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1 In tro duction

This rep ort presen ts the results from c haracterization of the mosaic CCD camera (MOSCA) built b y

Cop enhagen Univ ersit y Observ atory / IJAF for the Nordic Optical T elescop e.

The mosaic is a t w o b y t w o arrangemen t of Loral/Lesser 2048 b y 2048 pixel CCDs. The total

imaging arra y is then 4096 b y 4096 pixels, eac h pixel is 15 � m square.

The con troller con tains a t w o-c hannel video b oard and a clo c k generator for eac h CCD. The sequence

of b oards and cables should not b e c hanged as eac h is optimized for the individual CCD.

The c haracterization w as in part done on the individual detectors and in part on the assem bled

arra y . Results from individual tests are only included where they are certain to b e in agreemen t with

an arra y test.

During the �rst commissioning run in Jan uary 2002, an electrical failure o ccurred. An output on one

of the CCDs w as damaged, and during repairs in Cop enhagen another CCD w as completely destro y ed.

As no spare CCDs with t w o w orking outputs are a v ailable, the mosaic is no w primarily to b e used with

only one output p er CCD.

This rep ort replaces the original commissioning rep ort, but con tains m uc h data from it. Here, the

p erformance of the three original quadran ts is v eri�ed and the c haracteristics of the replaced CCD is

describ ed.

2 Arra y 
atness

In order to pro vide a sharp image, the detector m ust conform to the fo cal plane. The curv ature of

the fo cal plane is corrected b y a �eld 
attener windo w for direct imaging. The fo cal reducer (FRED)

corrects fo cal plane curv ature b y itself, so a 
at mosaic windo w has to b e used in this case. The

remaining task is to align the CCD arra y with the 
attened fo cal plane.

The individual CCDs are not quite equal in thic kness and ma y also b e sligh tly tilted and w arp ed.

This is mostly due to the glueing of the thinned photo-sensitiv e la y er on to the substrate, that is again

glued on to an In v ar base.

The four CCDs w ere eac h moun ted on another In v ar base and then moun ted on a common steel

plate, mac hined as 
at as p ossible. The arra y w as then tak en to ESO, Garc hing, and the heigh t of

the surface w as mapp ed using their mosaic measuring mac hine, with the kind help from its designer,

Stefan Str• ob ele. The shap e of the steel plate w as also measured using the ESO mac hine, and the

measuremen t w as rep eated using an in-house mec hanical device. The steel plate w as replaced b y a �nal

moun ting plate made of In v ar. This w as measured mec hanically , and no w a map could b e calculated

of the mosaic detector surface, taking in to accoun t the di�erences b et w een the steel and In v ar plates.

The p eak-to-p eak deviation from 
atness w as found to b e 95 �m .

The four bases b et w een the CCDs and the moun ting plate could no w b e mac hined to comp ensate

for the measured deviations from 
atness. When mac hining w as complete, the deviations of the base

thic knesses from the target v alues w ere 10 �m RMS.

After the �rst commissioning run, the CCD 9-(0,1) w as replaced with W20-(0,0). The arra y heigh t

w as mapp ed t w o more times in Garc hing, this time with the help from Sebastian Deiries and F abrice

Christen. After the second measuremen t, deviations w ere found small enough to require no more

mac hining of the base plates. The result of the �nal measuremen t is sho wn in �gures 1 and 2. This

map indicates a P-P deviation from co-planarit y of 25 �m using a plane �t to eac h quadran t, increasing

to 35 �m when including w arping of the CCDs.

The last task is to align the detector plane with the fo cal plane. The o v erall tilt of the moun ting

plate relativ e to the camera moun ting 
ange w as measured b y examining the re
ection angle of ligh t

inciden t on the windo w and on the CCDs. The tilt of the moun ting plate w as then adjusted un til the
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Figure 1: Map sho wing the deviation from co-planarit y of the arra y , with p eak-to-p eak amplitude of

25 �m . Eac h quadran t is represen ted b y a 
at surface. Note that the orien tation sho wn here di�ers

from that used in the rest of the rep ort.

