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Basic Laser Theory

Oscillator = Gain Medium + Feedback (Resonator)

Peak Gain coefficient:  𝜸𝒑 = 𝜶𝒂
∆𝒏

∆𝒏𝑻
− 𝟏

For steady state oscillation : Gain = Resonator loss

threshold peak Gain coefficient:  𝜸𝒑𝒕 = 𝜶𝒓 = 𝜶𝒔 +
𝟏

𝟐𝒍
𝒍𝒏

𝟏

𝑹𝟏𝑹𝟐

𝛼𝑠 ≈ 22𝑐𝑚−1

𝛼𝑎 ≈ 600𝑐𝑚−1 𝑅1 = 𝑅2 = 0.32

𝑙 = 300𝜇𝑚Typical Values:-

𝜸𝒑𝒕 = 60𝑐𝑚−1
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Basic theory

⇒
∆𝒏𝒕

∆𝒏𝑻
− 𝟏 =

𝜸𝒑

𝜶𝒂
= 𝟎. 𝟏;

∆𝒏𝒕

∆𝒏𝑻
=

𝑱𝒕

𝑱𝑻
=

𝒊𝒕

𝒊𝑻
= 1.1

𝒊. 𝒆. 𝒊𝒕= 𝟏. 𝟏𝒊𝑻

Above threshold:-

𝑃𝑜𝑝𝑡 ∝ 𝑖 − 𝒊𝒕

𝑃𝑜𝑝𝑡 = 𝑘 𝑖 − 𝒊𝒕

𝒅𝑷

𝒅𝒊
= differential Responsivity (W/A)

𝒅𝑷

𝒅𝒊

𝑃𝑜𝑝𝑡(𝑚𝑤)

𝑖(mA)𝒊𝒕

500C

900C

20 30 40 60 70 80

2

4

6

8

10

12

Temperature dependent of threshold current:-

𝒊𝒕 𝑻 = 𝒊𝟎𝒆
− ൗ𝑻 𝑻𝟎 (temperature characteristic)

𝜸𝒑 = 𝜶𝒂
∆𝒏

∆𝒏𝑻
− 𝟏
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Assignment # 2

Why the threshold current increase with 

increase in the temperature?
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Output Characteristics: Threshold current

𝜸𝒑 = 𝜶𝒂
∆𝒏

∆𝒏𝑻
− 𝟏 ∆𝒏 = 𝜶𝒂

ൗ𝒊 𝒆 𝝉

𝒍 × 𝒘 × 𝒅
=
𝑱𝝉

𝒆𝒅

∴ 𝐽𝑇=
∆𝒏𝒆𝒅

𝝉
→ 𝑱𝑻∝ 𝒅

Laser Condition: Gain = Loss

𝜸𝒑𝒕 = 𝜶𝒓

𝜶𝒂
∆𝒏𝒕
∆𝒏𝑻

− 𝟏 = 𝜶𝒓

𝜶𝒓 = 𝜶𝒂
𝑱𝒕
𝑱𝑻
− 𝟏

∴ 𝑱𝒕 = 𝑱𝑻 𝟏 +
𝜶𝒓
𝜶𝒂

Fig. Variation of Peak Gain coefficient 

with excess carrier concentration

Fig. Threshold current variation with temperature

𝒅 ~𝟎. 𝟏 − 𝟎. 𝟐𝝁𝒎

Double heterojunction 
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Output Characteristics: Confinement Factor, 𝜞

