S R £ L
- | . ry
10/0.25 o Coo
) - ] N Hiw““ 10/0.18 ! !
I 5
. -+

afpP

[ |_'_} e 1 i i; _H%ifﬂﬁ Bul o e M 2..-|::.1r;:5:l ::1:! Ejg}
/I\ 5'5 A
— |comp>_{ 161 Ihu,-st>_||: |COh-'IP>_| 121
100%
IPSF ;~—||_m,r1 = /I\
CBC3 1 \ C /’ r
T new postamp feedback bias scheme (not shown), as well

new preamp cascode bias scheme e <

to eliminate “shadow effect” as current neutral comparator, addresses CM effects

observed when many channels fire

pre & postamp polarity switch options removed

1.1V analogue 1.2V digital
0.16/ 0.45/
| 012 0.1z
| 1/0.5
WCTH A6/012 -— =
{H—a | | afp
10018 I |" I
A6/0.12 quA 015/
012
505 8
Iy ICOMP
9%1 >
-, gnd

note: basic architecture remains
(CBC2 is a working chip!) 16
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offset VDDA

analogue front end adjust

100k @ comparator

{1 IPAOS — b

i —9 Vv NE

||

preamp UPLUS s ﬁ] 20k D
. VDDA | ] - 1
lin V
[\\\<ﬁ\\\\ ﬁj _ EL IHYST

W I \l postamp ICOMP
T lPSF IPA 80f gl corners,+30, -20

| |
TIPREZ ]
IPRE1 |

vioutpa)

vioutpa)  wioutpa)

e . 7 4200ethresh
! 3 : : H : : : : : vioutpa)  wioutpa)
VPAFB g

main design changes

vioutpa)  wioutpa)

optimised for n-in-p sensors n 4 1A voua
faster shaping (return to baseline within 50 ns) . .

VCTH linear, monotonic and 10-bit comp. %

CBC2 “shadow” and CM effects addressed O/P outc)

vioutc)
: : vioute)
pOSt-IayOUt = h vipute)

timewalk
simulation

vipute)

100n




ENC [electrons rms]

1600
1400
1200

1000
800
600
400
200

noise at postamp output

! ! ! ! ! ! !
GO0 [ e R — ]
- 430 -
ﬁ1 400 [ —--20 T T _ """"""" N
%) 1 1 1 1 1 1 : .
1200 allcorners — e — — -
@ | .
g 1000 S —————————————————— ————————————————— —— - ————————————————— . —
Geor 1T :
o, f -
o 600 T A I
Z ;- H | . '] | g 3
0 400 -] n 9[‘!!,U@,',,Q!§$,,9909|,'I!9,Q§ ,,,,,,,,,,,, _
: + ~230 UA in input transistor
200 N SO SR S SR L [ —
0 | | | | | | |
0 2 4 6 8 10 12 14 16
' ' ' ' external added capacitance [pF]
- S o t,T=0, —
external C = 10 pF post-layout simulations
- """""""""""""" 0 externaIC=15pF """""" n
- o' ,,,,,,,,,,,,,,,,,,,,, o * e S | 1000e achievable for external capacitance
° ° ¢ upto ~10 pF at preamp input (for acceptable
. S ee - power consumption)
- ””””””””””””””” ”””””””””””””””””””””””””””””””””””””””””””” 7|  no strong dependence on process corners
- 77777777777777777777777777777 77777777777777777777777777777777777777777777777777777777777777777777777777777777777777 | pulse shape/height varies not much over
R rrrrrrrrrrrrrrrrrrrrrrrrrrrrr rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr -1 quite large input capacitance range
a a a a .
140 280 420 560 700

input transistor current [uA]
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g%%%g% S::::::::::: (as if looking through chip)
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BEEHEHLBO UEEEEEEEEEED right-most column for wire-bond / wafer probe
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DoDoooo OEEEEEEEENNBE 33Vsupplyto fuses bias currents and voltages
Jooooo OEeEEEEEEEBRS {;seprogram pulse
sfsfisislals DjmmeeEEmEEEEnE RESET \ . .
HoHBOO0 DEEEEEEEEEEE SDA chip ID can be set by e-fuses (19 bits)
g E E B"&ﬂ OmmmmEEEEEEESCK |2C address will be programmed at wafer probe time
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g0 mpoeeeeeeensn
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