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What do you typically need for an electronic circuit ?

Ground

power supply

N

circuit

|

connectors

put it together from models—> e-lego




e-lego unit

Digital Signals
Analog Signals

Power

e-lego design

Idea:
- modules: power, circuit models, 1/Os

- each module distributes the power and
the signals

- each module has its own case
- scalable (no rack, no mainboard)

- several modules form units

Example: AOM driver

to RF Amp

to VCO

e-lego unit



e-lego platform

Analog Power + Digital
A-Arduino AlO-Standard DIO-Arduino
connected to uC ADC connected to uC DIO

DL801 (pLsoo)
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2x20- Polig ad 16 DS[sPI
U u duplicates DO - Standard -E\)/eéaczlj1lfval-lj7?/sz(-13V/-24V)
—_— — -VP2: -2,7V
- - - SPI :VP1:_ :6V )
GND CN Two double-rows of pin: I ] connected to uC SP! tV/CFC:C; Jf’svéffv’

AlO-Precission . . VSETL eV
shielded by surrounding ground pins Accessable on each board  For interconnecting the modules [+vcct: +13v 24y




What do you typically need for an electronic circuit ?

power supply

circuit / /

|

connectors




Power Supply Module: DL 800 or DL801

board with various linear regulators,

-Vp resistor adjustable
-VXX resistor adjustable
-5V,

+3.3V,

+5V,

+8V,

+12V,

+VSET jumper-adjustable
+VXX resistor adjustable
+Vp resistor adjustable

RA: resistor adjustable, JA: jumper-adjustable

Special feature: select pos.
voltage via jumper

0000000000
0000000000000
0000000000000

Features:

- Various possitive and negative voltage sources

- Jumper selectable possitive source (indicated by blue box)

- Maximum supply voltage for negative sources (16 V)

- Overvoltage protection for possitive supplies selectable by
jumper either to 16V or 26V

Stepsize: 0.1V, range 1.4 -20.5V

heatsinks
available

application: any power supply you need

\\147.142.16.140\geraete\Geraete\DL\DL800 Modular Multi Purpose Board



file:////147.142.16.140/geraete/Geraete/DL/DL800_Modular_Multi_Purpose_Board

What do you typically need for an electronic circuit ?

power supply

N NV

connectors



BNC Connector board SU 802

* 4 BNC connectors
* Pin rows to connect different signals to the BNCs via Jumper or Jumper cable

Eﬁr \\147.142.16.140\geraete\Geraete\SU\SU802 BNC Connector Board



file:////147.142.16.140/geraete/Geraete/SU/SU802_BNC_Connector_Board

What do you typically need for an electronic circuit ? Which kind of electronics do you typically need ?

Ll
o s

Digital electronics

i
- Amplification circuits :[>
Q ‘

- Photodiodes

"
_ O
PID regulator <)

power supply

/ \ . / / - Optocoupler Switches, Gate drivers, FETs
circuit

H-bridge driver
- RF control

- Customized electronics

%

connectors

-  AOM driver

- Interlocks



How to built your own e-lego circuit ?

Put your own circuit here

BNC connector

1_1 &

BNC Eval Board

Power supply




How to built an e-lego unit ?

RF-Source & Frequency control Amplitude control & switch - e-lego Power Amplifier AOM

e.g. Gooch & Housego
AOMO 3110-197
Example:

AOM driver | |

VGA version l

to RF Amp
Variable Gain Amp —

1_1 &

Amplitude control
I I 7 1) Select the needed modules

to VCO
Frequency control —

2) Configure the modules (Jumper settings, cables, etc..)

Power supply




Example 1: Q-Dr007 — e-lego AOM driver with VCO and VGA and internal & external amp. & freq. control

DL800 (light)

Power Supply

+

SU804 + SU804 + SU812

Universal driver Gain 1.7 Universal driver Gain Variable Gain amplifier

neg: 5V pos: 15V

‘ Gooch&Housego
ZHL-5W-1+ AOMO 3110-197

VCO: Z0S-150+
Tunable Frequency source VGA Amplitude control and switch Power Amplifier AOM



Example 2: SmartLab: Record Analog Values of MOT Photodiodes — Q-Ar006

Ethernet: data to smart lab server
SU815: Ethernet Shield >

SU803 Arduino

4 Photodiodes from MOT Setup
SU802 BNC Connectors - Photodiodes

\4

Trigger from experimental control

SU802 BNC Connectors - Trigger

® Dpata Explorer

N @ CUSTOMIZE ¥ Local ~ [Z SAVE AS

05-1217:20:30 310m MOT  Rydber 3DMOT-Repum; OT/3DMOT-Repu
217:20:30 270m MOT  Rydber: 2DMOT-CoolRepPor v graf Rydberg/MOT/2DMOT-Cool

2023-05-12 17:20:00 2023-05-12 17:25:00 2023-05-12 17:30:00

View Raw Data @ Q © Past15m v SCRIPT EDITOR SUBMIT

Filter Filter Filter Filter Filter WINDOW PERIOD

CuUsTOM

_measurement Device Experiment Measurement _field

archive_max auto (10s)

archive_mean Fill missing values
v 2DMOT-CoolRepPower

v 2DMOT-PusherPower AAGGREGATE FUNCTION
v 3DMOT-CoolerPower

_monitoring CUSTOM AUTO
v 3DMOT-RepumperPower

E_";.;‘.ﬁ.E ;tz::te Bucket mean
:.I- I.EJL'.E::.E’. median
;.,-,-:?;" AL
At L

= https://www-intern.physi.uni-heidelberg.de/Wikis/ultracold wiki/index.php/SmartLab

archive_min

data



https://www-intern.physi.uni-heidelberg.de/Wikis/ultracold_wiki/index.php/SmartLab

How to test an assembled e-lego unit ?

Use lab power supply
to limit the current to typically 50 to 100 mA




How to label electronics

Please document all electronic circuits and boxes by
1.) Label it with a serial number

2.) Save the circuit diagram on the pi2 -server —
QD and ultracold circuits and developments

Network > pi2 > microcontroller > QD-Ultracold

\\pi2.physi.uni-heidelberg.de\microcontroller\QD-ultracold\

Name Date modified
Use your active directory credentials "ad\name" to access the pi2-server. Q-00 - Template folder 1003.2017 08:56
Q-01 - Info 10.03.2017 08:56
For a new development create a new folder with a consecutive serial number. E.g. if you develop a new current Q99 - Backups 10032 Example
control circuit create a new folder Q-CCO003 if the previous serial number in the CC folder has been Q-CC002. If S iailina 3 SN
Q-CC - Current Control circuits 10.03.2017 08:56
you make a modification to the Q-CC003, generate a new version in the folder, e.g Q-CC003-2. For the sub- Q-DH - PhD Head 1003.2017 08:56
. . . . Q-Dr - Driver 10.03.2017 09:1¢
folder structure of each folder use the one which is given in the template. B — sty
Q-IL- Interlock 23.03.2017 10:25
Q-In - Indicators 10.03.2017 08:56
\\pi2.physi.uni-heidelberg.de\microcontroller\QD-ultracold\Q-00 template\ Q-Lo - Logic Circuits 11,042017 09:29

Q-Op - Opamp Circuits 14.08.2017 17:00
Q-PD - Photodiode 10.03.2017 08:56
Q-PS - Power Supplies and Voltage sourc... 22.03.2017 16:49
Q-RF - RF circuits 10.03.2017 08:56

available files (schematics, layout, CAD files, software code, documentation, etc..) into that folder. You can use Q-RP - Redpitaya 09.03.2017 14:56
whatever format you prefer. If you have some wiki or online documentation, please put the corresponding link gz:i;"“(‘c’r":s i
into a text file.

Put the Serial Number onto your Box. Use a Dymo label or a Box-ID label& For the documentation put all

For a new development(- version):
Developments made by the electronic workshop. -> Create a new serial number (consecutive)

E-workshop wiki&

> Network > pi2 > microcontroller > QD-Ultracold > Q-CC - Current Control circuits > Q-CC001 H-bridge HIP4081

The documentation of EW developments can be found in the following folder:

Name Date modified Type
03.2017 08:56 File folder

Q-CC001-1 Feshbach-HIP old experiment

\\pi2.physi.uni-heidelberg.de\geraete\Geraete Q-CC002-2 Feshbach-HIP new experiment

2 HIp- Algorithm for successful HIP Reactivation.pdf

File folder

Adobe Acrobat D.

. . . » Label, folder structure and example &J
To add some own documentation, e.g. a test result, you can obtain write access to the specific subfolder by

writing an email to edv@physi.uni-heidelberg.de [1]& with the following message

https://www-intern.physi.uni-heidelberg.de/Wikis/ultracold wiki/index.php/How to label electronics



https://www-intern.physi.uni-heidelberg.de/Wikis/ultracold_wiki/index.php/How_to_label_electronics

How to start a production in the workshop

* Start with an empty module
» Sketch your circuit

A-Arduino AlO-Standard DIO-Arduino
connected to uC ADC connected to uC DIO
DL801  (pLsoo)

AA | As J3 J4 ps | DA -VCC1 vec oy 1 [~
o] o0 VP2 3
o o e o -5V 5 »
- - - -VP1 vy 7 e
o e o e GND 91
- . NMG12095C . @ +VP 11 1g
[ 2N ) ... +5V 13 N
¢ e ¢ e +VCC2 sy 15
¢ e ¢ e +VSET1 e 17 |
e e e e +12V 19 |
- . NMG12095C  10uH 4.7yF - . +VSET2 vy 211
w1\ o T o +VCC1 23 |
) St }_1 °
o I T DS1/+3.3V_27
ke - DS2 29
- - D
.. i SPI_MISO_ 352 36 +5V
—— ."l. SPI SCK 37 38 SPI MOSI
—— = m SPI RST 39 ‘ 40 GND
2x20- Polig AP 16 DS[SPI
L L duplicates D|O - Standard %eé?ﬁva'_“fv;v_13v,_z4v)
GND GND SPI VL S
connected to pC SPI +VP:= +VSET1
. . +VCC2:. +7V
AlO-Precission WSET2: +18v
shielded by surrounding ground pins +VCC1:  +13V (+24V)




The e-lego 200 (1/2) ' tvaiboard

Su8go1

Eth. board

BNC board §U808
SuU802 ;

Power Supply
DL800

USB board

Arduino
OpAmp board su8o3

SU805

Su8i2

Optocoupler MOSFET driver
Variable Gain Amp

SU809

Pl controller
SuU807

Instrumentation Amp.

Ssusi1i
Solid state relais



Ofiq530

LT
¥
At L

Universal Driver — SU804 Board with 2 Non-Inverting OPs and Internal control voltage. Can be used as AOM driver to control rf Amplitude

Options:
2 Buffers
n1 | Outl
—+
In2: : out2

Application: e.g. Amplifier stage and
50 Q) driver for Redpitaya DACs

(Mixer) and Frequency (VCO). Option for TTL controlled switching between external and internal Voltage source
Recommended supplies: pos: 24V, neg: 7.5V on DL800 (light). Set Positive overvoltage protection to 26V on DL800

Recommended Rail Voltages: -Vxx=-2.7V, Vset=+19V. To be set on the DL800 (light) (Jumper ‘1.4’+6.4+6.4+3.2+1.6
[V] for Vset) and selected on SU804.

Input Voltage: 0, +10V with Analog switch, with manual switch: limits set by rails

Output Voltage: limits set by rails. Maximum Output Voltage with 50 Q2 termination: 3.75V (corresponds to
75mA)

BW: 90° Phase shift: 20 MHz
- 3dB Gain: 35 MHz

PSD: -140 dBm/Hz (single OP), -137 dBm/Hz (OP1+2 with Manual Sw.) , -140 dBm/Hz (OP1+2 with Analog Sw.)

Voltage Control Ext./Internal with manual switch Voltage Control with TTL controlled switch
high
TTL — opto [H logic /
o low
In Out

In
Out
—< ~H+
7 Internal
w  adjustable voltage

J

\|

Internal
w  adjustable voltage

Application: e.g. Amplitude and
Frequency control for AOM driver




Where to find the e-lego stuff

e-lego manual
https://heibox.uni-heidelberg.de/f/5b7db6b8e09b43b0a7db/?dl=1

schematics of modules

\\pi2\geraete\Geraete\SU\

Q-Dr007 Your e-lego units or modules

\\pi2\microcontroller\QD-Ultracold\

e-lego stock
shelf opposite to the QD Testlab 99.410

G Contact Gerhard or Oliver if you like to discuss about your e-lego project



https://heibox.uni-heidelberg.de/f/5b7db6b8e09b43b0a7db/?dl=1
file:///pi2/geraete/Geraete/SU
file:///pi2/microcontroller/QD-Ultracold

The e-lego zoo (2/2)

BNC patch boarc F
Su8i1s5



Power Supply Module DL800

app: any power supply

board with various linear regulators,

-Vp resistor adjustable

-VXX resistor adjustable

-5V,

+3.3V,

+5V,

+8V,

+12V,

+VSET jumper-adjustable

+VXX resistor adjustable heatsinks
+Vp resistor adjustable available

RA: resistor adjustable, JA: jumper-adjustable

Special feature: select pos.
voltage via jumper

TPV T
)
'

Stepsize: 0.1V, range 1.4 -20.5V

Blank Eval board SU801

app: built your own circuit

BNC Connector board SU802

app: connection to devices

empty evaluation board with e-lego
connectors and pads for DIP socket

example
ﬁTsu “Esi%

) b

.o..o.].o.oo..o..o.o o

3
ES
3|
H

W

From: electronicdesign.com

board with jumper pins to connect e-lego
connectors to BNC In- and Outputs

General OpAmp Module SU805

app: design your own OpAmp Circuit

board with 2 Standard OpAmps Sockets
(e.g. OP27) with freely configurable inputs
and feedbacks by means of a resistor bank

Ao VW
Ao VW
AN W—o AVWWV—o
Ao VWV



Microcontroller —

Arduino Micro Module SU 803

app: digital, logic, interlock

board with socket for Arduino Micro
and two MOSFETSs for switching
currents

™

ARDUINO

G
Ll

-o Iz
i G

o

Universal driver SU804

app: variable voltage control. e.g. for AOMs

Board with 2 Non-Inverting OPs and Internal
control voltage. Can be used as AOM driver to
control rf Amplitude (Mixer) and Frequency
(VCO). Option for TTL controlled switching
between external and internal Voltage source

BW: 90° Phase shift: 20 MHz
- 3dB Gain: 35 MHz

PSD: -140 dBm / Hz

In Out

\(|

—
Internal

w  adjustable voltage

RJ45 Connector Module — SU80S8

app: connect SPI or others via Ethernet cable

USB Connector module: SUS06

app: connect power |/Os or others via USB

Board with RJ45 connectors to connect e.g.
to 12C or SPI of Arduino.
Compatible to Raspberry Pi

INE
ARDUINO (S
BUS

SPI

board with 6 USB A dual connectors and 1
Micro USB connector to distribute power
among e-lego boards (e-lego standard see
documentation)

—
e

USBTYPEA USBTYPEA

L

USBTYPEA



Photodiode
VV67 (Transimpedance Ampl.)

SU800 (Buffer Amplifier)

Bandwidth DC-150 Mhz

Ultra-compact, high BW, low noise Photodiode

Two outputs: low gain (x1) and high gain (x50)

Sensitivity: 3V/mA (low gain), 150mV / pA (high gain)

PSD: -140 dBm / Hz
Noise equivalent power: 8 pW/Hz/2

SU800: BW: 90° Phase shift: 150 MHz
- 3dB Gain: 600 MHz
PSD: -140 dBm / Hz

Power Adapter Q-PS003

B

Adapter from Hohlstecker / USB / Sub-D / BNC

VV67 SUS00 Power
I adapter
phot . a | Low gain Q—PS-OO3
1]
\\:C‘D 2 High gain
o v USB cable
Vbias

Photodiode Fiber Mount

Mount to directly put the output light of an
optical fiber (FC/APC) on an e-lego
photodiode which is conencted via an USB
cable to the SU800 Buffer Amplifier

S ——_ i‘@

Logarithmic Photodiode VV068

In test phase



Optocoupler MOSFET driver SU809

app: Opto coupled TTL, Switching high currents

Opto coupled TTL input with inverter, FET
driver and FET. Each component selectable
with jumpers.

Delay: 100 ns
Risetime: 10 ns (10%-90%)
Jitter: <1ns

D >

Optocoupler  TTLInvert  FET Driver

Instrumentation Amplifier SU810

app: amplifying small signals. Adding signals

Solid state relais SU811

app: Isolated Solid state switch.

2 Instrumentation amplifiers with 10 MHz bandwidth.
Can be also configured as Adder or Subtractor.

Gain 1: BW (90° Phase Shift): 5 MHz, (-3dB Gain):15 Mhz
PSD/Gain = 131 dBm/Hz

Gain 100: BW (90° Phase Shift):2 MHz, (-3dB Gain):8 Mhz
PSD/Gain = 155 dBm/Hz

+ VREF

Analog inputs

|

2 Solid state relais with different logic. Can be used

to control interlocks

TTL

+ Control ©

2
— Control O

4
—O Load

3
—O Load

2 channel Buck Boost Converter

DC-DC Converter Q-PS004

Step UP / Down Voltage Regulator with current limit

Input:

DC5,5-30V

Output: DC 0,5-30 V (Poti controlled)
Max current: 3A

Max Power: 35W
Addition: Load Resistor for setting up current limit
(Poti controlled)

Noise spectral density <= 10V /(Hz)Y/2

In Out

5,5-30V 5,5-30V, 3A

Hohl | PEDC BNC

stecker- Converter

Buchse Hohl
stecker-
cable

330

50 W load resistor
for ljjmi: adjust



SU807 Pl-Controller

app: control loops

Analog PI controller
BW: 90° Phase shift: 20 MHz
- 3dB Gain: >40 MHz

PSD: -135 dBm / Hz

In test phase

Variable Gain Amplifier SU812

app: RF amplitude control & RF switch for AOMs

Variable Gain: -45 dB ... +10 dB
- dynamical range: 55 dB

Input 1dB compression point: 3dBm
Isolation: 87 dB (switch off)

Modes, set by the manual switch

1) RF-switch controlled by TTL
2) Contineously ON at 10 dB gain

3) Switch off

CPL

Gain: -40 ... +20 dB
|ADC-20‘-4
RFin J; il
i 1
.\:\_./:
Ext.in E_ ! e
0-10V T
0-5Vv bmmmm e e e e m - m - mm— === = — — | logic
}
TTL for

out

RF

lout

H-bridge driver SU813

24 bit ADC SU814



BNC Patch Board SU815 Ethernet Shield for Arduino Micro SU816 24 bit ADC SU814

app: connect e-lego 1/0Os to BNC app: RF amplitude control & RF switch for AOMs

* 4 BNC connectors

e Pads for inner an outer pin of the
BNC conncter for connecting to the
e-lego 1/0s

e Evaluation area in the center for
putting additional components




E-lego AOM driver

RF-Source & Frequency control Amplitude control & switch - e-lego Power Amplifier AOM
mixer e.g. Gooch & Housego
version AOMO 3110-197

v [T}

VGA version 01

Waterflow interlock — Q-Ar004




e-lego

Manual
detailed description



List of developed electronics

Serial ) o Versions
No 4 Family - Type 4 Description 4
AS065 DDS Arduino based communication board Programming and communication board for DDS eval board AD9914, DDS with 1.2 GHz (1.7GHz max with 3.5 GHz ext. clock). |A: 5V trigger input, B: 3.3V trigger input
SU800 e-lego Dual Channel Photodiode buffer Buffer amplifier for high speed Photodiode with differential USB connector
SU801 e-lego DIP Experimental board empty evaluation board with eLego connectors and pads for DIP socket
SuU802 e-lego BNC Connector Board board with jumper pins to connect eLego connectors to BNC In- and Outputs
SUs03 e-lego Arduino Micro spreadout board board with socket for Arduino Micro and two MOSFETs for switching currents
) . Board with 2 Non-Inverting OPs and Internal control voltage, e.g. used as AOM driver to control rf Amplitude (Mixer) and
SuU804 e-lego Universal driver board
Frequency (VCO)
board with 2 Standard OpAmps Sockets (e.g. OP27) with freely configurable inputs and feedbacks by means of a resistor
SU805 e-lego General OpAmp Module

bank

SUS06 e-lego USB Connector module (e.g. for power distribution  board with 6 USB A dual connectors and 1 Micro USB connector to distribute power among e-lego boards (e-lego standard

from Q-PS003) see documentation)
SuUso7 e-lego Pl controller High bandwidth analog PI controller
SU808 e-lego Ethernet Connector Module Board with RJ45 connectors to connect e.g. to I2C or SPI of Arduino or Raspberry Pi
SU809 e-lego Optocoupler MOSFET driver Opto coupled TTL input with inverter, FET driver and FET socket. Each component selectable with jumpers
SUs10 e-lego Instrumentation Amplifier 2 Instrumentation amplifiers with 10 MHz bandwidth. Can be also configured as Adder or Subtractor.
SU811 e-lego Solid state relais 2 Solid state relais with different logic. Can be used to control interlocks
board with various linear regulators, -Vp (RA), -VXX (RA), -5V, +3.3V, +5V, +8V, +12V, +VSET (JA),+VXX (RA), +Vp (RA). RA:
DL800 e-lego Power Supply board ) ) ) )
resistor adjustable, JA: jumper-adjustable
DL80O light e-lego Power Supply board board with linear regulators, -5V, +5V, +12V, +VSET (JA)
Q-PS003  e-lego external Adapter Adapter from Hohlistecker and Sub-D to USB 1,234
V066 e-lego external Photodiode Amplifier 1" Compact, high BW, low noise Photodiode Transimpedance Amplifier DC-150 Mhz
. . . ’ ’ . . A, B, C for different capacities of the
V067 e-lego external Photodiode Amplifier 1/2" Ultra-compact, high BW, low noise Photodiode Transimpedance Amplifier DC-150 Mhz

Photodiodes

https://www-intern.physi.uni-heidelberg.de/Infos/ultracold wiki/index.php/List of developed electronics

<


https://www-intern.physi.uni-heidelberg.de/Infos/ultracold_wiki/index.php/List_of_developed_electronics

E-lego additional information

Stock

- The modules are stored in boxes in the shelf in the basement (opposite to the QD
Testlab 99.410)

- The boxes should remain in the shelf, only take components out of it

- Let the Gerhard know when there are less than 2 modules of each kind left.