𝒅 ~𝟎. 𝟏 − 𝟎. 𝟐𝝁𝒎𝒏𝟏

𝒏𝟐

𝒏𝟐

𝑪𝒐𝒏𝒇𝒊𝒏𝒆𝒎𝒆𝒏𝒕 𝒇𝒂𝒄𝒕𝒐𝒓, 𝜞 → fractional energy in the active region

𝟎 < 𝜞 < 𝟏

𝒄𝒂𝒗𝒊𝒕𝒚 𝒈𝒂𝒊𝒏 = 𝜞𝜸𝒑

𝜞𝜸𝒑 = 𝜶𝒓 = 𝜞𝜶𝒂
𝑱𝒕
𝑱𝑻
− 𝟏

∴ 𝑱𝒕 = 𝑱𝑻 𝟏 +
𝜶𝒓
𝜞𝜶𝒂

Active 
medium

R1
R2

Bulk laser

𝑽 𝒏𝒖𝒎𝒃𝒆𝒓, 𝑽 =
𝟐𝝅

𝝀
𝒅 𝒏𝟏

𝟐 − 𝒏𝟐
𝟐

𝒅𝟏 < 𝒅𝒏𝟏

𝒏𝟐

𝒏𝟐

𝑝𝑒𝑛𝑒𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑝𝑡ℎ,
1

𝛾
→= 1/ 𝛽2 − 𝑘0

2𝑛2
2

𝑽 𝜞

𝜸𝒑 = 𝜶𝒓

𝒅 𝛽



Fall 2023 Laser and Its Applications

Output Characteristics: Confinement Factor, 𝜞

∆𝒏 = 𝒏𝟏 − 𝒏𝟐

𝑽 𝒏𝒖𝒎𝒃𝒆𝒓, 𝑽 =
𝟐𝝅

𝝀
𝒅 𝒏𝟏

𝟐 − 𝒏𝟐
𝟐

𝜞 → 𝟏

𝜞 → 𝟎

𝟎 < 𝜞 < 𝟏

𝜞

𝟏

𝜞

𝟎

𝟏

𝟎. 𝟓

𝟐

𝒅

= 𝑱𝑻 +
𝜶𝒓
𝜞𝜶𝒂

𝑱𝑻

𝑱𝒕 = 𝑱𝑻 𝟏 +
𝜶𝒓
𝜞𝜶𝒂

𝑱𝑻

𝐽𝑇 =
∆𝒏𝑻𝒆𝒅

𝝉

𝒅

𝒅 decreases  𝜞 becomes small ; 
𝟏

𝜞
becomes large

𝑱𝒕

𝒅~𝟎. 𝟏 − 𝟎. 𝟐𝝁𝒎

𝐽𝑇

𝒎𝒐𝒔𝒕 𝒑𝒓𝒂𝒄𝒕𝒊𝒄𝒂𝒍 𝒗𝒂𝒍𝒖𝒆 𝒐𝒇 𝜞 𝒗𝒂𝒓𝒊𝒆𝒔 𝒇𝒓𝒐𝒎 𝟎. 𝟔 𝒕𝒐 𝟎. 𝟗

Fig. transparent current dependence on width of active region

Fig. threshold current w.r.t. width of active 

region

𝒏𝟏 𝒏𝟐

∆𝒏

Tightly confined

𝟒
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Output Characteristics: Spatial Profile

8 × 2 𝜇𝑚 𝑠𝑝𝑜𝑡 𝑠𝑖𝑧𝑒

Example:-

𝜆 = 1 𝜇𝑚
𝜃⊥ ≈ sin−1

𝜆

𝑑 = 2
= 30∘

𝜃∥ ≈ 7∘

8 × 2 𝜇𝑚

𝟎. 𝟐𝝁𝒎

Front view

𝜃

𝜃∥ ≈
𝜆

𝑑
≈
1

8

In 2D plane: 
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Output Characteristics: Longitudinal Modes

𝜈𝐹 =
𝑐

2𝑛𝑙
=

3 × 108

2 × 300 × 10−6 × 3.6
≈ 1.4 × 1011𝐻𝑧

𝐵~1012 𝐻𝑧

⇒ 𝑓𝑒𝑤/𝑠𝑒𝑣𝑒𝑟𝑎𝑙 𝑙𝑜𝑛𝑔𝑖𝑡𝑢𝑑𝑖𝑛𝑎𝑙 𝑚𝑜𝑑𝑒𝑠 = 𝐵/𝜈𝐹

MODE SELECTION: ECL, DFB, DBR LASER

𝜐

𝐺𝑎𝑖𝑛

FSR

B

Δ𝜐

𝐺𝑎𝑖𝑛

𝛼𝑟

1012~1013𝐻𝑧
𝜐

(a) FP resonator with arbitrary wave

(b) FP resonator with standing wave

𝑙
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Output Characteristics: Spectral linewidth

