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What are Geometry Boards?
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Head Boards

Wrap (Side) Boards

Wrap (Foot)
 Boards

Geometry boards are used to position 
wires on APA frames and connect 
charge readout wires to the bias power 
supply units & front end electronics.
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Geometry Boards on an APA
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Wrap (Foot) 
Boards

Head Boards

Wrap (Side) 
Boards
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APA PCB Production Requirements
• Required number of UK-APAs:             134

• Required number of US-APAs:              14

• Total APA worth of geometry boards:   148

• UK to produce 148 APAs worth of geometry boards (i.e. a total of 
32,436 pieces of geometry boards).

• Geometry boards are:

- Head and wrap (side and foot) boards that come in 29 flavours.

• US to produce 148 APAs worth of filter boards (i.e. a total of 9,176 
boards).

• Filter boards are:

- CR, G-bias filter, CE-CR Adapter and SHV header boards that come in 5 
flavours.

4
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Boards Shipped

FAIL

PASS

PASS

FAIL

PCB Factory

LANCASTER: 
Reception/

Visual Inspection

MANCHESTER: 
QA Measurements

SUSSEX: 
Mill-Max Pin Insertion

SHEFFIELD: 
Tooth-Strip Attachment

LANCASTER: 
Tooth-Strip Attachment

DARESBURY: UK-APA Factory

William & Mary: 
Tooth-Strip Attachment

CHICAGO: US-APA Factory

CAMBRIDGE: 
Mill-Max Pin Insertion

X,V,U&G-WRAP V,U&G-HEAD X&V-WRAP U&G-WRAPX-HEAD

APA PCB Processing Work Flow
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APA	No
Date	

Required
Date	shipped	to	Daresbury,	Chicago	&	W&M

X-Head	(Sus) V-Head	(Cam)	 U-Head	 G-Head	 X-Wrap	 V-Wrap	 U-Wrap	(Lan) G-Wrap	(Lan) Cover	(Shef) Etched	cover	
4 1-Sep-2022 1-Jul-2022 1-Jul-2022 1-Jul-2022 1-Jul-2022 1-Jul-2022 1-Jul-2022 30-Sept-2022 30-Sept-2022 1-Jul-2022 25-Nov-2022
5 1-Sep-2022 28- 24-Oct-2022 24-Oct-2022 22-Aug-2022 15-Aug-2022 15-Aug-2022 16-Nov-2022 16-Nov-2022 28-Aug-2022 25-Nov-2022
6 1-Sep-2022 27-Jul-2022 24-Oct-2022 24-Oct-2022 7-Sept-2022 6-Oct-2022 6-Oct-2022 31-Oct-2022 31-Oct-2022 28-Aug-2022 25-Nov-2022
7 1-Sep-2022 23-Nov-2022 31-Oct-2022 6-Jan-2023 7-Sept-2022 18-Oct-2022 18-Oct-2022 25-Nov-2022 25-Nov-2022 28-Aug-2022 25-Nov-2022
8 1-Nov-2022 1-Dec-2022 6-Jan-2023 6-Jan-2023 27-Sept-2022 28-Oct-2022 28-Oct-2022 15-Dec-2022 15-Dec-2022 28-Aug-2022 13-Jun-2023

