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1 Introduction - Motivation

In this document we describe the opto-mechanical device we designed and built to calibrate the
light flux injected by the DESI fiber sparse slit into the DESI spectrograph, in order to measure the
spectrograph throughput by comparing the injected light flux to the integrated flux measured in the
CCD cameras of the 3 spectrograph arms (B,R,Z aka NIR).

The acceptance tests of the DESI spectrographs are performed at Winlight (Pertuis, France), under
the responsabiliy of the AMU team (Aix-Marseille Université). The throughput measurement is part
of the acceptance tests of the engineering model of the DESI spectrograph module (EM#1) and will
also be performed for the ten DESI spectrographs (SM#1 to SM#10).

The results of the throughput measurements are described in a separated document [DESI-3181].

2 Context and design principles

2.1 Spectrograph modules

The DESI spectrograph modules are fully described in [Jelinsky et al., 2016]. A CAD rendering and a
schematic view are shown on figure 1.

A DESI spectrograph module is designed to receive the light from 500 fibers, such that the ten spec-
trographs will accomodate the 5000 fibers coming from the Mayall focal plane.

In each spectrograph, the 500 fiber ends are arranged on a curved slit (curvature radius 486.3 mm, see
fig. 3). The light from the fibers is collimated by a spherical mirror, then separated by two dichroics
into three channels: blue (B), red (R) and near-infrared (NIR/Z), covering together a spectral range
from 360 to 980 nm. In each channel, a volume phase holographic grating (VPHG) provides the
light dispersion. The resulting spectra are then focused using a 5-lens camera on a 4k×4k, 15µm
pixels CCD detector, cooled down to 140 K (R and NIR) or 170 K (B). The exposure time is controlled
through a mechanical shutter in front of the fiber slit (fig. 1).

2.2 AMU Test bench

A dedicated optical testbench has been developed, built, tested by the AMU team and installed at
Winlight to perform various tests on the spectrograph modules [Perruchot et al., 2016]. The testbench
is automated and remotely controlled, fully integrated with the spectrograph constrol software (ICS).
It is mounted on a 600× 900 mm2 optical table, and sits in the clean room next to the spectrograph.

During the tests at Winlight, the 500-fiber injection slit is replaced by a sparse fiber slit, equiped with
21 well separated fibers (fig 3). The AMU optical testbench feeds the entrance of the fiber bundle
(fig 4) with a Mayall-like optical beam by using an appropriate Offner relay. Several light sources are
available: spectral lamps (Kr, HgAr, Cd, Ne), a tungstene lamp that provides a continuous spectrum,
and 6 bright LEDs at 370 nm, 465 nm, 591 nm, 631 nm, 870 nm and 940 nm from Thorlabs with a
≈20 nm wide spectrum. All the sources may be switched on/off independently, and the current in
the LEDs may be adjusted between 0 and 20 mA.

A fiber bundle is used to inject the light from the various sources into an integrating sphere; the
beam pass through two filter wheels populated with interference filters and neutral densities, and an
integrating sphere to mix and homogenize fluxes. The resulting beam at the exit port of the sphere
is then sent into an optical relay (Offner relay) to inject the light into the fiber slit bundle with the
appropriate F-ratio; the optical relay is equiped with a mask installed in the pupil plane, which
contains a large aperture to illuminate all the fibers at once, and a small pinhole to illuminate only a
single fiber (fig. 3). The testbench thus offers the capability to inject light into any single fiber of the
sparse fiber slit at once, with a well controlled flux and spectral distribution (fig. 4).
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Figure 1: Top: CAD rendering view of one full DESI spectrograph module (without baffling). The spectrograph
dimensions are 1.8m (wide) × 1.4m (deep) × 0.6m (high). The 500-fiber injection slit can be extracted, and is
replaced by a sparse fiber slit during the acceptance tests. Bottom: optical layout of the spectrograph, showing
the optical path for the three channels, from the fiber slit to the CCDs.
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Figure 2: Top: synoptic description of the AMU optical testbench. The available light sources are listed on the
left; the light beam goes through two filter wheels (one for filters and the other for neutral densities) into a
integrating sphere, then through the Offner relay, and is injected into the 5-m fiber bundle of the sparse fiber
slit. Bottom: picture of the AMU testbench. The offner relay is inside the black box on the left, and all the light
sources are on the right. This photo has been taken before the installation of our throughput measurement
device.
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Figure 3: Sparse fiber slit used for the optical tests. In fact the fixation system on the bottom is simpler than the
one shown on this drawing (from [DESI-1953]).
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Figure 4: Top: numbering scheme of the fibers of the sparse fiber slit, on the bundle end (left) and on the fiber
slit (right). Bottom: fiber bundle back illuminated (fiber #0 on the picture) to check the fiber numbering (from
[DESI-1953]).
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2.3 Proposed throughput measurement procedure