Δ𝜆 → 𝑙𝑖𝑛𝑒𝑤𝑖𝑑𝑡ℎ

Typical:-

Δλ~20 − 40 nm for LED
~2 − 3 nm for FP lasers
≤ 0.1 nm for DFB lasers, VCSELS

Equivalence:-

Δλ↔ Δ𝜈

c = 𝜈λ ⟹ 𝜈 =
c

λ

Δ𝜈 =
𝑐

λ2
−Δλ

𝐹𝑊𝐻𝑀, 𝚫𝛌

𝛌 𝒑

For example:-

𝑰 𝝀

𝝀

λ = 1.55 𝜇𝑚
Δλ = 1 𝑛𝑚 ⟹ Δ𝜈 = 125 𝐺𝐻𝑧

Δ𝜈 = 100 𝐺𝐻𝑧 ⟹ Δλ = 0.80 𝑛𝑚
Δ𝜈 = 100 𝑀𝐻𝑧 ⟹ Δλ = 0.00080 𝑛𝑚

0.8
𝑛𝑚
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Output Characteristics: Spectral linewidth
Importance of Narrow linewidth

In DWDM
Δ𝜆(𝑠𝑜𝑢𝑟𝑐𝑒 𝑙𝑖𝑛𝑒𝑤𝑖𝑑𝑡ℎ) ≪ 𝛿𝜆(𝑐ℎ𝑎𝑛𝑛𝑒𝑙 𝑠𝑝𝑎𝑐𝑖𝑛𝑔)

For 100 GHz channel spacing: 𝛿𝜆 = 0.8 𝑛𝑚
For 50 GHz channel spacing  : 𝛿𝜆 = 0.4 𝑛𝑚

⟹ 𝜟𝝀 < 𝟎. 𝟏 𝒏𝒎 𝒐𝒓 𝒔𝒎𝒂𝒍𝒍𝒆𝒓 𝒇𝒐𝒓 𝒏𝒐 𝒄𝒉𝒂𝒏𝒏𝒆𝒍 𝒐𝒗𝒆𝒓𝒍𝒂𝒑

Dispersion in fiber link

Dispersion parameter: 𝐷 =
Δ𝜏

𝐿Δ𝜆
𝑝𝑠/𝑘𝑚- 𝑛𝑚 GHz

Δ𝜏 ∶ 𝑇𝑒𝑚𝑝𝑒𝑟𝑜𝑎𝑙 𝑠𝑝𝑟𝑒𝑎𝑑 𝑜𝑓 𝑎 𝑝𝑢𝑙𝑠𝑒
𝐿: 𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑖𝑛𝑘
Δ𝜆 ∶ 𝑆𝑜𝑢𝑟𝑐𝑒 𝐿𝑖𝑛𝑒𝑤𝑖𝑑𝑡ℎ

⟹ 𝜟𝝉 = 𝑫× 𝑳 × 𝜟𝝀

⟹ 𝒔𝒎𝒂𝒍𝒍𝒆𝒓 𝒕𝒉𝒆 𝜟𝝀, 𝒔𝒎𝒂𝒍𝒍𝒆𝒓 𝒊𝒔 𝒕𝒉𝒆 𝒔𝒑𝒓𝒆𝒂𝒅𝒊𝒏𝒈 𝒐𝒇 𝒕𝒉𝒆 𝒑𝒖𝒍𝒔𝒆, 𝜟𝝉

⟹ 𝒍𝒂𝒓𝒈𝒆𝒓 𝒃𝒊𝒕 𝒓𝒂𝒕𝒆𝒔 𝒂𝒓𝒆 𝒑𝒐𝒔𝒔𝒊𝒃𝒍𝒆 𝒘𝒊𝒕𝒉𝒐𝒖𝒕 𝑰𝑺𝑰
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Output Characteristics: multi-longitudinal mode oscillation

𝐺𝑎𝑖𝑛 𝑐𝑢𝑟𝑣𝑒

𝛼𝑟

𝑙𝑜𝑠𝑠 𝑙𝑖𝑛𝑒

𝜐𝑞
𝜐𝑞−1 𝜐𝑞+1

𝜐𝑞+2𝜐𝑞−2

T𝒉𝒐𝒔𝒆𝒎𝒐𝒅𝒆𝒔 𝒘𝒉𝒊𝒄𝒉 𝒉𝒂𝒗𝒆 𝒈𝒂𝒊𝒏 𝒎𝒐𝒓𝒆 𝒕𝒉𝒂𝒏 𝒍𝒐𝒔𝒔 𝒘𝒊𝒍𝒍 𝒃𝒆 𝒂𝒃𝒍𝒆 𝒕𝒐 𝒐𝒔𝒄𝒊𝒍𝒍𝒂𝒕𝒆 𝒍𝒆𝒂𝒅𝒊𝒏𝒈 𝒕𝒐 𝒎𝒖𝒍𝒕𝒊 − 𝒇𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚 𝒐𝒔𝒄𝒊𝒍𝒍𝒂𝒕𝒊𝒐𝒏.

