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摘　要：Ằ ғ џ̕ ₈ ꞊ּכ ̈́ ͕ Ȋџ һ ᵷ ӓ ὗ̒ ἇȋ Ӎ ғᴯ

̾˵ Ἇ̈́KeM NNJL ς ļXĽ џᴀ ṻ ѵ ᵧ ֙ ςẰ̕ ὕ ͕ ̾ ӹ Ȋ ₈ 0,4 | 3μk
ғ џ Ҳȋ ṻ ͉ ˵ ς ͉ ᵷ џᴀ ṻ Ҳ ѱ ẕ ̜

/,.42μk Lb WTM2 ғ џ ᵧ Ằ04 | 10μkᴛ KeM NNJL ς ὠ ӹ ̜/3U 0,44μkȊ1,22μkᵷ2,77μkὍ
̾ ὠ Ҳӹ һӎ̜1,2/UȊ0,56Uᵷ.,30U џ כּ џ+џ һӎ̜36#Ȋ33#Ȋ/3# ӑ̕ ὕџ ₈̜0,15lk

04/3lk ȊΔλ ; /,65lk 1465lk ȊΔλ ; /,1.lk 2770lk ₧ӑẰ Ησ ֙џ‚њΕ Ε˼ ғ џ ₈ѵ ᴋ

ȋẰ0,4 | 2,3μk џ Ҳӹ ếὠ̈́/U ⁮ ̾ ӹ ₈ ̕ ὕ џ Ҳȋ ₈ ₈ ̕ ὕ

ғ џ̜ ᵷּכ ἇ Ϩ̾˵ ὠ ♩ѵȋ Τ֙ Ạᵷ ғ₈ּת Ὓ ˾ᴯ ἇ₯̕ ὕ џ
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2.5 ~ 5µm̕ ὕ ғ џ₯ּכ ὗһ  Ἇ Ӿ џ ẰΣὗ ἇᴇ ѱ ω

ᾊ 1 Ȋ ἇџ ‚ 2 Ȋ џ Ӻ♩ 3 Ȋ ͕ 4 ȋᴛ ̈́ ὗ ˾ᴯ Ӿ

һ  ӹ Іṽ ὑ ӿ̈́ Ὅ ȋ2.5 ~ 5µm̕תּ ὕ ғ

џẰ џ Ӻ♩̕ Ҳ ȋ ̈́Ѵ ѱ ⅛Ѵ җ כּ ᶞ ᴛΊ⁮ Ȋתּ תּ↓

Ӻ♩ ̜џ‚њΕ ӓ ᵷ Ӻ♩ Ϩ̾ ᴛ 5-6ȋ ₈ џ ᴛ ̈́ һ џ‚ чᵷΪ

כּ ȋ Ằặ Ȋὡ ‚Ίᴃ♩̈ᵷ҈́ ἇ̕ế ⁮ כּ Ϣᾊ һ ᵷ ȋ

₯̈́ ₈ ̕ ὕ ғ Ҳ џ ᴛΊΤ֙ џ Ϊ Ңℓ֯ ₈ȋ

ᵷΤ֙ ᴛΊ⁮ џ ֯ ₈ ֙ џ ᵷ ȋ

Ἇ̈́ џἹ ͬ 2.5 ~ 5µm ̕ ὕ џ ᴇ₵ȋ ӡ   џṻȊ

͂ џṻᵷꜞ џṻᴛΊ Ϩ̕ ὕ ὕ Ҳ Ҳ џ ̈́ӹ ₯

ξ Ạ ӓѴ⁮ כּ ἇ 7-9ȋ ₯̕ ὕ џּכ ˾ ἹӺ ₈

Ȋ ӹ ᵷ ⁪ ̕ ὕ џ ᴇ ӑ ȋἏ̈́ џ‚ ͂ ͕
10 Ȋᵷ ͕ 11 Ȋџᴀ Optical Parametric Oscillator OPO 12-15 Ȋџᴀ ὠ 16 ᵷᴊ ₵ 17