As the fiber slit used for the tests can be extracted from the spectrograph, while still attached to the
AMU testbench, we proposed to build an additional device to measure the light flux coming from
all the fibers of the sparse fiber slit, using a calibrated photodiode moving in front of the sparse fiber
slit.

We proposed to do this for different illumination setups, when the sparse fiber slit is outside the
spectrograph; and then to repeat the same illumination setup sequences when the sparse slit is in-
stalled in the spectrograph, and measure the resulting spectra on the 3 CCDs. The ratio will provide
an estimate of the instrument throughput, from the exit of the fiber to the CCD sensors.

To do this measurement, we proposed to use the 6 powerful LEDs of the test bench, as they were
bright enough, and the LEDs spectra are narrow (a few tens nm) and compact (so the total integrated
flux can be measured in the spectrograph). They also cover reasonably the spectral range of the 3
arms of the spectrograph (2 LEDs per arm).

The throughput measurement is planed to be done in two steps, during the repeatability tests to limit
the overhead:

1. When the sparse test slit has been removed from the spectrograph, it is installed in front of the
throughput measurement device; for each fiber, the photodiode is centered to catch the whole
beam. The absolute flux is measured by the calibrated photodiode, for each LED and each test
slit fiber, separately;

2. When the sparse test slit is back in place inside the spectrograph, frames are taken on the three
spectrograph arms, for each LED and for each test slit fiber, in the same illumination config-
urations as in step 1. The CCD flux is integrated for each arm, separately for each LED/fiber
configuration. The illumination level is monitored using the second photodiode fixed on the
integrating sphere, to ensure the injected illumination is the same in both configurations (out-
side/inside the spectrograph).

The ratio (2)/(1) of the integrated fluxes measured in both configurations provides an estimate of the
spectrograph throughput, from the fiber exit to the CCD, including the CCD quantum efficiency:

η[e-/γ](λLED) = (QECCD × Toptics(λLED)) =
φCCD

[e-/s](LED)

φ
injected
[γ/s] (LED)

(1)

3 Mechanical design

We designed and built a specific device to measure the light flux coming from each fiber of the sparse
test slit, when the test slit is moved outside of the spectrograph (fig 5). It consists of a calibrated pho-
todiode, moving on a 500 mm radius curved rail, to keep the photodiode at a constant (adjustable)
distance from the sparse slit fiber ends (curvature radius R = 468.3 mm).

The linear stage vertical support is made of black anodized aluminium, as well as the photodiode
support. We also added an extra aluminium plate and two aluminium blocks to precisely constrain
the sparse fiber slit position, in such a way that the curvature centers of the photodiode trajectory
matches the curvature center of the sparse slit (see fig. 6).

The precise positioning is done through a RS-232 controlled motorized linear stage from PI/Micos
(Pollux VT80, range 150 mm, unidirectional positioning accuracy better than 0.4µm) coupled with
the photodiode moving support by a rotula (see fig. 6). The linear movement along the linear stage is
thus transmitted to the photodiode support attached on the 500 mm radius curved rail. The resulting
position accuracy is around 1µm.
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D
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Calibrated Photodiode
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w
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Figure 5: Mechanical design: As the end of the fiber slit is a 468.3 mm circle, the photodiode moves along a
concentric circle, at a short distance (of the order of 10 mm) to catch the whole light beam. The 10mm×10mm
DKD photodiode is large enough to catch the whole beam.

The photodiode is 10mm × 10mm wide, and typically placed at 10 mm from the test slit fiber end; it
is large enough to catch the whole light beam coming from a test slit fiber: the injected beam (by the
Offner relay) is f/3.57, and with 99% enclosed energy within f/2.5.

The photodiode centering, and the distance between the photodiode and the fiber ends can be man-
ually adjusted using two micrometric stages (see fig. 6 and 7).