Modifications

- Note a component exchange or the addition of a component on an empty pad on the
case of the board.

- For all further modification create a sub-version on the ew-server and note the
modification:

\\147.142.16.140\microcontroller\QD-Ultracold\Q-El - e-lego

New design:

- Ask the workshop to implement your design

- In case you like to start your own development you find an Altium template for the
modules on the server:


file:////147.142.16.140/microcontroller/QD-Ultracold/Q-El%20-%20e-lego

Where to find the drawings for the cases:

pi2 server:

= |

==

147.142.16.140

Verbunden als ,zuern”
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" microcontroller
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00 PAT
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77 Q-Ar - Arduino circuits
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77 Q-DC - Dev...acterization
7 Q-DH - PhD Head

7 Q-Dr - Driver
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77 Q-IL- Interlock
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7 Documentation
7 Q-El Altium Template

>

T e-lego heat..
[z:/ ZS+..pdf




Power Supply Module: DL 800

Features:

- Various possitive and negative voltage sources

- Jumper selectable possitive source (indicated by blue box)

- Maximum supply voltage for negative sources (16 V)

- Overvoltage protection for possitive supplies selectable by
jumper either to 16V or 26V

application: any power supply you need

0000000000

0000000000000
0000000000000 0Q

heatsinks
available

board with various linear regulators,

-Vp resistor adjustable
-VXX resistor adjustable
-5V,

+3.3V,

+5V,

+8V,

+12V,

+VSET jumper-adjustable
+VXX resistor adjustable
+Vp resistor adjustable

RA: resistor adjustable, JA: jumper-adjustable

Special feature: select pos.
voltage via jumper

Stepsize: 0.1V, range 1.4 -20.5V

Example: 15V = (1.4)+6.4+6.4+0.8 V

\\147.142.16.140\geraete\Geraete\DL\DL800 Modular Multi Purpose Board



file:////147.142.16.140/geraete/Geraete/DL/DL800_Modular_Multi_Purpose_Board

Recommended supplies (Plug in pos. supply first) -VCC DL
Neg: 7.5V (16 V Max. If above, zener diode will W—Q_ﬂ_

draw current and lead to a braking of the fuse ) ~VP(6V factory)
Pos: 15V (with 16 V protection) or 24V (with 26V GND

[ iaj +VP (+6V fact
protection — selected via jumper) '+5V( actory)

Power Supply
Module: DL 800

The DL800 is a power supply board which FVSETh o)

provides the following voltages: +\\%)é [@ﬁ
+

DSO/REF
e The -5V, +5V, +8V, + 12V are standard fixed linear regulators up to 3A. DS1/+33V

X —————————
* The —VXX and +VXX are standard adjustable linear regulators up to 3A. The values can be set by setting R6 and R23

- -Vxx:  R6= (-Vxx/-1.22V -1)/(1/12.1kQ+30nA/-1.22V) = www.google.com/search?q=(-2.7/-1.22 -1)/(1/12100-(-1)*30e-9/-1.22)) (default: -2.7V)

- +VXX: R23=150Q x (+Vxx/1.240-1) - www.google.com/search?q=150*(18/1.240-1) (default: 18V)

* The -VP and +VP are precission adjustable linear regulators up to 150maA.

- -VP:R8=10KQ x (-Vp/1.174-1V -1) > www.google.com/search?q=10000*(6/1.174-1) (default: -6V)

- +VP: R41=10KQ x (+Vp/1.185V -1) > www.google.com/search?g=10000*(6/1.185-1) (default: +6V)

* The +Vset is a convenient precission adjustable positive lineare regulator up to 1A. The output voltage can be set by the jumpers U14 to U20 and U22.

- +Vset= 1.4V + Sum (Jumper Values) (default: 15V) > Select via the jumper: Vset=1.4V + Jumper Select + Jumper select+...

* It provides a 10V reference voltage (9 ppm/K, initial accuracy +-0.1%, 10 uV p-p (0.1 Hz to 10.0 Hz) ) with a Buffer (OP192) for up to 65mA

* A 3.3V supply up to 1.5A.

* -VCC_DL and +VCC_DL are the voltages of the used external power supplies

* Fuses of 3A (F1 — negative, F2 possitive supply) protect against overcurrent

* There is an input voltage selection to protect against overheating: In the standard setting the device switches off above 16V input indicated by red LED (Vfoult) It can be changed by
the Jumper OV set to 26 V.

* All linear regulators which are not used can be switched off by at Shuttdown Jumper (SD)

. 147.142.16.140\geraete\geraete\DL\DL800 Modular Multi Purpose Board
* Overvoltage protection \\ \g \g \DL\ p



file:////147.142.16.140/geraete/geraete/DL/DL800_Modular_Multi_Purpose_Board
http://www.google.com/search?q=(-2.7/-1.22-1)/(1/12100-(-1)*30e-9/-1.22))
http://www.google.com/search?q=150*(18/1.240-1)
http://www.google.com/search?q=10000*(6/1.174-1)
www.google.com/search?q=10000*(6/1.185-1)

Recommended supplies (Plug in pos. supply first) .VCC DL

Power Suppl VXX LT ] -
dul PRIy Neg: 7.5V (16 V Max. If above, zener diode will W—E
Module: DL 800 draw current and lead to a braking of the fuse ) P
Pos: 15V (with 16 V protection) or 24V (with 26V GND___
light protection — selected via jumper) ey
+8V
The DL800 is a power supply board which S —
provides the following voltages: %T’“
+
DSO/REF
* The -5V, +5V, + 12V are standard fixed linear regulators up to 3A. DS1/+3.3V
* The -VXX are standard adjustable linear regulators up to 3A. The values can be set by setting R6 and R23

- -Vxx:  R6= (-Vxx/-1.22V -1)/(1/12.1kQ+30nA/-1.22V) &> www.google.com/search?g=(-2.7/-1.22 -1)/(1/12100-(-1)*30e-9/-1.22)) (default: -2.7V)

- +VXX: R23=150Q x (+Vxx/1.240-1) - www.google.com/search?9=150*%(18/1.240-1) (default: 18V)

- -VP:R8=10KQ x (-Vp/1.174-1V -1) > www.google.com/search?9=10000*(6/1.174-1) (default: -6V )

- +VP:R41=10KQ x (+Vp/1.185V -1) - www.google.com/search?g=10000*(6/1.185-1) (default: +6V )

* The +Vset is a convenient precission adjustable positive lineare regulator up to 1A. The output voltage can be set by the jumpers U14 to U20 and U22.

- +Vset= 1.4V + Sum (Jumper Values) (default: 15V)

* -VCC_DL and +VCC_DL are the voltages of the used external power supplies

* Fuses of 3A (F1 — negative, F2 possitive supply) protect against overcurrent

* There is an input voltage selection to protect against overheating: In the standard setting the device switches off above 16V input indicated by red LED (Vfoult)
It can be changed by the Jumper OV set to 26 V.

* All linear regulators which are not used can be switched off by at Shuttdown Jumper (SD)
« Overvoltage protection \\147.142.16.140\geraete\geraete\DL\DL800 Modular Multi Purpose Board



file:////147.142.16.140/geraete/geraete/DL/DL800_Modular_Multi_Purpose_Board
http://www.google.com/search?q=(-2.7/-1.22-1)/(1/12100-(-1)*30e-9/-1.22))
http://www.google.com/search?q=150*(18/1.240-1)
http://www.google.com/search?q=10000*(6/1.174-1)
www.google.com/search?q=10000*(6/1.185-1)
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Power Supply Module: DL 800 light

DL800 light layout
Cora e 1800 neoiline ol BV S5 LIV i (’i n O""( 'Q O

the resistor-adjustable negative Voltage -V XX DG {
4\01 x\ o \,w

and the Jumper-adjustable positive Voltage +VSET
@- |¢o_\o ot ks

b

COVV\QQWCM{S ,{m

'Uf: ‘I‘U‘:/ 4 ‘8&]/
Same factory Jumper Setting as for DL800 JUXK/ Q,Q ’—r 33[/
not eh‘;.cao\ on ?Cg

J1\ A P' J.
x? ﬁg? - .s eeeee [eccee lelm 2 %‘g
Ug 1
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AA4 AS4 w‘i.’ EzBaalesy s T . x
AA5 ASS _— : g a W10 .ID19 ~|™ c16
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Noise: Power Supply Module DL 800 - Linear freg-scale

VP Regulator versus Wall Plug Switching power Supply [units: dBm/Hz]

5Mhz
Mh M M“ \W MW 4
-l . f I,
J% W W vV
AW |
M v L W
VSet Regulator [units: dBm/Hz]
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-130
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-140 !
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250 Mhz -

-90

] -100
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Noise: Power Supply Module DL 800 - Log freq-scale

Power Spectral Density

—60
Wallplug Power Supply
vs. Vset 807
g —100
=
m
S
PSD a .
9 —120 -
A
‘ A4
—140 A
BG TiePie HS5 50 Ohm[up to30kHz 16bit LP 500kHz, above 12bit no filter]
—— DL800 Vset=+6V
= DL800 Vcc Wall Plug Power Supply Dehner SYS 15V
_160 T AL | T T T T T T AL L | T T AL AL | X . LI B B N | x Ll L X X LIRS
10! 102 103 10 10° 10° 107 108
Voltage Noise Spectral Density
100000 -
10000 1
N
VNSD :
2 1000+
o) ]
(2]
2
>
100 -
BG TiePie HS5 50 Ohm[up to30kHz 16bit LP 500kHz, above 12bit no filter]
| —— DL800 Vset=+6V
10 1 =—— DL800 Vcc Wall Plug Power Supply Dehner SYS 15V
107 108

10! 102 103 104 10° 106
freauencyv [Hz]



+5V, +Vp, +Vset

-5V, -Vp, -2.7V

Voltage Noise Spectral Density

10000
] +Vp ~ factor of 10 higher noise than +5V up to 1 kHz
1N
1000 1]
: ]
T
->;
a
%2}
=2
>
100 A
L. . . . i
BG TiePie HS5 50 Ohm [up to 30kHz 16bit LP 500kHz, above 12bit no filter] ‘ * AT
1 == DL800 +5V Regulator v ‘
{ = DL800 +Vp=6V Regulator
= DL800 +Vset=6V Regulator
10 AL | T T L L LR | T T L LR | T T AL L L L | T T L L L LR | T T L L L AL L | T T AL L | T T AL L |
10! 10? 10° 10* 10° 106 107 108
10000 - = .
-Vp ~ factor of 10 higher noise than|-5V up to 1 kHz
\
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I BY N\ A=
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= o
2 L
z
>
100 ]
BG TiePie HS5 50 Ohm [up to 30kHz 16bit LP 500kHz, above 12bit no filter]
{ —— DL800 -5V Regulator
{ =—— DL800 -Vp=-6V Regulator
- DL800 -Vxx=-2.7V Regulator
10 T T T AL L | T T AL LA | T T L L | T X LI L B L RN | Ll X L
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10! 102 103
frequency [Hz]



ERROR AMPLIFIER NOISE
SPECTRAL DENSITY (nV/yHz)

LT3083 (datasheet)

1000

o
o

MIC2930 (measured)

Voltage Noise Spectral Density
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|

10000 A
AR s e
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Noise Spectral Density \
; 100, 1000 1
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\ =)
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N | 3
| =z
> A
|
i 10 100 A ‘ ,/
BG TiePie HS5 50 Ohm [up to 30kHz 16bit LP 500kHz, above 12bit no filter] ‘ A’
—— DL800 +8V Regulator r "v" ”
—— DL800 +12V Regulator 1
= DL800 +Vxx=+18V Regulator
1 10 LR | T T LA | T T L AL | T T LA | T LB |
10 100 1k 10k 100k 10! 102 103 104 105 106

FREQUENCY (Hz)

107
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100

10

Noise (uV/v¥Hz)

0.1

0.01

Vout = 1.4 V,VNoise = 4.17 UWVWRms
Vout = 5 V,VNoise = 4.67 UWVWRms
Vout = 10 V,Vnoise = 7.25 UVRwms
Vout = 15 V,Vnoise = 12.28 UVRrms

IOUT =500 mA
Cout =50 UF
CNR =1 HF
I BWRMSNOISE (10 Hz, 100 kHZ)
S
10 100 1k 10k 100k

Frequency (Hz)

1™

G020



+8V, +12V, +18V

+Vref=10V, 3.3V

10000 -

VNSD [nV/VHZz ]

VNSD [nV/VHZz ]

Voltage Noise Spectral Density

1000 1

100':

| — DL800 +8Vv Regulator
| =—— DL800 +12V Regulator

Y

"‘A/MWMW

/
Wiy
J”“H‘

BG TiePie HS5 50 Ohm [up to 30kHz 16bit LP 500kHz, above 12bit no filter]

— DL800 +Vxx=+18V Regulator

10

10! 102 103 104 10° 106

107 108

10000 -

1000 4

100':

| — DL800 Vref=+10V

Resonance at abt 7.5 kHz

"M\“M

BG TiePie HS5 50 Ohm [up to 30kHz 16bit LP 500kHz, above!12bit no filter]

LY

— DL800 +3.3V Regulator
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frequency [Hz]
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@ S AR X1

After OP192

100.00 ms. 120.00 ms

5.000 kHz 10.000 kHz 12.500 kHz 15.000 kHz 20.000 kHz 22.500 kHz

Q S0 @RS X1

Output ADRO1ARZ Ref Chip, Input OP

2.500 kz 5.000 kHz 7.500 kHz 10.000 kHz 12.500 kHz 15.000 kHz 17.500 kHz 22.500 kHz 25.000 kHz




Q S0 AR X1

Without C44 (100n)

= B> X2

10.000 kHz 15.000 kHz

100.00 ms

Without C45 (10u) and without C44 (100n)

10.000 kHz 15.000 kHz 22.500 kHz




DL800 Reference
ADRO1ARZ ~80

_90 .

Power Spectral Density

+VGC DL ADROTARZ +10Y_REF +VCC DL DSQ/REF
10V/10mA c38
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—— DL800 +3.3V with ZK DC-DC Converter 12V
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DL 800 / DL 801 heat sinks Bottom

Fischer Elektronik SK434/50SA Kuhlkorper 3.1K/W,
50mm x 50mm x 40mm

RS Best.-Nr. 255-8523
https://de.rs-online.com/web/p/products/2558523/

ﬁtﬁgvm/h

. @md«gava)OCH
e s Y
3 % {ﬁ\ym
5 1
\::ﬁ ;:iimqajﬂhq
lcopt

. \
&% A@V

Side

(20)

Fischer Elektronik Kiihlkdrper 6K/W, 32mm x 20mm x
50mm

RS Best.-Nr. 221-2182

Herst. Teile-Nr. SK76-50-T0220

https://de.rs-online.com/web/p/kuhlkorper/2212182/

g?K D R T
; \\ Dusdegungs och
B \*%%:)\ ‘6“ My Sdivanse
D 2
|—| 1

max. 4

@1,3
17,78



https://de.rs-online.com/web/p/kuhlkorper/2212182/
https://de.rs-online.com/web/p/products/2558523/

New Production series for DL800:

Set -Vp to -6V:
- - VP: R8=10KQ x (-Vp/1.174-1V -1) = http://www.google.com/search?g=10000*(6/1.185-1)(=> 41.1Kk)

Set +Vp to +6V:
- +VP: R41= 10KQ x (+Vp/1.185V -1) = http://www.google.com/search?q=10000*(6/1.185-1) (=> 40.6k)



http://www.google.com/search?q=10000*(6/1.185-1)
http://www.google.com/search?q=10000*(6/1.185-1)

+8V, +12V, +18V

+Vref=10V, 3.3V
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VNSD [nV/VHZz ]

VNSD [nV/VHZz ]

Voltage Noise Spectral Density
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BG TiePie HS5 50 Ohm [up to 30kHz 16bit LP 500kHz, above 12bit no filter]

— DL800 +Vxx=+18V Regulator
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Resonance at abt 7.5 kHz
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[T IEE ] 1SS S0 Al X

DL800 Debug:

- In case there is noise on Vset (see spectrum)

solution: Set values for +VP (+6V) , -Vp (-6V) ,+Vxx (+18V) and —Vxx (-2,7V)



DL800 / DL80O0 light Notes production

- Check for the latest production version and check for additional notes on the workshop server
- Add Polarity Protection: Pin 39: Top: Block pin with solder. Bottom: Cut pin

- Set factory jumper settings

- Put PCBs into Aluminium case. Drawings of the cases can be found here:

\\pi2\microcontroller\QD-Ultracold\Q-El - e-lego\Cases and Heatsink Needed: Case Power DL80O,
Boden Power DL800

- Test all available voltages: Pin 1 to 27 (odd numbers)

- Label the finished boxes with the Part-number DL800 / DL800 light. Label the positive inputs with ,+Vin“

- Add some notes to the workshop server if there has been some modifications to the previous production version
- If not available yet, make pictures of the produced component and put them on the workshop server

- If not available yet, leave one module in the e-workshop Muster box and label it with ,,Muster E-Werkstatt”


file:////pi2/microcontroller/QD-Ultracold/Q-El%20-%20e-lego/Cases%20and%20Heatsink

DC-DC Converter Q-PS004

Buck Boost Converter
with current limit

Input: DC 5,5-30 V

Output: DC 0,5-30 V (Poti controlled)

Step UP Down Voltage Regulator

Max current: 3A

Max Power: 35W

Addition: Load Resistor for setting up current
limit (Poti controlled)

Yy b

pom______ 2

IN,OUT ON-OFF
XY—SJUﬁ—ﬁX.