US	1 1-Feb-2023 17- 28-Feb-2023 24-Feb-2023 28-Feb-2023 25-Jan-2023 25-Jan-2023 25-Jan-2023 25-Jan-2023 28-Apr-2023
9 1-Nov-2022 13-Dec-2022 6-Jan-2023 13-Jan-2023 27-Sept-2022 7-Nov-2022 7-Nov-2022 19-Jan-2023 19-Jan-2023 19-Jun-2023 13-Jun-2023
10 1-Nov-2022 6-Jan-2023 6-Jan-2023 7-Feb-2023 27-Sept-2022 16-Nov-2022 16-Nov-2022 10-Mar-2023 10-Mar-2023 19-Jun-2023
11 1-Nov-2022 17-Jan-2023 10-Jan-2023 22-Feb-2023 27-Sept-2022 28-Nov-2022 28-Nov-2022 4-Apr-2023 4-Apr-2023 10-Jul-2023
12 12-May-2023 24-Jan-2023 9-Feb-2023 23-Feb-2023 27-Sept-2022 5-Dec-2022 5-Dec-2022 25-Apr-2023 25-Apr-2023 10-Jul-2023
US	2 31-May-2023 17- 21-Apr-2023 27-Apr-2023 27-Apr-2023 28-Apr-2023 28-Apr-2023 28-Apr-2023 28-Apr-2023 6-Jul-2023
13 22-Jun-2023 30-Jan-2023 27-Apr-2023 14-Mar-2023 14-Nov-2022 15-Dec-2022 15-Dec-2022 9-May-2023 9-May-2023 10-Jul-2023
14 24-Jul-2023 22-Feb-2023 9-May-2023 31-Jul-2023 8-Feb-2023 5-Jan-2023 5-Jan-2023 18-May-2023 18-May-2023 10-Jul-2023
15 1-Jan-2023 5-Apr-2023 3-Aug-2023 2-Aug-2023 13-Jan-2023 13-Jan-2023 1-Jun-2023 1-Jun-2023 10-Jul-2023
16 1-Jan-2023 21-Apr-2023 11-Aug-2023 15-May-2023 15-May-2023 13-Jun-2023 13-Jun-2023 10-Jul-2023
17 26-May-2023 2-May-2023 19-May-2023 19-May-2023 22-Jun-2023 22-Jun-2023 26-Jul-2023
US	3 17-May-2023 6-Jun-2023 22-Jun-2023 29-Jun-2023 05-Jul-2023 20-Jun-2023 20-Jun-2023 16-Jun-2023 16-Jun-2023 6-Jul-2023
18 15-Feb-2023 12- 25-May-2023 25-May-2023 6-Jul-2023 6-Jul-2023 26-Jul-2023
19 15-Feb-2023 12-Jul-2023 1-Jun-2023 1-Jun-2023 Ready	-7x	8760042	boards 27-Jul-2023
20 15-Feb-2023 19-Jun-2023 19-Jun-2023 27-Jul-2023
21 15-Feb-2023 19-Jun-2023 19-Jun-2023 31-Jul-2023
22 15-Feb-2023 4-Jul-2023 4-Jul-2023 17-Aug-2023
US	4 15-Jun-2023 3-Jul-2023 28-Jul-2023 28-Jul-2023 ship from ship from ship from ship from Man 6-Jul-2023
23 1-Apr-2023 2-Aug-2023 2-Aug-2023 17-Aug-2023
24 1-Apr-2023 21-Aug-2023
25 1-Apr-2023 21-Aug-2023
26 1-Apr-2023
27 1-Apr-2023
US	5 20-Jul-2023 ship from ship from ship from ship from Man 6-Jul-2023

Board Shipments To APA Factories

6

• Highlighted in red are scrapped UK-APA 6 boards.

• Solid blue line in the table above shows the current position of Daresbury APA factory in utilising the delivered geometry 
boards. The US APA factory is yet to start production.

