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Introduction — CMS Tracker Upgrade

Replacement of the Silicon Tracker
during the LHC Long Shutdown 3
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Introduction — CMS Outer Tracker’s building blocks

Cross-section of 1 quarter of the CMS Outer Tracker: Outer Barrel:

TB2S: Phase 2 Tracker Barrel for 2S Modules
TBPS: Phase 2 Tracker Barrel for PS Modules
Future Tracker Layout
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Front End Modules:

* Two types: 2S5 and PS,

* Double-sensor,

» Different heights,

* High momentum
discrimination.

high transverse/
momentum
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2S module

Introduction — Modules and Hybrids
Pixel -Strip Module

1,960 silicon strips

30,720 silicon macro pixels
Production total: ~6k units

2S: Strip-Strip Module
4,064 silicon strips
Production total: ~9k units

low transverse
momentum

Front End Hybrids (FEHs):
* HDI flexible circuit,
e Stiffeners and spacers,

2S Read-out ASICs (CBC)
PS Read-out ASICs (SSA)

* ASICs,
* Passives.
A-CF Spacer
D
ata Concentrator 500 um CF Stiffeners

ASIC (CIC)

HDI — High Density Interconnect Al-CF Spacer

CF — Carbon Fibre
Al-CF — Aluminium Carbon Fibre

500 um CF Stiffeners
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Quality control — why and how?

Neegl for FEH's Optical inspection Set of active tests
quality control

e ~4000 wire bonds e Set of dimensions e Check of proper
per module and surface quality interconnectivity of
e reworks unlikely measurements FEH’s components
during production e Weighing e Verification of FEH'’s
phase e High voltage functionality
e 1 bad ASIC breakdown test e Readout chain
assembly = lost e Adhesive check required
module e Solder joints check * Room temperature
4 ngh WEld of (passives) tests

modules = use of e And many more... * Low temperature
known good FEHs tests (cold box)

FEH — Front End Hybrid



Know your enemy

Main source of troubles: non-flatness of the circuit under ASICs (+ not ideal bumps)

Root causes:
» differences in C(s)TE of the hybrid’s components (impact during reflow),
e circuit design constraints (imbalanced, non-symmetric copper distribution).
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An example of a Front End ASIC footprint and interconnections

* Hybrid’s assembly problems (so far) affect exclusively the ASICs to flex connectivity.
e ASIC’s connectivity verification became a priority.
» Different active methods apply to 3 different I/O types.

Analogue inputs (in module wire bonded to the top and the bottom sensor strips)
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ASIC to ASIC
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ASIC to ASIC
digital data
links
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Main clock and Fast Data Ol{put fines 40MHz clock  PClines  AMUX
Command Interface test output (config.) test output .
and reset Footprint of a FE ASIC
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Implemented active test methods

Set of active test methods (in that order)

1. Power consumption.
2. Slow control interface & configuration registers.
3. Clock, fast commands and data interfaces.
4. Calibration of analogue FE channels & noise-driven hit counts.
5. Specific tests for detecting open and shorted analogue connections.
4 1 5

BT e s ey i

/Al TS S e 2 0
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Detection of open analogue connections

Detection of opens in analogue connections

* Active testing of the connectivity of analogue inputs requires their stimulation.
 Temporary bonding impractical (2032 wires needed).

* Need for fast and contactless method.

e Stimulating signals can be injected externally (capacitively).

* Incomplete or grounded signal path »»» absence/weak response to the stimulation
* Signalis injected to groups of neighbouring channels »»» cannot reveal shorts.

