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Dr Sergio Lopez
Thermal cesium beam clock and systematics effects on primary standards
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Dr Nikolay Shtin
Microwaves and Sapphire oscillators

o
CENAM’s Time and Frequency Group

Dr Eduardo de Carlos
Lasers and optics for primary frequency standards
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Francisco Jiménez
Time Services

o
CENAM’s Time and Frequency Group

Nélida Diaz
Time scales

o
CENAM'’s Time and Frequency Group
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Maria Espinosa (post graduate student)
Proyect: Cs fountain clock

Luis Lizama (post graduate student)
Proyect: cryptographic quantum key generation and secure communications

a -
CENAM'’s Time and Frequency Group
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Alex Castilla (post graduate student)
Proyect: blue photon production through inverse compont scattering

CENAM’s Time and Frequency Group

Sofia Morales
Administration suport

CENAM’'s Time and Frequency Group
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Dr Mauricio Lépez
Division Chief

o
CENAM’s Time and Frequency Group

... And the Newton apple trhee

o
CENAM'’s Time and Frequency Group
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2. Optically pumped thermal Cesium frequency standard
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First prototype 1998
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Systematic effect

2th order Zeeman

2th orden Doppler
Gravitational

Black body radiation
end to end pahase shift

cavity pulling

Fractional
frequency
shift x1013

2410
-4.2
2.09

-15.1
-6.1
324

CsOP-1 Main operational parameters

Cs oven temperature
Transitregion length
Interaction region length
Mean atom speed

Clock transition linewidth
C-Field

100°C
110 mm
12 mm
215m/s
950 Hz
76T

2006: The new CsOP-2 clock

Fractional
frequency
Uncertainty
x1014
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Type H Ramsey Cavity

CsOP-2 Ramsey Cavity design

23.0587
23.0587
230.5870 230.5870
23.0587
69.1761
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23.0587
23.0587 438.1153
484.2327
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CsOP-2 Ramsey Cavity

CsOP-2 physics package
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CsOP-2 physics package

406/16/2009

CsOP-2 physics package

Demagnetization process of the magnetic shields

06439/2009
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CsOP-2 physics package

C-field coil adjusments

05/14/2009

afle,
WS CENAM

CsOP-2 physics package

Cs ovens
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CsOP-2 optical system
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Probabilidad de transiscién (U.A)

CsOP-2 m=0—m=0 transition

Ramsey fringe
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CENAM'’s Optically pumped thermal Cesium frequency standard
Some expected values for systematics
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CENAM’s Optically pumped thermal Cesium frequency standard

Work in progress

1. Improvement of signal to noise ratio

2. Long term comparison against UTC(CNM) to evaluate frequency stability

3. Full evaluation of systematics
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3. Cs fountain
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CsF-1fligth tube

CsF-1 microwave cavities

Magnetic
Shields

Copper

Vaccuum
chamber

1> < 07cm
Ramsey

Cavity

1

Selection
10cm Cavity

Detection
Window

i 70cm

e,
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CsF-1 microwave cavities

CsF-1 state selection

1

Cavity 2 E Clock transition region
3

] 3 Scatering region

Cavity 1 H Repumping region

I

Csatoms

Repumping region. Estimulating decay with microwaves of the
14,0> state (states |4,m=0> will not interact with microwaves
because their energies are shifted due to the C-field).

Scatering region. The atoms i the sates [4.m=0> will be
scatered using a laser beam adjusted to the 4->5 transition.

e,
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CsF-1 MOT design
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CsF-1 detection system
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CsF-1 physics package design
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CsF-1fligth region
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CsF-1 Magnetic shields
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CsF-1 MOT

CsF-1 Optical System

LPF Mixer
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200kHz Detection
90 MHz
PD
L
PBS
M z N B8 =
g 28
CE
A /w2 C
L=
M
N =
L=
P8BS —_—
Cooling [ v ﬂ O
Laser Ll L ”

> BS N

M L (VI

Vertical

Horizontal

e,

Horizontal

16/03/2010



CsF-1 Optical System

Repumping laser

Y/ Laser

200kHz

Re-pumping
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CsF-1 Optical System
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CsF-1 light sources

