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IGRINS MIRROR MOUNT DESIGN FOR FIVE FLAT MIRRORS
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ABSTRACT

The IGRINS is a near infrared high resolution spectrograph jointly developed by the Korea Astronomy

and Space Science Institute and the University of Texas at Austin. We present design and fabrication of

the optomechanical mount for the five mirrors, i.e., an input fold mirror, a slit mirror, a dichroic, and two

camera fold mirrors. Based on the structure analysis and the thermal analysis of finite element methods,

the optomechanical mount scheme satisfies the mechanical and the thermal design requirements given by

the optical tolerance analysis. The performance of the fabricated mirror mounts has been verified through

three IGRINS commissioning runs.

Key words: Instrumentation; spectrographs
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Figure 1. Layout of the IGRINS optical design. Dashed red circles denote the five flat mirrors described in this paper.
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Table 1. Physical specification of the five mirrors

Component Parameter Specification
Input Fold Mirror Diameter (mm) 12.50
Thickness (mm) 3

Clear Aperture (mm) 8.93

Mass (g) 0.93

Material Zerodur

Slit Mirror Length (mm) 30
Width (mm) 19

Thickness (mm) 0.5

Slit size(mm x mm) 1.94 x 0.14

Mass (g) 0.66

Material Silicon

Dichroic Length (mm) 100
Width (mm) 15

Thickness (mm) 6

Clear Aperture (mm) 84.95

Mass (g) 19.8

Material Infrasil 301

Camera Fold Mirror Length (mm) 65
(H&K) Width (mm) 40
Thickness (mm) 10

Clear Aperture (mm) 57.78

Mass (g) 63.72

Material Zerodur

19

Figure 2. Interior layout of the IGRINS. Dashed red circles denote the mirror mounts fabricated and assembled on the

optical bench.
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Inpiat Faold Mirmor Hchroac

Footprint Diagram

Figure 3. Clear Aperture (CA) on the input fold mirror
(left) and the dichroic(right). The CA is determined by
the maximum occupied footprint area on the mirror

surface
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Figure 4. Input fold mirror and its mount. Hard points
are indicated by red and a downward force is exerted
on the lateral side of the input fold mirror by a spring

plunger.
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Figure 5. Slit mirror and its mount. The mount frame is

inclined by 22.5° to the mount base.
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Figure 7. Dichroic and its mount. Leaf spring indicated

by green exerts forces on the surface of the dichroic.
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Table 2. Alignment stability tolerances & Assembly tolerances of the mirrors

Component Parameter Stability tolerance Assembly tolerance
Input Fold Tip/Tilt + 15 (arcsec) + 3 (arcmin)
Mirror Separation (pm) + 5 (to M) + 100 (to M1)
Decenter (um) + 10 + 100
Slit Mirror Tip/Tilt + 10 (arcsec) + 3 (arcmin)
Separation (pum) + 10 (in absolute defocus) + 100
Dichroic Tip/Tilt + 15 (arcsec) + 3 (arcmin)
Separation (pm) + 5 (from M1) + 100 (from M1)
Camera Tip/Tilt + 15 (arcsec) + 3 (arcmin)
Fold Mirror Separation (pm) + 5 (to VPHG) + 100 (to VPHG)
Figure 9(a)2} 2ol 37019 #3t HEFS Tvho]a =29 Ho]
2 ZHo|Eo] 1A% &, wo]lx FHolEE SE A
Aol AT Aol A L KA mF THgelA

Bass Plate

Figure 9. Dichroic base assembly. Dichroic mount and
two camera fold mirror mount are placed on the base

and surrounded with a cylindrical cover.
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Figure 10. Displacement distribution due to 1 G gravity: (a) Input fold mirror mount; and (b) Slit mirror mount. The red

arrow represents the direction of the gravity and the group of small green arrows represents the fixture of the bottom.
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Table 3. Optical component stability tolerances of the mirros
Component Parameter Tolerance
Input Fold Mirror Surface  figure(A632.8  nm) A10
Slit Mirror Surface  figure(A632.8 nm) 3 um(p-p sag)
Dichroic Surface  figure(A632.8  nm) A10
Camera Fold Mirror (H&K) Surface  figure(A632.8  nm) A10
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Figure 12.  Surface distortion of the input fold mirror due to leaf springs. Left drawing represents the boundary
conditions. Small green arrows indicate the fixture and red arrows denote the 3G spring forces exerted on the mirror

rear surface.
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Figure 13. Surface distortion of the slit mirror due to leaf springs. Left drawing represents the boundary conditions. Small

green arrows indicate the fixture and red arrows denote the 3G spring forces exerted on the slit surfaces.
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Surface distortion of the dichroic due to leaf