Signal coupling
To antenna board

FE ASIC

— \ \ o OXQXOX®
z P055|ble failures:
mlssmg bumps under the ASICs,
broken traces between bond pads and the ASICs

Slgnal coupling

Signal generation
g & ottom antenna boar

Figure: A cross-section sketch of signal injection into a folded front end hybrid
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Examples of charge injection circuits

Figure: Photo of a setup with two single-strip antenna Figure: Photo of a setup with two segmented antenna
boards for 2CBC2 hybrid testing boards for 2CBC2 hybrid testing

Figure: Photo of a setup with two segmented antenna boards for 8CBC2 hybrid testing
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Example of opens detection

Example of use - 2CBC2 hybrid with cut bumps

Output of the open connections scan algorithm:

E antenna_test td E:!|

1 BAntenna =scan test results (channels numbering starts with 0).
Rejection threshold 10%:

Malfunctioning Channels on the TOP =ide : 0, 1, 251, 253,
Malfunctioning Channels on the BOTTOM =ide : 0, 1, 253,

Rejection threshold 80%:
Malfunctioning Channels on the TCP =side : 0, 1, 251, 253,
Malfunctioning Channels on the BOTTCM =side : 0, 1, 253,

M =] & s L R

Occupancy histogram obtained during the scan:

Front Pad Channels

8

Occupancy [%]
8 8

~
=1

Detected failure: marginal response
of channels 0 and 1 to a stimulation
of wire bond pads suggests a
discontinuity in the signal path

20

£ )
'b 5 10 15
Pad Number

Figure: Front channels histogram obtained
during 2CBC2 antenna test (zoomed at 21 ch.)

14



Shorted analogue connections — detection method

Detection of shorts in analogue connections

» Stimulating signals can be injected internally in the ASIC (test or calibration pulse)
* Short between channels »»» activity of channels which should not be stimulated
* Short to ground »»» no activity of channels which should receive test pulses

FE amp comp

254 ox
short

X

J

Vin

S

Vin

—
» v

S

th

!

1D)?—

Vin

(test pulse cap. 20 fF, —
charge step range 10 fC) |pulse| | gen.

Figure: CBC2 signal path with shorted channels 253 and 252

Module’s case:

Possible shorts location:

wire bond pads area of the hybrid
wire bond pads area oi:he sensor’>

FE ASIC

| ,
0 ooiioiiiiii
Ny

silicone sensor

silicone sensor Possible shorts source:
touching bond wires

Figure: A sketch of an 8CBC2 hybrid wire-bonded to sensors

Hybrid’s case:

| FE ASIC
Ko () () ()

CF substrate

Possible failure: connected
EW bumps under the ASICs

Figure: A cross-section sketch of a folded 8CBC2 hybrid with shorted bumps
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Example of shorts detection

Pigtail interface
Numbers written on the CBCs connection tab
identify to which strips of the top CBC2 ASIcs  (Power and data)
and bottom sensor the input
channels are connected

Top (front) wire bond pad for
sensor strips interconnection

0-126 127-253 | 254-380 | 381-507 | 508-634 | 635-761 | 762-888 | 889-1015

Bottom (back) wire bond pad (this
part is folded during the assembly)

Figure: An explanatory sketch of an unfolded 8CBC2 hybrid components

Example of use - 8CBC2 prototype (a short between bumps under CBC)

Shorted channels searching procedure
Fides: Front - 0 Back - 1 (Channel numbering starts from 0)

Side | Channel ID | Group ID | Shorted With Group ID
0 | 886 | 4 I 1 o
e Detected
short
0 | 883 | 1 4

PN

F igu-re: X-Rb); 1111age of the ASIC with detected short

Shorted channels searching procedure
Sides: Front - 0 Back - 1 (Channel numbering starts from 0)

Side | Channel ID | Group_ID | Shorted With Group ID
1 1012 | 3 I 2
1 | 1011 | 2 | 3

Figure: A4 microscope image of the short between pads on
the silicon sensor detected by the algorithm
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OPENS detection algorithm | SHORTS detection algorithm @ -

1. Calibrate
2. Adjust comparators threshold

3. Inject signals...

...externally, to groups/all ...internally, to isolated
channels channels e o
4. Get hit counts (occupancy of FE channels) , e