WD A S itve R

Arcelli ZK-SIVA-4X
Dimensions: 66.4 mm x 48.2 mm

https://www.amazon.de/gp/product/B07MY399GQ/r

PS 1 (e.g. possitive supply)

In Out

5,5-30V 5,5-30V, 3A

Hohl | PEPC BNC

stecker- Converter

Buchse Hohl
stecker-
cable

330

50 W load resistor
for ljjmi adjust

PS 2 (e.g. negative supply)

ef=ppx _yo dt b search asin title?ie=UTF8&psc=1

In Out

5,5-30V 5,5-30V, 3A

Hohl | PEPC BNC

stecker- Converter

Buchse Hohl
stecker-
cable

330

50 W load resistor
for I, adjust



https://www.amazon.de/gp/product/B07MY399GQ/ref=ppx_yo_dt_b_search_asin_title?ie=UTF8&psc=1
https://www.amazon.de/gp/product/B07MY399GQ/ref=ppx_yo_dt_b_search_asin_title?ie=UTF8&psc=1

DC-DC Converter Q-PS004

Noise spectral density

Dehner Wallplug Power Supply
+ ARCELI ZK DC-DC Converter

in comparison to
Dehner Wallplug Power Supply only

DL800 Vset=+6V , Vcc

DL800 Vset=+6V

VNSD [nV/VHZz ]

100000 4

10000 -

VNSD [nV/VHz ]

Voltage Noise Spectral Density

1000 1

100 S

10 4

{ — DL800 Vset=+6V + ZK DC-DC Conerter 10V
—— DL800 Vcc Wall Plug Power Supply Dehner SYS 15V

DL800 Vset=+6V [up to 33kHz 16bit LP 500kHz, above 12bit no filter]

= DL800 Vcc Wall Plug Power Supply Dehner SYS 15V + ZK DC-DC Conerter 10V

10! 102 103 104 10° 106 107 108
frequency [Hz]

Voltage Noise Spectral Density

1000 1

100 +

10

LA,

DL800 Vset=+6V [up to 33kHz 16bit LP 500kHz, above 12bit no filter]
= DL800 Vset=+6V + ZK DC-DC Conerter 10V

10? 102 103 104 10° 106 107 108
frequency [Hz]



DC-DC Converter Q-PS004, list of components, labels, images

List of components, Voelkner electronics

* BNC Einbaubuchse Telegaertner-
J01001A0043 (V076821)

* Hammond-Electronics-1591DBK-
Euro-Gehaeuse-150-x-80-x-50-ABS-
Schwarz (S57367)

* Hohlsteckerbuchse BKL-Electronic-
072881-Niedervolt-Steckverbinder-
Buchse-Einbau-vertikal-5.7mm-
2.1mm (W874671)

* Hohlsteckerkabel BKL Electronic
Niedervolt-Verlangerungskabel
Niedervolt-Stecker - Niedervolt-
Buchse 5.5mm 2.1mm 2.1mm
3.00m 1St. (V654561)

* Kippschalter APEM-5239A-
52390003-Kippschalter-250-V-AC-
3A-1-x-Ein-Aus-Ein-rastend-0-
rastend (D77940)

* Power Widerstand - Widap 160082
Draht-Widerstand 22? im Gehause
50W 1% (S539961)




Comparison of different DC-DC converters

- Cosel
- CUIl
- Murata

https://heibox.uni-heidelberg.de/f/04995d5a8a694bb783d0/?dI=1



https://heibox.uni-heidelberg.de/f/04995d5a8a694bb783d0/?dl=1

Power Supply Module: DL 801
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Bug-Fixes for new production = DL801

Problem: Need to plug in positive power supply first: ok, ich habe ein kleines Problem gefunden (in DL800). Im patenblatt
vom Spannungsregler U9 flr +5V ist es streng empfohlen:

"When used in dual supply systems where the regulator load is returned to a negative supply, the output voltage must be diode clamped to ground."

Je nachdem welche Spannung zuerst da ist, wenn der +5V Regler negative Spannung an seinem Ausgang sieht, ziindet er nicht an und bleibt aus.
Wir haben eine Shottky-Diode parallel zum Ausgang von +5V Regler geldtet und das Problem ist weg.

Set positive shutdown Voltage to +16V (currently ~15.4 V)
Implement negative shutdown option (removel6 V zener diode)
Remove 7.5 kHz resonance on reference Voltage

Replace —Vp chip: Remove -Vp chip and add a new —Vset chip (1A). Connect —Vset chip to old —Vp pin. Relabel old -Vp
pin by -Vset. Standard jumper setting: +Vset= -6V and +Vset = +6V.

Remove +Vp chip and connect the +Vp via a jumper to the +Vset oin.

Remove +8V regulator and DS6 pin. Replace their pins on e-lego connector with new standard pins +Vcc2 and —-Vcc2
(see notes)

Make Vcc for regulators selectable by jumpers (see notes)



New pin asignment

Donnerstag, 18. Marz 2021 09:06

MWBOJ n &MA&B: d.(}o.wh' Ualus.

Template- sketchyaur schematid 1 AA|AS AA|AS )3 14 ps |oa Ps | DA J 1 :
AA) 1] |2 ~VCC A 2 DAI3 _ - 2\} (_, A%U/, 2[{\]
I RS e S oo o PXCEYIL IO A Uee A
AN 51 16 A | e ....ﬂ/ ) DAT1
AA3 1] |8 A | ol ....‘VP'*' § DA10
AM 9L 110 M e ole ® ....G_ND 110 DA
AAD 1] 112 A e ol ® R N HP (-1 )L 112 DAS
AP0 T S N il 14 DA
id ® oo e ® oo e &, 16 DA§ +U¢(2' ‘|' 7'\}
P sole s Gl
:::: :::: XK Lty 21 [ f22  DA3 -H)CL/( +A'SU ({-alﬂy
il
: —_—
e ole o . ole ol T Tl [F_w - lee2: A0 (Y 9
1T oo 0O\
o oo e o oo o 2 2__ D%
o oo e . U2 e
S N— R N SPI MISO 1%+
S M LN N— SPLSCK . | 38 SPLMOSI
S —— o oo @l LRI 140 GND
| AP AP 16| DS | SPI DS | SPI |




?osik\ﬂ

Hol kediov

3 Veeh 3 Vec A j"&z
I{)Z‘ja‘f\&
Lu\ Rollskeke
—Uecd — Ve T
- ecA Ve 2
]
‘\’xx

(‘] an 3y (ide

+ Umk 4 U(‘b L

l

Usek

Uset R

ek -Uee2




DL801 Notes production

- Check for the latest production version and check for additional notes on the workshop server
- Add Polarity Protection: Pin 39: Top: Block pin with solder. Bottom: Cut pin

- Set factory jumper settings

- Put PCBs into Aluminium case. Drawings of the cases can be found here:

\\pi2\microcontroller\QD-Ultracold\Q-El - e-lego\Cases and Heatsink Needed: Case DL801,
Boden DL801

- Test all available voltages: Pin 1 to 27 (odd numbers)

- Label the finished boxes with the Part-number DL801. Label the positive input with ,,+Vin“

- Add some notes to the workshop server if there has been some modifications to the previous production version
- If not available yet, make pictures of the produced component and put them on the workshop server

- If not available yet, leave one module in the e-workshop Muster box and label it with ,,Muster E-Werkstatt”


file:////pi2/microcontroller/QD-Ultracold/Q-El%20-%20e-lego/Cases%20and%20Heatsink

BNC Connector Board
SU 802 — DL801 Break out board Part 1 BNC 1 BNC 2

DL801 (DL800)

AAQ ASO | HRAAS mor— — By PSP | VCCT vy 1 2 DA13
ole|eo|e] -VP2 -5V |o|e]e|e ©
AA1 AS1 g - :.: P BN.CZ+ 31 - -\5/52 (-VXX) g ° g Bﬁ:llf
e i e ¢ e Clelslo | 35 AE DA10
AAS AS3 E’ [ I ) A0A3 ° BNC1- GND||GND BNC2- PY D:c e 0 - ki ©
AA4 AS4 i’ ° A:“ ° [ I ) e o ° %9 o o GND 9 10 DA9
A A% (Elw ofss[TR[OTE S8 lssle o) | T——e —3
APQ goo"opoo e o|efe|efe|o o|e|e|e e Yoo, T T SAG
L AP1 o0 jo:;o IS ?‘BNQQ olollollelole|e|e]e @ +V ET1(+8V) =T 973 SAG
AP2 { (éo A0 ole|olels o|e|e|e|e e VS SE o
AP3 2| || oa o P e +12V 19 N 20 DA4
AP4 { AP4 DA An0 [JRRT— Ds3 DA3 +VSET2 v 21 22 DA3
- - Pg4 - +I;A D.S1BNC3 Bzm A.A1 A’SBr\szz S ;\2 - - e
APS gooo%“ olo|olo|o|o|e|e|e]|e|e|e @ +VCCH 230 24 DA2
AP6 { Sle %l . ool e 121 o 112 o | 2T o DSO/REF 25 N 26 DA1
AP7 % S [ - 2 ST S 5 1 DS1/+3,3V 27 o 28 DAO
AP8 { 2o % o o P R 5 P e DS2 29 N 30 GND
AP9 2 o |29 e . . - ol|%le olsl DS3 319 32 DS5
AP10 { e olele o ol ace I = DS4 33 o 34 s -VCC2
AP11 e - T SPI MISO 35 o 36 +5V
AP12 { 2l olslel @ ® e ® |, o| | SPLSCK__37] | 38SPI_MOS|
AP13 '\§' S [ VP1 +Vset2 ST —— SPI RST 39 o 40 GND
T — = = R;aCfaCu‘:t Val—lJ?e\/S:(—‘] 3V/-24V)
BNC 3 BNC 4 VPr v
e VCC2:  -13V (-24V)

+VP:=  +VSET1
+VCC2: +7V
+VSET1: +6V
+VSET2: +18V
+VCC1:  +13V (+24V)
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BNC Connector Board
SU 802 — DL801 Break out board Part 2 BNC 1 BNC 2

DL801 (DL800)

AAQ ASO | HRAAS mor— —ouaPS A VOO vy 1 2 DA13
ole|eo|e] +VP +5V |o|e]e|e ©
AA1 AS1 g - :.: P BN.CZ+ 31 - -\5/52 (-VXX) g ° g Bﬁ:llf
e i e ¢ e Clelslo | 35 AE DA10
AAS AS3 E’ [ I ) A0A3 ° BNC1- GND||GND BNC2- PY D:c e 0 - ki ©
AA4 AS4 i’ ° A:“ ° e o e o ° %9 o o GND 9 10 DA9
e A% |Ele u|s|e[TRTSTE I — S —
APQ goo"opoo ‘%\o: olollo|o|oleole|e e Yoo, T T SAG
L AP1 o0 jo:;o IS ?‘BNQQ olollelelel|e|e|e]e @ +V ET1(+8V) =T 973 SAG
AP2 { (éoooo ole|e|els ale|e|e|e e HVOET e )
AP3 3 o oa o _A;iAg4&GN " ol%le ® +12V 19 N 20 DA4
AP4 { AP4 DA Ano [RATF— Ds3 DA3 +VSET2 (v 21 22 DA3
- - Pg4 - +I;A D.S1BNC3 Bzm A.A1 A’SBr\szz g: - ;\2 - e
APS gooo%“ olo|olo|o|o|e|e|e|e|e|e @ +VCCH 230 24 DA2
AP6 { Slel @ ) 22l S e |1 o |12 lal 2 Te o DSO/REF 25 N 26 DA1
AP7 % S [ - 1259 o 181 o | Bl el 2o o DS1/+3,3V 27 o 28 DAO
AP8 { 2o % o o P R =i e S P DS2 29 N 30 GND
AP9 e 5 . . . o I = P DS3 319 32 DS5
AP10 { 2o olele i ool once. . = —_— DS4 33 o 34 0s6)-VVCC2
AP11 e - T SPI MISO 35 o 36 +5V
AP12 { 2l olslel @ ® e ® |, o| | SPLSCK__37] | 38SPI_MOS|
AP13 § S T - +Vsetl +3.3V T —— SPI RST 39 o 40 GND
AP BNC_3| BNC_4 efault Values:
- — Ez/émltv I-7v (-13V/-24V)
BNC 3 BNC 4 VS
e VCC2:  -13V (-24V)

+VP:=  +VSET1
+VCC2: +7V
+VSET1: +6V
+VSET2: +18V
+VCC1:  +13V (+24V)
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BNC Connector Board
SU 802 — DL801 Break out board Part 3 BNC 1 BNC 2

DL801 (DL800)

AAO ASQ | “HAAAS ol PSP | \/CCT e oy 1 2 DA13
AAT AST |ois ol% :' -vecl +12v L plel | P2 o 31 T4 DA12
AAD AS2 (5] oltle| @ e ol | BV 510 6 DA11
s sl o e i U o e
AAG b *1l®® | TP 11 12 DAS
APO g[e o9 ® I | Y B3 14 DA7
L APt 4]0 ol3de 2o |2 o l2e o | VCC2 = 150 J16 DA
AP2 { 2] . solo ol | FVSETT— 17| I8 DAG
AP3 (E|° lod° . oo o) | T2V 190 20 DAd
AP4 { e b2 —= oo o| | ¥VBET2ow 21] J22 DA
AP5 | [o ool 2o ol | 3vCCT___23]° J24 DA
AP6 { 2le olzle J-o| | DSOREF__25[° 26 DA
AP7 (2] e oloa | o| | DS1+33V_27c J28 DA
APS { ie elEle <<t | D2 290 J30___GND
APY [3le ol3e . ol | DS3 31 J32___Ds5
AP10 { e . o| | DS4 33 |0 34 = VCC2
AP11 o ol2le T SPI MISO 35 o 36 +5V
AP12 { 2l olslel @ @ e @ oy of | SPLSCK_37] J38SPIMOS
AP13 [5lg olle svect Vref < +le | | SPLRST _39]° 40 _ GND
i — - -D\;eéacuﬁval-u??/sz(-13V/-24V)
BNC 3 BNC 4 IV
—— VCC2: 13V (-24V)

+VP:=  +VSET1
+VCC2: +7V
+VSET1: +6V
+VSET2: +18V
+VCC1:  +13V (+24V)
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BNC Connector board SU 802

§ BNC1 BNC2

* 4 BNC connectors
* Pin rows to connect different signals to the BNCs via Jumper or Jumper cable

Elﬁr : \\147.142.16.140\geraete\Geraete\SU\SU802 BNC Connector Board



file:////147.142.16.140/geraete/Geraete/SU/SU802_BNC_Connector_Board

BNC Connector Board Blue: Standard jumper settings Connect analog ground to digital ground
SU 802 BNC 1 BNC 2
DL801 (DL800)
AAQ ASO | HRAAS mor— owg P 0A | V/CCT (e oy 1 2 DA13
AAT : AST |agiels . i o I O e /= S M I DA12
AA2 ; AS? 2]y olilel @ A ol ol | BV 5 6 DA11
AA3 ; AS3 |3l olile Jotle ol | VP10 7 8 DA10
o ’ 2 (2108 ©_ felgle s | SP——rP T
AP0 ; jemiele slefe|eiee e | 13 12 DA7
. ole o|e|® l® ° ° o0
; AP 9]0 o2 e el J%le ol | TVCC2 oy 15 16 DAG
AP2 ; ol o ol . Jhebst o2l of | FVSETT i 17 18 DA5
; AP3 8| & o lad . . o2l o | 2V 19 20 DA4
AP4 ] Ple olils . . + 1% e e +VSET2 (v 21 22 DA3
; AP5 | |o ol = b 2l o | FVCCT 23 24 DA2
AP : Ele ol e . . o|2Te | | DSOU/REF__ 25 26 DA1
: AP7 ||y olSle . . o2l o | DSIA33V_27 28 DAO
AP8 : 2o olsle . o|99¢ o1 | DS2 29 30 GND
] APY |2l q olole o5 o ls DS3 31 32 DS5
AP10 S @ A e o o > s ® DS4 33 34 0s5)-VCC2
- 136 AP | | o ol294 ==t | SP_MISO_35 36 +5V
AP12 " 138 2o olaiel @ (@ ® leoed & O | SPLSCK__37 ] | 38SPI_MOS|
- 140 AP13 [Blq ol% e sPod © o | SPLRST 39 40 GND
20- Poli - = — = = ?/eéactqtvam?‘i/sz(13V/ 24V)
i BNC 3 BNC 4 wE 2
— — RIS
GND GND Veeer 1oy
+VSET2: +18V
+VCC1:  +13V (+24V)




BNC Connector Board Blue: Standard jumper settings Connect analog ground to digital ground
SU 802 BNC 1 BNC 2

DL801 (DL800)

AAD ASQ | “HAAAS ol T ongBS DAY | V/CCT e oy 1 2 DA13
ole|eo|e] |o|e]e|e o
AA1 AS1 g - :.: Bgcu BN.CZ+ 31 - -\5/52 (-VXX) g ° g Bﬁ:llf
e i e ¢ e Clelslo | 35 7L I8 DA10
AA3 AS3 E’ [ ) A0A3 ) BNC1- GND||GND BNC2- PY D.;g e 0 E}ND o) 5 © 10 DAY
en = ot [Sfee g *|%|®® | TP 11 12 DA8
ﬁég 1421 ASo 2o w|efef elelele® 15V 310 12 DA7
g’.n.Po. Jer.D.M..
16 1 AP1 (9|5 ol31e 2o lele ol | £VCC2 ow 151 16 DAG
AP2 [ 18 { ol o olle et oy @| | FVSET w17 | [ 18 DA
& 12V 19 20 DA4
{ 20 AP?’SQ.QQ ele|e|e @ ©
AP4 22 { . olihs Tiolele o | TVSET2w 21| 22 DA3
{ 24 AP5 o | oA lee o | | #VCCH 23] J24 DA2
AP6 26 { 5l e o|5]e +le|%Te o| | DSOUREF__ 25 126 DA
{ 28 AP7 1%ls ol31e “le|%de o | DSTH33V_27] 128 DAO
APS 30 { = = = lod ©—1| DS2 29] 30 GND
{ 32 AP9 sl o|s]e o|Zle ol DS3 31|, 32 DS5
AP10 34 { ] i— o|%le ol | DS4 33 ] 34 0-VCC2
{ 136 AP | | ol2e et ie e | SPLMISO 35| 136 _ +5V
AP12 138 { cle olGlel @ ® e ® |, o| | SPLSCK__37] | 38SPI_MOS|
1740 AP13 3|4 ol31e v"ole o | SPLRST 39| 40 GND
20- Poll e - = DetauliValses:  2av)
) X20- POoll VCCH: -7V (-13V/-
d BNC 3 BNC 4 VA
—1 e -VCC2:  -13V (-24V)

+VP:=  +VSET1
+VCC2: +7V
+VSET1: +6V
+VSET2: +18V
+VCC1:  +13V (+24V)
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SU802 Notes production

Make sure all pins in the center have the same size. This is important that the jumpers and especially the jumper
wires fit well and can be reused and don‘t fall off.

