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PLATO: PLAnetary Transits and Oscillations of stars

• Seleccionado el contratista principal:  OHB Bremen 

− Comienzo del diseño completo de la misión  

• Preliminary Design Review en octubre-diciembre 

− Comienzo de la fase de construcción de modelos en 2019

− Entrega de los modelos de vuelo a partir de 2022

− Lanzamiento en 2026

− Misión: 4+2 años

• Participación española en el desarrollo de HW

− Planos focales de los 26 telescopios:  INTA, CAB  (LIDAX)

− Verificación óptica en vacío térmico de 11 telescopios completos:  INTA

− Ordenadores de a bordo:  IAA (TASE)

− Electrónica de potencia de los ordenadores: IAC  (CRISA)
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PLATO FPA assembly and integration verification: 

how to properly mount and orientate four CCDs in 

the same mechanical structure.

Gonzalo Ramos as PLATO FPA AIV INTA’s team responsible

RIA (Madrid)
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1. Prototype main objectives (from the AIV point of view).

1. To carried out the AIV for the first time and check feasibility and  

unexpected troubles (MGSE included).

2. To evaluate the error budget philosophy by comparing results (most of 

requirements will be measured) to predictions.

3. To adapt the AIV procedure for future models by minimizing the number 

of measurements to the minimum needed (depending on the 

requirements compliance).

4. In an AIV process second (first will be probably done in ISO-8

conditions), to evaluate the cleanliness issues (molecular and particular

contaminations) in an ‘as real as possible’ integration sequence (ISO-5).
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2. AIV sequence.

2.1. FPA integration.

2.1.1. FPA integration preparation: CCDs STM (Normal; i.e. full-frame) type.

AIV process was decided to be preliminary checked with the CCDs

selected for the STM in order to verify elements manufacturability and

sequence viability.

Such preparation was done at LIDAX facilities, and the integration jigs

and tools modifications required were identified.
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2. AIV sequence.

2.1. FPA integration.

2.1.1. FPA integration preparation: CCDs STM (Normal; i.e. full-frame) type.

• Step 1: 

To assembly CCD1 positioning 
structure on the FPA support 
structure

• Step 2:

PPP is assembled to the FPA 
support structure polished 
face.
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2. AIV sequence.

2.1. FPA integration.

2.1.1. FPA integration preparation: CCDs STM (Normal; i.e. full-frame) type.

Detail

• Step 3: 

To pre-assembly optical cube 
on the FPA support structure

• Step 4:

To apply the proper torque 
and to carry out the optical 
referencing (FPA support 
structure polished face wrt
Optical cube) while the proper 
torque is being applied.

Result: PPP wrt FPA cube.

DHz: 21’’ ± 4’’

DV:  68’’ ± 4’’
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2. AIV sequence.

2.1. FPA integration.

2.1.1. FPA integration preparation: CCDs STM (Normal; i.e. full-frame) type.

• Step 5: 

To disassembly CCD1 from its 
transport case

• Step 6:

To assembly Thermal strap on 
CCD
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2. AIV sequence.

2.1. FPA integration.

2.1.1. FPA integration preparation: CCDs STM (Normal; i.e. full-frame) type.

• Step 7: 

To assemble the handle tool 
on the CCD

• Step 8:

To assembly and fix the CCD, 
using the handle tool, to the 
"CCD assembly and positioning 
jig"
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2. AIV sequence.

2.1. FPA integration.

2.1.1. FPA integration preparation: CCDs STM (Normal; i.e. full-frame) type.

• Step 9: 

To fix thermal strap to "CCD 
assembly and positioning jig“

• Step 10:

Disassembly of the handle tool 
from the CCD

• Step 11:

To install "CCD assembly and 
positioning jig" on the guides 
of the integration ring
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2. AIV sequence.

2.1. FPA integration.

2.1.1. FPA integration preparation: CCDs STM (Normal; i.e. full-frame) type.

• Step 12: 

To approach "CCD assembly 
and positioning jig" to FPA 
support structure

• Step 13:

To place CCD shims before 
approaching CCD

• Step 14:

To pre-fix CCD1 to FPA SS in 
order to guarantee contact to 
the reference surfaces
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2. AIV sequence.

2.1. FPA integration.

2.1.1. FPA integration preparation: CCDs STM (Normal; i.e. full-frame) type.

• Step 15: 

Once CCD is pre-fixed to the 
FPA support structure, "CCD 
assembly and positioning jig" 
must be free from CCD and 
removed

To apply the proper torque to 
the CCDs screws (by following 
the washers stack thickness 
evolution).
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2. AIV sequence.