Fooc- gso—

5. Set decision threshold, 5. Set decision thresholds, I i

channels below are not stimulated ch. above

disconnected or grounded threshold are shorted,

stimulated ch. below th. . i

are grounded ‘jo_ B T R 1:ur_ B BT TR TR T
5200 H00p
e (@) OF
§8 gao;
70 @ @ 70
60 ook
50 5of -Th.
40 a0/
30 -
20 Signal through g
20
ashort — ——"
Th- 10_
\\\SL)I\\ ‘5\\I\4-‘0\

r

60 18 0 220 0
f f f F’a‘f Signal Injection
Signal below threshold = open/grounded connection
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Hybrid for the evaluation of test algorithms

A hybrid was designed with deliberately implemented failure modes to verify test methods:
a) 2 functioning ASICs,

b) 6 dummy chips,

c) Charge injecting pads buried in the circuit (for one ASIC),

d) Temporary interconnection to interface boards via mezzanine connector or probe pads,
e) 3 different companies (X, Y, Z) were identified to produce the hybrids,

f) XandY delivered 2 batches.

Zoabli el o e

List of implemented defects in the design:

- 7 shorts per ASIC between pairs of analogue front end channels,

- 3 shorts per ASIC between a front end channel and GND net per ASIC,
- 8 opens in the second chip (3 broken traces + 5 missing vias).

For more details on this hybrid please follow a dedicated talk on Thursday by Mark Kovacs

19



Hybrid for the evaluation of test algorithms - interface

Two types of interface card were produced:

* 1 for the bench top use with a mezzanine connector,

e 1 for the cold box use with a spring loaded pins socket,

* Conversion of signals from a hybrid to an FPGA-based readout,

* Software controlled charge injection and trigger generation circuit on board.

PS-MCK INTERFACE V2 10 CONNECTOR VERSION
CHECK ELECTRONICS SHAREPOINT FOR DOCUMENTATION
M.KOVACS

Interface card for a bench top use 20
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X hybrids - evaluation results

* 14 hybrids from vendor X were produced and tested
* Execution of all test methods ~42 s/hybrid, 100% repeatability and accuracy*

X PS-MCK hybrids - summary table of active tests.

Hybrid Current consumption Data links and config. Analogue shorts detection Analogue opens detection
ID [AVG: 105.5mA / 151.5mA] registers diagnosis mutual, to GND, [+ additional] Implemented, [+ additional]

P.3 9/11, [+ 0/0]
P.4 |dIe excessive, busy: OK 9/11, [+ 1/0]
P.5 9/11, [+ 8/0]
P.6 9/11, [+ 3/0]
P.7 9/11, [+ 0/0]
P.8 9/11, [+ 0/0]
P.9 9/11, [+ 0/0]
P.10 9/11, [+ 0/0]
P11 9/11, [+ 0/0]
P.12 9/11, [+ 0/0]
P.13 9/11, [+ 0/0]
P.14 12/14, 6/6, [+ 0/0] 9/11, [+ 7/0]
P.15
NOTE:

* No additional shorts detected other than the implemented ones.
* Many undesired opens in the analogue paths, X confirmed assembly problems.
* *Two opens (always the same ones) cannot be detected due to the design issue.
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Y hybrids - evaluation results

* 14 hybrids from vendor Y were produced and tested
* Execution of all test methods ~42 s/hybrid, 100% repeatability and accuracy*

Y PS-MCK test summary table.

Hybrid Current consumption Data links and config. registers Analogue shorts detection Analogue opens detection
ID [AVG: 105.4mA / 151.5mA] diagnosis mutual, to GND, [+ additional] = implemented [+additional]

1.57 ORI oK oK — 9/11 +0/0
2.5C O SO K oK —— 9/11 +0/0
3.1V O O K oK — 9/11 +0/0
4.4A ORI O oK — 9/11 +0/0
5.4p  NOKE O K S oK — 9/11 +1/0
6.4) [INOKE EOK I oK — 9/11 +0/0
7.00  [OKE A OK S oK — 9/11 +0/0
8.4C | O ORI oK — 9/11 +0/0
9.7w ORI oK oK — 9/11 +0/0
10.17 |NOKINN 4 R/W/T errors (12C) single retry  [NNCKINNN 9/11 +0/0
11.1R ORI ok 9/11 +0/0
12.05 |NOKINNN 12 R/W/T errors (12C) single retry  [NNCKIN 9/11 +0/0
13.40 ORI O K oK — 9/11 +0/0
14.4F NOK oK oK — 9/11+0/0

NOTE:

 There were no additional shorts detected other than the implemented ones. All
implemented shorts were found.