We also used this device to scann the fiber output beam with a 100 µm slit placed in front of the
photodiode, to model the beam and estimate the focal ratio degradation of the sparse slit fibers (FRD).
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Figure 7: Top: throughput measurement device, with the 10×10 mm2 calibrated photodiode used to measure
the total light flux getting out of the test slit fibers. Bottom: throughput measurement device, with the photo-
diode moving in front of the sparse test slit. The two micrometric linear stages used to adjust the photodiode
centering and the distance between the photodiode and the fibers are visible.
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4 Absolute flux measurements

4.1 Calibrated silicon photodiode

The light flux coming from each sparse slit fiber is measured using a 10mm × 10mm = 100mm2

calibrated photodiode from Gigahertz-Optik (fig. 10). The model is MD-37-SU100 (S/N 30853), and
its spectral responsivity s(λ) is provided, certified by Gigahertz-Optik under the control of the DKD
(the German institute for standards) with a 2% relative uncertainty on the 250–1100nm spectral range
(fig. 11). Using a NIST calibrated photodiode (0.2% accuracy), we checked on the LPNHE spectropho-
tometric test bench the accuracy of the provided spectral responsivity [DESI-2635].

Figure 10: Calibrated photodiode model MD-37-SU100 (10mm × 10mm) from Gigahertz-Optik.
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DKD-MD-37-SU100-2-30853 calibration from Gigahertz Optik/DKD
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Figure 11: Responsivity [A/W] for the DKD-MD-37-SU100-2-30853 photodiode: provided by Gigahertz Op-
tik/DKD (in red, 1-sigma contour), and measured on the LPNHE spectrophotometric testbench using a NIST
calibrated photodiode as reference (in blue, 1-sigma contour). See [DESI-2635].
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4.2 Picoammeter

The photocurrent from the photodiode is measured with a picoammeter from Keithley, model 6514
(fig. 12), properly calibrated by Tektronics/Keithley and with an accuracy in the fA range. We also
used a second picoammeter from Keithley (Keithley 6482) to monitor the light flux level in the inte-
grating sphere with a second photodiode, to control the stability of the illumination. The measured
photocurrents vary between 0.1pA to a 10pA, which correspond to illumination powers from ap-
prox. 0.1 pW to 1 nW.

Figure 12: Electrometer/picoammeter model 6514 from Tektronics/Keithley (photo from Tektronics).

#id ammeter model provider resolution serial calibration date

#1 Keithley 6514 Tektronix 1 fA 1118345 2008-XX-XX

#2 Keithley 6514 Tektronix 1 fA 4036939 2015-05-05

#3 Keithley 6514 Tektronix 1 fA 4131086 20XX-XX-XX

#4 Keithley 6482 (2-channel) Tektronix 1 fA 1410711 2016-01-29

Table 1: Picoammeters used to measure the photodiode photocurrent.

5 Dedicated dark box

As the expected light fluxes are very low, we built a dedicated dark box to limit the contamination
from external light sources (fig. 13). The dark box consists of a structure of anodized aluminium
modular elements from ELCOM, with black DIBON panels attached on it. The convoluted shape of
the box is a compromise, resulting of two constraints:

• the box had to fit on the available space on optical table of the AMU testbench;

• the bundle of the sparse fiber slit cannot be detached, so the box has several removable panels
to be able to insert the sparse slit with the bundle attached, without any risk of damaging the
fragile bundle.

17



Figure 13: Throughput measurement device installed on the AMU test bench, in its (open) dedicated dark box.
The sparse test slit has been put in place in front of it.

6 Conclusions

We designed and built a specific opto-mechanical device to calibrate the light flux injected by the
DESI fiber sparse slit into the DESI spectrograph, in order to measure the spectrograph throughput.
This device has been tested, and is now installed at Winlight on the AMU testbench. It is used for the
throughput measurements of the DESI spectrographs modules.

The results of the throughput measurements are described in a separated document [DESI-3181].
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A Photodiodes calibrated by DKD/Gigahertz Optik

In this section, we include the official calibration documents for the DKD-MD-37-SU100-2-30853
and DKD-MD-37-SU100-2-30854 photodiodes, calibrated by the Gigahertz-Optik (certified by the
German standards service, the Deutscher Kalibrerdienst aka “DKD”), that we bought for the DESI
project.

The throughput measurements for the EM#1 and SM#1 spectrographs have been performed using
the DKD-MD-37-SU100-2-30853 photodiode.