Figure 14.

springs. Left drawing represents the boundary
conditions. Small green arrows indicate the fixture and
red arrows denote the 3G spring forces exerted on the

surface of the dichroic.
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Figure 16. Thermal analysis model and boundary
conditions. Conduction through optical bench surface
and radiation from inner surfaces of the radiation shield

are major mechanisms to govern the thermal system.
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Figure 15. Surface distortion of the camera fold mirror
due to leaf springs. Left drawing represents the
boundary conditions. Small green arrows indicate the
fixture and red arrows denote the 3G spring forces

exerted on the rear surface of the mirror.
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Figure 17. Temperature distribution over the mirror
surface in the thermal equilibrium states. Left drawing
represents  the conditions.

boundary Temperature

difference across the mirror is roughly 0.02 K.
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Figure 18.
following the optical bench in real time.

Temperature temporal variation of the camera fold mirror and its mount. Virtually the mirror are thermally

Aol A o = Ql%e], FhHlelEEv] el Aol 65 mm son ves aAstr] A7k Zzte] Yo ofF
of 24 dizf 0.02 Ko 2% Ao]E Holmw, e 7deizl 3 G el o A BEAE oA 3
IGRINS A28 2= @35 F3] t5d. AXUE AN TR Agteh webA 5709 vy
Figure 18 =4 W7} o<t JhvgtZ=v]ele] & 55 A% B7IA vk E Al 38 AAlA a3
= HEs SHAWA B Sapabdee] e et g A FAES B ST AR o s st
A E=AEAL k. 7] &% 300 KEHE T 49Y A allA Adfel] mEw, vHEd dig F7A vk E
Sk 125 Kol ZA hegEevge] 2k PEe & £ IGRINS A2l 2% g7z L3 Z whEdid
HAMA S dAAgto s FFe= A & 5 dv F zkzrol we] whEES AAUR AEHqem 1 4
BEY 2% Aol 0.01 K ©]dto]7] wio] A4 = Al e AdRSS 3 ASH A Park, C. et
AEtebEEr et A SAGEEEWA) ] T3 H al., 2014).
o] ZAEoo] 9t} wakA], IGRINS 338 HE o H=E ACKNOWLEDGEMENT
336‘5;}?23;2 I;i}jol(;;;;]j]ﬁ}a} i(iMi)i This design work has been accomplished based on
b O_J_z - e —E e e many previous instrument heritages. The authors are
= TEA pleased to acknowledge the kind technological consultation
xe of the IRTF (NASA |Infrared Telescope Facility)

instrument group at the University of Hawaii and the
APOGEE (Apache Point Observatory Galactic Evolution

], = QEZc gy, &8n|g, tho|a R, ¥ H&K Experiment) instrument team at the University of Virginia.
FHelgtEen g & AXxsl7] 93 F7)A nLE AAE We also thank Daniel T. Jaffe for planning and leading
A3kl QAo 10 pme] ¥ 2 A FE dS AFESl] the whole IGRINS project.

AAH AW gTEde wEAd 4 AN

SolidWorks Simulation®& &3 gl wz REFERENCES

W, 54 ggon Agets A FHel ol@ vejs

hEES slojf e AY M sAE S22 Uk

Avallone, E. A., Baumeister, T. III, & Sadegh, A. M.,
2007, Mark’s Standard Handbook for Mechanical



oA el BHAES 28 IGRINS O/ OR2E A

Engineers, 11"%d. (Mc Graw-Hill, NewYork), pp.5-22

Oh, J. S., Park, C., Cha, S. -M., et al., 2014, Detector
Mount Design for IGRINS, JASS, 31, 177

Park, C., Jaffe, D. T., Yuk, I. -S., et al., 2014, Design
and Early Performance of IGRINS (Immersion Grating
Infrared Spectrometer), Proc. SPIE, 9147

Rukdee, S., Park C., Kim, K. -M,, et al., 2012, IGRINS
Mirror Mount Design for Three Off-axis Collimators
and One Slit-viewer Fold Mirror, JASS, 29, 233

Yuk, I. -S., Jaffe, D. T., Barns, S., et al., 2010,
Preliminary Design of IGRINS (Immersion GRrating
INfrared Spectrograph), Proc. SPIE, 7735

29



