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1.1 Red pitaya(->— F)

Red pitaya |3 /5# 72 AD 22 #E# L 72 FPGA R—ZAD Y VAR —Favva—X—
Th b, @EREGESOESUEICENL, ZiicAAR—2 ("ZLYy b A—FHFAX") &
7o, FEEREICE T @ ABPE 5B IEF I L Tw 5, EFE. MIT Tl Red pitaya %
FAWT FPGA R—2D NMR 2#E 2 EBfTbhTCwa L id LN TV 5,

F 1815 12 STEM-lab 125-14 T3 %, Digikey 72 ¥ C7 — 2% & T 10 THLLUTF CH
ATE %, FPGA I3IEFICHR ¥ 2 7 —7¢ Xilinx Zynq 7010 Z H T\ %, AD 283 A7
&Hic 125MS/s Y DC 75 50MHz #2JE  CUEC % 2, 7fFREIE 14bit,. A1 2 K —
Py HA2F =P, b2 SMA W TFA20WT W3, Z0IE2 0t
HP (https://redpitaya.com) % S & 7=\, WiFi #5458 b AJHE72 A3, LAN ¥ — b C Ethernet
BT 22 h% 0, AvuRa—TR 77 v rvaviarl—F—tno AN
iz d 2720077 MiEkido HP oSN THY, TurJ v r7ondidns
W

1.2 Linien(Y 7 })

Red pitaya STEMlab125-14 % fl v CTHERME L —F — 2 RERIC T v 2
TEDICHEIN ATV —RDTu ST LTHE, V7 MiE
github 1222 (https://github.com/linien-org/linien) E LTk v | BLE
DETHTVENPREOMEFHELICL o TAVYTF VY RINTY
%, Red pitaya (3% —"—& L THEEL., PC 232 747 v e LT
Ethernet XA TT7 722323 % L %5, L—F —DLFICH 2 EEP (~50MHz) Bk %
Red pitaya 2> 5 /1 L, 5 5 #1172 PhotoDiode f55 D 1EH % Red pitaya W& D FPGA <17
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"Linien: A versatile, user-friendly, open-source FPGA-based tool for frequency stabilization

and spectroscopy parameter optimization" by B. Wiegand, B. Leykauf, R. Jérdens, M. Krutzik
Rev. Sci. Instrum. 93, 063001 (2022) (https://doi.org/10.1063/5.0090384)
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i THEITrelock TE W] &) X0 Ix [FEARWIC lock AN VDO TARE] &
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b "Locked!"DRRBH 72 Fick b, Lock 239Nz &) pidhloArsa, LLIE

control 55 DJERECHIWI§ %,

2. Red Pitaya O #fj

2.1 YHRHE fi

‘Inl @ jumper % LV(£1V),In2 @ jumper % HV(£20V)ICF%E T %, (In1 T PhotoDiode
25 OFEAKEZ T, In2 TDCOWIES 2205 L HELTn3)

- Red pitaya D&JE 7 — A% HICH - 7285613, Red pitaya ® HP 228 L T heatsink %
oL, r—=ny KRR 1T 2,

-Red pitaya AT A TV % Extension connector(E2) ® Analog output 0 & GND % BNC
(CHLY s

Extension
connector

GND

Ext. ADC CLK=
GND

Analog output 3
Analog output 1
Analog input 3
Analog input ]
GND

12C __SDA
UART_RX
SPI_CS
SPI_MISO

5v4 ) @|NC) -4V

Jumper @ #Efjgg Analog output0 DT BNCicluv itz 25

2.2 SD 71— F D HEfj

* Red pitaya ® HP ®"2.3. Prepare SD card"# &M L, SD /1 — F (16GB~32GB) D fxHhiik
EEYva— 35,2024 4 12 A KRS TR I "Latest Stable(2.04-35).
Ky vu—FIC TKEC S W22 DT, Ak bRRETHRIELX Y v 1
—FLZAD2LD LY, Xvve—FL7zip ZERT LA A—T 77 BEEEEEE