⁮ џ ≠ Ѵ̕џᴀ ҪНѴ ᴛ Ȋ Ҳӹ Ίᴃ ̈́

תּ↓ Τ ͕̾ ̕ ὕ ᴛ џ ȋ ת Ằ ˾ᴯ

MgO PPLN-OPO̕ ꞊ ̜џ џṻ OPO ⁮ 3 ~ 4µm̕ ὕ џ 18-23ȋ Ằ

₯ ὠ̈́ 3.8µm џ ̕ ὕ OPO ̕ џ˿ џ̦ ‎Ằ ὠ ⱡΦ₲  
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ͅ ϝᴋ Яξ ˿ ᴯ PPLN ς₯̕- ὕ ὠ̈́ 4µm ‎Ằ˵⁪ џ ᵎ ₲ ӡ

џ Ҳὠὗ ӓẰ 1W♪ᴟȋ̜̾ ҔΊ˻ ̾џ џṻ OPOΊὕ Ruebel
͟ϝ Nd YVO4 џṻ MgO PPLN-OPO ϝ 19mm MgO PPLN ς ⁮ ̾ 3 ~ 5µmᴛ ̕

ὕ Ҳ Ằ 4.5µmὍ ӹ ὠ̈́ 1W 23 . ᴓὕ ẰΊ џ͂ ӄ LDA  Innoslab ὠṻ̜
MgO PPLN-OPO̕ Kezhen ͟ᵷHan ͟Ằ ת2015 ᾧ ̾Ἇ̈́ᵧ ֙MgO PPLN ֵ

ᴛ ̕ ὕ џᴀ ṻ Ằ 16W ᴯ ӹ ᵷ 116.9MHz ғ ὑ ˼ ӹ⁮ ̾ͮ

2688 ~ 3016nmȊ3362 ~ 4290nm Ằ 3558nmὍ 1.26W ӹ Ѵ ᴛ 30 Ί

˻ 24-25 ȋWu ͟Ằ ϝת2022 џ MgO PPLN-OPO ⁮ ẠẰ 2559.1 ~ 3562.7nm
̕ ὕ џ Ҳ 26 ȋ ˻ ˾ᴯ MgO PPLN ςẰ⁮ ӹ 2.5 ~ 5µm̕ ὕ џ

ế ᾈ ȋμ Ҳӹ ᵷ ͭ ξ Ạᴖ 4.5µm ѴẰᴪ̒ ѱ

ἇ כּ ȋ

̕ ̜ 1064nmȊ ғ ̜ 15psȊ ὑ ̜ 120MHz Ѫả  Nd YVO4 џṻω̜

Ѵ ếר Ҳӹ ̜ 15W MgO PPLN-OPO ̾Іᴢџֵ OPO Ҳ

͉ ļZĽ ⁮ ̾₈ 2.6 ~ 5µm Ȋ ӹ Ȋ ⁪ᴯ џᴀ ṻ ȋ ᴋ

MgO PPLN ς ᵧ 26 ~ 32µm ⁮ ̾ џ ͮ 2.6µmӑ 4.9µm ₈ ҲȋẰ ὠ ӹ

̜ 15W 2.66µmȊ3.44µmᵷ 4.99µmὍ џ Ҳӹ һӎ̜ 3.41WȊ2.78Wᵷ 0.52W כּ џ-џ
Ằ 2.66µmὍ ̜ 58% Ằ 3.44µmὍ ̜ 55% Ằ 4.99µmὍ ̜ 15%. Ằ Ησџ ֙њΕ ϝ