2.1. FPA integration.

2.1.1. FPA integration: CCDs prototype (Fast; i.e. frame-transfer) type.

• Step 1:

Once integration ring is located in horizontal orientation, and everything needed for the
CCDs integration already assembled, first CCD is prepared for the integration.

As CCD1, the serial # 14422-03-01 is selected. Shims are then identified:

S1 = 2,369 mm

S2 = 2,368 mm

S3 = 2,363 mm

• Step 2:

Thermal strap is assembled to the CCD1

• Step 3:

Handle tool mounted onto CCD1
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2. AIV sequence.

2.1. FPA integration.

2.1.1. FPA integration: CCDs prototype (Fast; i.e. frame-transfer) type.

• Step 4:

To assemble the CCD onto
"CCD assembly and
positioning jig", using the
handle tool

• Step 5:

To fix thermal strap to "CCD
assembly and positioning jig"
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2. AIV sequence.

2.1. FPA integration.

2.1.1. FPA integration: CCDs prototype (Fast; i.e. frame-transfer) type.

• Step 6:

Handle tool is dismounted from CCD1

In parallel, CCD1 positioning structure is assembled to the FPA Support Structure

• Step 7:

To mount screwed bars in CCD

• Step 8:

To install "CCD assembly and positioning jig" on the guides of the integration ring

• Step 9:

To place CCD shims (FPA SS to CCD I/F) before approaching CCD

• Step 10:

To guide screwed bars through CCD shims + FPA SS holes
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2. AIV sequence.

2.1. FPA integration.

2.1.1. FPA integration: CCDs prototype (Fast; i.e. frame-transfer) type.

• Step 11:

To approach "CCD assembly and positioning jig" to FPA support structure

• Step 12:

To guide flexi and PT100 through the corresponding FPA SS holes

Once the approximation is completed, the flexi is clamped

• Step 13:

CCD sides shims (spacers) are going to be of 50 mm + Kapton (to avoid CCDs package
damage) = 170 mm each one. Three shims, two of them in one side

• Step 14:

To approach CCD1 to CCD1 positioning structure assuring contact with the spacers in both
directions
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2. AIV sequence.

2.1. FPA integration.

2.1.1. FPA integration: CCDs prototype (Fast; i.e. frame-transfer) type.

• Step 15:

To unscrew screwed bars from CCD, one by one, and substituting them by the
corresponding pack screw + washers stack

• Step 16:

To preliminary assemble CCD1 to FPA support Structure (without torque)

• Step 17:

Thermal Strap is fixed to the integration ring support after dismounting itself from
approximation tool (no fixed at all until CCD torque be applied)

• Step 18:

Once CCD is fixed to the FPA support structure, "CCD assembly and positioning jig" must be
free from CCD and dismounted.
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2. AIV sequence.

2.1. FPA integration.

2.1.1. FPA integration: CCDs prototype (Fast; i.e. frame-transfer) type.

• Step 19:

To apply torque to CCD screws to FPA SS.

A shim of 700 mm is used to protect flexures while torque is applied (following LIDAX 
procedure). Final length values for CCD1 screws are: S1=12.508-12.511mm; S2=12.521-
12.524mm; S3=12.519-12.522mm. And their equivalent in N are:

S1 = 1120 ±10 N;
S2 = 1130 ±11 N;
S3 = 1170 ±6 N.
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2. AIV sequence.

2.1. FPA integration.

2.1.1. FPA integration: CCDs prototype (Fast; i.e. frame-transfer) type.

• Step 20:

CCD1 spacers are dismounted.

• Step 21:

CCD1 positioning structure is dismounted

The same procedure has been followed for the mounting process of the rest of the CCDs.

Spacers (guarantying CCDs proper separation) were protected with Kapton tape (to avoid
CCDs package damage) in both sides, so final ‘expected’ separation between CCDs is:

620 mm in each direction
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2. AIV sequence.

2.1. FPA integration.

2.1.1. FPA integration: CCDs prototype (Fast; i.e. frame-transfer) type.

• CCD2.

S4=12.524-12.529mm; 

S5=12.507-12.510mm;

S6=12.522-12.525mm

Equivalent in N are:
S4 = 1200 ± 20 N;
S5 = 1220 ± 10 N;
S6 = 1177 ± 8 N.
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2. AIV sequence.

