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量子情報通信とは？

広域通信のためには量子中継器が必要不可欠

問題点：光子は200 km程度で減衰してしまう…

量子力学的効果を用いた秘匿性の高い通信

・長いコヒーレンス(メモリ)時間
・通信波長帯(~1.5 µm)でアクセス可能
・固体材料

Growth and characterization of 
167

Er doped-Y2SiO5 single crystal 
 

Hiroo Omi
1,2,a)

 , Takehiko Tawara
1,2)

, Kaoru Shimizu
1)

, and Shiro Saito
1)

 
 

1) NTT Basic Research Laboratories, NTT Corporation, 

        3-1 Morinosato- Wakamiya, Atsugi, Kanagawa 243-0198, Japan 

            Phone: (+81) 46 240 3414, a)
Email: omi.hiroo@lab.ntt.co.jp  

2)   
  Nanophotonics Center, NTT Corporation,  

3-1 Morinosato- Wakamiya, Atsugi, Kanagawa 243-0198, Japan           

 

 
 

1. Introduction 

  The hyperfine structure of the optical transition in 

rare-earth-doped crystal offers suitable three-level schemes 

for efficient electromagnetically induced transparency 

(EIT) and stimulated Raman adiabatic passage (STIRAP) in 

solid state materials. The use of the hyperfine structure of 

nuclear spin of isotopically purified rare-earth dopant in 

Y2SiO5 single crystal is promising and indeed 
151

Eu (I=5/2) 

in Y2SiO5 single crystal has been grown and optically 

addressable nuclear spins are realized with six hours 

coherence time [1]. To realize long-distance quantum 

optical communications through optical fiber (e.g. 1000 

Km), however, it is very important to realize optical 

addressable nuclear spins with long coherence time at 

telecommunications wavelength of 1.5 um.  

  Er has optical transitions at 1.5 um and six different 

types of isotopes which are 162, 164, 166, 167, 168, 170 

[2]. Among them, only 
167

Er (natural abundance is 23 %) 

has nuclear spin I=7/2 and its hyperfine energy levels are 

separated without and with external magnetic fields [3]. For 

purpose of realizing EIT in three levels of nuclear spins in 
167

Er, Baldit et al., have obtained the hole burning spectrum 

from isotopically purified 
167

Er (0.005 %) in Y2SiO5 single 

crystal [4,5]. Hashimoto et al., on the other hand, have 

shown using coherent Raman beat measurements that the 

coherence time of nuclear spin (T2) of 167Er in Y2SiO5 

(0.001 %) is 10 μs, and they have also predicted that T2 can 

be increased up to 50 μs when all 0.001% Er ions are 

replaced with 
167

Er [6]. To realize this prediction in the 

three-levels of the nuclear spins of 
167

Er ions, we have to 

originally grow high-quality Y2SiO5 single crystals doped 

with isotopically purified 
167

Er. 

  Here we report the crystal growth of only 
167

Er 

doped-Y2SiO5 single crystal and its structural and optical 

characterizations. We found the crystal quality and optical 

quality are comparable to those of the commercially 

available non-isotope controlled Y2SiO5 single crystal. 

 

 

2. Experiments 

Single crystals of Er doped-Y2SO5 were grown by the 

Czochralski (Cz) method by the OXIDE Corporation. A 

commercially available isotope 
167

Er metal (ATOX 

Corporation) was mixed into high-purity powders of SiO2 

and Y2O3 before the Cz growth so that the concentration of 
167

Er in Y2SiO5 would be 0.001 %. The Cz growth was 

repeated several times to obtain a high-quality ingot. The 

ingot is 5 cm in diameter and 15 cm in length (Fig. 1). After 

the ingot had been cut into a cylindrical shape, XRD 

measurements were performed with monochromated Cu 

Kα1 X-rays to find the best portions in it. 