In the figure shown above, oscillation will occur at Eight frequencies 

𝑂𝑠𝑐𝑖𝑙𝑙𝑎𝑡𝑖𝑛𝑔 𝑚𝑜𝑑𝑒𝑠

𝝊
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Output Characteristics: Single Frequency Oscillation

𝐺𝑎𝑖𝑛 𝑐𝑢𝑟𝑣𝑒

𝑙𝑜𝑠𝑠 𝑙𝑖𝑛𝑒

𝜐𝑞
𝜐𝑞−1 𝜐𝑞+1

𝜐𝑞+2𝜐𝑞−2

𝐿𝑎𝑠𝑒𝑟 𝑐𝑎𝑣𝑖𝑡𝑦 𝑚𝑜𝑑𝑒

𝝊

𝑮
𝒂
𝒊𝒏

/𝑳
𝒐
𝒔
𝒔

𝑂𝑠𝑐𝑖𝑙𝑙𝑎𝑡𝑖𝑛𝑔 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝝊

𝐹𝑃 𝑒𝑡𝑎𝑙𝑜𝑛
𝑟𝑒𝑠𝑜𝑛𝑎𝑛𝑐𝑒

Multi-frequency oscillation leads to large source linewidth

𝑒𝑡𝑎𝑙𝑜𝑛

Fabry Perot cavity with a small thickness t

Why the etalon of small thickness is used? 
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Single Frequency Lasers: External cavity

AR Coated Tilted Etalon Mirror
t

Pout

I

AR Coated

Rotating Grating

Pout

I

𝜃

𝜆0 = 2Λ sin 𝜃

At a given angle, the only one frequency will be selected which satisfy the above equation

Lossy cavity for other wavelengths 

Maximum tuning up to 50 nm for ECL
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Single Frequency Lasers: DFB Laser

For resonant backward reflection:     
𝟐𝝅

𝝀𝟎
𝒏𝒆𝒇𝒇𝟐𝜦 = 𝒒 × 𝟐𝝅 ; 𝒒 = 𝟏 for first order grating 

Required grating period:    𝜦 =
𝝀𝟎

𝒏𝒆𝒇𝒇

𝒏𝒆𝒇𝒇:  𝒆𝒇𝒇𝒆𝒄𝒕𝒊𝒗𝒆 𝒊𝒏𝒅𝒆𝒙 𝒐𝒇 𝒕𝒉𝒆 𝒈𝒖𝒊𝒅𝒆𝒅𝒎𝒐𝒅𝒆 ≈ 𝒏𝒂𝒗𝒆𝒓𝒂𝒈𝒆

𝑛 − 𝐺𝑎𝐴𝑠 𝑆𝑈𝐵𝑆𝑇𝑅𝐴𝑇𝐸

𝑛 − 𝐺𝑎0.7𝐴𝑙0.1𝐴𝑠

𝑛 − 𝐺𝑎0.9𝐴𝑙0.1𝐴𝑠

𝑝 − 𝐺𝑎𝐴𝑠

𝑝 − 𝐺𝑎09𝐴𝑙0.1𝐴𝑠

𝑝 − 𝐺𝑎07𝐴𝑙0.1𝐴𝑠

𝑝 − 𝐺𝑎𝐴𝑠

𝐴𝑐𝑡𝑖𝑣𝑒 𝑙𝑎𝑦𝑒𝑟 𝐿𝑖𝑔ℎ𝑡

𝑚𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑡𝑎𝑐𝑡

𝐴. 𝑅. 𝐶𝑜𝑎𝑡𝑖𝑛𝑔
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Single Frequency Lasers: DFB Laser

𝒏𝑯
𝒏𝑳
𝒏𝑯

𝒏𝑯

𝒏𝑳

𝒏𝑯

𝒏𝑳

𝒏𝑯

𝒏𝑳

𝒏 𝒛

𝒛

𝒏𝑯𝒏𝑳 𝒏𝑳
𝒏𝑯 𝒏𝑯𝒏𝑳

𝚲

2𝑘0𝑛𝑒𝑓𝑓Λ = 𝑞 × 2𝜋

Δ𝜙 = 2𝑘0𝑛
Λ

2
= 𝜋

Λ =
𝜆0

2𝑛𝑒𝑓𝑓

2𝜋

𝜆𝐵
𝑛Λ = 𝜋

For 𝜆𝐵= 1.55𝜇𝑚

Λ =
1.55

2 × 3.5
≈ 0.23 𝜇𝑚

Refractive index variation

Λ

Round trip phase is integral multiple of 2𝜋, feedback is only for 𝜆0
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Single Frequency Lasers: DFB Laser

