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Group     TOPTICA Photonics SE (1998) Graefelfing (Germany)
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Revenue    ~140 Mio €    
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TOPTICA SAS (France, ex Azurlight Systems)

All Powers.

Diode Laser Systems

ps/fs Fiber Lasers

Optical Frequency Combs

CW Fiber Amplifiers

Terahertz Generation

High Power Laser Diodes

Laser Rack Systems

205 – 4200 nm

390 – 15000 nm

420 – 2000 nm

976 – 1762 nm 

0.1 – 6 THz

630 – 1120 nm

330 – 1770 nm

Clock Laser Systems

Optical Quantum Clocks & 

Optical Frequency Standards 

Singe Mode Control for DL pro, …

CTL 780

Er- and Tm- & Raman fiber amplifiers

New products (selection):



Qubit systems for Quantum Computing

Superconducting systems Color centers in solids Photonic devices

Ion trap systems Neutral atoms

…

IBM Xanadu

QUANTUM Mainz/Thomas Ruster MPI of Quantum Optics

XIE Tianyu USTC



Evolution of laser systems for quantum applications 

Research

• Table-top & modular

• Tunable & „lockable“ TDLS

• 20-50 GHz MHFT

• Up to 110 nm coarse/MHF

• Frequency stability: Hz..MHz

• Linewidth: Hz..MHz

• Optical frequency combs

Application / Industry

• Rack-integrated & fiber coupled (330 nm to 1770 nm)

• Modular, tunable & lockable as before

• Tunable Diode Laser Systems & optical frequency combs

• Remote control, hands-off & user-friendly

• Ultralow phase noise for best fidelity

Frequency comb-stabilized laser system to synchronize qubits in 

quantum networks, Saarland University, J. Eschner and C. Becher

• Compact solutions for sensing

Bloch lab, MPQ, Munich (Photo: Bundesregierung / Bergmann)



Ion-based systems for quantum computing (e.g. Ca+)

Optical Qubit

|S1/2 – |D5/2

Ca photo

ionization 

423 nm + 

375 nm
• Other ions: Yb+, Sr+, Ba+, Be+, … 

Raman Qubit |S1/2,F=4 – |S1/2,F=3 

395 nm

• 5 to 7 lasers!

• Wavelength: 375 nm .. 866 nm

• Power: mW ..few W

• Frequency stability: Hz .. MHz

• Linewidth: Hz .. MHz

• Phase noise: ultralow for high 

gate fidelity !

Ionization, cooling, 

repumping

Tapered amplified ECDL locked to stable high finesse optical cavity

Amplified Qubit 

laser

Clock Laser

High finesse 

optical cavity



Neutral atom-based systems (e.g. Sr Rydberg)

Metastable Raman Qubit 

|1 = 5s5p 3P2   |0 = 5s5p 3P0

5
3
0
 n

m

5
9
2
 n

m

Tweezers

QRydDemo

Other Qubits**): other lasers 

Other atoms: Rb, Cs, Yb, …

16 lasers

• 317 nm .. 1550 nm

• Power: mW .. 100 W

• Frequency stability: Hz .. MHz

• Linewidth: Hz .. MHz

• (Relative) phase noise:

ultralow for high gate fidelity

+ Optical frequency comb 

+ High finesse optical cavity

+ Wavelength meter

**) MUNIQC-ATOMS



Neutral atom-based systems – lasers 

< -150 dBc/Hz from 1 kHz to 10 MHz

ALS → TOPTICA Photonics SAS (France):

High power, low noise fiber amplifiers

ALS-IR-50 ALS-IR-130



80W 532nm – High power and ultra low noise (<0.02% RIN RMS)

White Paper: DEMONSTRATION OF AN ULTRA-LOW NOISE, HIGH-POWER 

LASER SYSTEM AT 532 NM WITH 80 W OPTICAL POWER; Jan 2025

<0.02 RIN RMS 10Hz-10MHz

Output RIN

Further RIN 

reduction possible 

with active 

feedback



Two versions

• Optical Frequency Standard (OFS)

• Optical Clock

(includes TOPTICA frequency 

comb DFC)



Advantage of Optical Clocks

133Cs hyperfine transition: 9 192 631 770.0 Hz (SI definition)

87Sr clock transition: 429 228 004 229 873.2 Hz

171Yb+ clock transition (E2): 688 358 979 309 308.3 Hz 

graph by P.O. Schmidt

Instability of an 

optical clock:
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Applications for TOPTICLOCK

• Time scales and time services

(e.g. for National Metrology Institutes, TAI contributions)

• Network synchronization

• Ground reference clocks for satellite navigation 

• Relativistic geodesy

• Long-term holdover in GNSS-denied environments

• Fundamental research & precision measurements

Grotti et al., Nature Phys.14, 437 (2018)

N. Huntemann et al., 

„Improved Limit on a 

Temporal Variation of mp / me

from Comparisons of Yb+ and 

Cs Atomic Clocks”, PRL 113, 

210802 (2014)



Evolution of clocks

133Cs hyperfine transition: 9 192 631 770.0 Hz (SI definition)

171Yb+ clock transition (E2): 688 358 979 309 308.3 Hz (~75,000  fCs)

graph by P.O. Schmidt



Optical clocks for users: industrialize → rack integration, automization, …

Yb+ clock @ 

PTB Braunschweig

19“ 19“

TOPTICLOCK
Customer inspired



Optical Frequency Standard Fully Integrated into two Racks

• Clock Laser module with 

ultra-stable cavity

• Physics package with 

single ion trap

• Cooling laser system with 

all light conditioning

• Real-time

electronic control system

• Visual dashboard

on external computer

total dimensions: 2m x 1.6m x 1m



Characterization of TOPTICLOCK OFS in the Clock Hall at PTB



TOPTICLOCK #1 at PTB – characterization vs. PTB-Yb1E3 OFS (467 nm) 

Effect
Shift 

[10-18]    

Uncertainty 

[10-18]

Blackbody radiation @298 K -491.0 17.2

Blackbody radiation (temp.) -4.3 2.3

Thermal motion (Doppler) -1.3 0.7

Thermal motion (Stark) -2.0 1.0

Excess micromotion -2.1 2.1

Second-order Zeeman (dc) 3872.4 7.6

Second-order Zeeman (ac) 0.0 2.0

Electric quadrupole 0.0 2.9

Servo 0.0 3.2

Sum 3371.7 19.7

• Uncertainty < 2 × 10-17 limited by accuracy of static 

differential polarizability of E2 states s

• 1 OOM better determination of s

leads to uncertainty < 10-17

5×10-15 / √/s
1e-15

1e-17
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Thanks

Do you have any questions?

stefan.spaelter@toptica.com www.toptica.com
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