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CBC3 production

CBC3 sharing wafer with GBT-SCA chip

1 CBC3 : 6 SCA

SCA is wire-bond chip
CBC3 has one wire-bond column

186 CBC3 chips / wafer

6 wafers shipped from MOSIS to CERN 18th October

1 will be thinned (280 um) & diced

CBC3

SCA SCA

SCA SCA

SCA SCA
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½ CBC3 dice ( 93) available
(more than enough)

5 to be used for bumping

=> ~850 bumpable chips

if necessary can buy more engineering wafers later (if available) or a full production lot



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

I2C address list
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preliminary version exists and being used for DAQ firmware/software development

pad layout

http://www.hep.ph.ic.ac.uk/~dmray/pictures/CBC3_PADS_Footprint1.png



single wirebonded chip test system

provision to
inject charge
electrically
on a few
channels

+3.3V, -2V

12 LVDS signals
Ck320, SCI inputs
6 output data
SDA to CBC
SDA from CBC
SCK
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can be connected to VME DAQ and control system
first tests, develop probe tests, efuse blowing, ..
similar interface card will be mounted (piggyback) on probe card

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

1.2 V power, 
AMUX,
VDDA,
efuse signals

SCK
RESET

probe card ordered



VME DAQ system

hardware

Ck40
T1
FR
TP
BC0

Ck320

SCI

CBC3
data

Ck320

DAQ trigger

RESET

I2C

VME40 MHz
pattern

generator

fast
control DAQ

slow
control
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fast control signals from VME system

diff. probes here

Ck320

LVDS signals buffered by DS90LV001 chips
(see last time) 
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1 1 0 FR T1 TP BC0 1

Ck320

SCI

320 MHz

320 Mbps



basic VME DAQ software ready 

dummy stub data patterns 

7

sync pattern

emulated
L1 data



July Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

CBC3 submitted

6 wafers out of fab, send 1 for dicing

wire-bondable chips in hand

wire-bond chip carrier
+ interface card

+ VME DAQ
can start to develop
SEU & ionizing test,

using FC7 based DAQ
(need suitable FMC)

CBC3 test plan outline (continues to evolve)
2016 2017

note: this has changed a bit since
previous showing in Sept. - better
not to commit to bumping until basic
functionality verified

expect to be ready
to undertake SEU and
ionizing tests during

1st half 2017

can use CBC2 FMC

Kirika & Georg

?
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send (some) wafers for bumping

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

1st 2CBC3 mini-module?

(need suitable FMC)

2CBC3 hybrid

2CBC3 hybrid interface card
FC7 based 2CBC3 DAQ

(need suitable FMC)

suitable sensors 
for 2CBC3?

choice of vendor?

can use CBC2 FMC



CIC

Stephen Bell, RAL
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CIC sync pattern generation thoughts

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> B1<1> B3<1> R

S1<0> S2<0> S3<0> B1<0> B3<0> R

SLVS <1> ….  <6>

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
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extra
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SLVS interfacing

+3.3V

0 V

+2.3V

-1.0 V

LVDS LVDS SLVS

DS90LV001 LVDS buffer (800 Mbps) power supply offset
+ O/P resistors provide
correct SLVS CM level
and amplitude

320 MHz LVDS clock 320 MHz SLVS clock

100Ω 100Ω 56Ω

22Ω

22Ω
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~400mV~700mV

for SLVS -> LVDS just use one DS90LV001 (0 and 3.3V supplies)
CM acceptance range of LV001 can cope with SLVS levels

risetime/falltime ~600ps



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

FC7
FMC

1xCBC3
(wirebond)

1xCBC3_wb
interface

LVDS

IPBUS

DVM USB (probably)

AMUX O/P
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based on CBC2 middle-ware

control and DAQ procedures
PSU current monitoring
AMUX O/P monitoring

PSU
USB (probably)

DVM

processes need to be synchronized (e.g. monitor PSU current
and/or AMUX O/P while sweeping I2C parameter)
data-logging (time-stamping) required for ionizing tests
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I/O to neighbour

test pulse circuit

512 deep pipeline & O/P buffer

DLL

L1 counter & FIFO

data assembly

bend LUT

CBC3 

final layout picture for reference

20 columns, 43 rows
(1 more column than CBC2)

5.25 mm x 11 mm
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10b DAC for VCTH

I2C & biases

I/O to neighbour

LDO

512 deep pipeline & O/P buffer



CBC3 digital interfaces

25 ns

R = L1 triggered readout data

time flow top to bottom (e.g. S1<7> output first)