Figure 2: A higher resolution map of the heigh t distribution of the detector surfaces. An a v erage

tilt ha v e b een subtracted and in terp olated p oin ts are replacing the measuremen ts a�ected b y the gap

b et w een the detectors. The p eak-to-p eak amplitude is 35 �m . Orien tation is as in the �gure ab o v e.

t w o re
ected b eams almost coincided. In this w a y , the global tilt of the arra y w as reduced to b elo w 1',

or no more than 18 �m P-P for the 6.2cm side length.

All measuremen ts w ere made at ro om temp erature. Some deformation could o ccur when co oling

the arra y to its op erating temp erature of -100

�

C.

The edges of the four detectors are placed appro ximately half a millimetre from eac h other. The

distance is somewhat irregular, as no precise con trol could b e made during the replacemen t of the

damaged CCDs. During this pro cess, all a v ailable slac k in the moun ting holes w as used to increase the

distance b et w een the CCDs.

3



3 Op erating options

While eac h CCD is b orn with t w o ampli�ers, t w o of the installed detectors only ha v e one functional

ampli�er. This still lea v es a lot of p ossible read-out con�gurations. 13 con�gurations that allo ws

complete read-out of the �eld a supp orted, and a further 8 are a v ailable, where only partial read-out is

p ossible due to the damaged outputs.

In �gure 3 the arra y is sho wn in the orien tation also used in the BIAS/SA Oimage displa y . The four

detectors are lab eled according to their w afer n um b ers, but for a more in tuitiv e use during read-out

con�guration, the four quadran ts are named after compass directions, with north at the top and east

to the righ t. The t w o ampli�ers are lab eled \L" and \R" according to whether they are lo cated on the

left or righ t side of the CCD. Eac h ampli�er is also lab eled b y a n um b er from 0 to 7. These n um b ers

are used when the bias lev el is set b y sending direct commands to the con troller.

W19-(1,0)

W15-(1,0) W17-(1,1)

NE

SESW

NW

LL

R R

RR

0145

7 3

W20-(0,0)

Figure 3: Nomenclature for the CCD and ampli�er la y out. Compass directions and L/R are used for

read-out con�guration. Ampli�er n um b ers are used when setting the bias lev el.

The a v ailable read-out mo des are listed b elo w. Mo des written in italics will b e a�ected b y the

damaged outputs.
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Name Alias # CCDs # outputs Lo cation

A48 A28 4 8 A l l

A4RL A24 4 4 South: R ight North: L eft

A4LR A25 4 4 South: Left North: Righ t

A4RR A26 4 4 South: Righ t North: Righ t

A4LL A27 4 4 South: L eft North: L eft

A2SR A20 2 2 South-W est: Righ t South-East: Righ t

A2SL A21 2 2 South-W est: Left South-East: Left

A2NL A22 2 2 North-West: L eft North-East: L eft

A2NR A23 2 2 North-W est: Righ t North-East: Righ t

A1NWR A30 1 1 North-W est: Righ t

A1NWL A31 1 1 North-West: L eft

A1NW2 A32 1 2 North-West: Both

A1NER A33 1 1 North-East: Righ t

A1NEL A34 1 1 North-East: L eft

A1NE2 A35 1 2 North-East: Both

A1SWR A36 1 1 South-W est: Righ t

A1SWL A37 1 1 South-W est: Left

A1SW2 A38 1 2 South-W est: Both

A1SER A39 1 1 South-East: Righ t

A1SEL A40 1 1 South-East: Left

A1SE2 A41 1 2 South-East: Both

Of these, the recommended mo de for reading out the en tire arra y is \A4RR" due to the b etter bias

lev el stabilit y in the southern half.

Read-out time is 108 sec when using one output p er quadran t, and 54 sec when using t w o.

It is recommended to alw a ys use MPP mo de.

High gain should b e used for 1x1 binning, and lo w gain for 2x2 and stronger binning.

If desired, it is p ossible to mo v e the 
at windo w of FREC to MOSCA b y sw apping the 
anges. Due

to an asymmetry in the p osition of the eigh t screws holding the 
ange on to the camera house, a circular

mark on the fron t of the FREC 
ange has to b e aligned with the temp erature sensor plug on MOSCA.