ANICR D,
* Red pitaya ® HP ®"2.3.2 Download and install the SD card image"Z %0 L, Windows
PC %\ 2554, balenaEthcer 72 & CA A=Y 7 7 4 L% SD 1 — Ficki<l,

- SD /1 — FO& @O T4 % /5% 11c L T Red pitaya Ak 5 LiA s,

2.3 Redpitaya DA v PV — 7 ~DEfRL T 7 A (KIRAMKRZEDFHED )
cHRRANEH AT AICR A VT B,

iR — TR EH ] CTARBICEWTH 5 mac address ZEFET 5, SR P41
[RedPitaya-****** | 75 &° OS [ Z fth |, BRI [HHAIABBEER || BEEREBRE 13 R
TOMUID # AL B %3, &,

<RI INW ke R A HEGE ] © %R ] ©5 &8 L 7z RedPitaya &R, R ED 4 v
b7 — 2 %R, MAC address 83, 77 4 ~— I+ (DHCP [EE) %#:&U, [HE) ##H L
TIP 7 FLRAEFITT %,

L2 IP 7 FL R BRET —RICTRVT 5,

- Ethernet cable T Red pitaya # K# % v F 7 — 27 1C# <, Red
pitaya D&% A5,

- W3EED PC 56 7 7 7 ¥ T Red pitaya ® [P 7 F L R ICHzHiE
¥ %, Red pitaya DA T & 72 5K

) FEL OB LRVWEAEIXLED O RN X — v Th HIREZ
W23 AlRE, A% & 7R D B 7R O IXFE L 720,

3. Linien O #Efj

3.1 Windows PC ~D f ¥ X } — v
github @ Linien @~ — 2 D" Getting started: Install Linien" ®"standalone binaries" ® "release
page"lcfT &, Windows fR% 4 v &2 + —3 %, 2024 4 12 ABYE C"linien-2.1.0.exe". (&
HEMERPLE LG H5,)

32 & v F7—27%4L T Red pitaya IZ¥
—N—FAf VA=

The server is not yet installed on the device. Should it be installed? (Requires

internet connection on RedPitaya)




Red pitaya 234 v b 7 — 7 IC¥23 5 72 k& T Windows PC %> 5 Linien %37 % EiF %, "New
Device" Tzt /t D Red pitaya ICTEE DO LR Z D F . IP 7 FL 2% AJ19 %, KiZ[Connect |
27V v 7, #]HT Linien %7 5+ % Red pitaya D412 13" The server is not yet installed
on the device. Should it be installed?" & 12 DT [Yes] 227V v 7, ZiREEF3W L2055 F
FICED, % "Finished."& /R & 726 [Continue] 227V v 7,

4. BOAIIRINAE 5 D HEefi

4.1 EF ISz T L0 HD
setup ZithHL CH Z 5, EOM T pump I
W Z A% 2 & PDH 552 & : :
cxrci<n =

Pip is available: 24.0-> 243.1 Y
Python3 -m pip install -upgrade pip




Photodiode (Z Thorlabs @ PDA8A2 % H{\v>, Mini-
Circuits @ Bias-Tee(ZFBT-4R2GW+)C RF &
¢ DC %ZffoTw3, DCEHFDOKRE X350 4
— LD T offset 28 1.5V, TINES 25 500mV 2
ETH o7z,

4.2 R DTk TlEE OMER
TJrvosvavizAl—X—btFiuRa—
7 CRIFIIN & PDHES AN S T & ZfEA L
TH<, BED setup Tl EOM 12 15MHz % 23dBm=10Vpp < b Adl, bt
PhotoDiode 5% % mixer TIEH, B — YR CHEEH%Z A7 v + LT 20mV £ 5o PDH {5
EHREOLND T L EMERL Tz,