• So, the APA board production/assembly is ahead of both the UK and US APA factories as required.
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S/N Board	Ref	No DescripMon No	Per	APA No	passed	QA APAs	Passed No	Ordered %	order	passed
1 8760119 U Head Board Left End 2 86 43 318 27.0%
2 8760030 V Foot Board Middle 6 344 57.3 954 36.1%
3 8760057 U-Foot Board Middle 6 294 49 954 30.8%
4 8760116 V Head Board Left End 2 165 82.5 318 51.9%
5 8760044 U-Foot Board High Slot End 1 126 126 159 79.2%
6 8760123 U Head Board Right End 2 51 25.5 318 16.0%
7 8760054 G Edge Board Middle 6 212 35.3 954 22.2%
8 8760026 V Side Board Middle Without Slot 24 620 25.8 3816 16.2%
9 8760040 U-Side Board Without Slot Middle 24 729 30.4 3816 19.1%
10 8760038 U-Side Board End 4 305 76.3 636 48.0%
11 8760121 G Head Board Middle 16 800 50 2544 31.4%
12 8760108 V Head Board Right End 18 275 15.3 2862 9.6%
13 8760122 G Head Board Left-End 2 90 45 318 28.3%
14 8760104 X Board Head 20 630 31.5 3180 19.8%
15 8760034 X Edge Board Middle 6 326 54.3 954 34.2%
16 8760024 V Side Board End 4 301 75.3 636 47.3%
17 8760109 X Edge Board Position 4 And 7 2 202 101 318 63.5%
18 8760036 V Foot Board End 2 227 113.5 318 71.4%
19 8760107 V Foot Board Middle Position 4 And 7 2 188 94 318 59.1%
20 8760111 U-Foot Board Position 4 And 7 2 223 111.5 318 70.1%
21 8760059 U-Foot Board Low Slot End 1 86 86 159 54.1%
22 8760032 X Edge Board End 2 237 118.5 318 74.5%
23 8760051 G Edge Board Low Slot End 1 90 90 159 56.6%
24 8760113 G Edge Board Position 4 and 7 2 78 39 318 24.5%
25 8760062 G Edge Board High Slot End 1 55 55 159 34.6%
26 8760115 U Head Board Middle 16 567 35.4 2544 22.3%
27 8760120 G Head Board Right-End 2 144 72 318 45.3%
28 8760028 V Side Board Middle With Slot 14 369 26.4 2226 16.6%
29 8760042 U-Side Board With Slot Middle 14 256 18.3 2226 11.5%

Total 204 8076 32436
24.9%

Geometry Board Production Status
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• Red: less than 20 APAs worth of the board type have passed visual inspection and metrology measurements (top production priority). 14%.

• Yellow: only 20 - 49 APAs worth of the board type have passed visual inspection and metrology measurements (medium production priority). 45%.

• Green: the December 2023 target of 50 APAs worth of a given board type have already passed visual inspection and metrology measurements. 41%.
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Are There Boards We Can Accept On Concession?
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DUNE-APA PCB Tolerance Review Meeting
• To check if there are board feature tolerances we could relax on 

concession to improve the board QA pass rate, we had a DUNE 
PCB feature tolerance review meeting on the 1st day of March 
2023 at the Daresbury APA factory.

• The following people attended the meeting:

- Justin Evans (Manchester):                  DUNE APA Management

- Vitaly Kudryavtsev (Sheffield):              DUNE PCB Management

- Dan Salisbury (STFC-Daresbury):        APA Factory Expert

- Graham Miller (Manchester):                Electrical Engineer

- Pawel Guzowski (Manchester):            Postdoc on DUNE APAs

- Anthony Ezeribe (Sheffield):                 Postdoc on DUNE APAs
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Features Failing On Head Boards

• Green: Features not critical. Proposed to relax tolerances at the meeting - see the first change request. 

• Red: Tolerances proposed to be relaxed but needed more work to determine limits - see the second request.

• Blue: Very critical features, so current tolerances cannot be changed.

• All Head Boards (HB) tested 
from inception:              2964

• Head boards tested from 
01/10/2022:                  2283

• Failed HB points since 
01/10/2022:                  3220                        

• HB we can accept under 
concession:                  1512

• Head board failure reduction 
rate:                        ~46.96%     
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Procedure Change Requests On EDMS

• The first procedure change request (PCR) was uploaded on EDMS on the 31st day of March while the second PCR went live on EDMS 
on the 24th day of May 2023.

- EDMS Link to the first PCR: https://edms.cern.ch/ui/file/2881026/1/APA_PCB_Metrology_Procedure_Change_Request.pdf

- EDMS link to the second PCR:  https://edms.cern.ch/ui/file/2898080/1/APA_PCB_Metrology_Procedure_Change_Request2.pdf

11

PCR-1 PCR-2
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Head Board Slot Hole & Edge Dimensions

•MT Slot holes “10,11” relevant for only the X-layer boards. Slots, “16,17”; “12,18”; “12, 21” are all relaxed on X-layer boards.