 *Two opens (always the same ones) cannot be detected due to the design issue.

23
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Re-test in cold:

Hybrid’s operation at
planned coolant
temperature in the
detector (-35°C),
Validation of test
methods at low
temperature,

Study on the impact of
the temperature on the
detectability of defects.

Cold Test Setup

L\ Hybrid’s Read-out o
X ,_ A 5\7}» — QQ_ — .
TC Read-out

S Y

Inside of the Cold Box

AAAAAAAAAAAA

Interface card ‘ WA MARBRARRRS . = 1




Gnuplot

Temperature plat,

Cold Test Setup — control software

Hybrid testing application. -tgadek

Display graph (stored measurements)

" cuter T

Temperature [*C]

| Run the setup |

Tine[=]

Relative Humidity plot,

Sensor: outer Sensor: inner
Stick S/N: 6873 Stick S/N: 6875
Type: H Type: H

T: 23.22 [*C] T: 18.22 [*C]
RH: 45.31 [%] RH: 2.58 [%]
DP: 10.73 [*C] DP: -29.47 [*C]

> outer BH[Z] —— |

RHZ]

Thermocouples:

Tine[=]

Dew Point plot,

TC-08 S/N: AO024/539 Cold Junction: TC1 (K ) temperature: -38.72 [*C]
Hardware version: 1 TC2 (K ) temperature: -37.84 [*C]
Hardware variant: 3 Calibration date: 11janl6 TC3( ) temperature: nan [*C]
Driver version: 1.8.11.4 Compensation: 23.25 [*C] TC4 (K) temperature: -17.61 [*C]
Picopp version: 256 TC5 (K ) temperature: -13.63 [*C]
TC6 (K ) temperature: -11.14 [*C]
TC7 (K ) temperature: -13.30 [*C]
TCB (K ) temperature: [*C]

Dew_Point[*C]

Time[=]

Inputs states.

| Manual control |

STATUS: MANUAL OPERATION

Sensirion Sensors:

Status: OK Status: OK

Relay Module USB-OPTO-RLY816:

Raw serial number: 00023035 Relays supply voltage: 11.9 [V] INPUT 1: ON RELAY CONTROL _SIGNAL 1: OFF
Serial number: 23035 Power state: OK INPUT 2: OFF RELAY_CONTROL_SIGNAL 2: ON
Board ID: 13 INPUT 3: OFF RELAY_CONTROL_SIGNAL 3: OFF
Software version: 1 INPUT 4: OFF RELAY_CONTROL_SIGNAL 4: OFF
INPUT 5: OFF RELAY_CONTROL_SIGNAL 5: ON
INPUT 6: OFF RELAY_CONTROL_SIGNAL 6: OFF
INPUT 7: OFF RELAY_CONTROL SIGNAL 7: ON
INPUT 8: OFF RELAY CONTROL SIGNAL 8: OFF
Toggle Relay 1 _[ Toggle Relay 3 | Toggle Relay 4 ]_ Toggle Relay 6 _ Toggle Relay &
Dry Air Valve Dry Air valve Green Light Red Light Left Peltier Left Peltier Right Peltier Right Peltier
flush line slow line EM Lock supply + supply - supply + supply -

SRR L I RN

Digital Input Channel.

300

Time[=]

Relays states,

Relay.