B 5NC 1 BNC 2

Check for the latest production version and check for additional notes on the workshop server

Add Polarity Protection: Pin 39: Top: Block pin with solder. Bottom: Cut pin

Set factory jumper settings (4 Jumpers). See picture

v

B cnc s BNC 4 EEERE

Label BNC 1 to BNC 4

Put PCBs into Aluminium case. Drawings of the cases can be found here:
\\pi2\microcontroller\QD-Ultracold\Q-El - e-lego\Cases and Heatsink Needed: Case BNC

Label the finished boxes with the Part-number SU802
Label the BNC connectors (ontop of the BNC connectors - see picture): BNC1, BNC 2, BNC 3, BNC 4
Label the BNC connectors (on the case at the side of the connectors): 1, 2, 3, 4

Add some notes to the workshop server if there has been some modifications to the previous production version
If not available yet, make pictures of the produced component an put them on the workshop server

If not available yet, leave one module in the e-workshop Muster box and label it with ,,Muster E-Werkstatt”


file:////pi2/microcontroller/QD-Ultracold/Q-El%20-%20e-lego/Cases%20and%20Heatsink

BNC Patch board SU815

e

* 4 BNC connectors
* Pads for inner an outer pin of the BNC conncter for connecting to the e-lego I/Os
* Evaluation area in the center for putting additional components

Elﬁr \\147.142.16.140\geraete\Geraete\SU\SU815 BNC Patch Board



file:////147.142.16.140/geraete/Geraete/SU/SU815_BNC_Patch_Board

SU815 Notes production

Check for the latest production version and check for additional notes on the workshop server

Add Polarity Protection: Pin 39: Top: Block pin with solder. Bottom: Cut pin

Put PCBs into Aluminium case. Drawings of the cases can be found here:
\\pi2\microcontroller\QD-Ultracold\Q-El - e-lego\Cases and Heatsink Needed: Case BNC

Label the finished boxes with the Part-number SU815
Label the BNC connectors (ontop of the BNC connectors - see picture): BNC 1, BNC 2, BNC 3, BNC 4
Label the BNC connectors (on the case at the side of the connectors): 1, 2, 3, 4

Add some notes to the workshop server if there has been some modifications to the previous production version
If not available yet, make pictures of the produced component an put them on the workshop server

If not available yet, leave one module in the e-workshop Muster box and label it with ,,Muster E-Werkstatt”


file:////pi2/microcontroller/QD-Ultracold/Q-El%20-%20e-lego/Cases%20and%20Heatsink

Q-Ar008 Delta Power Supply - Control, Monitor and Shutdown

Ethernet:
" data to smart lab server

SU815: Ethernet Shield

Delta Power Supply

SU803 Arduino
. . Sub-D 15 Connector
E @ @ < - V program
. Q-1L006 Control, Monitor, State, Shutdown from Adwin
v
State of the coil Shutdown

General Interlock Unit




Q-IL006 Remote Shutdown, Monitor and Control of Delta PS for e-lego Arduino

Use blank BNC Patch board SU815 + 3 BNC connectors + elego Case PD Ampl. SU800

)

schematic Shutdown Vprog ) ~— @ Digital GND
ACF status —=—| ® ® I
DCF status —
MCP14E9 ® | = PSOL - PowerSink OverLoad
DA9/BNC 1 2 ! [ § LIM status - | @
e [\ | (® |=— RSD - Remote Shutdown
TTL signal ¥ 8 ' OT status =—| @
N 12K (white) Remote Shutdown (5) v ® | = CCstatus
: T WA ' PrOgFEIn —= () ® | program
3 6 _M Sub-D 15 V monitor —— ®
+ up- —= | monitor
Ao ar s 2D 100 (original BZX85€100) it L +5.114V Reference ——| ® o
cable —— @ Analog GND
GND of +12V, RSD and status (8)
" =

BNC to Sub-D / MCP14E9 connections ;
BNC 1+ TTL to MCP14E9 .
BNC 1- Digital GND »
BNC 2+ Vprog :
BNC 2- Analog GND

BNC 3+ DA10 (State of the coil, Digital out)

BNC 3- Digital GND

AAO | monitor

Drill hole for
Sub-D 15 cable

AAl V monitor
GND e-lego Analog GND Machine slot for l
DA9S TTL to MCP14E9 (Digital in) BNC 3 State of

Offsed0 GND e-lego Digital GND the coil ‘

-;' =
A= _ - . . o
3 https://www.elso.sk/en/rozsirenia-pre-zdroje-delta-elektronika/delta-elektronika-int-mod-ana-3003.html
-h -4-"'" https://www.mouser.de/ProductDetail/Microchip-Technology/MCP14E9-E-P?gs=MXv2%2Fr3mQXJibl7rJkL3fw%3D%3D&mgh=1&vip=1&gclid=EAlalQobChMIseLHtpjb_gIVVAUGAB1BjQSUEAQYASABEgGLtRPD BwE
ra, .
- -

E ﬁ.@_‘l https://www.reichelt.de/d-sub-kabel-15-pinstecker-stecker-beige-grau-1-0-m-delock-85975-p285727.htmI?PROVID=2788&gclid=EAlalQobChMI4s6m-5jb_glVPoCDBx3FEQHNEAQYAIABEgIcKfD BwE

Sub-D 15 male connector

with fixing screws
and 1m cable



https://www.elso.sk/en/rozsirenia-pre-zdroje-delta-elektronika/delta-elektronika-int-mod-ana-3003.html
https://www.mouser.de/ProductDetail/Microchip-Technology/MCP14E9-E-P?qs=MXv2/r3mQXJibl7rJkL3fw%3D%3D&mgh=1&vip=1&gclid=EAIaIQobChMIseLHtpjb_gIVvAUGAB1BjQ5uEAQYASABEgLtRPD_BwE
https://www.reichelt.de/d-sub-kabel-15-pinstecker-stecker-beige-grau-1-0-m-delock-85975-p285727.html?PROVID=2788&gclid=EAIaIQobChMI4s6m-5jb_gIVPoCDBx3FEQHnEAQYAiABEgIcKfD_BwE

Q-IL0O05 Remote Shutdown, Monitor and Control of Delta PS

no pin strip
schematic
BNC 5 MCP14E9
BNC-TTL signal 1 8 7
\ ) 1.2K (white) Remote Shutdown (5)
7

i 41 1B 2D 100 (original BZX85€100) sttt s bl
cable
GND of +12V, RSD and status (8)
layout Circul-t
aro U ng
e Cp
’—‘ ( ~ @ Digital GND 145
| ACF status — oy 9
| | | | | __-..-4;) -—
f o L | | DCRstaTls = | ©

BiNCS

BNC to Sub-D / MCP14E9 connections

® | = PSOL - PowerSink OverlLoad

LIM ctatus —-
—— —— RSD - Remote Shutdown

OT status =—| @

' @ | = CCstatus
1] V progra ®
G5k 1) [=— | program
2] V monitor ——L%q
@ —= | monitor BNC 5

+5.114V Refergne€ = ‘L@
\ = @ Analog GND

)

BNC 1+
BNC 1-
BNC 2+
BNC 2-
BNC 3+
BNC 3-
BNC 4+
BNC 4-
BNC 5+
BNC 5-

Iprog

Analog GND
Vprog

Analog GND
Imon

Analog GND
Vmon

Analog GND
TTL to MCP14E9
Digital GND

Drill hole for
BNC connector

https://www.elso.sk/en/rozsirenia-pre-zdroje-delta-elektronika/delta-elektronika-int-mod-ana-3003.html

https://www.mouser.de/ProductDetail/Microchip-Technology/MCP14E9-E-P?gs=MXv2%2Fr3mQXJibl7rJkL3fw%3D%3D&mgh=1&vip=1&gclid=EAlalQobChMIseLHtpjb_gIVVAUGAB1BjQSUEAQYASABEgGLtRPD BwE

v — Sub-D 15

»
k]
9
)
2
'
-
>
-

it

https://www.reichelt.de/d-sub-kabel-15-pinstecker-stecker-beige-grau-1-0-m-delock-85975-p285727.htmI?PROVID=2788&gclid=EAlalQobChMI4s6m-5jb_gIVPoCDBx3FEQHNEAQYAIABEgGICKfD BwE

Use blank BNC Patch board SU815 + 4 BNC connectors + elego Case BNC

ACF status —=—
DCF status —

LIM status ——
OT status ——
V program —=

V monitor ——|

+5.114V Reference ——

o

)

ONCNONONONCONC)

CNONONCONONENG)

&

—— @ Digital GND

+12V

PSOL - PowerSink OverLoad
RSD - Remote Shutdown
CC status

| program

| monitor

- @ Analog GND

Y/
7,
7

Sub-D 15 male connector
with fixing screws
and 1m cable

Drill hole for
Sub-D 15 cable


https://www.elso.sk/en/rozsirenia-pre-zdroje-delta-elektronika/delta-elektronika-int-mod-ana-3003.html
https://www.mouser.de/ProductDetail/Microchip-Technology/MCP14E9-E-P?qs=MXv2/r3mQXJibl7rJkL3fw%3D%3D&mgh=1&vip=1&gclid=EAIaIQobChMIseLHtpjb_gIVvAUGAB1BjQ5uEAQYASABEgLtRPD_BwE
https://www.reichelt.de/d-sub-kabel-15-pinstecker-stecker-beige-grau-1-0-m-delock-85975-p285727.html?PROVID=2788&gclid=EAIaIQobChMI4s6m-5jb_gIVPoCDBx3FEQHnEAQYAiABEgIcKfD_BwE

https://www.manualslib.com/manual/1258213/Delta-Elektronika-Sm-15-400.html?page=6#manual

DELTA ELEKTRONIKA BY

SME000

9)

10

1

12

13

14

AN A LOG PRO GRAMMING

The out putvoltage and cur rent can be programmed by an ex ternal an alog
voltage. This pro gramming is very ac curate and lin ear. The lev els are all
standardized on 5 V.

Standard the SM300-20 and SM600-10 are equipped with the ISO-AMP.
see next paragraph

For the other units. the in puts have a protection circuit formed by a series
re sis tor and a par al lel zener (see fig. 3 - 4). The ca pacitor limits the speed
to a safe value. Note that the an alog in puts (and outputs) are not float-
ing. but the common is connected to the negative output terminal
Wrong con nection of @ can cause earth loops which can trip the fuse. Af-
ter re moving the fault, the fuse will re set (PTC-fuse). For iso lated pro -
gramming see next para graph

ISO LATED AN A LOG PRO GRAMMING

To pre vent earth loops which can cause pro gramming er rors, use an iso -
lated pro gramming source. If this is not pos sible. use the op tional ISO
AMP CARD  (3-prod uct) which can be built in side the unit

With the ISO AMP CARD earth loops be tween the unit and the pro gram-
ming source are prevented

ETH/IEEE488 / RS232 / CAN / PROFI PRO GRAM MING

The Delta Elektronika PSC-ETH. PSC-488, PSC-232. PSC CAN and
PSC PROFI con trollers can be factory in stalled in side the unit

Voltage and cur rent can easily be pro grammed and read back. Also all
the status outputs can be read by the computer.

MON I TORING OUT PUTS

The mon itor outputs give avoltage 0- 5V pro portional to the out put cur -
rent or voltage. The output cur rent can easily be mea sured us ing the
I-monitor (see fig. 3 - 6). The mon itor outputs are buffered with op-amp's
and pro tected with se ries re sistors and parallel zeners (see fig. 3-7). The
table in fig. 3 - 5 shows the impedance lev els ofthe mon itoring out puts.

For us ing Imen on a pul sating load. see paragraph 20) of this chap ter.

+12V ON PRO GRAMMING CON NECTOR

The +12 V on the pro gramming con nector can be used to sup ply external
circuits. The out put is current limited. but should not be overloaded. The
fuse F27_3 on P598 could blow. The fuse F27_3 also protects the in ternal
circuit, in case an ex ternal high volt age is ap plied by ac cident. Note: this
fuse is a special 600 V type. al ways re place with the same type

STATUS OUT PUTS

Allthe status outputs are logic out puts. Logic "0” means the out putis 0V,
logic "1” means the out putis 5V (Ro = 500 Ohm). This makes it pos sible

to drive directly: an opto-coupler. a TTL gate or a CMOS gate

The Limit Sta tus or LIlI-status is “1"in case the out put voltage or cur rent
reaches the limit setting. Which limit cir cuit is ac tive can be seen on the
front panel LED's

The Over Tem per a ture Sta tus or OT sta tus is "1”in case of an overtem-
per ature. the OT LED will be on and the output shuts down. As a
pre-warning the OT LED starts to blink when the unit runs hot but the situ-
ation of over tem perature is not reached yet. The status will still be low
when the LED is blink ing

it

S )

Vimon.
S

Imen
- @

B850mA
°

fig. 3-4

Pro gram ming in puts (in ter nal cir cuit)

(5
) @® |- Ret.5.1v
monfer = ® —= V monitor
RIS == @ @ —— V program
CCstatus —=—| (O | I
:ZZL : g = LIM status
@ |—= DCF status
;::i:nal : g (3 | = ACF status

\

GND

Hoin O

)e_scrip fion, see par12) 17) fordefails |
@, re turn of ref erence, prog. in puts and
monitor outputs (Ro =12 Ohm)

2

(Ro =12 Ohm_lo max = 4 mA)

current mon itor output 0-5V

13 L

3 |current pro gramming in put (0-5V),
Ri =8 MOhm
4 |CC sta tus output, logic 1= CC mode
(5 V /500 Ohm)
5 |Re mote ShutDown (4 - 12 V).
Ri = 5 kOhm
6 |PSOL sta tus output, logic 1=PSOL
(5 V /500 Ohm)
7 [+12V output
(Ro=30hm lomax=02A)
8 |@. return of sta tus outputs, +12V
| land Remote Shutbown |
9 |referencevoltage 5.1V
Ro = 1.2 Ohm. lo max =4 mA)
10 vgltage mon itor output 0 -5V
Ro =12 Ohm_ lo max =4 mA)
11 vdltage pro gramming in put {0 - 5 V)
Ri =8 MOhm
12 QT - sta tus output. logic 1= 0T

5V /500 Ohm)

M - status output. logic 1= LIM
{5V /500 Ohm)

14D

CF - sta tus output, logic 1 = DCF
{5V /500 Ohm)

15 Al

CF - status output. logic 1= ACF

{5V /500 Ohm)
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Blank Eval board SU 801
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From: electronicdesign.com
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Blank Eval board:
SU 801

Pad for DIP Socket. Each pin is
connected to the neighbouring
one as indicated by the yello lines

DIP Gehause

* DIP Socket PAD (for easy connection to bus)

©®099v90 0000000

P90 0ero0o®O®O®0O®O®®
OO0 FCe9090®00®0 0

Here you can solder your own module !

K
@ ¢
R)
K
®
@
.
0
.
O
°

00000000000000000000
00000000000000000000

01-0 DIP Experimental Board 0972016 * © €

For production: Do not place the inner Pin rows on the PCB

\\147.142.16.140\geraete\Geraete\SU\SU801 DIP Experimental Board



file:////147.142.16.140/geraete/Geraete/SU/SU801_DIP_Experimental_Board

SU802 Notes production

- Check for the latest production version and check for additional notes on the workshop server
- Add Polarity Protection: Pin 39: Top: Block pin with solder. Bottom: Cut pin

- Put PCBs into Aluminium case. Drawings of the cases can be found here:
\\pi2\microcontroller\QD-Ultracold\Q-El - e-lego\Cases and Heatsink Needed: Basis Case

- Label the finished boxes with the Part-number SU801
- Add some notes to the workshop server if there has been some modifications to the previous production version
- If not available yet, make pictures of the produced component an put them on the workshop server

- If not available yet, leave one module in the e-workshop Muster box and label it with ,,Muster E-Werkstatt”


file:////pi2/microcontroller/QD-Ultracold/Q-El%20-%20e-lego/Cases%20and%20Heatsink

Microcontroller — Arduino Micro Module SU 803

Power Supply: 7.5V

Arduino Micro

Programming via Micro-USB cable
2 Power Mosfets (IRLIZ44)

Status LEDs



Microcontroller — Arduino Micro Module
SU 803 Arduiuno Micro

Microcontroller ATmega32U4
Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limit) 6-20V
- Digital I/0O Pins 20
PWM Channels 7
Analog Input Channels 12
DC Current per 1/0 Pin 20 mA
DC Current for 3.3V Pin 50 mA
* 1Power LED Flash Memory 32 KB (ATmega32U4) of which 4 KB used by bootloader
» 2 Status LEDs (connected to 10 pins)
SRAM 2.5 KB (ATmega32U4)

* 1 Switch (connected to VS in factory setting)
* 1 Button (conencted to reset in factory setting) EEPROM 1KB (ATmega32U4)
* 2 logic level FETs (IRLIZ44N) up to 30 A (not via BUS)

Clock Speed 16 MHz
LED_BUILTIN 13
Length 48 mm
Width 18 mm
Weight 13g

https://store.arduino.cc/arduino-micro



https://store.arduino.cc/arduino-micro

Arduino Micro Pinout (2013)
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Arduino Micro Pinout (2020)

MAXIMUM current per 1/O
pin is 40mA

2

A MAXIMUM current per +3.3V
pin is 50mA

VIN 6-9 Vinput to the board.

NOTE: CIPO/COPI have previously
been referred to as MISO/MOSI

Last update: 10/11/2020
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SU803 Notes production

- Check for the latest production version and check for additional notes on the workshop server
- Add Polarity Protection: Pin 39: Top: Block pin with solder. Bottom: Cut pin
- Set standard jumper settings (blue)

- For 1/3 of the boards, cut all bottom Pins and add a Boden-case (for the other 2/3, leave the bottom pins uncut)

- Before placing the Mosfets Ul and U2 onto the board, please maschine them off at the top and cover them with glue
for insulation. Otherwise they would be too long for placing another e-lego board ontop.

- Put PCBs into Aluminium case. Drawings of the cases can be found here:
\\pi2\microcontroller\QD-Ultracold\Q-El - e-lego\Cases and Heatsink Needed: Case LED + Boden

- Label the finished boxes with the Part-number SU803
- Add some notes to the workshop server if there has been some modifications to the previous production version
- If not available yet, make pictures of the produced component an put them on the workshop server

- If not available yet, leave one module in the e-workshop Muster box and label it with ,,Muster E-Werkstatt”


file:////pi2/microcontroller/QD-Ultracold/Q-El%20-%20e-lego/Cases%20and%20Heatsink

Ethernet Modul for e-lego — SU 816
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SU816 Jumper Settings

J1 AA AA |AS J3
e © ¢ 0o ¢ 0 o 0o o o
e © ¢ ¢ 6 0 0o 0 o o
e © ¢ 0 6 0 0o 0o o o
e © 6 06 06 0 0o 0o o o
®© © 6 0 6 0 0o 0 o o
e © ¢ 06 ¢ 0 0o o o o
— — ® © © © o o o o o o JU1: Connect supply voltage to DC/DC converter
U1 .
2 6 6 & @ Wurth Elektronik 173950336
Non-lIsolated DC/DC Converters FDSM THT 3.3V
P 09T 0.5A 4.75-36V Input
oo o e o o o .
\ 2 6 & @ JU2: Connect DA10 to CS pin of Ethernet Modul
E1 J

B1aqepleH jo Ausieniun |4 (D

/ Standard Jumper settings

€2/S0 191NH 918NS




SU803 Jumper Settings to connect Vin to +VCC1

2-3: Towex 50? W.‘Pui’ (S‘}nud(‘u—&)

Standard Jumper Settings SU-803 S)UQ *O.C*D‘% \W\/ SQ,L\"\V)QS ‘ JUA: chooses e Prwen ﬁuﬂc‘a Sourca. : 2-A. Qv 50.‘;)(:(? ‘Lﬂm addiliona| D2- 90(2_};‘3.:‘)
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Ethernet Modul for e-lego — SU 816

I S A

Rydberg

Rydberg

Rydberg

Q-Ar006

Record Analog Values of

MOT Photodiodes
Q-1L007

Interlock / Data logging
Mot-coil temperature

Q-Ar009 SmartLab
Arduino Prototype
Gerhard

to be set

to be set

zuern-aml

elego-micro-2

elego-micre-3

elego-micro-4

elego-micro-5

elego-micro-6

00:aa:bb:cc:dd:01

00:aa:bb:cc:dd:02

00:aa:bb:cc:dd:04

00:aa:bb:cc:dd:05

00:aa:bb:cc:dd:06

10.11.1.152

10.11.1.153

IP seems to be not
registered

10.11.1.157

10.11.1.158

10.11.1.159



SU816 Notes production

Check for the latest production version and check for additional notes on the workshop server
Add Polarity Protection: Pin 39: Top: Block pin with solder. Bottom: Cut pin

Set standard jumper settings

Put PCBs into Aluminium case. Drawings of the cases can be found here:

\\pi2\microcontroller\QD-Ultracold\Q-El - e-lego\Cases and Heatsink Needed: To be determined
,Case PD Ampl. SU800” could be used

Add a to lid:
\\pi2\microcontroller\QD-Ultracold\Q-El - e-lego\Cases and Heatsink Needed: ,Deckel“ = Cutout to be determined

Label the finished boxes with the Part-number SU816
Add some notes to the workshop server if there has been some modifications to the previous production version

If not available yet, make pictures of the produced component an put them on the workshop server


file:////pi2/microcontroller/QD-Ultracold/Q-El%20-%20e-lego/Cases%20and%20Heatsink
file:////pi2/microcontroller/QD-Ultracold/Q-El%20-%20e-lego/Cases%20and%20Heatsink

Q-Ar006 SmartLab: Record Analog Values of MOT Photodiodes

Ethernet: data to smart lab server
SU815: Ethernet Shield >

SU803 Arduino

4 Photodiodes from MOT Setup

SU802 BNC Connectors - Photodiodes

\4

Trigger from experimental control

SU802 BNC Connectors - Trigger

Data Explorer

Set reference voltage of Arduino to 2.5V:
https://arduinogetstarted.com/de/reference/analogreference

Please safe Arduino Code here:
\\147.142.16.140\microcontroller\QD-Ultracold\Q-Ar - Arduino circuits\Q-Ar006 SmartLab-Read Analog Values of MOT Photodiodes



https://arduinogetstarted.com/de/reference/analogreference
file:////147.142.16.140/microcontroller/QD-Ultracold/Q-Ar%20-%20Arduino%20circuits/Q-Ar006%20SmartLab-Read%20Analog%20Values%20of%20MOT%20Photodiodes

SU816: Ethernet Modul W5500 lite Joy-it for connecting SU803 Microcontroller Arduino Micro (prototype on SU801 Eval baord)

Note for setting up e-lego Arduino Module SU803: connect +Vin PAD to PIN on JU6 on
SU803 to connect Power Supply of SU803 (via switch) with +VCC1

/ DL801  (pLs00)