4 Cosmetics

Com bining the �eld of four CCD detectors to act as a single unit increases the demands to resp onse

uniformit y of the detectors. A thinned Loral CCD t ypically has degraded sensitivit y and uniformit y

near the edges, in
uencing p erhaps 10% of the total area. In a mosaic, these edges no w also o ccup y

the cen tral area of the total �eld. When selecting the p osition and orien tation of the CCDs, care w as

tak en to place the least uniform edges at the edges of the com bined �eld. Due to the lo cation of the

read-out ampli�ers, bad columns unfortunately will ha v e to predominan tly o ccup y the cen tral region

of the �eld.

Flat �elds for w a v elengths of 1060nm, 550nm and 334nm are sho wn in �gures 4, 5 and 6, resp ectiv ely .

The a v erage lev el is a little di�eren t in eac h quadran t. This is in part due to v ariations in the gain

from eac h ampli�er, although these ha v e b een adjusted to b e close to eac h other. Another reason is

di�erences in o v erall quan tum e�ciency . E.g., the SW quadran t app ears to ha v e higher sensitivit y at
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334nm than the others.

In the 550nm image, the o v erall structure is 
at to within � 1%. Spread o v er the arra y are small

sp ots where the sensitivit y can drop b y 10%, and sometimes more. These sp ots are more frequen t near

the edges of the CCDs. Sp ec ks of dust on the windo w app ear as circular disks or \w orms".

A t 334nm, the 
at �eld structure is similar to the 550nm 
at. Ov er the ma jorit y of the area,

deviation from 
atness is still within � 1%, but the irregularities seen at 550nm are no w stronger, and

a few new ones are app earing.

A t 1060nm, almost at the near-IR cut-o�, the resp onse b ecomes increasingly inhomogeneous. The

t ypical v ariation is � 3%, increasing to 10% at the edges. This is primarily due to spatial v ariations in

the re
ection of the supp ort structure b elo w the detecting la y er.

Charge traps and bad columns can b e found b y comparing a 
at �eld exp osure at v ery lo w illumi-

nation lev el to a w ell exp osed one, as illustrated in �gure 7. Sev eral exp osures at 50e- and 50Ke- w ere

com bined to pro duce t w o high S/N 
at �eld maps for the comparison. Sev eral bad columns can b e

iden ti�ed b oth in the high lev el 
at and in this ratio image. The ratio also sho ws traps as short v ertical

lines and a few areas where prop er 
at �elding failed due to v ery lo w sensitivit y .

Belo w is a table of the n um b er of bad columns and traps found. This only giv es a crude impression

of the cosmetic qualit y , as the sev erit y of the defects v aries.

CCD Corner Bad columns T raps

W15-(1,0) SW � 30 6

W17-(1,1) SE � 50 11

W19-(1,0) NE 15 7

W20-(0,0) NW 23 11

5 Gain, linearit y and full-w ell

Gain, the con v ersion factor b et w een Analog to digital units (ADU) and electrons w as determined from

photon noise statistics. The graphs for this analysis are sho wn in �gures 8 and 9, where gain at v arious

lev els of illumination is plotted.

The follo wing con v ersion factors w ere found from the a v erage v alues of the graphs:

High gain:

CCD Corner Left ampli�er Righ t ampli�er

W15-(1,0) SW 1.27 e

�

/ADU 1.27 e

�

/ADU

W17-(1,1) SE 1.28 e

�

/ADU 1.30 e

�

/ADU

W19-(1,0) NE N/A 1.30 e

�

/ADU

W20-(0,0) NW N/A 1.30 e

�

/ADU

Lo w gain:

CCD Corner Left ampli�er Righ t ampli�er

W15-(1,0) SW 5.8 e

�

/ADU 5.8 e

�

/ADU

W17-(1,1) SE 5.8 e

�

/ADU 5.9 e

�

/ADU

W19-(1,0) NE N/A 5.9 e

�

/ADU

W20-(0,0) NW N/A 5.9 e

�

/ADU

The almost iden tical gain v alues for eac h of the mo des are the result of adjusting the gain to giv e

a ra w output image of go o d uniformit y .