L IR I RN L

Tine[s]

=
=

One of the first runs with the validation hybrid:

RUN 5, ASICs not powered, dry air being injected {small flow in the box), AL-CF spacers 90% filled with 3 W/mK material

Moving air at 18.22

-38.72 -37.84 Insulating foam
copper cooling plate
thermal interface pad
Al-CF spacer

CF stiffeners

deltaT:  16.42 9.00 2.16 249 3.98 20.23

. 26
Note: T < DPT (unsafe operation)



Summary

30,000 FEHSs required for CMS Outer Tracker Upgrade.

Several test methods proposed for optical inspection and active testing.

28 hybrids with implemented failure modes were delivered by 2 vendors.
Quality control was able to successfully detect the implemented flaws.

Test methods are reliable.

A prototype cold box is being constructed to conduct tests at low temperature.

First tests at low temperature gave identical outcome as the room temperature
ones.
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0.2mm

2S : Strip-Strip Module 2 Differenthetghts: | -

-4.0mm

1

|
....... e

1

4,064 5-centimeter long
silicon strips per module

" . 0.2mm
3 Different heights : $  —

. ) h z.(émm }
PS : Pixel-Strip Module - 2¢mm %--,___'____

1,920 2.5-centimeter long
silicon strips

30,720 1.4-millimeter long
macro pixels per module

PS Module 1.6mm PS Module 2.6mm PS Module 4.0mm
_ 2S Modules PS Modules
high transverse 1.8mm  40mm | 1.6mm  2.6mm  4.0mm
momentum
- T4 TBPS . . 888 1516 504
g J TB2S 4464 . . .
3 Endcap 2976 984 ) ) 2800
- low transverse
momentum
Total 2S Modules 8424 Total Modules 14132
Total Hybrids 28264
Total PS Modules 5708
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Exploded View of 25 1.8mm Module

Strip Sensors

Flex Readout Hybrid

Read-out chips (CBC)

concentrator
chip (CIC)

7

Service Hybrid : 500 um CF Stiffeners
500 um Service Hybrid CF Stiffener HV Backplane  AI-CF Spacer + for the Hybrid

Connection Parylene coating

high transvers
momentum

low transverse
momentum

12/SEP/2017 tomasz.gadek@cern.ch —- TWEPP2017 32



Exploded View of PS Module  ~'-CF Sensor Spacer
+ parylene coating

Strip Sensor

Read-out chips Opto Hybrid

CF Stiffener

AI-CF Spacer

Pixel Chips

Pixel Sensor

Flex Readout Hybrid

500 um Power Hybrid CF Stiffener Al-CFSpager

200 um CF Base Plate

Power Hybrid 500 um CF Stiffeners for Flex Hybrid

high transverse/
momentum

S e
1
1

12/SEP/2017 tomasz.gadek@cern.ch —- TWEPP2017 33
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The charge injection pads are routed on the adjacent layer to the wire bond pads.

First order approximation as a parallel plate capacitor:

* Y hybrids: 20 um spacing between the copper layers (dielectric constant ~2.9)

* Estimated capacitance w/o edge effect ~25 fF, max charge ~62.5 fC

* Estimated capacitance with edge effect ~32.7 fF, max charge ~81.75 fC

* Discharge time (from max voltage) ~8 ns

*  Programmable pull-up: 10 bit steps over the range from -2.5Vto 2.5V

* X hybrids: 15um spacing, w/o edge effect ~33.4 fF, with edge effect ~40.9 fF, max charge ~102.25 fC

12/SEP/2017 tomasz.gadek@cern.ch - TWEPP2017
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M 400ps

T

Zo_om F_act_m;{kx_ _ _Z-:_)om F_’os_iti_on_:

'QUic'kdis'char'gef . : 'SI'ch'hafrg'e'

g 1.00V & 100V O )
Value Mean i Std Devw ‘

@D Rise Time 8.736ns  7.995n . . 1.966n : : : _
@#P Rise Time  8.736ns 7.995n . . 1.966nN NS S S S S S S S S S S S S
@ Fall Time 617.3ns  609.3n . . 10.79n ‘ Z 400ns }[2-50651’_5 }[ L -1.38 V}
@D Frequency 265.6kHz 265.6k ) ) 26.38 l+'1 89680ps 10M points