 

Figure 1: 167Er doped-Y2SiO5 ingot grown by Cz method 

 

 

We further cut the cylindrical ingot to obtain a single 

crystal for quantum optics experiments. The crystal is 

5-mm square and 6-mm long on b-axis of Y2SiO5. The 

surfaces were polished and anti-reflection coating was 

applied. Raman spectroscopy was performed with a 

Renishaw system. Secondary ion mass spectroscopy 

(SIMS) was also performed. Photoluminescence (PL) and 

PL excitation (PLE) measurements were performed with 

high-resolution spectroscopy. Furthermore, we prepared a 

natural Er (
167

Er: 23 %) doped-Y2SiO5 single crystal 

(0.001 %) grown by the Cz method in the Scientific 

Materials Corporation as a reference. 

 

 

3. Results and discussion 

  Table 1 summarizes of the full width at half maximum 

(FWHM) of the (080) X-ray diffraction peaks in omega 

scans at 2θ= 133.55°from several areas of cylindrical 

ingot. The average FWHM is 0.0116°and the sharpest 

peak (FWHM=0.0107°) is obtained from the central area 

of the ingot. On the basis of this result, we cut out the 

single crystal from the central area of the ingot for quantum 

optics measurements. 

 

Position of cylindrical ingot FWHM (deg.) 

Central area 0.0107 

Side area 1 0.0108 

Side area 2 0.0116 

Side area 3 0.0108 

Side area 4 0.0109 

 

Table 1: Summary of peak widths of X-ray diffractions 

from different areas of the cylindrical 167Er dpoped-Y2SiO5 

ingot. 

 

167Er3+:YSOインゴット

量子中継器の心臓部

4.まとめと今後の展望

3.結果と考察

動作原理

光量子メモリが未だ確立していない

光量子メモリへの要請

光量子メモリの材料 167Er3+:Y2SiO5(
167Er:YSO)結晶を用いる

・内殻の 4f 軌道が不完全充填
・外部からの擾乱の影響を受けにくい
・Erは唯一通信波長帯でアクセス可能 etc..

2.原理・実験方法
周波数領域での測定

スペクトルホールバーニング(SHB) → 吸収飽和分光の一種、高分解能な分光法

SHB TR-SHB

まとめ 今後の展望

時間領域での測定

時間分解スペクトルホールバーニング(TR-SHB) → 特定のエネルギー準位の寿命や緩和過程を
ホールの時間変化から解析する分光法

・ホールの時間発展を観測可能
・特定のHF準位の𝑇1測定を実現

TR-SHB測定系

測定試料

成長方法：Czochralski(Cz)法
・167Er metal 濃縮度：96 ％

添加濃度：0.001 ％ (10 ppm)

・Y2SiO5       高純度 SiO2 , Y2O3 パウダー 

・TR-SHBにてアンチホールの𝑇1の測定

・フォトンエコーにてT2の測定

・ 167Erのポピュレーションダイナミクスの評価

研究目標

167Er:YSO結晶内電子のダイナミクスの解明

167Er:YSO結晶を使った光量子メモリの確立

・均一幅を観測可能
・特定のHF 準位の

SHB測定を実現

167Er:YSO結晶を使った光量子メモリの確立

◇ホールのPump周波数依存性

測定条件 Probe Power：750 nW

Pump Power：100 μW

・HF準位間のSHB測定が可能に！

・均一幅の重ね合わせが不均一広がり

のスペクトル形状を直接反映！

測定条件 Probe Power：100 nW

Pump Power：25 μW

◇ホールスペクトル

Single exponential fitting 

𝑦 = 𝐴 𝑒𝑥𝑝 −
𝑇𝑖𝑚𝑒

𝑇1

𝑇1の算出式

◇𝑇1のPump周波数依存性及び透過スペクトル ◇TR-SHBスペクトル

TR-SHBのシークエンス

・各HF準位の𝑇1の測定に成功！

・各HF準位の𝑇1は遷移双極子

モーメントを反映している

周波数
[GHz]

𝑇1

[ms]

10.8 15.16

11.0 11.07

11.2 9.17

11.4 8.21

11.6 8.06

11.8 7.46

12.0 7.43

12.2 7.50

12.4 7.85

12.6 8.55

12.8 9.73

13.0 13.51

Pump周波数

・不均一広がりとホールの関係

・各HF準位の𝑇1の測定

・T1,max=15.1 ms, T1,min=7.43 ms を測定

Pump周波数12 GHz Pump周波数12 GHz

167Er3+の4𝑓11軌道準位の分裂

1.研究背景と目的
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