Léaser DFB Eagleyard
EYP-DFB-0852-00150-1500-TOC03-0000

Longitud de onda 852 nm

150 mW de potencia

Termistor y TEC incluido
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Diferencla de frecuencla (MHz)
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CsF-1 MOT Characterization

[ e Detuning «  Magnetic field gradient

Number of trapped atoms (10%)
Number of trapped atoms (109)

Fit
10 2 3 4
Detuning (MHz) Magnetic field gradient (G/cm)

CENAM CsF-1

Time of flght signal
Intensity

T=10 1K
Not yet optimized

Uplanching

Diameter
Fit (Intensity)

Fit (Diameter)

Number of trapped atoms (10%)
Fluorescen ce / a.u.

1.0 1.5 1 o 02
Diameter (om) or Intensity (mW/cm?) Time /s

CENAM'’s Cs Fountain frequency standard

Work in progress

1. Integration of the fligth region

2. Instalation of Sapphire oscilator as microwave source

3. Lot of work to be done!
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4. Sapphire Oscillators

Reflection WGR Oscillator
First prototype

N. A. Shtin, J. M. Lopez Romero and E.
Prokhorov, “Design and Performance of Ultra
- - Low Phase Noise Reflection Whispering

SiGe HBT Gallery Resonator Oscillator,” Microwave
and Optical Technology Letters, Vol. 49, No 8,

Z,
ﬂa ﬁu ij pp. 2026-2030, 2007.

WGH; ,

100

Magnitude

Mag(Gop)
Phase
= §
arg(Gopl), deg
T

WGH, : ;
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A WGH,., | -100 [~
0 ! ! I\
2 4 6 8 10 -200 ! ; :
2 4 6 8 10
Frecuencia, GHz Frecuencia, GHz

<P,

13



16/03/2010

TW WGR Oscillator

Traveling wave whispering gallery resonators

Magnitud, d8

WGR

salida WGR
P3 B: B2

Dw Dw

Entrada
P1

B
salida P2 . Entrada
P3 P1

Fase, rad

Salidade onda

Salidade onda
reflejada P2

reflejada P2

D. P. Tsarapkin, N. A. Shtin, “Whispering gallery traveling wave interferometer
for low phase noise applications,” Proc. 2004 IEEE IFCS pp. 762-765.

%CENAM

CENTRO NACIONAL DE METROLOGIA|

TW WGR Oscillator

Traveling wave excitation

Excitadores
ortogonales Sa1

45
831

S

Coeficiente de transmision, dB

H

-6
4.626 10° a.631-10° 4.63510°

Excitadores
—5

ortogonales
D (t,p) = Re(De’™" ™ + jaop,e!¢ (7270

Frecuencia, Hz

+ Re(cboflei(fvwfwt) + jp,elCrlemiDen )

D, =D, =0, (t.p)=Re(2D;e)")

N. Shtin, J. M. Lopez Romero and E. Prokhorov, “Novel Sapphire Directional Filters for
Application to Ultra Low Phase Noise Oscillators, in proc. ICEEE-CIE 2006, pp. 403-407.
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Filtro direccional de 2 puertas

Entrada
P1

Salidade  Acoplador
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TW WGR Oscillator

Traveling wave interferometers

By

Filtro direccional de 4 puertas
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TW WGR Oscillator

-0

1

Transmission coefficient, dB
L
Transmission coefficient, dB

Il

—50

Frequency, Hz

| |
5 5
-1.10 -5.10" 0 510° 110 -2510°  -12510° 0 12510°  2510°

Frequency, Hz

TW WGR Oscillator

10-dB
Coupler

10-dB
Coupler

LNA ‘

Nicolas Shtin, J. M. Lopez Romero and Eugen Prokhorov

“Novel Sapphire Directional Filters for Application to Ultra
Low Phase Noise Oscillators”

2006 3rd International Conference on Electrical and Electronics
Engineering and Xl Conference on Electrical Engineering

Main loop circuitry
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TW WGR Oscillator

Phase noise suppression system

~140 T T T T T
HBT NESG2021
P Carrier suppressian SR780 -150 b
refironce S,
ascillator . P B | b Pout =0dBm
Verlable Awplifer  SiGe HAT amplifi S
attenuator under fest g ~160 [~
=] Pout = +6 dBm
Power ~
anplifier uE
=3 —170 [~
2] Pout = +10 dBm
~180 [~
Mectenival Vultage controlled SiGe HBT aplific _ | | | 1 1
phase shifter s shifter Siti HBT ausplifice 190, 25 3 35 4 45

log(Fm)