2.1. FPA integration.

2.1.1. FPA integration: CCDs prototype (Fast; i.e. frame-transfer) type.

• CCD3.

S7=12.524-12.529mm;

S8=12.507-12.510mm; 

S9=12.522-12.525mm.

Equivalent in N are:
S7 = 1150 ± 20 N;
S8 = 1158 ± 9 N;
S9 = 1140 ± 10 N.
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2. AIV sequence.

2.1. FPA integration.

2.1.1. FPA integration: CCDs prototype (Fast; i.e. frame-transfer) type.

• CCD4.

S10=12.516-12.520mm;

S11=12.518-12.521mm; 

S12=12.514-12.518mm.

Equivalent in N are:
S10 = 1170 ± 10 N;
S11 = 1140 ± 10 N;
S12 = 1150 ± 10 N.
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2. AIV sequence.

2.1. FPA integration.

2.1.1. FPA integration: CCDs prototype (Fast; i.e. frame-transfer) type.

After CCDs integration is completed, FPA is located in vertical orientation for requirements 

verification (CCDs tip/tilt with theodolite, and CCDs co-planarity and Z with Keyence)
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.1. FPA AIV: Requirements to be verified at AIV level.

Requirements Verified @ prototype level Compliance…or not 

PLT-FPA-1563 Yes (theodolite) Not compliant

PLT-FPA-433 Yes (theodolite) Not compliant

PLT-FPA-1562 Partially (Keyence + CMM) Compliant

PLT-FPA-442 -

PLT-FPA-1643 Yes (Microscope) Compliant

PLT-FPA-441 -

PLT-FPA-1646 -

PLT-FPA-432 Yes (Microscope) Not compliant

PLT-FPA-588 Yes (Keyence) Compliant (or close)

PLT-FPA-523 -

PLT-FPA-1560 -

Extra: 

PLT-FPA-448
Yes (Microscope) Compliant
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.2. FPA AIV: Theodolite measurements.

In order to determine the CCDs orientation, and the orientation of the main plane they

form, wrt the FPA alignment reference system optical cube, theodolite measurements were

done: first, to obtain the CCDs relative orientation (among them), and then to obtain the

general orientation of the CCDs main plane wrt the FPA alignment reference system optical

cube.

A PPP was required to translate the orientations.
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.2. FPA AIV: Theodolite measurements.

Requirements and budgets: a) PLT-FPA-1563

FPA mean sensitive area shall be tilted not more than 2 arcmin (TBC) w.r.t. FPA Mechanical

Reference frame (Note: It is applicable to the assembled FPA in ambient, i.e. before camera integration).

Budget and verification done wrt FPA alignment reference system optical cube up to now…

Contribution Estimation (CMM, CCD…) units

Optical cube upper face to CCD assembly plane parallelism (including 

cube upper face flatness, 19.6 mrad)
2043 µrad

CCD assembly plane flatness (± 2mm in 282mm) 14.2 µrad

CCD assembly plane (e2V shims included) to CCD last surface 

distance (thickness + roughness) knowledge (± 4mm in 82mm)

97.6
µrad

TOTAL: linear (rss) 7.4 (7.0) arcmin
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.2. FPA AIV: Theodolite measurements.

Requirements and budgets: b) PLT-FPA-433

Tilt of FPA mean sensitive area w.r.t. FPA Alignment reference frame at room temperature shall 

be known with accuracy ±0.25 arcmin (TBC, CSL-OHB).

Contribution Estimation units

CCD1 measurement wrt FPA optical cube through auxiliarly PPP ±(11 – 15) ´´

Rest of CCDs tip/tilt measurement wrt firstly referenced CCD ± 5 ´´

Total for CCD1: linear (rss) ± 0.2 (0.1) arcmin

Total the other three CCDs: linear (rss) ± 0.3 (0.1) arcmin

Total for the 4 CCDs mean plane definition: linear (rss) ± 1.1 (0.6) arcmin
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.2. FPA AIV: Theodolite measurements.

Results (I/II).

Theodolite was used to characterize the CCDs relative orientation, to determine the orientation
of the mean plane they form, and to provide the relative orientation of every CCD wrt the mean
plane they form.

CCDs mean plane

Hz: (180.42 ± 0.01)º

V: (89.575 ± 0.006)º

Deviation wrt mean plane

CCD# DHz (´´) DV (´´)

1 -40 ± 40 0 ± 20

2 40 ± 40 -20 ± 20

3 0 ± 40 0 ± 20

4 -40 ± 40 30 ± 20
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.2. FPA AIV: Theodolite measurements.

