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VTT spectrograph
Resolution：0.5~1 
million

> 10 m

Astronomical Spectrograph faces challenges

ESO-VLT ESPRESSO
Resolution：70~190 k
Accuracy：~30 cm/s

2. Extremely 
high 
accuracy & 
Difficulty

1. Huge & 
Expensive



Questions：How to obtain a compact, 

cheap, multi-mode fiber fed, high 

resolution and broadband astronomical 

spectrograph?



Grating in ESPRESSO
Size: 1.2 m

Replace
grating?

VIPA---Extremely high dispersion

Chip spectrometer---Integrated Optics

Solutions?

I

II

Limited dispersion !



In 1996，developed by Fujitsu Ltd.

VIPA---Born for optical communication

VIPA



Dispersion mechanism of VIPA

VIPAGrating

Resolution R is 
proportional to L

L = N * △L
△L :

nm~ μm      Grating

mm ~ cm      VIPA

3 orders larger

Suitable for 
high resolution



~ Absorption spectrum of gas~ Nature 445， 2007

Applications of VIPA spectroscopy

Resolution：~50 
million
Bandwidth：5-10 nm



~ Brillouin scattering spectrum~ Adv. Opt. Photon. 8， 2016

~ Mechanical 
characteristic
s of biological 
tissue~



Design：50 k @ 653 nm
Measured： 200 k

~ Space observation~



Design：50 k 
resolution；
650~850nm；
VIPA+VPH；Size：
30cm*20cm*10cm

~ Cube satellite for exoplanet detection~



~ Astronomical observation at Palomar~

Resolution：80,000
H-band：1.57~1.7μm
Solar spectrum

0.25 m^3

SPIE 12184， 2022
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X. Zhu, et al., AJ, 2020 

VIPA spectrograph simultaneously calibrated by laser frequency comb

Experimental setup
A home-made laser frequency 
comb/ ~800 MHz



2D spectrum
Resolution~1.1million
Spectral range: 
755~765nm

Absolute calibaration: 1.49 m/s
Photon noise: 0.65 m/s

Dual channel calibration: 16 cm/s

Odd and even mode calibration: 8.4 cm/s

Ultra-high resolution and wavelength calibration accuracy

X. Zhu, et al., AJ, 2020 



Multi-mode fiber fed grating spectrograph

A typical grating spectrograph 

Dispersion Imaging

Spectral resolution: 

Dispersion of grating 

& Imaging quality of 

system & Complex 

object 

Diameter of the fiber influence 

spectral resolution largely



Dispersion characteristics of multi-mode fed VIPA spectrograph

AJ, 2023

Spectral resolution  vs. Fiber diameter

Fiber diameter does 

not influence spectral 

resolution largely !

VIPA  suitable for 

multi-mode fiber 

fed spectrograph ?



Dispersion mechanism of VIPA 

No fixed 
Object-Image 
relations 

Intensity on 
detector

Input field---envelope 
of spectrum

Multi beam interference---
resolution of spectrum 



Bandwidth >100 nm 

@ 0.65~0.85 million

Broadband @ High resolution

Difficulties：

Aberration control & 

data processing



Home-made VIPA spectrograph-
--NIAOT-AP-I

Typical parameters
Resolution：0.6~0.87 million
Bandwidth：~110 nm（1010~1130 nm）
Wavelength accuracy：<1 pm 
Size：35 cm × 35 cm × 15 cm

VIPA spectrograph

Commercial VIPA spectrograph

Resolution：0.34~1.0 million
Bandwith：1~25 nm
Wavelength accuracy：±10 ~ ±50 pm
Size：25 cm × 60 cm × 15 cm 

https://lightmachinery.com/media/2082/hyperfine-
detailed-technical-specifications-and-datasheet.pdf
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1. VIPA spectrograph can obtain ultra-high resolution 
(~1 pm), high wavelength accuracy (10 cm/s) and 
broadband (> 100 nm), with spectral resolution nearly 
not influenced by fiber diameter ；Compact & Cheap

2. Can VIPA replace grating in astronomical observation?

Solar spectrum observation: 200,000~1,000,000

Night observation: 50,000~200,000

Space high resolution spectral observation



Thanks !
Jinping He / 何晋平
Tel/Wechat: 15062217436
Email: jphe@niaot.ac.cn

Any discussion or cooperation is welcome

mailto:jphe@niaot.ac.cn
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