•MT Slot Holes “16,17” relevant for only the V-layer boards. Slots, “10,11”; “12,18”; “12, 21” are all relaxed on V-layer boards.

•MT Slot Holes “12,18” relevant for only the U-layer boards. Slots, “10,11”; “16,17”; “12, 21” are all relaxed on U-layer boards.

•Slots/MT holes “12, 21” relevant for only the G-layer boards. Slots, “10,11”; “16,17”; “12, 18” are all relaxed on G-layer boards.

Nominal: 
Proposed: 

±150 μm
±250 μm

Nominal:  
Proposed: No change

±150 μm

Mounting Slot Holes 
(Slot heights 
widths) in PCR-1. 
and

Datum
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Head Board Central Counterbore Holes

• Nominal head board central counterbore hole diameter is , proposed for change to 
. See PCR-2 for details.

• The counterbore hole has not been made bigger to ensure that the head of the M4 screw locks the head board 
with enough FR4 material.

• The minimum possible clearance for an M4 screw is 4.3 mm but the minimum counterbore diameter is 4.5 mm.

5.000 ± 0.115 mm
5 . 000+0.115

−0.500 mm

13

Central Mounting 
Counterbored Hole 
Diameter in PCR-2.
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Epoxy Relief (PCR-1) & 
Groove Thicknesses 
(PCR-2).

Head Board Epoxy Groove Depth

14

• The nominal head board epoxy groove depth is , proposed for change to .

• The nominal head board epoxy relief depth is , proposed for change to .

• The proposed tolerances will allow a minimum head board epoxy groove volume of 230 x 5 x 0.8 mm3 with a maximum groove 
volume of 230 x 10 x 1.5 mm3 expected to be enough to stop epoxy from reaching the MM pins.

• The maximum expected tension on each head board is ~336 N (7N x 48 wires) which is well below the expected ~1190 N limit 
of a head board with the 230 x 10 x 1.5 mm3 epoxy groove (worst case).

1.05+0.25
−0.20 mm 1 . 05+0.45

−0.25 mm

0.25 ± 0.15 mm 0 . 25+0.3
−0.18 mm
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Features Failing On Wrap Boards
• All Wrap Boards (WB) tested 

From Inception:              5771

• Wrap boards tested from 
01/10/2022:                    3891

• Failed WB points since 
01/10/2022:                    2516                       

• WBs we can accept under 
concession:                   1784

• Wrap board failure reduction 
rate:                          ~70.91%     

• Green: Features not critical. Proposed to relax tolerances at the meeting - see the PCR-1. 

• Red: Tolerances proposed to be relaxed but needed more work to determine limits - see the PCR-2.

• Blue: Very critical features and so current tolerances cannot be changed.
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• The maximum expected tension on each wrap board is ~672 N (2 x 7N x 48 wires) which is well below the 
expected ~912 N limit of a wrap board with the 230 x 10 x 1.15 mm3 epoxy groove (worst case).

• The proposed PDS rectangular hole edge radius tolerance leaves a clearance of at least  between 
the APA’s frame and wrap board PDS edge radius (in the worst case). 

250 μm

WB Epoxy Grooves & PDS Hole Edge Radius

Wrap board Photon Detector System 
(PDS) rectangular cut-out edge radius 
tolerances proposed to change from 

 to . 
See PCR-2 for details.
3.00 ± 0.45 mm 3 . 00+0.50

−0.75 mm

Wrap board Epoxy Groove Depth 
tolerances proposed to change from 

 to . See 
PCR-2 for more details.
0.8+0.25

−0.20 mm 0 . 8+0.35
−0.23 mm
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Wrap Board Thickness And Tongue Thickness

17

• The proposal is to change the current wrap board thickness tolerance from  (5%) to 
. See PCR-2 for details.

• The +5% upper thickness range was need to ensure that gaps between adjacent APAs in the cryostat are maintained. 

• The proposed -10% lower thickness range will not affect the position as the wire layer as this is determined by the 
wrap board tongue shoulder position and the finished height of an assembled wrap board.

• The proposal is to change the current wrap board tongue thickness tolerance from  to 
. The proposed upper tongue thickness ensures a clearance of at least  from the maximum 

tooth-strip top-end groove. See PCR-2 for details.