4.3 XD scan I n BT DOHER
Red pitaya ® SMA ® /113 +1V, Analogout (¥ 0~1.8V TH %, T DOHiPHD B CHIHR
CEETZ 2L, HorLOEMNFEER S,

4.3 Current Modulation & #E{jg

Thorlabs @ Current Modulation ® AJjizw v 7
WKWIHERERETES, IkA—20E8 10kA =250
WTANE 1/10 < b WwicdiEic 3 2 BT divider
zANTEL,

5. ¥V DBTREFEHMAF ¥ v %11
5.1 Red pitaya ICEE 2 %
- In1(LV) : PhotoDiode ® S EKES # AT19 %
- In2(HV) : PhotoDiode ® DC (FafIINES) 55 %2 AT 5, flotvmvmzxa—7c
ot s m— L e
. u . f\/ S

modulation _ modulator
-Out2: ¥F v ICES

frequency EOM

DC spectroscopy
~ signal (monitor)

~__AC spectroscopy
signal

5.2 Linien ZEH ¥ 3



General Tab PID-only mode

— A N &l by This mode is intended for bare PID operation (no demodulation,
10mV D j- 5? T Offset i)’ Al 6 Fnﬂ% ﬁ)% 2 filtering or offset), increasing the contral bandwidth. If enabled, the
signal flow is FAST IN 1 — PID — FAST OUT 2

TW3728, rPID-Only mode ] 1XfEb R\ () enable PID-only mode

Configuration of output ports

+ Fast control=Fast Out 2

Fast control FAST OUT 2
- Sweep Signal = Fast Out 2 Sweep signal FAST OUT 2
. Modulation frequency FASTOUT 1~
+ Modulation Frequency = Fast Out 1 T —
Slow control ‘dlsabled

+ Slow Control = disable

Modulation, sweep & Spectroscopy Tab

+ Modulation Frequency = 15MHz

+ Modulation Amplitude = 2Vpp (=Max)

+ Sweep speed = 30 Hz & 72»

- Chl ® &, 1f, 100deg(f55 R 235 F%), offset=0V, Filtering = Automatic
AEZ S FCHABLTCRDLS G52 HT !

@ Linien spectrozcopy lock 2.1.0: 2325 (10.112.23.26) o x

Sweep:  Pause [} 1 GCenter: S Amplitude: +0200 [3

Center the line and zoom in
before pressing the button.

© Ferwskos
O Falling slope

Channel 1 -2281 Ghannel2:

6. By 7

6.1 PID OE

- Locking Tab ¢ P=200, 1=50 7 L@ EHEZ AL 5, v v 7 DfEJ71% Auto & Manual 28 %
5, B 5D robust 23T —ANA T —RTH D, IaB, By 7ORKIET 7 bukD
Al DA < v T PhotoDiode @ DC g5 % =2 —L CHIi3 5, FTIcEALEZLIIC,
Linien ®"Locked"®FK /R TIT72 5 7\,



6.2 "Auto"coua v 7

fxD"Select targetline"% 7 U v 27 3% & scan 231EF % DT, zero-crossing DH7- ) #~ v
ACFZ7v 735, V7 Fdslope &% HETRAILCE Y V7 DBMHEDL, 74 —F Ny
DFF5F DIRE IFHE R0,

6.3 "Manual"cow v 7

- [l EE DD F AL "Center"DFfETH v 7 LW Z B[RO NT 4 VITkE- T
{ %, "Manual" Tab ® Rising slope(#5& 2% b ) 2> Falling slope(#5 X 23 0 ) 2> TR 5 % H5E L
CT"Lock!"Z2 27V v 795,

|02 HTRF v v HEE R | | S CICHEE AN THRETE S |

@ Linien spectroscopy lock 2.1.0: 2326 (10.11223.26) l

Center the line and zoom in
before pressing the button

© Rising slope.
Falling skope

Channel 1 -2381 Channel2:

YLV Tuy 2 DMRANTENITY VIIATRERY, By Z3HLTHRLETHRD
Current lock TEET 256D %\,

. PID current
7. Current Lock D 51T — " output _  driver

. B X0 > modulation modulator
7.1 Red pitaya DE X 5> 2 frequency EOM

DC spectroscopy

- In1(LV) : PhotoDiode O & D % % Signal (monitan
~__ AC spectroscopy

- In2(HV) : PhotoDiode ® DC ® ¥ ¥ ectro
cOutl :EOM D F slow integrator

> piezo

« Out2 : Current Modulation 12 %<



+ Analog Out : v/ Ic#

Configuration of output ports

Fast control FAST OUT 2
72 Linien D %&H/‘\Eﬂ Sweep siegnal FAST OUT 2

Modulation frequency FAST OUT 1
General Tab _—

Slow control ‘ANALOG ouTo -~

+ Fast control=Fast Out 2 D ¥ F Polarity of outputs

. R o Please select the polarity of each of these outputs (ie. what
. SWCep Slgnal = An a]og out 0 ( vy ) happens to the frequency if a positive voltage is applied)

FAST OUT 2 positive v
or Fast Out 2 (current) ANALOG OUT 0 Fesie =]

+ Modulation Frequency = Fast Out 1

+ Slow Control = Analog out 0 IC%

7.3 Polarity DE%E
Fast control & slow control %4 > iC3 2% &, Analog out 0 & Fast Out2 OFf5 ORI% % [
b, ETYVTOAF ¥V LERTDRAT ¥ v EIE L, polarity DB % IRET 5,
ZIE, ROGZAREI YV AF Y v EEHRAF Y VDBRICAZICAX ¥ Y LT3 DTH]
[positive | ICFXIE L 7z,

lvzycoxFy vy ofER |

@ Linien spectroscopy lock 2.1.0: 2326 (10.112.23.26) - o X

Devices Glose client

Sweep:  Pause 1 1 Center: +0.170_[3] Amplitude: +0370 3

Export settings Import settings
Noise analysis

General

PID-only mode

This mode is intended for bare PID operation (no demodulation,
filtering or offset), increasing the control bandwidth. If enabled, the
signal flow is FASTIN 1 — PID — FAST OUT 2

() enable PID-only mode

Gonfiguration of output ports

Fast control FASTOUT2
Sweep signal ANALOG OUT 0
Modulation frequency FASTOUT 1
Slow control ANALOG OUT 0

Polarity of outputs

Please select the polarity of each of these outputs (ie. what
happens to the frequency if  positive valtage is applied)

FAST OUT 2 positive v
ANALOG OUT 0 positive v

Gonfiguration of input ports

FASTIN 1 error signal

FASTIN 2 monitor
By defaut, FASTIN 2 is used a5 a monior for the 06
spectrascapy signal. It may also be used as source o
T e Sl o R S G  e
first error signal. This is useful for implementing combine:

MS+HTS
M) use as seeond areor sienal
Modulation, Sweep & Spectroscopy

Optimization

Logeing

View
Channel 1: -2327 Channel2: monitor error e Sn
Locking

| BHRTORF v v OREE |



@ Linien spectroscopy lock 2.1.0: 2326 (10.112.23.26) - o X

Devices Glose client

Sweep:  Pause 1 1 Center: +0.170_[3| Amplitude: +0370 |3

Export settings Import settings

Noise analysis

General

PID-only mode

This mode is intended for bare PID operation (no demodulation,
filterine or offset), increasine the control bandwidth. If enabled, the
signal flow is FAST IN 1 — PID — FAST OUT 2

() enable PID-only mode

Configuration of output ports

Fast control FAST OUT 2
Sweep signal [FasTout2 |
Modulation frequency FAST OUT |

Slow control ANALOG OUT 0+

Polarity of outputs

Please select the polarity of each of these outputs (ie. what
happens to the frequency if a positive voltaes is applied)