The high gain of 1.30 e

�

/ADU is suitable for most observ ations, allo wing the noise 
o or to b e

sampled w ell and co v ers most of the dynamic range up to saturation. The lo w gain v alue of ab out 6

e

�

/ADU mak es this mo de suitable for 2x2 binning, where again the digital full w ell will b e close to the

blo oming threshold.
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F ull w ell of eac h detector output has b een determined from photon shot noise analysis, i.e. the full

w ell is where the shot noise is seen to drop due to blo oming. As some of the c hannels initially had a

rather small full w ell, the v oltages of eac h detector w ere optimized for the b est full w ell in MPP mo de.

CCD Corner Left ampli�er Righ t ampli�er

W15-(1,0) SW 108 K e

�

106 K e

�

W17-(1,1) SE 96 K e

�

112 K e

�

W19-(1,0) NE N/A 102 K e

�

W20-(0,0) NW N/A � 52 K e

�

The v alues giv en here are lo w er limits - in some cases full w ell ma y o ccur a few Ke

�

higher. The

same full w ell is found with MPP disabled.

F or the W20-(0,0) detector, the full w ell dep ends strongly on the p osition on the arra y . E.g. in the

cen tral �eld used for the tests ab o v e, the full w ell is appro ximately 85Ke

�

, but degrades near the corners

furthest a w a y from the serial register, unfortunately w orst near the cen tre of the mosaic �eld of view.

T o illustrate this, the cen tral region of a 
at �eld is sho wn in �gure 12. A t a lev el of 65Ke

�

, blo oming

full w ell is rev ealed as a v ertical smear of the pixel structure in the corner of the NW quadran t whic h

is W20-(0,0). This means that for exp osure lev els ab o v e ab out 40KADU/52Ke

�

, one has to examine

this quadran t carefully to ensure that full w ell has not b een reac hed.

The impro v ed full w ell w as obtained b y lo w ering the v oltage of parallel phase no. 3 high state from

the standard +4.0V to:

CCD P3H

W15-(1,0) +3.000V

W17-(1,1) +2.625V

W19-(1,0) +2.500V

W20-(0,0) +2.300V

In addition, the lo w state of the parallel phases of W20-(0,0) w ere raised to -7.0V.

Gain determination from noise analysis is rarely precise enough for linearit y measuremen ts. Instead,

linearit y deviations are examined b y measuring the ADU lev el v ersus exp osure time, using a stable ligh t

source. Measuremen ts made in this w a y are plotted in �gures 10 and 11. By dividing the coun ts with the

exp osure time, corrected for sh utter dela y , a linear resp onse should result in a constan t lev el. Linearit y

w as mapp ed from appro ximately 100 e

�

to full w ell, and sho ws the output to b e linear within � 0 : 15%

for all eigh t c hannels. The high gain data are noisier than the lo w gain data, but this is caused b y the

linearit y measuremen t setup not b eing quite stable. F rom the high gain graphs, c hannel SER seems

to p erform comparativ ely p o orly , but this app ears to b e due to bad columns in the region used for

statistics, and not a general problem with this output.

6 Quan tum-e�ciency

The sensitivit y has b een measured through 11 narro w-band �lters from 334nm to 1060nm and is plotted

in �gure 13 for eac h CCD. The data w ere extracted from an area of 400 b y 400 pixels near the cen ter

of the detectors.

A t long w a v elengths where the detector is partially transparen t, in ternal re
ections will create

fringes, making QE c hange rapidly with w a v elength and making the lo cal v ariations strong in mono c hro-

matic ligh t. The e�ect sets in at ab out 650nm. A t 830nm, the fringe amplitude is 15%. An example is

sho wn in �gure 14.
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Stabilit y of the sensitivit y:

All four detectors ha v e Mik e Lesser's "Cat-C" Ag 
ash gate coating applied, with 550

�

A HfO

2

on

top for protection and an ti-re
ection. This coating do es not require an y treatmen t to ac hiev e high QE

after w arm-up.

During the time where the mosaic has b een assem bled in the lab oratory , some v ariation in the QE

has b een noticed on all four detectors in the sp ots with v ery lo w sensitivit y . In the large areas with

high QE, the sensitivit y remains stable. The v ariations are lo ok ed in to b elo w:

The detectors w ere �rst ev aluated during the summer of 1998. The data from that time allo w

examination of the stabilit y o v er a quite long p erio d of four y ears. During most of this p erio d, the

detectors ha v e b een stored at ro om temp erature, exp osed to atmospheric air.