AAQ AA | As J3 J4 ps | pA -VCC1 vec oy 1 2 DA13
. egulator m
AAT oo 2.:.VLR|\/|1g085t IT?f.530cc>)r LAD)1117AV33 ofe -VP2 v 3 : 4 DA12
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A_A5 100 | 1o0p +VP 11 - 12 DAS
APQ ol £ - +5V 13 - 14 DA7
9l & ; e/ +VCC2 sy 15 o 16 DAG
AP2 b e +VSETT vy 171 1 18 DA5
. ) sl o8 +12V 19 [0 20 DA4
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.o L~ . +VCC1 23 - 24 DA2
APG ( - DSO/REF 25 K 26 DA1
- : : ° E/STH Ihclz - : : DS1/+33v_27 [ 28 DAQ
) ® NC (scoSCK &= ] ggg %2 © gg (D;gl?
AP10 T ) @ Vi3 mosy MO @ C ) DS4 33 © 34 -VCC2
(IR o V G o ) © (DS6)
et (R \ SPI_MISO__35 3645V
AP12 o — " ¢ o5 SPI_SCK__37 |o J[ 38 SPI_MOS|
°e 200 mA =0 SPI RST 390 J40 _ GND
Ethernet Module +
sl SBC-USR-ES1 ISR
Default Values:
VCC1: -7V (-13V/-24V)
— — VP2 27V
GND GND -3210'2; -?gv (-24V)
https://www.joy-it.net/de/products/SBC-USR-ES1 R//Ec:z :;/\?Eﬂ
https://www.ti.com/product/LM1085/part-details/LM1085IT-3.3/NOPB? VoETa o
FVCCT:  +13V (+24V)



https://www.joy-it.net/de/products/SBC-USR-ES1
https://www.ti.com/product/LM1085/part-details/LM1085IT-3.3/NOPB

SU803 Jumper Settings to connect Vin to +VCC1

2-3: Towex 50? W.‘Pui’ (S‘}nud(‘u—&)

Standard Jumper Settings SU-803 S)UQ *O.C*D‘% \W\/ SQ,L\"\V)QS ‘ JUA: chooses e Prwen ﬁuﬂc‘a Sourca. : 2-A. Qv 50.‘;)(:(? ‘Lﬂm addiliona| D2- 90(2_};‘3.:‘)
. Rowey Supgly
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:
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o ole ° = mim e DSO/REF 25_0 26 DA1
e o® ° R - DS1/+33V__ 27 | 1 28 DAO_
S— ° - _DS2 29 |0 1 30 GND
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R - _ S M- SP| SCK 37 lo 38 SPI_MOSI.
g ,., * e w|em SP| RST 39 - 40 GND
AP AP 13N =0 T Pse sp 2520 Poli
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“n\ cTovmeAs fh u:;).sh o g
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BNC Connector Board
SU 802 for 4 Analog Inputs

Blue: Standard jumper settings

BNC 1

AAO ASO
AA1 AS1
AA2 AS2
AA3 AS3
AA4 AS4
AAS AS5
APO

L AP1

AP2 {
AP3

AP4 {
APS

APG {
AP7

AP8 {
AP9

AP10 {
AP11

AP12 {
AP13

®
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Fi

C08NS Bisgjepiay o Ayisienun Id
® © © 00000000 0 0 0[O0 0 0|02

® © 0 0000000000 0(0 0 0 0 0 o[
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pleog Jojoauuo)d ONg

2102/20

o

> >
0
3@z
@™
=z
[a}

)
lw]

>
1@

BNC1- GND
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4
o

>
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>
102030
o0
@ 6 6 6 6 06 06 0 0
¢

ece
lw]

>
o

@
z
O
(&)

BNC3- GND

GND BNC2-

GND BNC4-

BNC_2 J2
2 a1aPS_DA
|o|o]e|e
BNC2+§ DA1
o|0|® ©
®|.:
o|0o|® ©
DA1d
o|0|® ©
DA9
o|0|® ©
TV DA8
o|l®o|®o|® ©
+5V DA7
o|l®o|®|® ©
+8V DA6
o|lo|®o|® ©
+VSE[ DA5
o|®o|®|® ©
+12V| DA4
o|l®o|®0|® ©
DA3
oj0o|0|® ©
CCl DA2
oj0o|®o|® ©
DSO; DAHp——
oj0o|®0|® ©
DS1 DA%
oj0o|0j0 ©
DS. GNDO ——
oj0o|0|® ©
DS5
®|®|® O |ps
DS6|
o|®|® ©
oed e
® 0|0 ©
SCK_MOS]
o0 |e @
RST GND
o 0|0 o

DL801 (DL800)

BNC1
BNC2
BNC3
BNC4

AAO
AAl
AA2
AA3

BNC 3

BNC 4

-VCC1 vecoy 1 . 2 DA13
VP2 w31 ol 4 DA12
-5V S o 6 DA11
-VP1 ) / - 8 DA10
GND 9 10 DAY
+V/P 11 o 12 DA8
+5V 13 14 DA7
+VCC2 sy 15 o 16 DAG
+VSET1 ey 17 o 18 DA5
+12V 19 e 20 DA4
+VSET2 (v 21 o 22 DA3
+VCC1 23 o 24 DA2
DSO/REF 25 - 26 DA1
DS1/+3,3V 27 o 28 DAO
DS2 29 A 30 GND
DS3 31 - 32 DS5
D34 33 o olo4 oss) -V CC2
SPI MISO 35 o 36 +5V
SPI SCK 37 e 38 SPI MOSI
SPI RST 39 o o240 GND
Default Values:
-VCC1: -7V (-13V/-24V)
-VP2: -2,7V

VP1: -8V
VCC2:  -13V (-24V)
+VP:=  +VSET1
+VCC2: +7V
+VSET1: +6V
+VSET2: +18V
+VCC1:  +13V (+24V)




BNC Connector Board Blue: Standard jumper settings
SU 802 Recording trigger BNC 1 BNC 2

DL801 (DL800)

AAD ASQ | “HAAAS ol T ongBS DAY | V/CCT e oy 1 2 DA13
AAT AST |ztei ol m| in| . 2ol | Y2 3 2 4 DA12
AA2 A2 |3]e e o ® ool | BV 51 o6 DA11
AA3 AS3 (2l o ool | YPT_ w71 I8 DA10
g i i e —— £
ARS ASO %00’0 %%ooo eV 139 = SA7
APQ Sle o|e|e® ole|e|e|e @
L AP1 By ol2Te 212l e l%le ol | ZVCC2 o0 151 16 DAG
AP2 { 2l ol &le e ool & L | AVSETT v 17 ] 18 DAB
AP3 |5 olale el o l2le ol | 12V 19 ] 120 DA4
AP4 . olEe ST e l%le @ | TVSET2em 271 122 DA3
APS | M 2 e et 1% e @ +VCC1 23 o 24 DA2
AP { 5o ol%le “l5le|%Te o| | DSOREF 251" 126 DA
AP7 [8lq ol e el g2y o | DSIH33V_27 ] 28 DAO
APS { |y e veled Clod o o1 | DS2 291 J30 GND
AP9 s|e o|8]e o|%e ol DS3 31 32 DS5
AP10 { 2o o5 o|5le o! | DS4 33| 34 00-VCC2
AP11 o ol2le T SPI MISO 35 o 36 +5V
AP12 { 2l olslel @ @ e ® |, o| | SPLSCK__37] | 38SPI_MOS|
AP13 Bl olale 5 ole @ | SPLRST 39 ] 140 GND
= — i = [z;e('f)aCuﬁ\/aIu?e\/S:( 13V/-24V)
R e s BNC 4 S
e BNC1 AA4 -VCC2: -13V (-24V)
- BNC2 DA9 I\\%c:z :\7/3ET1
GND +VSET1: +6V
+VSET2: +18V

+VCC1:  +13V (+24V)

BNC4 AA5




Waterflow interlock — Q-Ar004

Recommended supplies:
Pos: 24V with modifications as shown on the next pages
DL 800 Overvoltage protection set to 26V

Arduino code:
\pi2\microcontroller\QD-Ultracold\Q-Ar - Arduino circuits\Q-Ar004 Water flow interlock based on e-lego



file:////pi2/microcontroller/QD-Ultracold/Q-Ar%20-%20Arduino%20circuits/Q-Ar004%20Water%20flow%20interlock%20based%20on%20e-lego

Waterflow Interlock based on

SU803 Arduino Board
J1

/ }o Se ole o counett A, J2

«—
O
K
<

Boards needed: AAQ ASQ | Vpafas el ki eslh eslon 2l oo pi 1 2 DA13
(top to bottom) AA1 AS1 % . %I: o] el . %: %: -VXX 3 g4 DAT2
AA2 AS2 ° ° -5V S 6 DA11

— e o0 o e o0 o ———)
AA3 AS3 ° ° -VP 7 8 DA10

- 2x5U802 Connector Tz ASA s o® gl Arduino/ | se** | o 51 I DAY
board AAS ASS o oo w|® Geviiwo miceo | @2 o ele e VP o 12 DA8

APQ — = I (e ol w| |V 131 J4 DAT

- 1x5U803 Arduino - AP o oo e® o e o o ®01¢ —:%ET ]g . ]g Bﬁg

. [ (] —lelss 3 DVAS VA9
Board with 24V PS { AP3 colel| | (ol e BE Ele 1 o0 J20 DAd
AP4 . ole ol® of3li) ®Tly alewll, NXX___ 211 T2 DA?

- 1xDL 800 Power AP5 . oleell® ob2 0O 0Lly oo w|[\ NCCDL 20 J24 DA
Supply board AP6 o oo ol® ® . SGNDY. e ole @ DSO/REF 25 o 26 DA1
ithout PS o { AP7 .ol wl® o5 amTldsle o||| | DSTE33V_27 L J25 DAC

ol e o> [u)og e | D2 29 J30__ GND
{ AP9 . oleull® o J el o | D53 3 o J32__ D5
AP10 . oleslle o[s S0 180k ool o] | | DS 3o 34 Ds6
AP11 o oee® Nl S\= e ele e | SPLMISO 35[0 36 __ +5V
AP12 PV 9 SPI SCK 37 38 SPI_MOSI.
i AP13 . ol :é“; N e | 910w w|e o| | | SPLRST 3910 J40 _oND
- AP AP J3 ? = :M\w.m SPI SPI
Digital 10 Pin configuration oRD w0 - ‘ 2x20- Polig

\( onneds d‘uju; o
Fer 2 t 2 o
T T R )
Valve inlet D5 (output Fetl- DS 3 ﬁ"—;g&; eim O, oW G
put) { : .

3 of Pin- ship

Valve return D6 (output) Fet2— DS 2 3‘ {\'UL du’w‘?”ﬂ (p\. v SPQU— C
Turbine inlet D7 (input_pullup) o YouteS Ow .

Turbine return D2 (input_pullup) ?C-B ,l,o\' (A0 }»o‘(WU{ﬁou . +0 L‘)a:\(” &/l ow \u\ “ [Cx\L
Red LED D12 (output) ((om '3 wové J\)

Green LED D13 (output) Slue : <\' actov % N_w,\?w 524“'.\\11%5
Calibration Button D4 (input — pullup)

Shutdown D8



temove Zehu 92042 :Dg:
}o Se ale fo counett A, J2

Waterflow Interlock based on SU803 Arduino Board ‘L‘lq Y
DA12

AN

AAO J1 AA|AS AA|AS ps LA Ps |DA J2 .VCC DL 2 DA13
Boards needed: AAT %:%: i ST %: %: VXX 7 DAT2
J — —
(top to bottom) AAZ o oo w||® o” o e|e® SV 6 DAT1
AA3 o oo e|® : ¢ ORI VP 8 DA10
AAd oooo’AYtho/ - S GND 10 DAY
- 2xSU802 Connector AAS o oo o] Gerive mico | @02 . ol e VP 12 DA8
board APQ s ol oll® o — —— +5V 14 DA7
o oo e||® d 8::O=oooo 8V__ 16 DA6
- 1x5U803 Arduino APZ e * Bl eewe | ID3ET 8 DA
_ ol el | ol oot e dle | | 1V 20____DAd
Board with 24V PS AP4 o ole ol® P ® o mmon VXX 22 DA3
S elecle ob:o® @l ] olg el \ NCCOL 20 o4 DA
_ 1 x DL 800 Power AP6 o oo ol|® .3 SG:D ° o oo @ PSO/REF 26 DA1
{ o olew|® N ERT o ele® DS1/+3.3V 28 DAQ_
Supply board AP8 o oo o|® ;|- ﬁ o lewee | |-DS2 30 GND,
without PS { o ole oll® ol 0@ |0 g ol wls | DS3 32 DS5
AP10 o ole ol® ole s@ @ (o ol e DS4 34 DS6 _
o ele e® IS T T T SPIL_MISO 36 +5V
AP12 o et | s B e ole ol || SPISCK 38 SPI_MOST
o o|e ®|VNE geje o Sle @|e SPL_RST 40 GND
AP APJ3 @3 S Pase shi
o 2x20- Polig
Digital 10 Pin configuration o U [l i

Coneedts Ao - O(‘ Q. * jum &Mt}\
N T (g i spec. [ic
\ S‘)QCL

Valve inlet D5 (output) Fetl-DS 3

Valve return D6 (output) Fet2 — DS 2 +O l{)a;*(ﬂ ,U ow \\4& W lm\C

Turbine inlet D7 (input_pullup)

Turbine return D2 (input_pullup)

Red LED D12 (output)

Green LED D13 (output) SILLQ . {,a_(,\'b‘l % Nj,w\?g\/ 5@“«\})@5
Calibration Button D4 (input — pullup)

Shutdown D8



Connector (SU802) for Waterflow interlock

Blue: factory jumper settings

E E jumper Turbine inlet Turbine inlet
DA7 +5V
J1 R— 2

ASO -VCC DL 1 2 DA13
AS1 VXX (270 ]don) 3 | g 4 DA12
AS2 =5V 3 | % 6 DA11
AS3 -VP 7 2 8 DA10
ASd GND 9 10 DA9
AS5 HIR 11 I 12 DA8
+5V il L 14 DAY
AP1 +8V 15 g 16 DAG
+VSETl-bv i) 17 18 DA5
AP3 +12V 19 . 20 _DA4
VXX [ fodon) 21 . 22 DA3
AP5 +VCC DL " 23 = 24 DA2
DSO/REF 25 26 DA1
AP7 DS1/+33V__ 27 g 28 DAQ
DS2 29 | 30 GND
AP9 DS3 31 B 32 DSS
DS4 33 | I 34 DS6
AP11 SPI MISO 35 2 36 +5V
SPlI SCK 37 g 38 SPI_ MOSI.
AP13 SPl RST 39 . 40 GND
2x20- Polig

DA4 +5V
Turbine return  Turbine return




Connector (SU802) for Waterflow Interlock

Shutdown Valve inlet

DAS DAS — Fet1 — DS3
0 6  eogiondliooona Q08U J2

ASO -VCC DL 1 [ 2 DA13
AST VXX a3 |0 4 DAT2
AS? 5V 5 [ © DAT1
AS3 VP A K DA10
AS4 GND 9 10 DA9
AS5 FVP 11 12 DAS
¥5V 13 14 DA7

AP1 +8V 15 Jo J 16 DAG
| N SVSEThio) 17 18 DAS

AP3 | & a8 Bl i E o e b e & N 12V 19 |0 J20 DA4

CIEIGICIENCIEIEIR 212l * F1CIER: B VXX W dy 21 [ ] 22 DA3

APS Bl o|ala|a ﬁ Act S eI YCC DL "23 1 124 DA2

=== S E A N DSOREF__ 25 26 DA

AP7 | = [ P~ d & = == N DS133V 27 | J28 DAO
i = () 8 D32 29 30 GND

AP | JoL N Ds3 31 M 32  DS5_

DSZ 33 34 DS6

AP11 SPLMISO 35 o 36 ey
SPI_SCK___37 |, 38 SPI_MOST

AP13 SPLRST 39 | J40 GND

2x20- Polig

DAG6 -- Fet2 — DS2
Valve return




Q-ILO08 Fiber Interlock Dysprosium lab

To Interlock

SU811 Solid state relais

SU803 Arduino

Photodiode

»| SU8D2 BNC Connector - Photodiode

v



Standard Jumper Settings SU-803 SI“Q: *O.C\’D“Ca V“‘"‘?‘V quu’.\\h@s :

AAD ASO
AAT AST
AAD AS2
AA3 AS3
AAZ ASA
AAG ASS
AP0

AP1
AP2

AP3
AP4

AP5
AP6

AD7

2-3:
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o ole o|® O 2@ e wew
e oo o @ U |e e|e e
. . N~ wn
o oo e 53 [5QreseT® |0 0|0 @
o o|e @|VviNe I'::“' S |e e|e @
e w5 e s zo ok "’44 SPl SPI
-1
cvmedsdmmo&
COVL\"((_*S Su.ﬁM'\ ?ET 2—‘7)“; QSSL'Z\ (4
to veset Suptcy a5 r
s o
COvnect QW)L./ W a (\?““ aw“) ggor‘;‘:TA 4;(“

Sk to 0;
A<cusiwe . o D&

can Se useh as D83 of Pw-ship
Q acnm\ Yu\l Ao

{G‘ otlur Qu.«.?oses.

J2
-VCC_DL 1L o2 DA13
VXX 31 o4 DA12
-5V ol o6 DA11
-VP / 8 DA10
GND 91 10 DA9
+VP 111 J12 DA8
+5V 183 1 o 14 DA7
+8V 15 L o 16 DAG
+VSET 17 1o o18 DAS
+12V 19 20 _DA4
+VXX 21 |0 o 22 DA3
+VCC DL 23 | 1 24 DA2
DSO/REF 25 |0 ol 26 DA1
DS1+33V__27 | .| 28 DAO
_DS2 29 | o 30 GND_
DS3 31§ o132 DS5
DS4 33 | o34 DS6
SPILMISO__ 35 | I 36 _ +5V
SPI_SCK 37 1o o 38 SPI_MOSI
SPI_RST 39 15 o40 GND
2x20- Polig



Connect analog ground to digital ground

BNC 1 BNC 2
DL801  (pLsoo)
AAQ ASO | ‘TS mo— eleTaTRy | VCC e 1] ]2 DA13
AA1 AS1 E g ] FYS N VP2 v 3 o 4 DA12
AA2 AS2 |Slg olsle| @ ole® Jale of | BY 5. 6 DA11
7
ARG R = = | ® C| | TUP 11 12 DAS
APD o 1 2 et o e 30 14___oA7
R R 2 SlElebels |8 % @ ®| | SVCC2 o 1510 16 DA®
o o|o|eoeolele|e]|e]e]e] ole|eo|eo|e|e @ Sl )
A7 U oo o w|=lo |52l o S15) o o S 5] o S oTo 8] o] | DEETL T, 48 D6
AP4 S|® O R e et e e 1S 8O | WEETr o 21 Y22 DA
{ ...........A.AO..D.SSOOD.ASOO S ©
APY lolw w|e|wj@|eTe|s]s e o6 [e[e|e]e|e|olom| | DLCL__ 231, o 24  DA2
APG { Ole e olo|lelele|ele|ole|e] ol olo|e @ DSO/REF 25 ) 26 DA1
AP7 % ® O %\IE ( J A.P7 %QD @ D.M D.S3 [ MK ) A:3 N o " D.S o D.ch' ® o DS1/+3’3V 27 © 28 DAO
AP8 { e w|e|e|ele]el|e “lo|“|elel|eleT® DS2 29 o 30 GND
APY |3 wl%e 1% le ol DS3 31], JB82__ DS5
AP10 { %J- o O A:ﬂ [ ¢ BN.C3— GND||GND BNC4- °e [ DOSG e o DS4 33 © 34 w0 VCC2
AP11 e - T SPI MISO 35 o 36 +5V
AP12 { 2l olslel @ ® e @ oy of | SPLSCK_37] J38SPIMOS
AP13 8| g wlae 5 %1e @| | SPLRST 39| 140 _ GND
T — - = R;e éaCu‘lI t V3|_U7?/SI(_1 3V/-24V)
BNC 3 BNC 4 VPr v
-VCC2: -13V (-24V)
_— +VP:=  +VSET1

+VCC2: +7V
+VSET1: +6V
+VSET2: +18V
+VCC1:  +13V (+24V)

()
=1
o




SU811 Solid state relais - schematic

Standard Jumper, In 1 — Out 1 Normally open (LBA716)

o~
Ju14

Die Vorwiderstéande R1-R4 wurden auf
1650hm dimesioniert damit man den
G3VM-1CR1, den LAA710 und den
LBA716 ohne Probleme nutzen kann
und die Relais gewechselt werden
kénnen ohne den Vorwiderstand auch
zu wechseln.

Jedoch bei langerer Benutzung eines
Relais wird empfohlen den
Vorwiderstand auf das Relais
anzupassen, damit das Relais nicht zu
stark belastet wird.