FAST OUT 2 positive v
ANALOG OUT 0 positive v
Configuration of input ports
FASTIN 1 error signal
FASTIN 2 monitor

By default, FAST IN 2 is used as a monitor for the DG
spectroscapy sienal. It may also be used as source of a
second error signal which (after demodulation) is added to the
first error signal. This is useful for implementing combine:
MS+MTS,

M use as seeond areor sienal

Modulation, Sweep & Spectroscopy

Optimization

Logeing

View

Channel 1: 2322 Channel2: monitor error
Locking

ZDRETHD T 6.cE N vy 7| 2175, Biu v 7 032 EIEFICHE L e v
B CcE 3%,

7. PID o ifl

oy 7 L 72JREET"Noise Analysis"# 7 U v 7 L, 7 — 2 fEHEK ] (Maximum measurement
time) % f5 7€ L T "Start single PSD measurement"% 7 V) v 7 3% & X_X—Y D X 95 1Z 10Hz
2256 1I0MHz B $TIZ T = 7 FADART PAERE - T NG, BEITH T 2 5ED R

MRICLpls 2 L b b, MiE/NE <725 X 512 PID DfEZ TS 5,



Maximum measurement time

43s

Algorithm

Scipy (faster but prone to elitches)

Single PSD measurement it

_ StrtsinckrSDmesswement |
Display I D J Nok

T e [ oo

2 2024-11-27 04:49:02 1000 50 0 19.2751

3 2024-11-2704:50:41 200 50 0  20.7171

4 - 2024-11-27 045217 100 50 0  21.8509

5 2024-11-2704:53:06 100 50 10  10.3254

,
! " ‘
"L\\\Hl HM\

\‘w |
‘ "

Delete selected

Import traces Export traces

100Hz 1kHz 10kHz 100kHz 1MHz
8. 3LH T IRk
-1y 7 Zfld 72 WG 3" Close client" % 3#E IR 5, fthd PC 2> & ki Al Ag, HlfH{E 5 0
o 73 Red pitaya ARICFEER I T2 D THICTE %, Red pitaya I3 Linien I 5F I
TV, o 7w 77 L3k DS 7\, Red pitaya ® HP i b 8IF Szn v,
-8By 7 %3H T 7WEE X "Shutdown server"% 7 U v 7§ %, Red pitaya ® HP ICE
B LIRS,

9. JEH Y 75 i8R [ 1

9.1 Windows %%ﬁ@é@ﬁﬁ_@] ZiF1Ed %

Windows 11 @856, Pro version 234468, i A 77— 1 T¥13,000 A > T upgrade 3%,
Stepl : [ 7 7 A V& %FRE L CTHEIT] T [gpeditmsc] # A, [@—AALT V=T FK) &~
—IT4X—] DY 4 FYERHL

Step2 :[avva—x—Dik] - EHH7 Y7L — ] — [Windows 2 v F—% v I |
— [Windows Update | (Cf&H#),
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Step3 : [fERDEV > — | ohicH 3 [RTF Va2 — L INEHBEHFO[ ¥V R F — LT,
07 LT a—F =303 5EICIEABMICHES L 2w 24620 v 2 LT IREE]
Vv oL, AR RS 5,

Stepd : [OKJ %27V v 7 LCEEZRF L, PC 2 HiEH T 2

10. Red pitaya 2 15 {4l

10.1 Red pitaya 1 5 H T Linien ZE b4, 2 5 H & ik
KA ERa—=FL LTI Db RELHL v, 2H5H
® Red pitaya iC DC f§%5 % AN THIAWIND Dip Dfir
BICA—YNAEEWTELS L, vy 7 OB ERD
PC 26 b —HIFARTH 5,

lmy 7l

fo000000

ZDOLANIEOY 2 UTeLwy

26B=#AY0R2—7

lay r# |
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