A degrading QE is unlik ely to app ear at a uniform rate o v er the detector. The most e�cien t metho d

for c hec king QE stabilit y is therefore to examine the ratio of 
at �elds obtained some time apart. The

ratio of the old and presen t da y 
at �elds at 334nm are sho wn in �gure 15. The old 
at �elds w ere

recorded in single-c hip cameras, whic h is the cause for some di�erence in the distribution of scattered

ligh t. This creates a fain t radial symmetric v ariation for eac h quadran t. Ignoring that, and shado ws

from mo ving dust, the global stabilit y of the 
at �eld is v ery go o d to less than one p ercen t. There are

ho w ev er some strong lo cal v ariations. What app ears as clusters of white sp ots in the ratio image, is

where the depth of lo w-sensitivit y sp ots has decreased, impro ving the 
at �eld uniformit y . Esp ecially

on the w estern quadran ts, man y sp ots ha v e w eak ened or ev en disapp eared. Unfortunately , the QE has

degraded in some of the larger, irregular lo w sensitivit y sp ots. In a similar study p erformed in Jan uary

2002, a region of lo w sensitivit y w as presen t on the eastern edge of the SE quadran t. This has v anished

since then. A t longer w a v elengths, the c hange in 
at �eld structure is similar, although less pronounced.

7 Read-out noise

The follo wing table sho ws the read-out noise (R ON) found in di�eren t ampli�er con�gurations for eac h

detector.

W-15(1,0) / SW Left ampli�er Righ t ampli�er

High gain: 8.0 e

�

8.2 e

�

Lo w gain: 10.4 e

�

10.3 e

�

W-17(1,1) / SE Left ampli�er Righ t ampli�er

High gain: 8.8 e

�

8.2 e

�

Lo w gain: 11.2 e

�

10.5 e

�

W-19(1,0) NE Left ampli�er Righ t ampli�er

High gain: N/A 8.0 e

�

Lo w gain: N/A 10.7 e

�

W20-(0,0) / NW Left ampli�er Righ t ampli�er

High gain: N/A 8.5 e

�

Lo w gain: N/A 10.7 e

�

The a v erage v alue of R ON is 8.4e

�

for high gain, and higher in lo w gain due to increased digitization

noise. A t ypical high gain R ON of 7.7e

�

w as at one time ac hiev ed in the lab oratory , indication that

a noise reduction from the presen t should b e p ossible. The output of the NW detector sho ws some

pic k-up noise, and the left SE output has some fain t horizon tal lines app earing at random. The e�ect
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of this can b e seen in the table, as these outputs ha v e the highest noise.

8 Charge T ransfer E�ciency

The fraction of electrons that are successfully mo v ed from one pixel to another during read-out is

describ ed b y the c harge transfer e�ciency (CTE).

The CTE has b een measured using a

55

F e X-ra y source, whose emissions generate a sp eci�c n um b er

of photo-electrons on the CCD for eac h detection. The read-out coun ts as a function of p osition on the

CCD can then b e con v erted to a CTE v alue. Measuremen ts w ere made at a detector temp erature of

-100

�

C.

The v alues found for the t w o read-out directions are:

W15-(1,0) / SW Left ampli�er Righ t ampli�er

Serial CTE: 1.000000 1.000000

P arallel CTE: 0.999997 0.999996

W17-(1,1) / SE Left ampli�er Righ t ampli�er

Serial CTE: 0.999998 1.000000

P arallel CTE: 0.999993 0.999992

W19-(1,0) / NE Left ampli�er Righ t ampli�er

Serial CTE: N/A 1.000000

P arallel CTE: N/A 0.999995

W20-(0,0) / NW Left ampli�er Righ t ampli�er

Serial CTE: N/A 0.999998

P arallel CTE: N/A 0.999995

In general, the CTE is v ery go o d. Within a measuremen t uncertain t y of ab out 2 � 10

� 6

, the serial

CTE is app ears p erfect. The parallel CTE is generally not quite so go o d, but still acceptable.