LAA710 = 1650hm

LBA716 = 9000hm

G3VM-1CR1 = 2720hm

ot DS6 DA7
T 4
L g 3|
S & 8
Jut L) _#z,, E e Clace
Input 1 0 TJUS -Control-Normally Closed 2 7 Normally Closed up Jug
ia —1 [ Slc! +Control-Normally Open 3 6 z
165 | JUK1 &] 4 jibl: g Normally Open I =l
L s Onu'ol-ll\M\’_Oven_
U K2 T LBA71G T Juto
2
=T !
n
M ul
MJu3 [Ju4
o~
Ju13
+Control-Normally Closed 1 8
ip[: ally CI MIL
Input 2 Ra il -Control-Normally Closed 2 7 Normally Closed LUt
@F 15 +Control-Normally n_ 3 6 =
165 JUK3 E 4 }ibl: 5 Normally Open
] JUg ontrol-Normally Open
U K4 T | LBA71G

2JU12

5 DS4
®
- Output 1
2 Buts 1
i g
ol N
2 g‘rum
n
o
A4 Output SA
A3
3 A2
A1l
A4 Qutput 5A/2
A3
A2
1 Al
~
Output 2

i

Type:

Title: Solid State Relais

Version: 4

Je nach bestiicktem Relais wird
zwischen den BNC Buchsen
(Output1,Qutput2) oder der
Printklemme Output5A gewéhlt. Bei dem
Printklemmen Ausgang kann man sich
entscheiden ob der Stecker Output5A
genutzt wird welcher bundig mit dem
Gehdause ist oder Outputb5A/2 welcher
raussteht. Empfohlen wird wenn man
den G3VM-1CR1 benutzt die
Printklemmen zu verwenden, da nur
diese wirklich fur 5A ausgelegt sind.

Name: Johannes Bloos

Date: 12.02.2020

Size: A4

Sheet: of

File: SU811.SchDoc

Physikalisches Institut Heidelberg



SU811 Solid state relais — Layout TOP TOP

Standard Jumper

In 1-Out 1 Normally open 15 Al As Aalas D7 J8| s | DA Ps|DA J6
o|eo|e|e o eo|e|e
OROORO ORONORO
..... ' . ..000
C N I .o . o oo @ Standard equipment
o oo @ __ - DSG' ';/' of DIP8 socket
U2 Inpu 1 Inpu
o oo e P Juz Y o | %*° channel 1:
SOOI ""o":/'aﬁoooo LBA716
ORONHORO ® OREORORD —
® 0|0 e JU10 D.S50000
sojee - ©©e 0 (ejo e o0 e ole @
Tl LIE 012 e DS40000
= [®]e o gl yuo Juts y Mt
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o oo @ LI
e O ®
...O.—"— .C...
ORONORO I I ORONORO
e oo o '“' 'H' e e|e @
AP AP | U B 1] SPI SPI
| | LI |




SU811 Solid state relais — Layout BOTTOM

Standard Jumper
In 1 - Out 1 Normally open

BOTTOM
_ Jusmm
§JU4II
X JUGEI . . JUS.
2mﬁRz JU K2 Rs &
E--oo ggo o:)
m| i
Wl JU5 JU?@ E
Coeoeoe g 000 0e™
C
° ° x
o000 0 000l
o : oo o
e o o e
o o ® oo o0 o
e o o oo °
o O ® O
o o o o
® ® O ®
o o o o




Interlock and data logging — flow chart

Low-level - Failsafe Interlocking

SPI, Oled Display.

Monitor

Sensors | '«

Control unit

- various

Sensors

Temperatur
Humidity
Acceleration
Photodiodes
Flow

Raspberry Pl

Ethernet

Cable ?
SPI, 12C Control unit
- Arduino (Mega?)
- Teensy
|
10s Switching
- Button - TTL
- LED - Solid state Relais
- Buzzer - MOSFET

BNC, RJ45

Device
- Laserdriver
- AOM
- Power Supply
- Valve

E Ethernet data ba Se
i - Influxdb
&
Monitoring Alert
- Influx - email
- Graphana - Slack
- Telegram
- mattermost




Applications

Fiber interlock and other Photodiode interlock

Waterflow interlock

Watersensor on the floor

Resistor Monitor interlock

Logic

RF power interlock

Temperatursenor interlock
https://www.amazon.de/ARCELI-Arduino-Mega-ATmega2560-CH340G-Elektronik/dp/B07MQ1I9MR/ref=asc_df _BO7MQ1I9MR/?tag=googshopde-

21&linkCode=df0&hvadid=204476351460&hvpos=&hvnetw=g&hvrand=12755290115669277852&hvpone=&hvptwo=&hvgmt=&hvdev=c&hvdvcmdI=&hvlocint=&hvlocphy=9041989&hvtargid=pla-
718074181409&psc=1&th=1&psc=1

-> E-lego Mini Mega Adapter board:

Mini mega (oder Mega)

,Display port” : connector fir LCD Display port (evtl. RJ45 or USB-C or HDMI mini)
3 individual 12C or SPI (bitbang, siftware 12C)

One connector for a sensor

Power (Arduino 5V or extra Lin Reg module, +6 -6V low drop, Supply 2 x 7.5 V)
Ethernet shield

https://www.amazon.de/ARCELI-Ethernet-Netzwerkmodul-Schnittstelle-W12820io/dp/B09DYFLMIG/ref=asc_df _BO9DYFLMIG/?tag=googshopde-
21&linkCode=df0&hvadid=546542272456&hvpos=&hvnetw=g&hvrand=5494524256787710571&hvpone=&hvptwo=&hvgmt=&hvdev=c&hvdvecmdI=&hvlocint=&hvlocphy=9041989&hvtargid=pla-
1649361034312&psc=1&th=1&psc=1



RJ45 Connector Module — SU808

QGaa

2

-
)
-
/
~
W
~
U
~
(o)
~

Feature:

- pin 2 to 5 have a protaction against voltages outside 0V < signal < 5V
- Can ve also used for the RPi



RJ45 Connector
Module - SU808

J1

AA

>
® |

Remove connection to
ground plane from this
GND-pin on template

Remove connection
between the +5V pins on
template

—

8 x 3 pin row

grid 2.54mm

Central line connected
to Eth. Con. 1 and 2

in parallel —

|

|

#

3

8 x 3 pin row
grid 2.54mm
Central line connected
to Eth. Con.3 and 4

in parallel

Remove connection to
ground plane from this
GND-pin on template

BiaqjepieH jo M!SJG/\!U\’\ Id (I)

>
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| ps DA Ps |DA J
00C BQB
|| ® |0 o
Fthernet W- o oo @ DA
Connector Connector ﬁo\r DAT0
1 || 2 S —— DAY
it Jleslee -
S o oo @ AT
| e-IegopinIeikt\_6 5[ 3|21 |24 )26 |2 |1 | RPj 12C/SPI O o ole @ DA6
! e-Ie.goPinIe.ft 9(22|24|35 |33 |5 [13|19| Ard. I12C/SPI ® o0 o DA5
0V < signal < 5V protection ® o|0 o DA4
® |0 o DA3
. OV < signal < 5V protection o ole o . D A2
e-legopinleft| 9 |22(24 |35 33 [ 5 13 |19| Ard. 12C/SPI
Eth. pin Con.3 & Con.4 ,’1 ‘2 314 516 (7|8 C/S . . . . DSO/REF 25 o n 26 DA1
e-lego Pin Iefg 6I 15 |16 |35 |12 |11 |2 [ 1 |RPi I2C b/SPI 1 - Bg;/ﬁj\/ g; g %’A\“OD
’ A
DT T pa o 1 O
o ole ol ¥ 3L {3\ DS
SIS R
Ethernet Ethernet ® o|®0 | — o 6
Connector Connector o oo ol SLCK I b 38 SP1 MOS!
3 | 4 papon 1

DS | SPI DS | SPI

e-lego >

pin-No.




SU808 Top overlay (Beschriftungsdruck)

® eeee eeee
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® Pinélgct 9® 22 24 35 Ard s
| . . Eth. Pir?)ZtOS:OV<=signaI<=5Vprotection
@ pin(lef) 9 22 24@359 33 5@13 ¥ id.IZSSPI
@ KX XXX XX B
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- @®|BU2 fth3 o grad  © CEtha
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RJ45 Connector Module — SU80S8

Pin-table

RJ45 Pin

Ethernet Own definition  12C

1

ONO UV A WN

TX+
Tx-
Rx+
n/c
n/c
RX-
n/c
n/c

GND GND
SCL/SCLK SCL

SDA/MOSI SDA
MISO

SS1 /CEO

SS2 /CE1/V_neg

5V

V_pos

SPI
GND
SCLK
MOSI
MISO
$S1 /CEO

SS2 /CE1

RPi 12C RPi I2Cb RPi SPI1 0 RPi SPI 1 Ard. I2C  Arduino SPI

6 (DA11) [GND] 9 (GND)

5 (-5V) 15 (+8V) [GPI022] 23 (+VCC_DL) 40 (GND) 22 (DA3) 37 (SPI1_SCLK)

3 (-VXX) 16 (DA6) [GPIO23] 19 (+12V) 38 (SPIMOSI) 24 (DA2) 38 (SPI_MOSI)
21 (+VXX) 35 (SPI MISO) 35 (SP1_MISO)
24 (DA2) 12 (DAS8) 33 (DS4) has to be connected to SS pin on Arduino e-lego board
26 (DA1) 11 (+Vp)

2 (DA13) [5V] 13 (5V)

1(-vCC_DL) [3.3V] 19 (+12V)

Legend: number: Pin-No. on e-lego board left side (e-lego pin label) [RPi pin label]



RJ45 Connector J1 AaalAs aal as U3 I ps |DA Ps |DA
Module - SUS08 o|leo|eo|® o|le|eo|e®
® 0|0 © ® 0|0 o
oo e Ethernet Ethernet el bl
® o|0 o Connector Connector ® o|e o
® oo @ 1 2 ® o|le @
12..8 12..8
e oo e e n__ . o oo e
® 0|0 © N~ ® 0|0 ©
e-legopinleft| 6| 5| 3 |21 |24 26 |2|1 RPi |2C/SP|O
'e". oe @ Eth.pinCon.l&Con.zk'ilfz_i 4 1 s)el7 18 ¢ e e e
4 connectors per -|l® e|e @ e-lego Pin left [ 91122|241[35 [ 33 [ 5 [J13[19| Ard. 12C/SPI ® 0/0 ©
board pum g e
g . . . . LLZL—J 0V < signal < 5V protection . . e ;
2
@
‘.g: . . ‘ ‘ EEZtoS I 0V < signal < 5V protection “ ’ . . .
o, ® oe @ e-lego pin left ig_gE 3315 19 | Ard. 12C/SPI ||‘ ]
<l:|l): ® 06|00 ©o Eth. pinCon.3 & Con.4 | 1 2_|_3 4 [(56)17] 8 ® o0
o e-|egoPin|ef(6 14 |16\ 35 [12 11|2|1 RPiI2Cb/SPI1 | ..
@
g ® 0|0 © J - . o 0|0 ©
S|e e|e e [ 1 — o oo @
® ol o 12..8 12..8 ® 210 o
® 0|0 o ® 0|0 ©
® 0|0 o Ethernet Ethernet “‘. o o 38SP| MOS|
® o|® o Connector Connector ||Q o|l® @ s m .GND
o oo @ 3 4 @ ee o =
AP AP | DS | sPI Ds | SPI
| - - L1




RJ45 Connector
Module - SU808

2 connectors per
Board

Board 1

2

Eth. pin Con.3 & Con.4 | 1

Ethernet Ethernet
Connector Connector
1 2
12...8 12..8
LL_;I\—/— S —
N
e-lego pin Ieikt\ 6|5 21 |24 26 |2 |1 RPi |2C/SP| 0
Eth. pin Con.1 & Con.2 iz_ 4 1 s)ed7 18
e-lego Pin left | 922 35083513119 Ard. |2C/SP|

0V < signal < 5V protection

|: pin2to5 I 0V < signal < 5V protection

e-lego pin left | 9 |2

2 )0 3)04 15

s 113019] Ard. 12C/SPI
6,17 8
11 |2 |1 |RPi 12C b/SPI 1

e-lego Pin Ief{ 615 |16V 35

BiagapieH Jo Ausianun 1d (P
® © 00000000000 0/0 000 0|0
© 000000000000 00000 0 o>
® © 00000000000 00000 002
© © 00000000000 00000 0 o>

>
g
>
Y

r

=

12..8

Ethernet
Connector
3

s

—.

12..8

Ethernet
Connector

>

U
® © 0 0/0 06 06 0 0 060 060 0 0 0 0 |0

o0/ @ 0|0 06/ 06 06 06 06 06 00 0 0 0 0}

38 SP1 MOS!
0 CND

59|/ @ @ ¢/ © &6 © 06 0606000 0 0 0 03

13
"o/ ®© 06\® © 06|/ © © © © 06 06 0 0 O O (0|




RJ45 Connector J1 Al Aas aa|As D3 | | ps |pa Ps | DA
Module - SUS08 o lol|eo|e® o leol|eo|e®
® 0|0 o ® 0|0 ©o
oo e Ethernet Ethernet el bl
® 0|0 o Connector Connector ® |6 o
® o|e o 1 2 ® oo o
12..8 12..8
® 0|0 © O ® 0|0 ¢
, E——— .
® 0|0 o N~ ® 0|0 o
. . ‘ . | e-lego pin Ie1kt\_6 <5 3121 |24 26 |2 |1 RPi |2C/SP| 0 . . . .
e" Eth. pin Con.1 & Con.2 i.z__i.4__5_f_ 7 i
2 connectors per o ® 0|0 ©o e-lego Pin left | 91122 2411135 | 33 [ 5 [j13 /19 [ Ard. |2C/SPI ® 0|0 ©o
Board g . . . . I__EZtOS I 0V < signal < 5V protection . . e 6 ;l X 21 ﬂ22 DA3
< |
@ A
Board 2 g . . ‘ ‘ EEZtoS I 0V < signal < 5V protection ’ . . . ‘ & ﬂ
9" ’ . ‘ . e-lego pin left | 9 E?E ii 5 13 19 | Ard. |2C/SP| ‘ . . .
C:_I'):_ . . . . Eth. pin Con.3 & Con 411 2_|_3 4 57 6 7|8 . . 5 .
112
§ o ole @ |gplfg 14 |16 35|1 11|2 1 |RPi I2C b/SPI 1 ® ole @
S _\
é|e e|e e ’/:(:\ == o oo @
® 0|0 o 12..8 12..8 ® 0|0 ©o 4 33
® 0|0 o ® 0|0 o
SR 35l°
® o|e o Ethernet Ethernet o ' o|le o =| T I TR
o oo e Connector Connector |® oo o ot of 8o
o oo e 3 4 @ oo @ or 1| lo
AP AP | DS [SPI DS [ sPi e-lego v |
- || = pin-No.




RJ45 Connector Module — SU8S08

4 connectors per board

RJ45 Conecctor No Slave select Pin Ethernet cable e-lego
1 5 DA4
2 6 DAS
3 5 DA2
4 6 DA3
2 connectors per board - board 1
RJ45 Conecctor No Slave select Pin Ethernet cable e-lego
1 5 DA4
3 5 DA2
2 connectors per board - board 2
RJ45 Conecctor No Slave select Pin Ethernet cable e-lego
1 5 DAS
3 5 DA3



RPi-Pins: Raspberry Pi can be plugged to e-lego ethernet connector module: Do not combine with other e-lego modules !

= o AVCCDL 1] ]2 DA13
" 00 L VXX 5L 14 DA
arios Oround -V | o6 DAT1
Pin 3-I2C.1 SDA el O O 5 -VP [l 10 UAT0
< Pin 5-I2C.1 SCL srouns @ Y10 crore. GND 9 |: :l 10 DA9
E =1 0 © LN ML |12 DAS
L oon L@ == BV B |14___OAl
= pin 19-SPI MoSI—> [ i © O Rt ) DL 6 DA
= EReiSnm N oo (KRS NSET TR DAS
n Pin 27-I2C.0 SDA/_\’ . Pini: 2286-182PCI.0CE81CL 3:'333“""‘ g‘ +12V 19 s a 20 DA4
- £ © © B CE S R
crott MMl e, & +VCCDL 23] ]24 DA
coms (@YW . 3 DSOREF 25, 26 DAI

o=l s |ese. DSIR3V 27 128 DAD
@@= D% B I[N G
e [GO@[ " D3 3] 13 DS
o |@Q@f= D 3| T3 D%
oo [@E)| > SPIMISO 3B | 3 5V
e |@E| = SPISCK_37]; J BOPLIOS

= @@ e SPLRST 39 [ b o 40 GND




SPI and Ethernet Pins

. - .. [10base-100Base-{1000Base-|
SCLK > SCLK \ Pin| Description [~ = &
Transmit
MOSI > MOSI SPI 1 |Data+ or X+ TX+ BI_DA+
SPI MISO |« MISO Slave BiDEcconal
cc Transmit
MaSter g_g;‘ > SS 2 | Data- or TX- - BI_DA-
BiDirectional
GG |— Receive
SS3 3 | Data+ or RX+ RX+ BI_DB+
+—Pp| SCLK BiDirectional
Not
> MOSI SPI 4 |connected or | n/c n/c BI_DC+
MISO Slave BiDirectional
Not
> ss 5 | connected or | n/c n/c BI_DC-
BiDirectional
Receive
6 | Data- or RX- RX- BI_DB-
—»| SCLK BiDirectional
——3p| MOSI SPI Not
MISO | 7 | connected or | n/c n/c BI_DD+
Ml Slave BiDirectional
—— P SS Not
8 | connected or | n/c n/c BI_DD-
BiDirectional

12345678

T-568A

Ei Pinoutst;ui d6.comt



Adapter for RPi to RJ45 Connector Module SU808

- solder 2 of them together with the pins face to face

(Iength 2 x40 pins) \ \ Buchse 7151 Buchse

ockelstreifen 2x20pol. Sockelstreifen 2x20pol.
2reihig, trennbar, RM2.54 2felhlg trennbar RM2 54
Stift: 20.6x3.1mm, Sn . L 7

§  eeshmmmasssessy | ¥ D
. ambaiaan e
-
AN

Where to get it from: e-workshop stock



SU802 Notes production

Check for the latest production version and check for additional notes on the workshop server
Add Polarity Protection: Pin 39: Top: Block pin with solder. Bottom: Cut pin
Put PCBs into Aluminium case. Drawings of the cases can be found here:

\\pi2\microcontroller\QD-Ultracold\Q-El - e-lego\Cases and Heatsink
Case needs to be checked, which one is needed (maybe Case BNC fits)

Label the finished boxes with the Part-number SUS08
Add some notes to the workshop server if there has been some modifications to the previous production version

If not available yet, make pictures of the produced component an put them on the workshop server

If not available yet, leave one module in the e-workshop Muster box and label it with ,,Muster E-Werkstatt”


file:////pi2/microcontroller/QD-Ultracold/Q-El%20-%20e-lego/Cases%20and%20Heatsink

Connecting a sensor to the RPi / Arduino

ribbon cable ( Ethernet cable |
to minimize strain Adapter |

Sensor PCB

mulRata

e-lego
SCL3300-D01 RJ45-SPI Adapter
Res: 0.1 mrad

' Raspberry Pi

¥ SmartLab
Database



General OpAmp Module SU8S05 The Non-inverting Op-amp Circuit

The Voltage Follower Op-amp Circuit

. . . |
- Vin —O Vout = Vin
The Inverting Op-amp Circuit { |
Vout | Voltage Gain = +1 |
RA S— ’
RB
o— AN\~ (TT T T T T~ 5
Vin O | _Vout _ RA
Vout | AV = Tin re |
o I
The Op-amp Inverter Circuit
T T T T T T )
The Voltage Adder Op-amp Circuit vou | e e
Vin — o — )
RA
R
' Vi R I~ | -
- two DIP 8 sockets with resistor banks for Operational Amplifiers O—VVV 4 !
.. . L V2 o | vout = - RA (v1i+ v2) |
- Application: Design your own OpAmp Circuit YAV AV= Vout | R T
R e 7
= The Comparator Op-amp Circuit
VNV —o A NNV —o
o—/\/\/\/\/\—o 0_/\/\/\/\/\_0 +Vee
AN NV\VNV—o A AVAAY A
A YAYAA A A AAA A
(TN )
The Voltage Subtractor Op-amp Circuit | Vref = Vec | pri2es J :
Vout l
| Vout when Vin > vref |
SR E D )
l’ ******* 1
| Vout= F:{—A(vz - V1) : From:
- Y]
https://www.electronics-
R4 tutorials.ws/opamp/op-amp-

building-blocks.html



General OpAmp Module
SU805

Select the resistors you like to have

connededd to BNC /]
o S goz - BUCHead

AS5

AsS
A

RrIna

AAS  Rumog”

Connededk to BNC2
on SU @0 - Buchead

The Non-inverting Op-amp Circuit

The Inverting Op-amp Circuit

RB

oA\~

Vin

The Voltage Adder Op-amp Circuit

RA

Vi R

AN\

V2

—ANV\—

R

The Voltage Subtractor Op-amp Circuit

R4

\\147.142.16.140\microcontroller\QD-Ultracold\Q-El - e-lego\Q-EI-001 SU805 General OpAmp Module