Results (II/II).

Then, mean plane orientation was obtained wrt the FPA alignment reference system optical
cube.

CCDs mean plane wrt optical cube (`)

DHz: 9.0 ± 0.6

DV: 6.2 ± 0.5
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.2. FPA AIV: Theodolite measurements.
Conclusions.

So, results reveal that in terms of the requirement:

- PLT-FPA-1563: non-compliance.

- PLT-FPA-433: non-compliance.

In addition, related to the error budget developed:

- PLT-FPA-1563: although all the CCDs are close to be better than 1´ wrt the mean plane, such plane is

around 1-2’ out from the expected wrt the FPA alignment reference system optical cube. One of reasons

to find such discrepancy is metrology measurements lack of accuracy, especially when measuring small

planes (dispersions in the parallelism and planes flatness have been higher than expected, causing a

variation of more than half a minute from one measurement to another). In whatever the case,

manufacturing quality has to be improved in order to obtain a plane for the optical cube assembly plane

more parallel to the CCDs assembly plane than the achieved at prototype level.

- PLT-FPA-433: proper budget development…and should fit even better if measurements number (CCDs

orientations) are increased from 5 to 10.
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.3. FPA AIV: Keyence measurements.

After orientations determination, Keyence measurements were carried out in order to: a) 

determine the CCDs co-planarity; and b) to obtain the component required for the Z 

determination (Z wrt the plane used for Keyence characterization).
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.3. FPA AIV: Keyence measurements.

Requirements and budgets: a) PLT-FPA-588 (Co-planarity)

Sensitive areas of all CCDs shall be coplanar within 35 micron peak to valley in ambient.

(Note: There is not any information regarding the reference system wrt this requirement has to be verified).

Contribution Estimation (CMM, CCD…) units

CCDs assembly plane flatness  (±5 µm in  148 mm) 10 µm

CCD assembly plane  (e2V shims included)  to last surface distance 

knowledge ('package' thickness + last surface roughness): ±4 µm in 

82mm x 4 CCDs

32 µm

Keyence co-planarity measurements. Keyence Acc: ± 5µm 10 µm

TOTAL: linear (rss) 52 (21) µm
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.3. FPA AIV: Keyence measurements.

Results: a) PLT-FPA-588.

Keyence was used to characterize the CCDs co-planarity, measuring the four CCDs, determining
the possible lack of flatness between them and providing the main plane that their form.
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.3. FPA AIV: Keyence measurements.

Requirements and budgets: b) PLT-1562 (Z determination)

Distance of the mean sensitive area to the FPA alignment reference frame in ambient shall be

known with an accuracy of ±50µm.

(Note 1. It is coordinate of OSEN along ZFPA ALG; Note 2. The FPA light sensitive mean plane is considered located

at the middle of the measured peak to valley distance of the four CCD sensitive areas).

Contribution Estimation (CMM, CCD…) units

CCDs flatness through Keyence (±6µm)*, Keyence auxiliary-sub-plane 

flatness (±3µm): rss = ± 6.7µm
13.4 µm

Keyence Acc: ±5µm 10 µm

Keyence auxiliary-sub-plane flatness through CMM (±2 µm), LTSM1 

plane flatness (±3µm), Keyence sub-plane – LTSM1 parallelism

(±6µm): rss = ± 7 µm

14 µm

TOTAL: linear (rss) 37.4 (22) µm

*CCDs surfaces points dispersión wrt mean plane (obtained from Keyence measurements). 



CABLINES – INTA: FPA Prototype AIV

October 2018 34

2. AIV sequence.

2.2. FPA requirements verification.

2.2.3. FPA AIV: Keyence measurements.

Results: b) PLT-1562 (Z determination).

Keyence and CMM were used for Z determination from CCDs sensitive main frame to LTSM1 in
two steps. First step with Keyence: CCDs wrt Keyence sub-plane (1). Second step with CCM:
Keyence sub-plane wrt LTSM1 plane (2).

Sensitive area wrt Aligment reference frame accuracy

s (µm)

CCD main plane (CCD MP) flatness ± 6

CCD MP to Keyence sub-plane distance acc. (1) ± 3

Keyence sub-plane to LTSM1 plane distance acc. (2) ± 2

LTSM1 plane flatness (CMM) ± 3

Keyence sub-plane - LTSM1 parallelism ± 6

TOTAL: linear (rss) ± 20 (10)
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.3. FPA AIV: Keyence measurements.