Note that CTE strictly sp eaking is a function of exp osure lev el, so the v alue giv en here ma y not b e

applicable to all cases. Near zero lev el and full w ell, CTE ma y b e p o orer than the v alue giv en here.

9 Dark curren t

In order to minimize dark curren t, the detector should b e op erated at a temp erature of -100

�

C. In

addition, the detector design allo ws for Multi-Pinned-Phase op eration, whic h further reduces the dark

curren t. By default, the v oltages are set for MPP mo de.

The dark curren t listed b elo w w as determined from six half-hour exp osures. There is no signi�can t

detection in MPP mo de within the precision ac hiev able from bias lev el subtraction. Ov erscan correction

w as not applied, increasing the uncertain t y . Switc hing o� MPP , an a v erage dark curren t of 5 e

�

=h is

recorded.

CCD Corner MPP non-MPP

W15-(1,0) SW -1 5 e

�

=h � 2 e

�

=h

W17-(1,1) SE -1 6 e

�

=h � 2 e

�

=h

W19-(1,0) NE 1 1 e

�

=h � 2 e

�

=h

W20-(0,0) NW 2 5 e

�

=h � 2 e

�

=h
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A dark exp osure is sho wn in �gure 16. There are a few pixels and columns with high dark curren t.

Most notable is a cluster of hot pixels in the lo w er righ t corner of the SW quadran t. These ha v e a

strength of up to 10 Ke

�

/h in non-MPP mo de, and t ypically less than half in MPP mo de. Outside

this area, other appro x. 50 hot pixels can b e found on the detector.

In the middle of the upp er edge of the NW quadran t, a fan of ligh t is seen. This is asso ciated with a

defect in the detector, and the brigh tness is dep ending on the v oltage on the serial phases. The v oltages

ha v e b een adjusted to reduce the brigh tness of the defect while k eeping the serial transfer go o d. The

brigh test part is ab out 1e

�

/min ute/pixel and is rapidly falling o� with distance. This quadran t is also

seen to b e a�ected b y pic k-up noise.

In the NE quadran t a hot pixel is saturating, and the c harge starts blo oming, �lling column no.

1254. The saturation causes an o�set in the bias lev el of the trailing pixels. The o�set is less than 1

ADU, and falls o� gradually . The area a�ected should b e ab out prop ortional to the exp osure time, as

the blo oming tak es place during the exp osure.

Also in the NE quadran t, a horizon tal band pattern is seen, rev ealing a not quite stable bias lev el.

The pattern can b e exp ected to c hange randomly , probably requiring a more elab orate bias subtraction

routine than what w as applied here.

The malfunctioning ampli�er in the left side of the NE quadran t is emitting ligh t at normal op eration

v oltages. V oltages ha v e b een reduced to a minim um, and the emission is no w barely visible, partly

hidden b y the bias lev el 
uctuations.

No c hange in the dark curren t structure w as noted when switc hing to non-MPP mo de.

10 Bias lev els

Eac h output c hannel has its o wn bias lev el. This lev el ma y drift sligh tly due to circumstances lik e

c hanging am bien t temp erature. While eac h read-out register is extended b y t w o pixels, there are rarely

reliable enough for a go o d bias lev el determination in a science exp osure. It is recommended that

extra o v erscan columns are added b y the \xo v er" command if high precision bias lev el subtraction is

required. Note that due to the limited amoun t of memory of the read-out bu�er, adding o v erscan area

will require remo v al of the same amoun t of imaging pixels.

There app ears to b e an in termitten t problem with the bias lev els - sometimes they are v ery 
at,

but at other times certain c hannels dev elop a large horizon tal gradien t. The problem a�ects esp ecially

the NE quadran t / output 3, that ma y sho w a gradien t in excess of 200 ADU. This is illustrated in

�gure 17. Also sho wn is some lev el drift during the test sequence, sho wing the imp ortance of using

o v erscan reference. Read-out in A4RR mo de is recommended, as the bias lev el app ears more stable in

the southern half than in A4LR mo de. Min ute 
uctuations in the bias structure can b e seen in the

lo w-lev el 
at �eld in �gure 7.