𝜈𝐵 → 𝜆𝐵 = 2𝑛𝑒𝑓𝑓Λ

=
𝑐

2𝑛𝑒𝑓𝑓Λ

𝜈𝐿 = 𝜈𝐵 ±
𝑐

2𝑛𝑒𝑓𝑓𝑙
𝑞 +

1

2

But actually the frequency is slightly shift at the laser output 

𝑰 𝝊

𝝊𝝊

𝑷 𝒅𝑩

Output spectrum of DFB Laser
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Single Frequency Lasers: Output Spectrum

DFB Laser FP Laser



Fall 2023 Laser and Its Applications

Single Frequency Lasers: DBR

DBR mirror DBR mirror

DFB Laser FP LaserDBR Laser

𝑛 − 𝐺𝑎𝐴𝑠 𝑆𝑈𝐵𝑆𝑇𝑅𝐴𝑇𝐸

𝑛 − 𝐺𝑎0.7𝐴𝑙0.1𝐴𝑠

𝑛 − 𝐺𝑎0.9𝐴𝑙0.1𝐴𝑠

𝑝 − 𝐺𝑎𝐴𝑠
𝑝 − 𝐺𝑎09𝐴𝑙0.1𝐴𝑠

𝑝 − 𝐺𝑎07𝐴𝑙0.1𝐴𝑠

𝑝 − 𝐺𝑎𝐴𝑠

𝐴𝑐𝑡𝑖𝑣𝑒 𝑙𝑎𝑦𝑒𝑟 𝐿𝑖𝑔ℎ𝑡

𝑚𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑡𝑎𝑐𝑡

𝐴. 𝑅. 𝐶𝑜𝑎𝑡𝑖𝑛𝑔

𝒊

❖ More frequency stable at output 

compared to DFB Laser

❖ Comparatively difficult to 

fabricate DBR mirror so used 

grating 
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Single Frequency Lasers: DBR

DFB Laser DBR Laser

𝑛 − 𝐺𝑎𝐴𝑠 𝑆𝑈𝐵𝑆𝑇𝑅𝐴𝑇𝐸

𝑛 − 𝐺𝑎0.7𝐴𝑙0.1𝐴𝑠

𝑛 − 𝐺𝑎0.9𝐴𝑙0.1𝐴𝑠

𝑝 − 𝐺𝑎𝐴𝑠
𝑝 − 𝐺𝑎09𝐴𝑙0.1𝐴𝑠

𝑝 − 𝐺𝑎07𝐴𝑙0.1𝐴𝑠

𝑝 − 𝐺𝑎𝐴𝑠

𝐴𝑐𝑡𝑖𝑣𝑒 𝑙𝑎𝑦𝑒𝑟 𝐿𝑖𝑔ℎ𝑡

𝑚𝑒𝑡𝑎𝑙 𝑐𝑜𝑛𝑡𝑎𝑐𝑡

𝐴. 𝑅. 𝐶𝑜𝑎𝑡𝑖𝑛𝑔

𝒊

𝜆𝑏 = 2𝑛𝑒𝑓𝑓Λ

❖ wavelength fixed when fabricated the corrugation. 

❖ However refractive index of the medium 𝑛𝑒𝑓𝑓
which is depend on the injection current.

❖ Depending upon the energy level difference greater 

and lesser than Eg which determines whether the 

active medium acts as gain or absorber.