Conclusions.

a) Co-planarity.

So, results reveal that in terms of the requirements:

- PLT-FPA-588: compliance (or close to…).

And the budget development looks like to be adequate.

b) Z determination.

- PLT-FPA-1562: compliance.

And the budget development looks like to be adequate.
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.4. FPA AIV: Microscope measurements.

After orientations determination and Keyence characterization, microscope measurements 
were carried out in order to: a) determine the CCDs main plane origin wrt LTSM1 accuracy;       
b) obtain CCDs roll wrt FPA alignment reference frame and c) obtain inter-distance between 
CCDs.
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.4. FPA AIV: Microscope measurements.

Requirements and budgets: a) PLT-FPA-1643 (Origin wrt LTSM1 accuracy)

Position of the origin of the mean sensitive frame w.r.t. the FPA alignment reference frame in

ambient shall be as known with accuracy of ±36 µm (XFPA ALG, YFPA ALG).

(Note: origin is defined as a geometrical center of the mean reference frame comprising sensitive areas of all 4

CCDs)

Contribution Estimation (CMM, CCD…) units

x y

Sensitive frame center determination 8 16 µm

LTSM1 center determination 40 40 µm

Pixel (1,1) position measurement (wrt CCD package corner or fiducial 

mark)
4 4 µm

Centers distances measurements 170 166 µm

TOTAL (linear/rss) ±222 (175) ±226 (171) µm

If microscope to FPA relative positioning can be assured to be fixed

TOTAL (linear/rss) ±52 (41) ±60 (43) µm
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.4. FPA AIV: Microscope measurements.

Results: a) PLT-FPA-1643 (I/II).

Microscope was used to measure the distance between origin of the main sensitive frame and
LTSM1 center and its accuracy. 3D printed pieces were designed to fix FPA SS to microscope
translation base. Measurements were carried out in two steps. First step: To measure the edge
of the inner perimeter of the LTSM1 to fit the better curve, getting a circle and its center
(origin). Second step: to measure pixel (1,1) of each CCD and its distance wrt origin.

Pixels position wrt Origin (LTSM1 hole center) in the Alignment reference system

CCD1 Pixel (1,1) 

position

CCD2 Pixel (1,1) 

position

CCD3 Pixel (1,1) 

position 

CCD4 Pixel (1,1) 

position

X Y X Y X Y X Y

Average (mm) 26.114 143.113 26.795 141.065 28.841 141.49 28.157 143.58

s (mm) 0.006 0.007 0.006 0.006 0.006 0.005 0.006 0.006
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.4. FPA AIV: Microscope measurements.

Results: a) PLT-FPA-1643 (II/II).

If the geometrical center of the 4 (1,1) pixels is considered as the center of the mean sensitive
area, then the mean plane center (OSEN) wrt the LTSM1 hole center will be:

Mean plane centre (OSEN) wrt LTSM1 hole centre (FPA alignment reference system origin)

Best case Worst case

X FPA Align (mm) 27.48 ± 0.02 27 ± 1

Y FPA Align (mm) 142.31 ± 0.02 142 ± 1



CABLINES – INTA: FPA Prototype AIV

October 2018 40

2. AIV sequence.

2.2. FPA requirements verification.

2.2.4. FPA AIV: Microscope measurements.

Requirements and budgets: b) PLT-432 (Roll wrt Z)

Each CCD package shall be parallel to XFPA ALG and YFPA ALG within 1 arcmin.

(Note: It is applicable at the ambient temperature to the edges of CCD package. Anyway the error budget

associated to this requirement will be provided also considering the sensitive area).

Error Budget PLT-FPA-432 (CCD1-X axis)

Contribution Estimation (CMM, CCD…) units

FPA alignment reference frame optical cube parallelism wrt CCD1 

positioning structure polished face (jig#3)
145 µrad

CCD1 positioning structure (jig#3) faces parallelism (polished face-X 

assembly face) 
270 µrad

Angle of sensitive frame wrt CCD SiC package 358 µrad

TOTAL: linear (rss) 2.6 (1.6) arcmin
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.4. FPA AIV: Microscope measurements.