Average : ﬂ:éﬁogm?
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Time consumption of the active test methods:

0.1s * idle and peak current consumption
Os ¢ diagnosis of data interface together with clock and fast commands
5.8 s * diagnosis of configuration registers
Os ¢ diagnosis of slow control interface (I°C)
31.1s * full calibration of analogue FE channels (biases tuning per ASIC and
offsets trimming for each individual channel)
0.8 s * post calibration data taking (distribution of noise-driven hit counts
per channel)
2.4s » mapping of open analogue connections
1.2 s * mapping of shorted analogue connections

Testing time is completely dominated by operator’s manual operations and cooling

36



Y hybrid (0 S) analogue opens detection analysis:
Disconnected or grounded inputs found on top side of second CBC2: 147, 157, 171, 186, 197,
204, 210, 234, 246 (in total 9)
Implemented opens in TOP side of second chip: 144, 164, 157, 234, 246, 171, 197, 210 (8)
Implemented shorts to GND: 147, 186, 204 (3)
NOT FOUND: 144, 164 (correspond to channels 18 and 38 of CBC 0x02) FOUND EXTRA: none

] SinglestripEfficiency
Elle Edt View Options Tools

Front Pad Channels Back Pad Channels
::300: 300:
890/ S0
© ‘ [\ =
e - o r
3801~ 880
o O L
70 70
60 601
503— 503—
c| CBC1TOP (0-126) CBC2 TOP (127-253) a CBC1 and CBC2 BOTTOM
40 no antenna with antenna pads 40— (0-253) no antenna,
- Pads missing signal - channels not routed
30; are disconnected or 30
201_ grounded 200
103— 105—
0_ 1 11 1 ‘ 1 11 1 I 1 1 O_ 11 1 1 | 111 I | | i | | 11 1 1 ] 1 | 1 1 I
0 50 100 150 200 250 0 50 100 150 200 250
Pad Number Pad Number
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The problem of 2 not found opens has
been investigated.

Both opens are implemented by a
removal of via near wire bond pads.

By design there is a coupling from an
antenna pad and its interconnecting
trace to the channel’s trace

With embedded antenna we cannot
detect these type of failures in PS-MCK
On 2CBC3 this area is routed differently

CBC.2 Bui 134007

A
Q
w

4
2
—
O
o
1

&
e
0

12/SEP/2017 tomasz.gadek@cern.ch - TWEPP2017
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B coupling areas ~
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preamplifier gain amplifier Velda
—
100f J\ é :[: N—

| ;SOf comparator

4
T

D | - ﬁ] 16k VCTH o——+
200k o VpLus * T
h_’—‘:'—’h_ postamp O/P 4-bits
— ! offset adjust hysteresis
60k | 92k 8-bit value select
115k
(per channel)

Figure 3. CBC2 Analogue Front End
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X PS-MCK hybrids - summary table of active tests.

Hybrid Current consumption Data links and config. Analogue shorts detection Analogue opens detection OVERALL

ID [AVG: 105.5mA / 151.5mA] registers diagnosis mutual, to GND, [+ additional] Implemented, [+ additional] RESULT

P.1 idle: OK, busy: OK Links: OK, registers: OK A, 4/(.5' [.+ 0/0] 9/11, [+ 53/0] NEG.