𝑛 = 𝑛𝑟 − 𝑖𝑛𝑖
𝑛𝑖 > 0 → 𝐴𝑏𝑠𝑜𝑟𝑏𝑖𝑛𝑔

𝑛𝑖 < 0 → 𝐺𝑎𝑖𝑛

𝑃𝑙𝑎𝑛𝑒 𝑤𝑎𝑣𝑒 ∶ 𝜓 = 𝐴𝑒𝑖 𝜔𝑡−𝑘𝑧

= 𝐴𝑒𝑖𝜔𝑡𝑒−𝑖𝑘𝑜𝑛𝑟𝑒−𝑘𝑜𝑛𝑖𝑧

; 𝑘 = 𝑘𝑜𝑛

𝐼 = 𝜓 2 = 𝐴2𝑒−2𝑘𝑜𝑛𝑖𝑧

𝐼(𝑧) = 𝜓 2 = 𝐼0𝑒
−2𝑘𝑜𝑛𝑖𝑧
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QUIZ # 1

Why are the end facets of a DFB laser 

chip provided with AR coating 
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Answer of Quiz # 1

To prevent reflections from the end facets that could 

lead to the formation of Fabry-Perot cavity/resonances.
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Single Frequency Lasers: VCSELs

Vertical Cavity Surface Emitting Laser, VCSELs Variation of DBR Laser 

~500 𝜇𝑚

𝑛𝐻

𝑛𝐿 𝑛𝐿

𝑛𝐻

90° rotation

Vertical cavity

𝒕 =
𝝀𝟎
𝟒𝒏

𝒕

𝑹𝟏 𝑹𝟐

Light emitting from surface 

Substrate

𝑹𝟏~ 𝟗𝟎%

𝑹𝟐~ 𝟏𝟎𝟎%
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Single Frequency Lasers: VCSELs

Use for High density data interconnects in 

computer design 

For Example:

For equilibrium for resonator 

𝛼𝑟 = 𝛾 = 𝛼𝑠 + 𝛼𝑚

𝛾 = 50𝑐𝑚−1

𝛼𝑠 = 10~50𝑐𝑚−1

𝛼𝑚 = 40𝑐𝑚−1

=
1

2𝑙
𝑙𝑛

1

𝑅1𝑅2

For minimum values of 𝛼𝑠

𝑹𝟏 = 𝑹𝟐~ 𝟑𝟐% lower percentage

For normal laser diodes

∴ 𝑙 =
1

2𝛼𝑚
𝑙𝑛

1

𝑅1𝑅2

For VCSELs and DBR

𝑹𝟏 = 𝑹𝟐 ≥ 𝟗𝟎% higher value

For different values of R

R=0.32

R=0.9

R=0.99

R=0.998

l≈ 285 𝜇𝑚

l ≈ 10 𝜇𝑚

l ≈ 2.5 𝜇𝑚

l ≈ 0.2 𝜇𝑚

𝛾 𝑐𝑚−1

50 mA

100 mA

ℎ𝜈

50

∴ 𝑙 =
1

40
𝑙𝑛

1

𝑅

For 𝑹𝟏 = 𝑹𝟐=R
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Single Frequency Lasers: VCSELs

DBR stack

(output coupler)

R = 95%

20 periods 

(~2μm)

DBR stack

(Rear mirror)

R = 99%

25 periods

Double 

heterojunction/MQW

Active layer

Annular 

electrode

Vertical cross section of a VCSEL 

𝑛 + 𝑆𝑈𝐵𝑆𝑇𝑅𝐴𝑇𝐸

𝐶𝑙𝑎𝑑𝑑𝑖𝑛𝑔

𝐶𝑙𝑎𝑑𝑑𝑖𝑛𝑔𝐴𝑙𝐺𝑎𝐴𝑆

𝐺𝑎𝐴𝑆

SiO2 layer for blocking layer

𝒕 =
𝝀𝟎
𝟒𝒏

𝒕𝟏 𝒕𝟐

𝐴𝑙𝐴𝑠
n=3.2

𝐴𝑙𝐺𝑎𝐴𝑠
n=3.5

𝒕𝟏 =
𝝀𝟎(𝟎. 𝟖 𝒎𝒊𝒄𝒓𝒐𝒎𝒆𝒕𝒆𝒓)

𝟒𝒏𝟏
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Single Frequency Lasers: Bragg Reflectors

𝛼𝑟 = 𝛼𝑠 + 𝛼𝑚 ⟹ 𝛾𝑝

10 𝑐𝑚−1 40𝑐𝑚−1 50𝑐𝑚−1

For different values of R

R=0.32

R=0.9

R=0.998

l≈ 285 𝜇𝑚

l ≈ 10 𝜇𝑚

l ≈ 0.2 𝜇𝑚

Reflectivity of a periodic stack of “high” 

and “low” index layer is given by 

𝑹 =
𝟏 −

𝒏𝑳
𝒏𝑯

𝟐𝑵

𝟏 +
𝒏𝑳
𝒏𝑯

𝟐𝑵

𝟐

𝑵, periods

𝑹

25201510
0.96

1
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QUIZ # 2

Why VCSELs have only a single 

wavelength and greater FSR?
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Answer of Quiz # 2