Requirements and budgets: b) PLT-432 (Roll wrt Z)

Error Budget PLT-FPA-432 (CCD1-Y axis)

Contribution CMM, CCDs units

FPA alignment reference frame optical cube parallelism wrt 

CCD1 positioning structure polished face (jig#3)
145 µrad

CCD1 positioning structure (jig#3) faces parallelism (polished 

face-X assembly face)
270 µrad

CCD1 positioning structure (jig#3) faces perpendicularity (X 

assembly face-Y assembly face)
10 µrad

Angle of CCD silicon die wrt package 358 µrad

Optical reference metrology (faces perpendicularity/parallelism) 73 µrad

TOTAL: linear (rss) 2.9 (1.6) arcmin
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.4. FPA AIV: Microscope measurements.

Requirements and budgets: b) PLT-432 (Roll wrt Z)

Error Budget PLT-FPA-432 (CCD2-X axis)

Contribution CMM, CCDs units

FPA alignment reference frame optical cube parallelism wrt CCD1 

positioning structure polished face (jig#3)
145 µrad

CCD1 positioning structure (jig#3) faces parallelism (polished 

face-X assembly face)
270 µrad

CCD1 positioning structure (jig#3) parallelism wrt CCD positioning 

structure pins assembly plane (X assembly faces)
140 µrad

CCD2 positioning structure (jig#4) parallelism wrt CCD positioning 

structure pins assembly plane (X assembly faces)
30 µrad

Angle of sensitive frame wrt CCD package 358 µrad

TOTAL: linear (rss) 3.2 (1.7) arcmin
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.4. FPA AIV: Microscope measurements.

Requirements and budgets: b) PLT-432 (Roll wrt Z)

Error Budget PLT-FPA-432 (CCD2-Y axis)

Contribution CMM, CCDs units

FPA alignment reference frame optical cube parallelism wrt CCD1 

positioning structure polished face (jig#3)

145
µrad

CCD1 positioning structure (jig#3) faces parallelism (polished 

face-X assembly face)
270 µrad

CCD1 positioning structure (jig#3) faces perpendicularity (X 

assembly face-Y assembly face)
10 µrad

CCD separation shims (spacers) thickness (parallelism included) 

accuracy 
182 µrad

Angle of sensitive frame wrt CCD package 358 µrad

Optical reference metrology (faces perpendicularity/parallelism) 73 µrad

TOTAL: linear (rss) 3.5 (1.7) arcmin
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.4. FPA AIV: Microscope measurements.

Requirements and budgets: b) PLT-432 (Roll wrt Z)

Error Budget PLT-FPA-432 (CCD3-X axis)

Contribution CMM, CCDs units

FPA alignment reference frame optical cube parallelism wrt CCD1 

positioning structure polished face (jig#3)
145 µrad

CCD1 positioning structure (jig#3) faces parallelism (polished face-X 

assembly face)
270 µrad

CCD1 positioning structure (jig#3) parallelism wrt CCD positioning 

structure pins assembly plane (X assembly faces)
140 µrad

CCD2 positioning structure (jig#4) parallelism wrt CCD positioning 

structure pins assembly plane (X assembly faces)
30 µrad

CCD separation shims (spacers) thickness (parallelism included) 

accuracy
182 µrad

Angle of sensitive frame wrt CCD package 358 µrad

TOTAL: linear (rss) 3.9 (1.8) arcmin
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.4. FPA AIV: Microscope measurements.

Requirements and budgets: b) PLT-432 (Roll wrt Z)

Error Budget PLT-FPA-432 (CCD3-Y axis)

Contribution CMM, CCDs units

FPA alignment reference frame optical cube parallelism wrt CCD1 

positioning structure polished face (jig#3)
145 µrad

CCD1 positioning structure (jig#3) faces parallelism (polished face-X 

assembly face)
270 µrad

CCD1 positioning structure (jig#3) parallelism wrt CCD positioning 

structure pins assembly plane (X assembly faces)
140 µrad

CCD2 positioning structure (jig#4) parallelism wrt CCD positioning 

structure pins assembly plane (X assembly faces) 30 µrad

CCD separation shims (spacers) thickness (parallelism included) 

accuracy
182 µrad

CCD package perpendicularity 481 µrad

Angle of sensitive frame wrt CCD package 358 µrad

Optical reference metrology (faces perpendicularity/parallelism) 73 µrad

TOTAL: linear (rss) 5.8 (2.4) arcmin
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.4. FPA AIV: Microscope measurements.