It is con v enien t that the bias lev els are close to eac h other to allo w easy examination of the ra w

images. The bias lev el c hanges with the selection of di�eren t ampli�er com binations, binning mo des

and MPP on/o�. T o allo w easy switc hing b et w een the mo des, a script con taining the appropriate bias

lev el o�sets should b e made for eac h con�guration exp ected to b e used.

The bias lev el is set in the BIAS command prompt b y en tering commands of the form: \@BLm-

maa+nnnnn", where \mm" is \HI" or \LO" for high- and lo w gain, resp ectiv ely . \aa" is the ampli�er

n um b er, as giv en in �gure 3. \nnnnn" is a v alue to o�set the bias lev el b y . The con v ersion factor

b et w een the o�set v alue and bias lev el in ADUs is � 6 : 1. The target bias lev el for lo w gain should b e

ab out 50 ADU, as lev els in some c hannels cannot go m uc h higher than this. F or high gain, a lev el of

e.g. 300 ADU w ould b e appropriate.

Some examples of common bias lev el scripts are giv en b elo w, as a starting p oin t. These will require

some �ne-tuning, dep ending on conditions.
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1x1 binning, ampli�er A4RR, mpp+, high gain

@BLHI00+02087

@BLHI03+01564

@BLHI04+01926

@BLHI07+01206

1x1 binning, ampli�er ARR, mpp+, low gain

@BLLO00+00188

@BLLO03+00476

@BLLO04+00150

@BLLO07+00002

11 MTF

The Loral 2k3eb detectors ha v e during their previous usage sho wn a problem with c harge di�usion,

resulting in degraded spatial resolution. As all measuremen ts ha v e giv en practically iden tical MTF

results, no measuremen ts w ere made on the particular detectors for the mosaic.

Instead, represen tativ e results from t ypical Loral 2k3eb detectors are presen ted. Data for measure-

men t of the Mo dulation T ransfer F unction ha v e b een collected b y measuring the con trast of in terference

fringes of di�eren t spatial frequency pro jected on to the CCD. The results are sho wn in �gure 18. Three

coinciden t sets are sho wn for 670nm illumination, and t w o sets for 830nm. As the absorption depth

increases with longer w a v elengths, the 830nm photo-electrons on a v erage has to tra v el through a smaller

part of the di�usion region, and thereb y MTF is increased.

12 Cross-talk

As the read-out c hannels cannot b e p erfectly isolated from eac h other, cross-talk in the signal ma y

o ccur. This w as tested b y imaging a brigh t p oin t source on a section of the arra y assigned to one

ampli�er, and lo oking for an electronic \ghost image" in the signal from the other ampli�ers. T en

images w ere summed to increase the sensitivit y , and the sp ot then mo v ed to examine another part of

the arra y .

It w as found that cross-talk is signi�can t b et w een the t w o ampli�ers on eac h CCD, t ypically on a

lev el of 10

� 4

. Cross-talk b et w een CCDs is not seen, with an upp er limit to the strength of 10

� 5

.

13 Camera house

The camera cry ostat con tains a 2.4 liter liquid Nitrogen tank, co oling the detector baseplate through a

pair of copp er braids. F or the longest LN

2

holding time, a �ller tub e extension m ust b e installed, and

the camera m ust b e lo oking at zenith during �lling and k ept v ertical as long as practical afterw ards. In

v ertical orien tation, the LN

2

holding time is 48 hours at an am bien t temp erature of +23

�

C. Orien ted

horizon tally , the holding time decreases to 22 hours. It is recommended that the tank is re-�lled ev ery

da y during op eration, preferably in the morning.

The v alv e and pressure sensor are lo cated close to the �lling tub e. T ak e care that LN

2

do es not

spill on to the �ttings, as this ma y cause a v acuum leak or ev en crac k the plastic �tting of the pressure

sensor.

11



The t w o cold braids b et w een the LN

2

tank and the detector baseplate ha v e b een cut as thin as

p ossible in order to minimize LN

2

consumption. This means that the co ol-do wn time from ro om

temp erature to -100

�

C is relativ ely long, ab out 8 hours.

An activ ated c harcoal getter is attac hed to the LN

2

tank, cry o-pumping the dew ar.