The Voltage Follower Op-amp Circuit

O
Vin —O
Vout

1
| vout = vin I
| Voltage Gain = +1 I
\

Vout

|
| Voltage Gain = -1 |

Inputimpedance =R |

The Comparator Op-amp Circuit

+Vee

Vout

)
|Vref=Vcc[ iz J |

R1 + R2 |

| Voutwhen Vin > vref |

From:

https://www.electronics-
tutorials.ws/opamp/op-amp-
building-blocks.html



file:////147.142.16.140/microcontroller/QD-Ultracold/Q-El%20-%20e-lego/Q-El-001%20SU805%20General%20OpAmp%20Module

General OpAmp Module

SU805

Identify the resistors on the board

Select the Power Supply via Jumpers - - Q‘Cc\' VIQQC‘L:“'

Select input and out put pins via Jumpers ~T—f - ¢ ola @ QQWY(N g \5/\)/0( g

s .
. Q .6.-5\) VP 7

,2 G0
ST o 4 Rrcwor

sdect posifive (4 el£12V

OFS biade junge || §HE 71
l.ﬁ:&ﬂu

Connedech +o BNC /|
on 5S4 §0Z - Pchead

ASS :
,%g BuL TINA
o
AAS  Rumm ”

Connedeck o BNC?2
o SU §oZ - BUC Yoo

OPAout

AMY

Connedecdk +o BNC Y
on S goz - BUCboax

'YX}

OPAout




General OpAmp Module
SU805

Jumper for choosing positive and negative Supplies 100n
W g m|'|—|||'GND
2 fgg F
7O- P
1 100n
|, N . |1-Gxo
¥ Rin3 — 3 Cap
2 "W‘ 3 ’, IOOpF
Tnl =
n 2 100n
1] L v I
— 1 =8 L] —O”—|| GND
1 FRIN HE H RIN | | ?1__ Cap
— b 7 100pF
5 ~
2 c{RGND H- “I'GND o — {ll-cxp R .
ey Nprc=—uml K} = .v
onpCFB H° [ LCEB . L bos Eﬂ——|||-c,ND
4 ol RIS SPp{ REB — Cap
2 P2 100pF
il -
14
1
VO+
SSR2 R 13 2 AA4
{1 [ O 2 —
J1 " é Off sheet connectors
[ = 11
3 s
2A5 — .
3 2as
| J1 y
K4
NIl
1 [L—] 8 NI2
TRER 1 LT ]
. { REB HS Ext Pad
2 5 77 T Xlra spare rads
) E i CrB HL n—
3 onRGND HO lll-GND | 1 =
I RGNDHS ['GND
; 5 PPRGND A n F
4 opb RN H ' —
e NIl R HS ‘
- T— 3 || A
NI ’ 3 S
CInNIG1 ~ S3
INIG1 [INIG2 Io—
INIG2 5 N
1] DS =
=! 3 3
= = sS4 S
GND et
GND

\\147.142.16.140\microcontroller\QD-Ultracold\Q-El - e-lego\Q-EI-001 SU805 General OpAmp Module
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General OpAmp Module

elec nv. inpu Select input of OP2 Chose Negative PS
SU805 SelectoutputS ¢ tipslelle‘:tol%lt'nv- input i / Chose Posgitive PS
ladd ?r Non-Inv. V /

J1aalas aalas J Ja PSID%S DA/J2.

OoD0 05 J3ngggm@@ )

@l el @ 3 ©,

e E 11Add :|EI3 ®®|® )

Oloolo ol®,; 2281 e ©

[®][e]|®] [@] @ | _I2 Sibal 0. /

[e] [e](®] [ @rn0® @@ |® Tao 0 e ORIn© 2@ '©
el el @ReN® ® l® '@100, (6] O0:® O ‘
F e ocs®| @ |® " OO __ O ~9Q,
EEEE @rFE® ® |® « Ore O mo \ 99
[¢] [@]|[®] [e] n, 100n , OoP2 @®|® . Ut"l_ 100n. \J;{
me=E [elEe |o[e|EF, o | s
mEEE [ee® elele| o @ JP[EE|E® 20Q
EeEE [ele (e " @ /mEEm -0 G
EeeEE (oo ®l®|® @S mEeEE ~“0 0
EE@E % NILT ™ NI2 $SecEEE® yO @O ™ NLL T, “00
pEEE e |ersEe” |@° | @@ Eps P s OO ~00
FEEE @ @cre@® @ |[mEmmm ~ o Ea, 00 ={e o
EEEE e |[erne [0 [FEEE S e [ 0™ 0 -0 QO
pEEE @ @R @ @ EEEE g ©,‘,_,l@ 00
@l [e]e® @ ® @ @ @) el e e ‘ : A Q0

AP AP JNIGI JNIG2 SPI SPI




General OpAmp Module
SU805

Bestiickung und
Komponentenliste

3 fach Jumperleist
(2 Stick)

[
N
s

2 fach Jumperleiste
(2 Stiick)

Top-side: - block Pin with solder
Bottom side: - cut Pin

AS J3J4 SU805 J3 ®olel® J4 ps | oA _bglRa
©0P20ut @$2©©@JN
oI nasa [0 [@lele| |2
O UI_; @O @@@ @ DD
. %‘ M O = G0 0 OO
® I1|® GND|[®] [@]
/I;.°v L0 IO (G & ala
“% Toren@ ® |eo[=l=|= =
OIET  |ocree] e annl
g.:% @re® T @ @'ﬁltjg.g-
TOOn , OP1 1001 . 082 EDD.»
®|=|® ™ ©©@°© O ngn_/
ele| |oelel e -'au@;
ole| «@@® nglg!
®l® elele| “lo & =@E|=m
on NIL 0 NIZ % s[eEfeE
[® |@rrs s g)o/@@[)s
® @e% o oja 0jo
—@® “loren@® ® |[elefsi[e
\©\W ® [e][efe][@]
S© ® © 0Ol0 Ol
—JNIGL -FhNIG2— Z5P

3 x 2 Pin Leiste
(1 Stlick)

6 x 2 Pin Leiste
(1 Stlick)

2 x 2 DIP Socket
(1 Stilick)

4 x 2 DIP Socket
(4 Stlick)

e-lego connectors
20 x 2 Stiftleiste
(2 Stiick)

Do not place the inner double-Pin-row



SU805 Notes production

- Check for the latest production version and check for additional notes on the workshop server
- Add Polarity Protection: Pin 39: Top: Block pin with solder. Bottom: Cut pin

- Put PCBs into Aluminium case. Drawings of the cases can be found here:
\\pi2\microcontroller\QD-Ultracold\Q-El - e-lego\Cases and Heatsink Needed: Basis Case

- Label the finished boxes with the Part-number SU805
- Add some notes to the workshop server if there has been some modifications to the previous production version
- If not available yet, make pictures of the produced component an put them on the workshop server

- If not available yet, leave one module in the e-workshop Muster box and label it with ,,Muster E-Werkstatt”


file:////pi2/microcontroller/QD-Ultracold/Q-El%20-%20e-lego/Cases%20and%20Heatsink

Connector (SU802) for SU805 General Opamp

Blue: factory jumper settings AAS towards OP1
AS5 towards OP1 Inverting In I1add

Inverting In /1 Or Non-Inverting In N/1
If J2 placed Selected by J1
J2
ASO -VCC_DL 1 2 DA13
AST VXX 203 |0 T4 DAT2
AS2 5V 1 I DAT1
AS3 -VP 7 [ 3 DAT0
AS4 GND S 10 DAY
AS5 +VP 11 [N 12 DAS
+5V 13 14 DAY
AP1 +8V 15 Jo J 16 DAG
+VSETlki4s) 17 18 DA5
AP3 +12V 19 J20  DAd
FXX (N Eg 21 |0 22 DA3
AP35 +VCC DL " 23 : 24 DA2
DSO/REF 25 26 DA1
AP7 DS1/+33V__ 27 |0 ] 28 DAQ
DS2 29 | 1 30 GND
AP9 DS3 31 |N 37 DS5_
DS4 33 |, J34 _ Dso
AP11 SPI MISO 35 e 36 +5V
SPI SCK <74 g 38 SPI_ MOSI
AP13 SPI RST 39 5 40 GND
2x20- Polig

AA4

from OP1 out
Or from OP2 out
Selected by J4




Photodiode
VV67 (Transimpedance Ampl.) + SU 800 (Buffer Amplifier)

* Ultra compact ( VV67 - SMO05 Thorlabs mount)

* Bandwidth DC up to 150 MHZ

* Two outputs with a low gain (x1) and high gain (x50)

* Sensitivity: 3V/mA (low gain) - 150mV / pA (high gain)

* OQutput range +/- 5V

* Fully differenctial output (@ low gain port)

* 50 Ohm termination possible (and should be at frequencies above ~ 1 Mhz)

* Noise floor: down to - 140dBm/Hz > Noise Equivalent Power = 8 pW/ sqrt(Hz)
» Different Diodes available: Si, InGaAs. Different Sensor sizes

V67 (Com pact) USB cable SU800

IphOt \
+ - | Low gain
)3
4+ AT
High gain

USB cable

Power
adapter ..
Q-PS-003 & @

\\147.142.16.140\geraete\Geraete\VV\VV067 Fotodiodenverstirker 0,5-Zoll

\\147.142.16.140\geraete\Geraete\SU\SU800 Dual Channel Photodiode Buffer\SUS00-1

\\147.142.16.140\microcontroller\QD-Ultracold\Q-PS - Power Supplies and Voltage sources\Q-PS003 USB Power
Adapter for eLego



file:////147.142.16.140/microcontroller/QD-Ultracold/Q-PS%20-%20Power%20Supplies%20and%20Voltage%20sources/Q-PS003%20USB%20Power%20Adapter%20for%20eLego
file:////147.142.16.140/microcontroller/QD-Ultracold/Q-PS%20-%20Power%20Supplies%20and%20Voltage%20sources/Q-PS003%20USB%20Power%20Adapter%20for%20eLego
file:////147.142.16.140/geraete/Geraete/SU/SU800_Dual_Channel_Photodiode_Buffer/SU800-1
file:///147.142.16.140/geraete/Geraete/VV/VV067_Fotodiodenverst%C3%A4rker%25200,5-Zoll

Overview of Components for e-lego Photodiode SU800 Short USB cable
Buffer Amplifier VV67 %“ PD board

2 x 7.5V PS / /

Recommended supplies: Shearing
Neg: 7.5V protecting
Pos: 7.5V SMO5

USB Power Adapter Long USB cable. only use USB cable with

shielding ground connected to plugs and labelled:
Q-PS003 »,Connection of shielding ground tested ,,



e-lego Photodiode — different Sensors

HAMAMATSU

PHOTON IS OUR BUSINESS
No Type Model Area Capacity Dark Sensitivity at 1064 Cap- Application Link Lithium | Rydberg | Order PI VV067
Diamm | pF @ 4V current A/W taped Version
bias nA @ 4V
bias
1 Si PIN S5972 0.8 3 0.01 ~0.05 Manu VIS: Large Sensor https://www.hamamatsu.com/us/en/prod | 6 4 6 canned(ohne |A
not in datasheet SPL high speed (500 Mhz) uct/type/S5972/index.html Deckel)
6 (extrapolated) flat up to 150 MHz 4
1] comfortable alignement regular
2 Si PIN S9055-01 0.1 0.5 0.002 ~0.01 Manu VIS - high speed (> 1 GHz) https://www.hamamatsu.com/jp/en/prod | 1 1 2 A
\a) Read from datasheet - flat response characteristics up to high uct/type/S9055-01/index.html
out of specified range frequency bands
Small sensor (100um)
& Si PIN S$5821-03 1.2 5 0.025 0.2 no With Plastic lens. https://www.hamamatsu.com/jp/en/prod | 2 3 5 A
(+lens) Visable / Near IR - low speed monitoring uct/type/S5821-03/index.html
(interlock)
I (flat up to 4 Mhz)
L7
@ InGaAs G12180- 0.3 5 0.1 0.6 Manu NIR small capacity (high speed) https://www.hamamatsu.com/us/en/prod 2 2 B
- 003A Spectral SPL 3dB cutoff: 600 Mhz uct/type/G12180-003A/index.html
Replaces 8376 transmittance of
window: 91 %
& InGaAs G12180- 0.5 15 0.2 0.6 yes NIR large sensor size https://www.hamamatsu.com/eu/en/pro |4 2 6 C
005A Spectral 3dB cutoff: 600 Mhz duct/type/G12180-005A/index.html Leave cover for

Replaces 8376

transmittance of
window: 91 %

comfortable alignment

later removal



https://www.hamamatsu.com/us/en/product/type/S5972/index.html
https://www.hamamatsu.com/us/en/product/type/S5972/index.html
https://www.hamamatsu.com/jp/en/product/type/S9055-01/index.html
https://www.hamamatsu.com/jp/en/product/type/S9055-01/index.html
https://www.hamamatsu.com/jp/en/product/type/S5821-03/index.html
https://www.hamamatsu.com/jp/en/product/type/S5821-03/index.html
https://www.hamamatsu.com/us/en/product/type/G12180-003A/index.html
https://www.hamamatsu.com/us/en/product/type/G12180-003A/index.html
https://www.hamamatsu.com/eu/en/product/type/G12180-005A/index.html
https://www.hamamatsu.com/eu/en/product/type/G12180-005A/index.html

Bandwidth E'IegO Photodiode VV67 (Transimpedance Ampl.) + SU 800 (Buffer Amplifier)

10M 50M 100M 500M
'l 'l Il 1 L 1 'l Il l Il 'l 'l
0 ~150Mhz —PD1 | o R e [
— PD5
~140Mhz ——PD6
-10 - —PD8| I--10 . SiPIN | 55972 0.8
. l N sa
204 - -20 5
Si small sen SiPIN  |S9055-01 | 0.1
QEJ ] 59055 )
S, -304 ~ 80Mhz - -30
5 . v - 6 SiPIN  |$5821-03 | 1.2
o 40 - Si large L _40 Q (+lens)

S5972

InGaAs large sen InGaAs | G12180- 0.3

-50 + G12180-005A --50 Q 003A
1 m Replaces 8376
-60 Si with lens -60 8 InGaAs | G12180- |05
| $5821-03 @ 005A
'70 T T T T T T LN | T T T "70 m_
10M 50M 100M 500M

Frequncy [HZ]
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SU 800 Differential Amplifier and Buffer Amplifier for Photodiode

Transfer function

Bode Plot
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Comparison e-lego Power Spectral Density — different Sensors — different Gain

Comparison between different Gains

Power Spectral Density

SU800.2 & PD5 S9055-01 Gain 1
—— 5U800.2 & PD5 S9055-01 Gain 5 = 14dB Power
—100 4+ — SUB800.2 & PD5 S9055-01 Gain 25 = 28dB Power
= SUB00.2 & PD5 S9055-01 Gain 50 = 34dB Power

—110 - ~ ~ < A

P /“\ A n PN SO P poring
o M
—130 WAVA Py PSR~ v = TRV T T .
—140 A
_15 T T T
105 106 107 108
Hz
Comparison between different Sensors
Power Spectral Density
-125
SU800.2 & PD5 $9055-01 Gain 1
—— 5U800.2 & PD1 55972
—— 5U800.2 & PD6 55821-03
—130 1 —— 5U800.2 & PD G12180-003A
E —135 1
£
[aa]
3
[a]
9 —140
—145 A

-15 T T T
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Comparison Power Spectral Density - e-lego and Thorlabs Photodiode — VIS Range

-125
Background TiePie HS5
—— 5U800.2 & PD5 59055-01
—— 5U800.1 & PD5 $9055-01
—130 1 = PDA10A-EC Si Thorlabs - 4.5dB for comparison
—135 -
YD
—140 A A S\ e . |
! - TR 0"‘ '“‘"».u."' ‘L‘ij )“‘. "y P ,‘l, W'
—145 -
—-150 - - —— —1 .
10° 106 107 108

Noise Equivalent Power = 8 pW/ sqrt(Hz)

Hz

Noise Equivalent Power =NSD / Gain / Sensitivity = (50*1e-3 W/mW *10~(1/10*(-140 [dBm/Hz])))*(1/2)/3000 [V/A]/ 0.9 [A/W]




Comparison Power Spectral Density - e-lego and Thorlabs Photodiode — IR Range

e-lego Thorlabs
(3kV/A) Hamamtsu InGaAs G12180-005A (dia: 0.5mm) (5kv/A)

+ VV67 Transimpedance Amplifier (45 dBhEnerea™)  BOA1OCF (dia:0.5mm)

+ SUS800-1 Buffer Amp||f|er https://www.thorlabs.com/thorproduct.cfm?partnumber
=PDA10CF&pn=PDA10CF#11795

PD8.mat (Version B oder C) TH.mat
T ¥ L LA | ’ T LR AL | ‘100 N A |
N
L
- £ -120
o
=,
3 -140 I
©
’\_ S
Ll i R | A bl ) -160 . M| . R | Ll
5 6 7 8 5 6 7 8
) 10 ﬂequency[ﬁg] 10 10 10 10 10

frequency [Hz]

light grey: noise of measurement device (TiePie HS 5)



legend: blue: to be ordered from inhouse electronic workshop

LiSt Of components for E'Iego PhotOdiOde black: to be order at Conrad, Hamamatsu and Amazon

orange: to be ordered from inhouse mechanical workshop

1. Power Supply: 2 x Wallplug supplies 7.5V: Dehner SYS1308-1808-W2E
2. Power-to-USB- Adapter: Q-PS003-1 —r l’jrf‘snizzt:ﬁ :3:::2:::' V3: Sub-D
3. USB cable to buffer-amplifier

(Red Amazon cables only or others that fullfill the cable requirements)

4a Buffer amplifier board SU-800 — \7 fﬂ;« ;F"

4b Case for Buffer amplifier board:
4c Bottom and Top-lid for Amplifier board:
4d M3 Screws to fix the PCB and the lid

—» Can be assembled in the electronic workshop. Specify if you like to have connector pin-rows for modular extension. Specify if you like to have power status LED’s on the board.

5. Connection cable for Photodiode PCB (Red Amazon cables only or others that fullfill the cable requirements)

6a Photodiode (see list of Photodiodes) Standard: With connector
6b Photodiode PCB (1/2“ - VV067 rows, pins cut. No LEDS

—» Select photodiode. Make sure feedback capacity is chosen accordingly. Specify if you like to have power status LED’s on the board

7. Mount for Photodiode PCB (Thorlabs SM tube — LMR05/M) standard: No LEDS
8. Shearing protecting SMO5 - PD-USB for VV67 to protect against torque
from the USB cable
9. Plastic Post to mount the Photodiode tube (to avoid ground loops with
the table) and to mout the Amplifier Box. \1147.142.16.140\geraete\ Geraete\SU\SU00_Dual Channel Photodiode Buffer\Su800-1

\\147.142.16.140\geraete\Geraete\VV\VV067 Fotodiodenverstirker 0,5-Zoll
\\147.142.16.140\microcontroller\QD-Ultracold\Q-PS - Power Supplies and Voltage sources\Q-PS003 USB Power Adapter for eLego



file:////147.142.16.140/microcontroller/QD-Ultracold/Q-PS%20-%20Power%20Supplies%20and%20Voltage%20sources/Q-PS003%20USB%20Power%20Adapter%20for%20eLego
file:////147.142.16.140/geraete/Geraete/SU/SU800_Dual_Channel_Photodiode_Buffer/SU800-1
file:///147.142.16.140/geraete/Geraete/VV/VV067_Fotodiodenverst%C3%A4rker%25200,5-Zoll

USB cable requirements

1) Make sure the shealding, i.e. the metal frames of the USB plugs are connected with each other.
Otherwise there is no supply-ground for the PD boards.