Si photodiode reference provider calibration date geometry area

DKD-MD-37-SU100-2-30853 Gigahertz-Optik DKD 2015-11-30 10× 10mm 100mm2

DKD-MD-37-SU100-2-30854 Gigahertz-Optik DKD 2015-11-30 10× 10mm 100mm2

20



4
0

0
5

0
0

6
0

0
7

0
0

8
0

0
9

0
0

1
0

0
0

W
a
v
e
le

n
g
th

 λ
[n

m
]

0
.2

0
.3

0
.4

0
.5

Responsivity s(λ)[A/W]

R
e
sp

o
n
si

v
it

y
 v

s.
 w

a
v
e
le

n
g

th

D
K

D
-M

D
-3

7
-S

U
1

0
0

-2
-3

0
8

5
3

 c
a
lib

ra
te

d
 v

s.
 t

h
e
 N

IS
T-

S
2

2
8

1
-1

7
5

8

D
K

D
-M

D
-3

7
-S

U
1

0
0

-2
-3

0
8

5
3

 c
a
lib

ra
ti

o
n
 f

ro
m

 G
ig

a
h

e
rt

z 
O

p
ti

k/
D

K
D

2
0

0
3

0
0

4
0

0
5

0
0

6
0

0
7

0
0

8
0

0
9

0
0

1
0

0
0

1
1

0
0

0
.0

0
.1

0
.2

0
.3

0
.4

0
.5

0
.6

Fi
gu

re
14

:
R

es
po

ns
iv

it
y

[A
/W

]
fo

r
th

e
D

K
D

-M
D

-3
7-

SU
10

0-
2-

30
85

3
ph

ot
od

io
de

:
pr

ov
id

ed
by

G
ig

ah
er

tz
O

pt
ik

/D
K

D
(i

n
re

d,
1-

si
gm

a
co

nt
ou

r)
,a

nd
m

ea
su

re
d

on
th

e
LP

N
H

E
sp

ec
tr

op
ho

to
m

et
ri

c
te

st
be

nc
h

us
in

g
a

N
IS

T
ca

lib
ra

te
d

ph
ot

od
io

de
as

re
fe

re
nc

e
(i

n
bl

ue
,1

-s
ig

m
a

co
nt

ou
r)

.S
ee

[D
ES

I-
26

35
].

21



4
0

0
5

0
0

6
0

0
7

0
0

8
0

0
9

0
0

1
0

0
0

W
a
v
e
le

n
g
th

 λ
[n

m
]

0
.5

0

0
.5

5

0
.6

0

0
.6

5

0
.7

0

QE s(λ)[e−/γ]

Q
u
a
n
tu

m
 e

ff
ic

ie
n
cy

 (
Q

E
) 

v
s.

 w
a
v
e
le

n
g
th

D
K

D
-M

D
-3

7
-S

U
1

0
0

-2
-3

0
8

5
3

 c
a
lib

ra
te

d
 v

s.
 t

h
e
 N

IS
T-

S
2

2
8

1
-1

7
5

8

D
K

D
-M

D
-3

7
-S

U
1

0
0

-2
-3

0
8

5
3

 c
a
lib

ra
ti

o
n
 f

ro
m

 G
ig

a
h

e
rt

z 
O

p
ti

k/
D

K
D

Fi
gu

re
15

:
qu

an
tu

m
ef

fic
ie

nc
y

(Q
E)

[e
−

/p
ho

to
n]

fo
r

th
e

D
K

D
-M

D
-3

7-
SU

10
0-

2-
30

85
3

ph
ot

od
io

de
:

pr
ov

id
ed

by
G

ig
ah

er
tz

O
pt

ik
/D

K
D

(i
n

re
d,

1-
si

gm
a

co
nt

ou
r)

,a
nd

m
ea

su
re

d
on

th
e

LP
N

H
E

sp
ec

tr
op

ho
to

m
et

ri
c

te
st

be
nc

h
us

in
g

a
N

IS
T

ca
lib

ra
te

d
ph

ot
od

io
de

as
re

fe
re

nc
e

(i
n

bl
ue

,1
-s

ig
m

a
co

nt
ou

r)
.S

ee
[D

ES
I-

26
35

].

22






















	Introduction - Motivation
	Context and design principles
	Spectrograph modules
	AMU Test bench
	Proposed throughput measurement procedure

	Mechanical design
	Absolute flux measurements
	Calibrated silicon photodiode
	Picoammeter

	Dedicated dark box
	Conclusions
	References
	Photodiodes calibrated by DKD/Gigahertz Optik