too many missing shorts

P3 idle: OK, busy: OK Links: OK, registers: OK 14/14, 6/6, [+ 0/0] 9/11, [+ 0/0] - POS.
BB idle: AVG + 5.59%, busy: OK Links: OK, registers: OK 14/14, 6/6, [+ 0/0] 9/11, [+ 1/0] - POS.
P5 idle: OK, busy: OK Links: OK, registers: OK 14/14, 6/6, [+ 0/0] 9/11, [+ 8/0] - POS.
P6 idle: OK, busy: OK Links: OK, registers: OK 13/14, 6/6, [+ 0/0] 9/11, [+ 3/0] - POS.
P7 idle: OK, busy: OK Links: OK, registers: OK 14/14, 6/6, [+ 0/0] 9/11, [+ 0/0] - POS.
P8 idle: OK, busy: OK Links: OK, registers: OK 14/14, 6/6, [+ 0/0] 9/11, [+ 0/0] - POS.
P9 idle: OK, busy: OK Links: OK, registers: OK 14/14, 6/6, [+ 0/0] 9/11, [+ 0/0] - POS.
P10 idle: OK, busy: OK Links: OK, registers: OK 14/14, 6/6, [+ 0/0] 9/11, [+ 0/0] - POS.
P11 idle: OK, busy: OK Links: OK, registers: OK 14/14, 6/6, [+ 0/0] 9/11, [+ 0/0] - POS.
P12 idle: OK, busy: OK Links: OK, registers: OK 14/14, 6/6, [+ 0/0] 9/11, [+ 0/0] - POS.
P13 idle: OK, busy: OK Links: OK, registers: OK 14/14, 6/6, [+ 0/0] 9/11, [+ 0/0] - POS.
P14 idle: OK, busy: OK Links: OK, registers: OK 12/14, 6/6, [+ 0/0] 9/11, [+ 0/0] - POS.

P15 idle: AVG - 6.73%, Fast data interface out of Fast data interface out of order Fast data interface out of NEG.

busy: AVG - 12.67%

NOTE:

confirmed by X.

12/SEP/2017

order
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order

There were no additional shorts detected other than the implemented ones.
There were many undesired opens in the analogue interconnections, assembly problems

*Two opens (always the same ones) cannot be detected due to the design issue.



Hybrid
ID

NOTE:

Current consumption
[AVG: 105.4mA / 151.5mA]
OK busy:
OK busy:
OK busy:
OK busy:
OK busy:
OK busy:
OK busy:
OK busy:
OK busy:
OK busy:
OK busy:
OK busy:
OK busy:
OK busy:

idle:
idle:
idle:
idle:
idle:
idle:
idle:
idle:
idle:
idle:
idle:
idle:
idle:
idle:

OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK
OK

Data links and config. registers

Links:
Links:
Links:
Links:
Links:
Links:
Links:
Links:
Links:

Y PS-MCK test summary table.

diagnosis

OK, registers:
OK, registers:
OK, registers:
OK, registers:
OK, registers:
OK, registers:
OK, registers:
OK, registers:
OK, registers:
4 R/W/T errors (I12C) single retry

OK
OK
OK
OK
OK
OK
OK
OK
OK

Links: OK, registers: OK

12 R/W/T errors (I12C) single retry

Links: OK, registers: OK
Links: OK, registers: OK

implemented shorts were found.

12/SEP/2017

Analogue shorts detection
mutual, to GND, [+ additional]

14/14, 6/6, [+ 0/0]
14/14, 6/6, [+ 0/0]
14/14, 6/6, [+ 0/0]
14/14, 6/6, [+ 0/0]
14/14, 6/6, [+ 0/0]
14/14, 6/6, [+ 0/0]
14/14, 6/6, [+ 0/0]
14/14, 6/6, [+ 0/0]
14/14, 6/6, [+ 0/0]
14/14, 6/6, [+ 0/0]
14/14, 6/6, [+ 0/0]
14/14, 6/6, [+ 0/0]
14/14, 6/6, [+ 0/0]
14/14, 6/6, [+ 0/0]
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Analogue opens detection
implemented [+additional]

9/11, [+ 0/0]
9/11, [+ 0/0]
9/11, [+ 0/0]
9/11, [+ 0/0]
9/11, [+ 1/0]
9/11, [+ 0/0]
9/11, [+ 0/0]
9/11, [+ 0/0]
9/11, [+ 0/0]
9/11, [+ 0/0]
9/11, [+ 0/0]
9/11, [+ 0/0]
9/11, [+ 0/0]
9/11, [+ 0/0]

OVERALL
RESULT

There were no additional shorts detected other than the implemented ones. All

*Two opens (always the same ones) cannot be detected due to the design issue.
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