Due to Bragg stacks

Cavity length is small

In VCSELs the cavity length is about 10 μm hence FSR is large and normally the bandwidth of the amplifier cannot cover the more 

than one longitudinal mode and hence most of the cases VCSELs are SM lasers.
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Single Frequency Lasers: Tunable DBR

𝒊𝟏 𝒊𝟐

Bragg Structure

AR coated
Cleaved facet

Tunable DBR structure 𝜈𝐵 → 𝜆𝐵 = 2𝑛𝑒𝑓𝑓Λ

=
𝑐

2𝑛𝑒𝑓𝑓Λ

❖two section structure

❖Biased separately for two structure

❖Frequency selection due to change in 

Refractive index and Bragg grating 

frequency

❖Tuning range is from 5 nm to 10 nm 
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Single Frequency Lasers: Tunable DFB

❖Change in Temperature : bandgap changes 

and hence emitting wavelength changes 

❖Only small tunable range of 1~3 nm

❖Δλ= 0.1nm/oC
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Single Frequency Lasers: Quantum Well Lasers

Most of the Lasers have the Quantum Well in Active region

𝜌

𝐸𝑐 + 𝐸𝑞1

𝐸𝑐

𝐸𝑣 Bulk laser

Quantum laser

Quantum laser 

effective bandgap

Density of states in Quantum well structures

𝜌𝑐 𝐸

𝜌𝑣 𝐸

𝜌𝑐1 𝐸 =
𝑚𝑐

𝜋ℎ2𝐿𝑧

𝜌𝑣1 𝐸 =
𝑚𝑣

𝜋ℎ2𝐿𝑧

𝜌𝑐1

𝐸

Energy states in Quantum well structures

𝑞 = 1
𝑞 = 2

𝑉0 𝑉0

𝑳𝒛50𝐴0 100𝐴0 150𝐴0 200𝐴0

𝐸1
𝐸2 𝐸3

𝐸

𝐸1

0.3𝑒𝑣

Allowed energy values for different 

quantum well energy number with 

quantum well thickness
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Single Frequency Lasers: Quantum Well Lasers

For example:-

𝐼𝑛0.53𝐺𝑎0.47𝐴𝑠/𝐼𝑛𝑃

0.74 𝑒𝑣
1.35 𝑒𝑣

∆𝐸𝑐≈ 0.65 ∆𝐸𝑔
≈ 0.4 𝑒𝑣

∆𝐸𝑣≈ 0.35 ∆𝐸𝑔
≈ 0.21 𝑒𝑣

𝑞 = 1
𝑞 = 2

𝐼𝑛0.53𝐺𝑎0.47𝐴𝑠𝐼𝑛𝑃

∆𝐸𝑐

∆𝐸𝑣

∆𝐸𝑔= 0.61 𝑒𝑣

Double heterojunction

𝑑 = 1000 𝐴°

𝜆𝑔 =
1.24

𝐸𝑔
=
1.24

𝟎. 𝟕4

≈ 1.67𝜇𝑚

When d is changed to 100 A°

∆𝐸1 = 𝐸𝑐 − 𝐸1 ≈ 50 𝑚𝑒𝑣
𝐸1
𝐸𝑐

𝐸1
′

∆𝐸1
′ ≈ 10 𝑚𝑒𝑣 𝐸𝑔

𝑒𝑓𝑓
= 0.74 + 0.085 + 0.015

= 0.84

Further decrease to 80 A°

𝜆𝑔 =
1.24

𝐸𝑔
=
1.24

0.8

≈ 1.55𝜇𝑚

𝐸1
𝐸𝑐

𝐸1
′

∆𝐸1 ≈ 85 𝑚𝑒𝑣

∆𝐸1
′ ≈ 15 𝑚𝑒𝑣𝐸𝑔

𝑒𝑓𝑓
= 0.74 + 0.05 + 0.01

= 𝟎. 𝟖
𝜆𝑔 =

1.24

𝐸𝑔
=
1.24

0.84

≈ 1.46𝜇𝑚

𝐼𝑛𝑃

Higher value of debroglie

wavelength which is about 

10 to 100 𝐴°

Typical value

𝐜𝐡𝐚𝐧𝐠𝐞 𝐢𝐧 𝐬𝐦𝐚𝐥𝐥 𝐰𝐢𝐝𝐭𝐡 𝐰𝐢𝐭𝐡 𝐜𝐡𝐚𝐧𝐠𝐞 𝐢𝐧 𝒉𝒊𝒈𝒉𝒆𝒓 𝒆𝒎𝒊𝒔𝒔𝒊𝒐𝒏 𝒐𝒇 𝒘𝒂𝒗𝒆𝒍𝒆𝒏𝒕𝒉
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Single Frequency Lasers: Quantum Well Lasers