3.18 ± 0.159 mm
3 . 18+0.160

−0.318 mm
(i.e. +5%)
(i.e. -10%)

1.18+0.24
−0.18 mm

1 . 18+0.30
−0.18 mm 20 μm

2.50

Old:	1.00min	–	1.42max	
Proposed:	1.00min	–	1.48max1.75

2.30	+/-	0.15

1.50

Tooth-strip

Wrap Board Tongue

Wrap Board Shoulder
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Wrap Board Slot Widths & D-Cut Edge Radius
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Wrap Board Mounting Slot Hole Wrap Board D-Cut Cable Conduit Hole

• The proposal is to change the current wrap board mounting slot width tolerance from  to 
. See PCR-1 for more details.

• Wrap board slot height affects the wire layer position and not the slot widths! Slot widths are needed to 
position the wrap boards in the horizontal direction so no issue is expected from the  change.

• The proposal is to change the current wrap board cable conduit D-cut edge radius from  to 
. See PCR-2 for more details.

• The proposed wrap board cable conduit D-cut edge radius tolerance will leave at least a clearance of 
 (in the worst case) between the main APA wire conduit hole and edge of the wrap board D-cut hole.

10.15+0.20
−0.11 mm

10 . 15 ± 0 . 25 mm

50 − 140 μm

7.00 ± 0.45 mm
7 . 00 ± 0 . 70 mm

300 μm
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Wrap Board Tongue & Shoulder Heights

19

• Tongue and should heights are currently 
measured from the edges of a given wrap 
boards resulting in 2 data points.

• The proposal is to increase the measurement 
points from 2 to 5 and then base the decision 
on the average of the the 5 data points.

Tooth-strip

Wrap Board Tongue

Tongue Shoulder

Wrap Board

Gap for DP-2216 
Epoxy
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Review Comments on PCR-1
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PCR 1: Review Comments

Reference number changed

There has not been issues based on the 
unused hole clearances from Daresbury 
so we consider this as Approved.
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PCR 1: Review Comments

Approved.
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PCR 1: Review Comments

Considered as Not Approved: 

Can PSL test the proposed dimensions and 
advise us?
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PCR 1: Review Comments

Hole to trace clearance meets IPC 2221 requirement so we consider this as Approved.
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PCR 1: Review Comments

๏ The comment seem to consider tongue thicknesses.

๏ The request was for tongue/shoulder heights only. 

๏ Point failures were considered by the team but we thought that point failures that are in spec when averaged should not affect 
the strength of an epoxied tooth-strip.
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Review Comments on PCR-2
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PCR 2: Review Comments

27

Reference number changed

Minimum width from grooves 
on V-head boards.

Flexural strength: resistance to bend 
deformation

Shear strength: resistance to shear 
deformation

Considered as Not Approved: Can PSL test 
the proposed dimensions and advise us?
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PCR 2: Review Comments

Minimum lock material has not been 
changed so we consider this as approved.
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PCR 2: Review Comments

๏ Minimum design clearance between the tongue and tooth-strip is ~

๏ There is   tolerance on tooth-strip groove widths and depth.

๏ We dry fit the tooth-strips on wrap board tongues before assembly so can 
safely consider this as approved.

±50 μm

±50 μm
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PCR 2: Review Comments

๏ Minimum Flexural strength of FR4:  ,

๏ for 8760024 boards of dimension: 191.6 mm x 115.2 mm x 2.862 mm (proposed lower limit) = 
๏ With 24 x 2 wires at 8N = 384N

๏ So the force that can break the 8760024 board will be:  .

345 × 106 N
m3

6.317 × 10−5 m3

2.179 × 104 N
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PCR 2: Review Comments

Approved.
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PCR 2: Review Comments

Considered as Not Approved: Can PSL test 
the proposed dimensions and advise us?
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PCR 2: Review Comments

Approved.
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Current PCR-1 & PC-2

Approved Requests are now on PCR0013 Non Approved Requests are now on PCR0017
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Thanks for listening!
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