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> B1<1> B3<1> R

S1<0> S2<0> S3<0> B1<0> B3<0> R

Total active frame length = 276 bits = 862.5 ns
MSB 1st

output data: up to 3 stubs data transmitted to CIC/BX

6 SLVS diff pairs @ 320 Mbps

readout data
readout data frame length 950 nsec
=> up to 1 MHz L1 triggering capability

b7

Fast

Reset
Trigger Test

Pulse

Trigger

Orbit

Reset

0 1 1 1 0 0 1 0 0 1 1

40 MHz clock

320 MHz clock

b0 b7 b6 b5 b4 b3 b2 b1 b0b1

2 start bits 9 bits pipe
address

9 bits L1
counter2 error bits

(latency, buffer overflow)

254 bits strip readout data
ch.254 1st
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fast control
320 MHz clock
320 Mbps fast control line

40 MHz generated from fixed sync pattern in fast control data
normal command structure can’t be confused with sync pattern



CBC2 vs. CBC3

CBC3

new postamp feedback bias scheme (not shown), as well
as current neutral comparator, addresses CM effects

observed when many channels fire

increase in bias FET
allows higher currents

new preamp cascode bias scheme
to eliminate “shadow effect”

1616

CBC2

observed when many channels fire

pre & postamp polarity switch options removed

note: basic architecture remains
(CBC2 is a working chip!)
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Test

Pulse

Generator

Bias

Generator

Slow Control I2C

320 Mbps Diff. I/P

Data Packet

Assembly &

Transmission

Stub &

Triggered

Data

VDDD

1.2V+/-10%
Band-gap LDO

VDDA 1.0V

320 MHz Diff. Clock

DLL

DLL

320 MHz Region

Bend 

lookup 

formatting

Nearest

Neighbour

Signals

L1 Counter
Stub Address

& Bend 

(3x13b + 1)

Ck40_DLL

40MHz recovery
Fast Control

Stub

Overflow

Error

Flags

OR254

Digital Data Path

Analogue Signals

Differential SLVS Output Bus

Differential SLVS Input Bi-directional Slow Control

KEY



analogue front end

IPRE1

IPRE2

IPSF

-

+

offset

adjust

IPAOS

IPA

VPLUS

VPAFB

VCTH

ICOMP

IHYST

NC50

VDDA

VDDA

VDDA

VDDD

VDDA

20k

100k

100f

80f

1p

preamp

postamp

comparator

iin

4200e thresh

5000e signal

postamp O/P
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VPAFB

main design changes

optimised for n-in-p sensors
faster shaping (return to baseline within 50 ns)
VCTH linear, monotonic and 10-bit
CBC2 “shadow” and CM effects addressed

42,000e signal

15ns
010

post-layout
timewalk
simulation

comp.
O/P



noise
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noise at postamp output

1 fC pulse, tt, 0 deg.
C = 6 to 16 pF
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nominal bias conditions 
~230 uA in input transistor

1600
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external added capacitance [pF]

post-layout simulations

1000e achievable for external capacitance
up to ~10 pF at preamp input (for acceptable
power consumption)

no strong dependence on process corners

pulse shape/height varies not much over
quite large input capacitance range

1614121086420

tt, T=0,
external C = 10 pF
external C = 15 pF
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VLDO I/P (VDDD)

VLDO O/P

VDDA

GND

GND

40 MHz Ck test o/p

AMUX test o/p
3.3V supply to fuses
fuse program pulse

GND

RESET
SDA
SCK

pad allocations

pads as viewed on hybrid surface
(as if looking through chip)

right-most column for wire-bond / wafer probe

like CBC2 gives access to internal
bias currents and voltages

chip ID can be set by e-fuses (19 bits)
will be programmed at wafer probe time

every chip will have unique ID

CERN PMOS bandgap reference
also trimmed by e-fuses (6 bits)

I2C address
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VDDD

VDDD

Ck320

SCI

SLVS<1>

SLVS<2>

SLVS<3>

SLVS<4>

SLVS<5>

SLVS<6>

also trimmed by e-fuses (6 bits)

for detailed picture, prepared by Lawrence Jones,
showing all pads labelled, download:

http://www.hep.ph.ic.ac.uk/~dmray/pictures/CBC3_PADS_Footprint1.png

note: downloadable picture shows pads as should
be laid out on hybrid surface (flipped version
of pads on chip)