S2™ (1kHz ) o« ~162dBc / Hz S, e (1kHZ) oc ~180dBc / Hz

%‘:’FENAM

o

TW WGR Oscillator

100 mw

Regulador de Amplificador
fase (VPS) | principal

MA +21.5 dBm

Filtro diveccional de zafiro
Aumplificador
de baja

i: frecuencia

Amplificador
auxiliar
Amplificador

de bajo ruido

Detector
de fase

Puente
balanceado

LNA

f=4,5712GHz Q,=220,000 P,..= 100 mW
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CENTRO NAC

16/03/2010

17



TW WGR Oscillator

300 mW

Amplificador

Regulador de principal
fase (VPS) [T T T T T T T -

n—b Salida

Dwisorde | ~— - T T T T T T T T +26 dBm
potencia

Filtro
pasabajos

Amplificador
de baja frec

f=4,5721 GHz Q, = 350,000 P,,.= 300 mW

’?%ICENAM
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Ultra Low Residual Phase Noise Amplifier

140 T T
150
160

D0

170

L), dBe/Hz

-20
150

190
2 25 3 35 4 45 s

Frequency (GHz) log(fu)

N. A. Shtin, and J. M. Lopez Romero, “Medium Power C-Band Array Amplifier Featured Ultra Low Residual Phase
Noise* Microwave and Optical Technology Letters, Vol. 52, No 2, 2010. (to be published)
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Phase Noise
Qi | By’
Lo (f,, =L ()| Ky KKK i +HLP ()= &)
0 (m) (2 ( m)( br” “pd” tla vp51+ﬁ1+ﬂ2] w( m)Ksrquff

donde B, = f/2Qqo; B, y B, son los coeficientes de acoplamiento del resonador; Kyg, Kira, Kpr Y Kips SON
respectivamente los coeficientes de transmision del detector de fase, del amplificador del baja
frecuencia, del puente de cancelacion de la portadora y del regulador de fase controlado por voltaje; y

KTNF  a,
ot ©
Pinc Lhrro f

m

1 1
= — Lpd f )=
G =7 6if, 1t hih @ o (f)

donde k es la constante de Boltzmann; T es temperatura en Kelvins; P, . es la potencia en la entrada
del FD; NF es la figura de ruido del amplificador de bajo ruido incorporado en el DF; L, es el cociente
de supresion de portadora del puente; y I,

Lo=(1-B+B) 1+ B+ B,) @

%CENAM
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Phase Noise

100 mW Oscillator
Pinc = 100 mW, f ;= 4.57 GHz, Q, = 220,000, ; = 1.09, 8, = 0.15, NF =1
dB, Ly, = 30 dB, G, ya =32 dB, then

L ,05C4(1 kHz) = -165 dBc/Hz.

300 mW Oscillator
Pinc = 300 mW, f,= 4.57 GHz, Q, = 350,000, 8, = 1.09, , = 0.15, NF =1
dB, Ly, = 30 dB, G, ya = 32 dB then

L ,05¢2(1 kHz) = -174 dBc/Hz.

o

16/03/2010

19



16/03/2010

Sapphire Oscillators

Work in progress

1. Cross correlation technique to measure the phase noise

2. Development of 10 GHz and 40 GHz Ultra stable oscillators

Primary Frequency Standards
development at CENAM

| de Metrologia, CENAM

Outline

5. Time dissemination services
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GPS en vista comin
Para mediciones de tiempo d
alta exactitud

TELEFONO

Servicio continuo las 24 horas

RADIO
Transmision de la hora del dia
minuto-a-minuto, las 24 horas

del dia, todos los dias en
colaboracién con la XEQK del
Grupo IMER
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INTERNET
La hora del dia en la pantalla ¢
computadora. Sincronizacién de
equipos de computo
Cronos.cenam.mx

SINCRONIA PARA
SELLOS DE TIEMPO
Servicio para la
etaria de Economia

’?%’CENA

CENTRO NACIOMAL RE METROLOGI
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