Requirements and budgets: b) PLT-432 (Roll wrt Z)

Error Budget PLT-FPA-432 (CCD4-X axis)

Contribution CMM, CCDs units

FPA alignment reference frame optical cube 

parallelism wrt CCD1 positioning structure 

polished face (jig#3)

145 µrad

CCD1 positioning structure (jig#3) faces 

parallelism (polished face-X assembly face)
270 µrad

CCD separation shims (spacers) thickness 

(parallelism included) accuracy
182 µrad

Angle of sensitive frame wrt CCD package 358 µrad

TOTAL: linear (rss) 3.2 (1.7) arcmin
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.4. FPA AIV: Microscope measurements.

Requirements and budgets: b) PLT-432 (Roll wrt Z)

Error Budget PLT-FPA-432 (CCD4-Y axis)

Contribution CMM, CCDs units

FPA alignment reference frame optical cube 

parallelism wrt CCD1 positioning structure 

polished face (jig#3)

155 µrad

CCD1 positioning structure (jig#3) faces 

parallelism (polished face-X assembly face)
270 µrad

CCD separation shims (spacers) thickness 

(parallelism included) accuracy
182 µrad

CCD package perpendicularity 481 µrad

Angle of sensitive frame wrt CCD package 358 µrad

Optical reference metrology (faces 

perpendicularity/parallelism)
73 µrad

TOTAL: linear (rss) 5.1 (2.4) arcmin
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.4. FPA AIV: Microscope measurements.

Results: b) PLT-432 (Roll wrt Z).

Microscope was used to measure CCDs roll wrt XFPA ALG and
YFPA ALG . 3D printed pieces were designed to fix FPA SS to
microscope translation base. Measurements were carried
out taking several points of the inner side of each CCDs
package, getting a line. Using microscope software tool,
angles between the lines were obtained.

Photosensitive areas angles (in arcmin)

θ(L1,L3) θ(L4,L6) θ(L5,L7) θ(L8,L2)

Average 1.2 3.4 2.9 0.98

Standard 

Deviation
0.4 0.2 0.9 0.09
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.4. FPA AIV: Microscope measurements.

Requirements and budgets: c) EXTRA: PLT-FPA-448 (CCDs inter-distance)

Gap between CCDs Packages shall be not more than 0.6mm (rewording required!!).

Results: c) PLT-FPA-448.

Microscope was used to measure CCDs inter-distances. 3D printed pieces were designed to fix
FPA SS to microscope translation stages. Measurements were carried out by taking several
points of the inner side of each CCD packages and photosensitive borders, getting a line. Using
microscope software tool, distances between the lines were obtained.

Photosensitive areas Inter-distances (in microns)

d(L1,L3) d(L14,L6) d(L5,L7) d(L8,L2)

Average 

(µm)
2037 2040.8 2076 2033

s (µm) 3 0.3 1 3

Packages Inter-distances (in microns)

d(L10,L11) d(L12,L13) d(L14,L15) d(L16,L9)

Average 

(µm)
641 633 657 656

s (µm) 2 4 7 3
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.4. FPA AIV: Microscope measurements.

Conclusions (I/II).

a) Origin wrt LTSM1 center accuracy.

- PLT-FPA-1643: compliant (depending on CCD mean plane center definition and error
traetment). For future models, this way of verification is risky in terms of cleanliness and/or lack
of info (back-illuminated). Alternative has to be explored.

The error budget developed is slightly over-estimated in the very best case.

b) Roll wrt Z.

- PLT-FPA-432: Not-compliant. Microscope does not provide a roll result with the required
accuracy (if requirement goes on being 1 arcmin). CMM should be an option by measuring
package sides, although requires fine package to photosensitive orientation data (Te2V?).

The budget development looks like to be adequate, although the resultant accuracy
estimation is over the required.
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2. AIV sequence.

2.2. FPA requirements verification.

2.2.4. FPA AIV: Microscope measurements.

Conclusions (II/II).

c) CCDs inter-distance.

- PLT-FPA-448: compliant. CCDs separation shims thicknesses were higher than the required
(500 mm + 2 x 60 - 70 mm Kapton tape to avoid packages sides damage), but can be corrected by
using thinner shims.
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INDEX.

1. Test Vacuum Chamber.

2. PLATO cameras TVT set-up concept.

- Set-up

- OGSE - PLATO cameras alignment concept.

3. INTA’s TVT alternative facility.
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INDEX.

1. Test Vacuum Chamber.

2. PLATO cameras TVT set-up concept.

- Set-up

- OGSE - PLATO cameras alignment concept.