Pressure is measured using a Balzers sensor. The sensor is electrically insulated from the camera,

and can b e left on without creating in terference noise.

In long dark exp osures in the lab oratory basemen t, the hit rate from energetic particles, \cosmics",

w as found to b e 76 hits/cm

2

/hour. F rom our statistical material, this app ears to b e a normal rate, i.e.

there is no signi�can t con tribution to the hit rate from radioactiv e materials in the cry ostat.
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Figure 4: Flat �eld prop erties at 1060nm, at a lev el of 54Ke

�

/pixel. The grey-scale cuts are set to

� 8% of the median lev el.
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Figure 5: Flat �eld exp osure for 550nm ligh t, at a lev el of 65Ke

�

/pixel. The grey-scale cuts are set to

� 4% of the median lev el. It will b e demonstrated later that the NW quadran t is partially saturated at

this lev el.
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Figure 6: Flat �eld in 334nm illumination, at a lev el of 36Ke

�

/pixel. The grey-scale cuts are set to

� 8% of the median lev el.
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Figure 7: Ratio of 550nm high and lo w illumination 
at �elds, in order to iden tify c harge traps. The

high lev el 
at �eld w as median com bined from 6 exp osures with ab out 50Ke

�

/pixel, and the lo w lev el

w as com bined from 6 exp osures with ab out 50e

�

/pixel. The ratio is displa y ed with grey scale cuts of �

10% of median lev el. Some v ariations due to bias lev el instabilit y are visible in the eastern quadran ts.
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Figure 8: Gain v ersus exp osure lev el measured from noise statistics for the six functional ampli�ers in

high-gain mo de. The apparen t sligh t increase of gain with exp osure lev el is caused b y an inadequate

noise mo del. In fact, the gain is quite constan t.
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Figure 9: Gain v ersus exp osure lev el measured from noise statistics for all six ampli�ers in lo w-gain

mo de.
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Figure 10: A plot of ADU p er second v ersus total exp osure time for eac h ampli�er in high gain mo de.

The lo w er scatter for c hannel no. 7 is due to b etter stabilit y of the linearit y measuremen t, not b etter

p erformance of the CCD output.
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Figure 11: A plot of ADU p er second v ersus total exp osure time for eac h ampli�er in lo w gain mo de.
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Figure 12: Cen tral 512x512 pixels of a 550nm 
at �eld, displa y ed with grey scale cuts of � 4% of

median lev el. The illumination lev el is ab out 50KADU or 65Ke

�

/pixel. Note that the cen ter-most

corner of the NW quadran t app ears smeared in the v ertical direction, in con trast to the pixel-to-pixel

v ariations in the surroundings. This marks the onset of blo oming full w ell for the W20-(0,0) CCD.
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Figure 13: Global quan tum e�ciency v ersus w a v elength for the four detectors. The distribution of

sensitivit y is quite similar for all devices.

Figure 14: F ringing from 830nm mono c hromatic illumination. The grey-scale cuts are set to � 15% of

the median lev el.
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Figure 15: Ratio of 334nm 
at �elds from June/July 1998 and Septem b er 2002, i.e. a four y ear time-

span. The ratio is displa y ed with grey scale cuts of � 5% of median lev el. Brigh t areas are where the

new 
at �eld has higher sensitivit y than the old one.
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Figure 16: A median-com bined image of six 30 min ute dark exp osures at a detector temp erature of

-100

�

C, MPP mo de. The read-out con�guration is A4RR. Grey-scale cuts are -5 to +10 ADU (appro x.

� 7 e

�

to +13 e

�

) relativ e to the bias lev el.
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Figure 17: Horizon tal pro�le of bias lev els in the four quadran ts, read out in A4RR mo de. The northern

quadran ts are sho wn at a lev el of ab out 250ADU, and the southern are o�set to 150ADU for easier

reading. The full dra wn line is a readout in the b eginning of a sequence, and the dotted a readout

ab out half an hour later.

Figure 18: Mo dulation T ransfer F unction measuremen t for three represen tativ e CCDs at 670nm (large

sym b ols) and 830nm (small sym b ols) illumination w a v elength, compared to the ideal pixel resp onse.
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