Semiconductor laser double heterojunction laser, where the thickness of active layer is less than de Broglie wavelength of electrons 

(200 Armstrong to 5 nm which give quantization and gives discrete level of energy)  

❖Lower threshold

❖Less sensitive to temperature variation

• 𝑇0~140 𝐾 for FP lasers

• 𝑇0~400 𝐾 for QW lasers

𝑖𝑡 𝑇 = 𝑖𝑡 𝑇𝑟 𝑒
𝑇−𝑇𝑟
𝑇0

𝑇𝑟 = 20℃

40℃

𝑖𝑡 𝑇𝑟 𝑖𝑡 𝑇

larger the value of 𝑇0 less shift in temperature

❖ Carrier distribution is less sensitive to the temperature due to the transition level need to be changed as 

discrete energy level unlike the bulk lasers  

❖ In QW lasers with increase in temperature there is less non radiative transition hence quantum efficiency, 𝜂𝑖 is 

relatively large and quantum efficiency is less effective with temperature

𝑇
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Single Frequency Lasers: Quantum Well Lasers

𝜸 = 𝜶𝒂
∆𝒏

∆𝒏𝑻
− 𝟏 = 𝜶𝒂

𝑱

𝑱𝑻
− 𝟏

𝜸 =
𝝀𝟐

𝟖𝝅𝝉
𝝆 𝝊 𝒇𝒈 𝝊

𝑱𝒕 = 𝑱𝑻 𝟏 +
𝜶𝒓
𝜞𝜶𝒂

𝐽𝐽 𝑇
𝑏𝑢𝑙𝑘

𝐽 𝑇
𝑄𝑊

𝜸

𝜸

𝒉𝝊

𝑏𝑢𝑙𝑘

𝑄𝑊

𝐸𝑔 𝐸𝑔 + 𝐸𝑞1

Fig. 1 Gain as a function of 

Energy

Fig. 2 Gain as a function of current 

density

Confinement factor:

𝒊𝒕𝒐𝒓𝑱𝒕

𝒅~𝟎. 𝟏 − 𝟎. 𝟐𝝁𝒎

𝐽𝑇

For QW lasers 

❖ d is less then we expect threshold to go which is because of 

confinement factor 𝜞 in heterojunction 

❖ In QW lasers although the confinement factor is small gain is 

much higher for QW well and quantum efficiency is very high and 

𝒇𝒈 𝝊 increase rapidly

❖ Net effect even we have less value of d, less the threshold current

𝑫𝑯
Density of states in 

Quantum well 

structures

Gain coefficient 



Fall 2023 Laser and Its Applications

Single Frequency Lasers: MQW

MQW lasers 

❖ Active level comprises of multiple quantum well 

structures comprises of identical potential wells 

and barriers. 

❖ Barrier thickness is sufficiently large so that 

electron wave function does not interact with each 

other.

❖ Identical not interacting wells

❖ Enhancement of effective gamma with one overall 

optical field

❖ Higher optical output power as overall active area 

increases 

❖ Typical 2 to 6 QW layer   

Optical mode
Quantum well 

barrier

overlap
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Assignment# 03

1. Why DBR laser have better frequency stability compared to the DFB

laser?

2. Why the reflectivity R is chosen higher value in VCSELs?

3. Why the coupling efficiency of VCSELs is better than Fabry perot

lasers?
4. For the given typical parameter of laser diode as follows, what is the transparent current at T=30oC and T=40 oC. Also, 

plot the graph for Poptical when the temperature is raised to 40oC showing threshold current.

Scattering loss due to inhomogeneity = 20 cm-1; 

Absorption co-efficient= 600 cm-1;

Length of the cavity= 285 μm; 

Reflectivity of cavity mirrors are 32% Temperature coefficient 

T0 = 140K 
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Any Queries 