3. INTA’s TVT alternative facility.
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INTA facilities for the Space science and technology investigation.

Thermal and vacuum tests. Vacuum chamber (I/III).

New facility (operative):

4 m x 4 m vacuum chamber

Parameters Characteristics

Minimum pressure better 10-5 mbar

Maximum shroud temperature + 160 ºC

Minimum shroud temperature -175ºC

Maximum Heat Load 2 KW

Shape Mail box

Dimensions 4 x 4 x 4 (m)

Number of channels 400

LINES - INTA as PLATO test house
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INTA facilities for the Space science and technology investigation.

Thermal and vacuum tests. Vacuum chamber (II/III).

- Radiative coupling available right now.

- New LN2 Cooling Lines adaption in

progress.

LINES - INTA as PLATO test house
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INTA facilities for the Space science and technology investigation.

Thermal and vacuum tests. Vacuum chamber (III/III).

LINES - INTA as PLATO test house



CAB

October 2018 58

INTA facilities for PLATO cameras tests.

Thermal and vacuum tests. Set-up concept (I/VII). General view (I/III).

INTA facilities for PLATO cameras tests

TVC04
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INTA facilities for PLATO cameras tests.

Thermal and vacuum tests. Set-up concept (II/VII). General view (II/III).

INTA facilities for PLATO cameras tests

TVC04



CAB

October 2018 60

INTA facilities for PLATO cameras tests.

Thermal and vacuum tests. Set-up concept (III/VII). General view (III/III).

INTA facilities for PLATO cameras tests

THEODOLITE

TVC04

CAM, OGSE, GSE
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INTA facilities for PLATO cameras tests.

Thermal and vacuum tests. Set-up concept (IV/VII). Alignment concept (I/III)

INTA facilities for PLATO cameras tests

- Support structure to locate PLATO cameras, MGSE and OGSE within

the vacuum chamber.

- Theodolite to control and adjust OGSE and Camera Axis through

Optical cubes.

THEODOLITE

CAM+TEB

GIMBAL
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INTA facilities for PLATO cameras tests.

Thermal and vacuum tests. Set-up concept (V/VII). Alignment concept (II/III).

INTA facilities for PLATO cameras tests

- Hexapod for OGSE to camera orientation adaption.

- Camera and TEB mounted on a gimbal mount.



CAB

October 2018 63

INTA facilities for PLATO cameras tests.

Thermal and vacuum tests. Set-up concept (VI/VII). Alignment concept (III/III).

INTA facilities for PLATO cameras tests

OGSE COLLIMATED 

BEAM Ø150mm

AUTOCOLLIMATOR 

Ø50mm

SCHROUD 

WINDOW

TVC04 OPTICAL 

WINDOW

CAMERA ALIGNMENT 

CUBE

OGSE ALIGNMENT 

CUBE

Side view - MLI not shown 

(Detailed)
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INTA facilities for PLATO cameras tests.

Thermal and vacuum tests. Set-up concept (VII/VII). TEB

INTA facilities for PLATO cameras tests

MANIPULATION 

RING

ISOLATION RING

LOWER TEB

UPPER TEB

FRONT TEB

GIMBAL RING
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INTA facilities for PLATO cameras tests.

Thermal and Vacuum Tests. Alternative Facility (I).

INTA facilities for PLATO cameras tests

Characteristics

Shroud Dimensions (approx.) Ø1800mm x len. 2500mm

Number of Optical Windos (ø300mm  

effective)

1 Front + 1 Side + 1 Side

Number of Feed Throughs Enough to guarantee easy access. (⁓40 

Temp. Channels)

N2 Lines and TCU Shroud + Base Plate+ 3 additional for

PLATO

Control and Monitoring Remote Pres. and Temp Control/Monitoring

Contamination Monitoring Contamination necessary

Accesibility Front and sides

- New TVC acquisition
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INTA facilities for PLATO cameras tests.

Thermal and Vacuum Tests. Alternative Facility (II).

INTA facilities for PLATO cameras tests
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INTA facilities for PLATO cameras tests.

Thermal and Vacuum Tests. Alternative Facility (III).

INTA facilities for PLATO cameras tests

OPTICAL 

CUBES

COLLIMATED 

BEAM 

ø150mm

DETAIL B 

(WINDOW)
EXPECTED FULLY OPERATIVE JANUARY 2020
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INTA facilities for PLATO cameras tests
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