Ε˼ ӑ כּ ₈̜ 2.37nm 2615nm ȊΔλ = 1.87nm 3687nm ȊΔλ = 1.30nm 4992nm ⁮ ̾ ₈

ᴛ₈ Ȋ ӹ Ȋ ⁪ ̕ ὕ ғ џ Ҳȋ Ἇ̈́ᴯ MgO PPLN-OPO
̕ ̕ ὕ ᴛ Ạ ₈ ˵ ȋ

1 理论分析

џᴀ ˵̒ џ  џ ᴯ ͕ ̎̒ξ џ  Ѵ̕

џ ̜Іᴢџ ᴓ˵џ ̜ џȋ џ ӑ Шᴱ Ε Іᴢџ џẰ ̕

Ἱ ⁮ ᴀ ὠȋ˿ ғOPO˾ᴯ ̈́ џ ғ ꞊ џ

Ằ˵̒ ғ Ѿ ὗ ȋ₯̈́̕ ὕᴛ ғ ͕ ᴯ џᴀ ṻ

Synchronously Pumped Optical Parametric Oscillators Ҳ Ҕ̾ ב ӓ ₿ᴀ ғẰ

Ѿ ˵ᵧ ӓӑ˿ ғּזӄ ᵧ ˵ ͮ ⁮ ᴀ ȋ

ᴯ џ‚ᴀ ṻ˿ҝ ν֤ ᴬ ẕѴ ᾈ Ҳ Ɽ ᴇ≠ ̜ ᴛ ̕

ὕ ғ џ ̝ ̦˵ +≠ Ҳᴛ כּ ӡ ͟ΐ ὠ Ѳ ȋẰѵ ҝ

ν֤ ς̕ PPLN ς ˵ ꞊ ̕ ὕ ς ѵ

deff ~ 17pm/V Ȋ џ֥ἇᴛ  ~ 5µm ˵⁪  MgO ᴱᴛΊ ς ά Шȋ

ϝ ғᴯ ςӓ˼ џᴀ ṻ Τ֙ᴱ OPO ̜Іᴢџֵ ͉ ļZĽ
ȋᴆ₵ M2ᵷM3 ֯ ̜R2 = R3 = 150mm ̎ ̦ ̜ 180mm ᴆ₵ M4 ֯

R4 = 500mm ᴆ₵ M1ᵷM5 ר ȋ M1 ~ M5  ế₯1350 ~ 1700nm ὕџ Іᴢ

џ ᴆ₵ ᴆ₵ ̜ 99.9% ₯ 1064nmᵷ 2500 ~ 5000nm ₵ Ί ЃІᴢџẰ Ѿֵ ȋ ͉̒

ᵷ Ѓџᴀ ṻ ꞊♩ω ѱ ẕ Ί⁮ Ҳ ᾊ ẠȊ

ӹ ᵷ ⁪ ȋ ļ˿XĽ ļZĽ ω̜ ѵ ω ֵȊ ̈́ Τ ς˻

Ἇ џ ὠℓ̵ ̈́ ӓȋẰ ғOPO̕₯ ҝ ӓ ⁮ ᴯ џᴀ ṻ
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图 1 信号光沿传输距离的光斑半径分布图

2 实验装置

Ἇ̈́ MgO PPLN ς₈ Ȋ ӹ Ȋ̕ ὕ 2.6 ~ 5µm џᴀ ṻ ⁮ ᾊấ 2
ȋἏ̈́͂  Nd YVO4 ςѪả Ấ͕ џṻω̜ џᴀ ṻ Ѵ̕

1064nm ὑ ̜ 120MHz ғ ̜ 15ps ếӹר ̜ 15W. ֯ ˿Я һ ṻ ᴬ ӓ

џ ӹ ȋ ͂̒֯ ϝ џ Я ˿ ς ר ⁮ ļ0Ľ ν֤ e → e+e ϝ̦
ϗ ֤ Εȋ џ f = 125mm ӑ ς̕ џ ὠℓ̜ 60µm Ἇ Ѓ џ

ὠℓ˿ OPO ὠℓ ϗ ֤ ȋ₿ ς′ Ằ˵̒ᴛ ӓר ᴜ˻ ᴴ Ӿ ᴋ ςᵧ

ȋ˿ џ MgO PPLN ς ѵ MgO PPLN ς Ѓ̾ Ҳ џ ˾҂Ҳ

Ϩ̾ᴀ џџ Ҳ ω ȋ ςᵧ ̜ 26 ~ 32µm ↓₮̜ 50mm × 16mm × 2mm ̎
₯ 1.064µm џ Ȋ1.3 ~ 2µm Іᴢџ ᵷ 2.5 ~ 5µm џ ế Ἱ ∑ ȊІᴢȊ џẰ ς̕

џ ̜תּ L = 50mmȊ џ̜תּעH = 2mmȊ џ₈ּ̜תW = 16mm Ὓ ᴀ џẰ ς̕ ѩ
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图 2 皮秒同步泵浦光参量振荡器实验装置

3 分析与讨论

ў Ӎ џ Ύ SpectraProHRS-500 ₯ OPO ⁮ Ạ ȋẰ ӹ ̜

13.7W ₿ ς ả⁪Ằתּ 30℃ ᴋ ςᵧ 26 ~ 32µm ⁮ ̾ џẰ 2.6
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Ἱ ₈Ằ Ησџ ֙њΕ Ε˼ ᴋ ₯̈́Іᴢџֵ џ

⁮ Ѱ Ҳ₵ӑ ὕȋẰҝ ֤  MgO PPLN OPO ̕ Ѵ Ҳ џ ꜞ₈̜ 0.5 ~ 0.6nm /
Ҳ џ ꜞ₈˿Іᴢ  OPO ᵷ PPLN-OPO ̦ ₵ ⱡ ᴆ ȋ ₈ ̕ ὕ ғ џ

ѱ ̦˵ Ѵ һⱬȋ ϝ ў џṻ ᵷ ӓ ͟ᵠ ӹ⁮ ̾̕

ὕџ ֵתּ ᵷ ⁪ ȋ ₈ ϝ ̕ ὕ ғẰџ һ Ȋһ џ ≠

Ҳ ΤԈȋ
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图 3 闲频光的波长光谱图

Ѵ OPO Ҳӹ ̵ Ҳ ấ 4 a ̜Ằ ӹ ˵⁪ OPO˾ᴯ כּ₯

џ Ҳӹ ấȋͮấ̕ᴛΊ Ҳ Ằ ̜ 2.66µm ὠ Ҳӹ ̜ 3.41W Ằ 2.6 ~ 4.5µm
4.5 ~ 5µm ẠѾ ̾ 1W 522mW Ҳӹ ȋӍ ӹ ̾˾ᴯ Ὅ џ

ӹ ˿ Ҳџӹ ̦ ѱ ȋ ӹ ̜ 15W Ằ 2.66µmȊ3.44µmᵷ 4.92µm џ ˼

ӑ ὠ џ Ҳӹ һӎ̜ 3.41WȊ2.78Wᵷ 0.522W כּ џ-џ Ằ 2.66µmὍ̜ 58% Ằ

3.44µmὍ̜55% Ằ4.92µmὍ ̜15%.

a  џӹ ˵⁪ ˾ᴯ Ὅ џ Ҳӹ b  Ằ˾ᴯ џӹ ˼˾ᴯ Ὅ Ҳӹ
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图 4 中红外皮秒脉冲激光的输出功率

Spiricon Pyrocam Ⅲ Ợᴢ ӑ̕ ὕ џ һⱬ ᾊấ 5 ȋẰ

̕ џ һⱬếᵖ ̕ ᴴẑᵧ Ң һⱬȋẰ 30min ₧

Ѿ ̕ ὕ џ Ҳ ℓ̈́ế 2% rms ⁪ ȋ ̈́MgO PPLN ς₯ תּ
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꞊Φ ᴋ ς תּ ςᵧ ͮ ⁮ ȋ Ѓ ς תּ ⁪ ͧ

ςᵧ 26 ~ 32µm Ằ̕ ὕ ⁮ ̾₈ 2.6 ~ 5µm Ȋ ӹ Ȋ ⁪ ғ џ Ҳ

ẕ̜ Q Ҳ ᴬ ₯Іᴢџѵ 99.9% ᴆ₵ ₲ Іᴢџ Ҳ ꞊ξ ᴱ ᴛΊ

ᴀ Ằ ὕ ͕ ӹ Ȋ₈ џ Ҳȋ

a  џẰ 2.6µmὍ
һⱬấ

` џẰ1,3µkὍ
һⱬấ

a џẰ2,7µkὍ
һⱬấ

图 5 中红外皮秒脉冲激光的输出光斑

4 结论

͟ΐ₯̕ ὕ џּכ ἇ˾ ѩ̾ ̕ ὕџᴀ ṻ ̵₿˾ ȋ

ϝ ᴯ פ ̾˵ ₈ Ȋ ӹ ̕ ὕ џᴀ ṻ OPOἏ̈́ѵ ὗᵧ

MgO PPLN ς ᵧ ̜ 26 ~ 32µm. Іᴢџֵ Q ͧ ᴋMgO PPLN ςᵧ ⁮

̾ Ạ̜ 2.6 ~ 5µm ᴛ₈ ̕ ὕ Ҳȋ ὠ ӹ ̜ 15W Ằ џ Ằ 2.66µmȊ
3.44µmᵷ 4.99µmὍ ὠ Ҳӹ һӎ̜ 3.41WȊ2.78Wᵷ 0.52W כּ џ-џ Ằ 2.66µmὍ̜
58% Ằ 3.44µmὍ̜ 55% Ằ 4.99µmὍ ̜ 15% ӑ Ҳ̜ 2.37nm 2615nm Ȋ
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