2) Make sure the shielding is NOT connected to the ground. Otherwise the supply-ground for the PD boards
is short to the negative supply

= Red Amazon cables ,,amazonbasics” fullfill these requirements

https://www.amazon.de/AmazonBasics-USB-2-0-Micro-B-Kabel-doppelt-
geflochtenem/dp/B074VN65YC/ref=sr 1 1?s=computers&ie=UTF8&qid=1542625684&sr=1-

1&keywords=B074VN7441&th=1

-]
E]
%
o
2.
a

AmazonBasics - USB-2.0-A auf Micro-B-Kabel mit doppelt geflochtenem Nylon | 0,3 m, Rot

Alternative 1.8m

B074VN744I

https://www.amazon.de/gp/product/BOOAGHYNVY/ref=oh_aui_detailpage 006 s01?ie=UTF8&psc=1

ROLINE GOLD USB 2.0 Kabel | Typ AB Stecker | Micro USB-Kabel 1 1,8 m

= if you like to use another cable, first test if the two requirements are fullfilled

=> You can use the USB-cable tester stored in the USB cable project Box


https://www.amazon.de/AmazonBasics-USB-2-0-Micro-B-Kabel-doppelt-geflochtenem/dp/B074VN65YC/ref=sr_1_1?s=computers&ie=UTF8&qid=1542625684&sr=1-1&keywords=B074VN744l&th=1
https://www.amazon.de/AmazonBasics-USB-2-0-Micro-B-Kabel-doppelt-geflochtenem/dp/B074VN65YC/ref=sr_1_1?s=computers&ie=UTF8&qid=1542625684&sr=1-1&keywords=B074VN744l&th=1
https://www.amazon.de/AmazonBasics-USB-2-0-Micro-B-Kabel-doppelt-geflochtenem/dp/B074VN65YC/ref=sr_1_1?s=computers&ie=UTF8&qid=1542625684&sr=1-1&keywords=B074VN744l&th=1
https://www.amazon.de/gp/product/B00AGHYNVY/ref=oh_aui_detailpage_o06_s01?ie=UTF8&psc=1

Shearing protecting for USB Connecter of VV67 Photodiode

PD-USB-Spacer for e-lego VV67 Phtotodiode

Modified Thorlabs tool SPW603 Workshop-No:
https://www.thorlabs.com/thorproduct.cfm?partnumber=SPW603 3012 (11 04 2018)
to fix retaining ring (larger inner diameter such o

Y e 3096 (03.09.2018)
that USB connector fits in). Modification: inner 4253 (01/2024)

diamter: 10.5 mm, depth: 8 mm

SMO5 — PD-USB Spacer

Material: Al

Isometrische Ansicht
MaBstab: 5:1
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https://www.thorlabs.com/thorproduct.cfm?partnumber=SPW603

Jumper settings SU800-1
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Jumper settings SU800-2
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Depends on required viisio:
- Capacity Photodiode (D1) | Offset correction | CFB (C1) \ RFB (R1) \ROC(RII)_ F-3db
~U=3V / mA

| Version

c1 Tite:  Fotodiodenverstarker 1/2-Zoll
0,5pF (S9055-01) 0,1pF 4,7KQ o 147MHz
0,5pF (S9055-01) X 0,5pF 3KQ 3KQ 140MHz A Type: VV067 I‘Jersion: 0 |Name: G.Fohner
VV67 Rt 3pF (55972) 0,1pF 4,7kQ [ 147MHz Date._08.12.2016 [Sze. A4 [Sheet 7 of 2 .
—_———— ES 3pF (55972) X 0,5pF 3KQ 3KQ 148MHz A | [ File: Diode+OP.SchDoc . Institut Heidelberg
1207 5pF ($5821-03) 0,1pF 4,7Q ) 147MHz
T < 5pF (55821-03) X 0,5pF 3KQ 3KQ 140MHz A
I m:():nF _L 5pF (G12180-003A) 0,1pF 4,7KQ o] 147MHz
p h ot = 5pF (G12180-003A) X 0,7pF 3KQ 3KQ 135MHz B
4 V GND ISEF(GIZIBD-OO5A) 0,1pF 4,7KQ o0 147MHz
P = | - 15pF (G12180-005A) X 1pF 3kQ 3kQ 105MHz c
3. 4R
m'l;s‘g'\swn D1 /.‘,Eﬁ LMW%;?MF R3 __6\/
;y ._?3 47R [
+ ‘“°|“‘j=— co I 1 c10 SU800-1 SIGNAL- é"Jf'a AS3
i 10OV l lmm - = e
e [l L L SIGNAL+ o ASA
I GND GlD
- . . U=3V/mA
USB cable —— SE Gain PD8 (G12180-05) with 0.6A/W,
6V_USB 274R10,1% . . . i
P without 50 Ohm termination - 3.6V/mW
6 - N u3 ° Re a7
I 1 L o| LMHB552SD SIGNAL_OUT1+ 2 gt e —~
< sove | SARDID.1% 1] Tves 51R h
3 SIGNALE . 5 -
2 | R10 * 22 A6
] — - SIGNAL_OUT4- . oo oo
5 54R90,1% ent
-
R R12 R13 il w ) IL
= -6VUsB 107R0,1% 107RI0,1% —1 —Eu7
GND 2T4RI0,1% ci2 I ] cis 25 l l car l 29 =
100n l _T_100p 10u10V l _—L1oon _T_100p FT
D GiD cl4 I 1 Cc15 = = = = = =
10uOV _T_ l100n GiiD GND GND GD  GiD GND
o & Gb U= 150 mV/ uA
Gain: 6dB = Diff.Signal 2:1 Gain: 12dB = Diff.Signal 4:1 (Gain 5x10)
SE.Signal 1:1 SE.Signal 2:1 N4 U4 ARG
) ADBO0YARZ P Us
Gain___|RF (R7,R13) |RG (R8,R10) |RT (R11,R12) - 9,\ 5 3 ADB009ARZ/nb. ® 5
0dB 2750 2550 590 2 | 050} ) 6 scoup 28 o Ri4
6548 2750 1270 6810 | : 21 4 — & =
12d8 2750 54,90 1070 ] ' Pz AN - o
Total Gain VV67+SU800-1+500) termination: 3kV/A Gain: 5 | can s L
. . - . R15 : =
Total Gain VV67+SU800-1 without termination (High Z): 6kV/A — R16 GND
P1 240R  —
240R1200R
JU9 For Gain 10: Connect Pin 3 with
Lo £t R [ {,33;4 RIS R16 = 200R ifUSR16R18is nb.
| I [JEoReran R18=2R
[ Cc16 c17 cle
100n 100n 10n BV 8
I | | I I 11 _|.__l__|. Option: Bridge second amplifier
- - - C22 c23 Cc20 c21 Cc24 C26 C28 .
GlD GlD GiD in T 10n 100n_T_ l100p 10u/10vl 100nl100p - Gain 5 (18V/mA)
;[ ;[ GND G0 3V GiD D G W G GD
. s . Tile:  Dual Channel Photodiode Buffer
\VVA\VV067_Fotodiodenverstarker 0,5-Zoll\Entwicklung\PDF . Ahy.
- . . Type: SU800 Version: 1 Name: G.Fohner
\SU\SU800_Dual_Channel_Photodiode_Buffer\SU800-1\Entwicklung\PDF [ wuxt Is= = Shest 2o 3 -
—_ —_ —_ —_ File:  SUS800-1 Buffers.SchDoc Physikalisches Institut Heidelberg




Determination of the maximum light intensity to put on the e-lego Photodidoe

Maximum output Voltage on e-lego amplifier: 4.5V
Channel 1: 3V/mA
- Photocurrent 4.5/3 mA = 1.5mA

Sensitivity at 1064nm: 0.55 A/W (G12180-005)
-> Optical power: 2.7 mW

InGaAs PIN photodiode G12180-005A

== Spectral response

Photosensitivity (A/W)

Typ.
12 — (Typ.)

| ——Td=25 °C
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Wavelength (um)

KIRDB0672EA

== Linearity

Relative photosensitivity (%)

(Irradiation of the entire photosensitive area,
Typ. Ta=25 °C, A=1.3 pym, RL=2 Q, VR=0V)
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98 \\ >\\\\ \
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Incident light level (mW)



e-lego Photodiode Fiber Mount

1) Machine off- fiber mounting plate

https://www.thorlabs.com/thorproduct.cfm?partnumber=S05FCA

0.06in

-

0.19in

[1.5mm] M

|kt u\,\%use»\

[4.8mm)]
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[9.2mm]

—_——

1.4 mm max.
(Actual ~1.3mm)
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SECTION A-A
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2) Mount into tube:

Machined SO5FCA

-

3) Mount into tube:

<4—

V67

https://www.thorlabs.de/thorpro

duct.cfm?partnumber=SM05M05

Shearing protecting



https://www.thorlabs.de/thorproduct.cfm?partnumber=SM05M05
https://www.thorlabs.de/thorproduct.cfm?partnumber=SM05M05
https://www.thorlabs.com/thorproduct.cfm?partnumber=S05FCA

Production notes Photodiode System
Buffer amplifier boards SU800-2

Fix USB connector additionally with epoxy glues

No Power Status LED's on PCBs !

Label: Gain 1- Gain 50
3V/mA - 150 mV/pA

Label: SU800-2

Label: INo computer USB!

Test a) positive and negative voltage supplies
Test b) RMS noise with no input ( expected values ask Gunnar Féhner)
Test ¢) amplification of input signals

For fully enclosed boxes

Lower legs cut
Put into case with LID and Baseplate

Photodiode PCB's VV067

Use latest version (check with Gunnar)
No Power Status LED's on PCBs !

Photodiode sensors according the list of Photodiodes
Check the version (A,B,C). use correct settings for feedback resistors and capacitors (latest schematic of Gunnar féhner)

Solder Photodiodes directly to the board

Fix USB connector additionally with epoxy glues

Label the Photodiode around its can with its serial number

Test a) Measurement of Voltages (powered by amplifier board)
Measurement of RMS noise (osci settings and expected values ask Gunnar Féhner)
Test b) Measurement of Light (e.g. RED LED source) using amplifier board



SU800 Notes production
- Check for the latest production version and check for additional notes on the workshop server

- Add Polarity Protection: Pin 39: Top: Block pin with solder. Bottom: Cut pin
- Fix USB connector additionally with epoxy glues

- For 2/3 of the boards, cut all bottom Pins and add a Boden-case and a Deckel-case
for the other 1/3, leave the bottom pins uncut.

- Set factory jumper settings
- Cut all bottom Pins (for 2 boards of the production batch leave the bottom pins uncut)
- Put PCBs into Aluminium case. Drawings of the cases can be found here:

\\pi2\microcontroller\QD-Ultracold\Q-El - e-lego\Cases and Heatsink
Needed: Case PD Ampl. SU800 + Boden + Deckel

- Label the finished boxes on the Bodenplatte as shown *INo computer USB!
Gainl - Gain 50 SU800-2 INo computer USB! ‘.
3V/mA - 150mV/pA

- Add some notes to the workshop server if there has been some modifications to the previous production version
- If not available yet, make pictures of the produced component an put them on the workshop server

- If not available yet, leave one module in the e-workshop Muster box and label it with ,,Muster E-Werkstatt”


file:////pi2/microcontroller/QD-Ultracold/Q-El%20-%20e-lego/Cases%20and%20Heatsink

Photodiode Order September 2019

Sensor Version Lithium Rydberg |Total Version A Version B Version C |

$5972 A 5 10 15
S5972 canned* A 3 2 5
$9055-01 A 3 2 5
S$5821-03 A 5 5 10
G12180-003A B 5 5
G12180-005A C 5 5
G12180-005NA canned* with
removable cover C 10 10
* canned: without cover glas
Number of VV67 31 24 55 35 5 15
withoud top and

completly bottom lid and with

in case bottom pins .
Number of SU800 patched 55 45 10 Anfrage bei Hamamatsu vom

13.09.2019

Sehr geehrter Herr Iwotschkin,

vor 3 Jahren habe ich bereits Photodioden bei Ihnen bestellt (Angebot G56252)
Kénnten Sie mir bitte ein neues Angebot fir folgende PD's bestellen:

Sensor Number of Photodiodes
$5972 25
$9055-01 7
$5821-03 f 15
G12180-003A 7
G12180-005A 7
G12180-005NA 12

Mit freundlichen GriiRen,
Gerhard Zurn



VV67+SU800 Photodiode Testing

- Check response to optical Signal

illuminate the Photodiode with an LED (e.g. the LED of a smartphone)

- A signal of a couple of 100 mV is expected on the Gain 1 output (for
the S5972 version)

- Check noise spectrum
No light on photodiode (set Osci to AC coupled)
- Expected voltage noise: RMS about 0.3mV, about 2 mV Vpp (20 MHz

BW limit)

200 MHz Dual 1 GSa/s
Quad 500 MSals

TEST TOOLS
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[Edge @EED| |
&7 pC -
L oov

4
|
f

smpso—————— ——————————
MOSI ’__———————————'
Mean[1]=2.12V -

Couplin BW Limit Adjust Probe 4 Next Page
-Cj:lL__l S e

200 MHz Dual 1 GSa/s
Quad 500 MSals

AN TELEDYNE T
’ TEST TOOLS Di:gsleig;‘ageogsc\llcscope

M 1.00ms/ Delay:-3.98ms y f<10Hz'
a 1.00GSa/s
rr 14.0Mpts

ijT-

agv

RMS[1]=292.89uV _ Pk-Pk[1]=2.36mY
[ Next Page I
age 122 8 [T i

M
! == = e e
ouplin: BW Limit Adjust Probe 4
C p . W Full Coarse X



USB cable tester (based on SU806)

Green LED: Checks if the shielding ground is connected
Red LED: allerts if the shielding is connected to the USB GND

indi.cz;ator
plug “crq-l 'SB here
A S
green: OK | |
red NOTOK | |
7ljonre NOT ok

]

f

source

cable tester




Photodiode
VV67 (Transimpedance Ampl.) + SU 800 (Buffer Amplifier)

Rail: 5V
PD board (VV67)  usscabee 1/2V per decade
To 1V per decade
Jumper select. Rm 2mm
Iphot R
— BW:1-10 Mhz.
— + 1
;‘CZD Connector Signal: SMA
Lin-Reg - Kurzes BNC Kabel mit ground
o V
Vbias

- Hohlstecker surface mount

Thorlabs SM1 mount




Logarithmic Photodiode

Harvard design
N e ; Photodiode Sensors
“Ion VPDB  VLOG R Sigout
BPX65 4 I O RIb 0402
— o BENG (047 eR2 1 sk i
__(():4207 R3 H 2 VSUM 7 c3 ?gﬁ“ Jumper Use small jumper with small contact spacing Hamamatsu 55972 (SI)
2 g | N LS| vsum  vREr B 1t L (same as in SU8O0)
100aE 30802 D0z’ i i Hamamatsu S12180-005A (InGaAs
" —=&g PWDN  vout pt— (0= =
=—C4 1 - . 12 I5V0 .
0102 | NES  VESL =3 T Signal out
ub Ll L L
ADS304 =—=C5 C6 c7 cs
0402 | 0402 | o402 | o402 SMA
100nF InF 1nF 100nF
| ! N SigOut
__T_ Con4
IGND
Choose R1, R2, R2b such that with one of the jumper setting one —
obtains 500mV/decade and with the other one 1000mV/decade IGND
IM10V0 U4
T m o em—
==c21 C24 C22 15V0
0603 —|_0603 20 sHDN ouT I T o402 T EL §.
10uF 10uF 3 10nF ) vl
| T LR13 J—czs \ SESL °°‘
. T | 2 0402 0603
Power in: GND  Adj | [301k 10uF
LT1763-Ad]
7.5V T =
. = 0402 IGND
IGND 1k
Hohlstecker gerade, el
55x2.1mm
PCB has to be mounted in 1“ tube
Thorlabs SM1 (e.g. SMR1)




N Kollision:
AN / Retaining Ring und

Hohlsteckerbuchse

https://www.thorlabs.de/thorproduct.cfm?partnumber=SM1RR
https://www.thorlabs.de/thorproduct.cfm?partnumber=LMR1/M




Photodiode zentrisch aber um 90 grad gedreht

Fuss auf Rickseite nach dem
anléten plan abschneiden.
Evtl. Kaptonfolie zur Isolation
aufkleben.

Anschliefend Photodiode
bestlicken

https://www.thorlabs.de/thorproduct.cfm?partnumber=SM1RR
https://www.thorlabs.de/thorproduct.cfm?partnumber=LMR1/M




Logarithmic Converter
\ 4 O Vp
wes2 &, pwon T L west L i
O, 2 @ =
4 ) G — 3 R2 R3 ,
1 10k
cPB | PDB | | BIAS | |VREF
U3 JU4 -
~10kQ 0.5V 2 BFIN_ vouT - 1 &
= -| BFNG 8 c12 ﬂ
GND . VLOG I )
o = INPT 3 C1 tbd J
R4 C2 iz; 5 VSUM = —
750R =} b4 VPDB  VSUM —p0,F
S 12 | \ps1  PWDN |2
TEMPERATURE +5—9 T
COMPENSATION c3 Lc4 FC5CE ==C7 qu VPS2
nF T100nF 10F | 100nF | 1nF 3 VNEG »
| — . It VREF  ACOM
_| 10nF  iDs304ARUZ I e e
GND GND GND GND :
_‘.
1 (14)
VNEG -’ ACOM Y
- - C12: Bandwidth Filter Cap. depends on Freq.

GND to GND-CASE

Power supply
Photodiodesensor 3
N2} 2 2AEEIR an
Hamamatsu S5972 (Si) 694106402002 | =
Hamamatsu S12180-005A (InGaAs) C10 Ju2
10uF/16V £
= = = GND GND-CASE
GND GND GN
Title: VV068_Log_Fotodiodenverstarker 1-Zoll
Type: Version: Name: Vorbach
Date. 04.05.2020 Size. A4 Sheet * of * . Dt
File: VV68 1.SchDoc Physikalisches Institut Heidelberg
2 2 | a4




VV68 - Required Tests

1. Use Dehner Sys Switching Power Supply .
2.Noise measurement with high Z : Measure Spectral noise density in [V/sgrt(Hz)]. Calculate

equivalent Power Spectral density using Z=50 Ohm .Output:
3.Noise measurement, Photodiode covered (no light), high Z: Determine Spectral noise density

in V/sgrt(Hz). Calculate equivalent Power Spectral density using Z=50 Ohm .
4.Measure Bode Plot: Transfer Function of Amplitude and Phase as function of modulation

frequency f of the light. Use input laser signal that is weakly modulated by frequency f (LED
current modulation or laser plus Accousto optical modulator). Compare to reference
Photodiode.

LED o Luser Q .]) (cro D
| , — WVég
— D

T=To+ dcos (37 (-t) 'L\%f\fucma




Q-PS003-V4

00840

PS003

USB Q-

Power Adapter to PD




USB Ve [+5V] pin: +HS

Power Adapter to PD-USB Q-PS003 USBGND pin:  -HS

USB D+ pin: n.c.

USB D+ pin: n.c.
PD-USB-PS USB Shielding: ~ GND of HS

Sub-D 9
QD Standard

pin 1-3: GND
pin 4-5: +12V
pin 6-7: -15V
pin 8-9: +15V

BNC

Version 1: HS, Sub-D, BNC, PD-USB-PS

Version 2: HS to PD-USB-PS B

& testpin

Version 3: Sub-D to PD-USB-PS

Version 4: HS to BNC

HS+ HS-

Connected: HS+ = Sub-D Pin 8-9 (+15V) = BNC+ = USB +Vcc [5V] pin
HS- - Sub-D Pin 6-7 ( -15V) = PD-USB-PS - USB GND pin
GND of the HS = Sub-D Pin 1-3 (GND) = BNC - = USB shielding

= Generally very usefull V-bridge connects Sub-D pin 4-5 (12V) with Pin 8-9 (15V) (standard: not set)

Legend: HS: Hohlstecker (Power plug) \\147.142.16.140\microcontroller\QD-Ultracold\Q-PS - Power Supplies and Voltage sources\Q-PS003 USB Power Adapter for eLego



file:////147.142.16.140/microcontroller/QD-Ultracold/Q-PS%20-%20Power%20Supplies%20and%20Voltage%20sources/Q-PS003%20USB%20Power%20Adapter%20for%20eLego

USB Connector module: SU806

e.g. for Power distribution from Q-PS003 Power Adapter

-
O

HO:tbec

s
S
\
.
\
.
.
-
.
-~




Power Distribution Adapter PD-USB

SU806

All pins of the individual USB connectors
are interconnected.

The shielding of the USB connectors are
connected to ground

The pin-strip in the center can be used to
connect some the USB-pins to the supply
pins of the e-lego module

Version 1: Only 4 USB connectors (3x Dual
A, 1x Micro B) to interconnect several
Power USB cables

Version 2: 4 USB connectors and pins to
connect to e-lego module

Version 3: 2 SMA connectors instead of the
3rd USB A Dual Connector to connect to a
signal or a power line from the USB pins.

J1 AA|AS AA|AS | U4 ps |pa Ps|Dpa J2
-
ole|e|e ® |2 > o|leo|e|e
6 P 7 | o oo e
USBVCC =— :
_ZJN . . . . Micro USB . . . .
T I @®.>° .
' 4D o ee e SMAT SMA2 oo @
57SBGND
= o ol o' O 00 O | ® oo o
7__] shielding: GND I EALAN ) oo e e
—— ® 0|0 O ® 0|0 O
G\'D? USB A USB J ole|e
GND
* —_ [ +5V |[vcc|+vr] | @ | @ | @
0 _I ® | ® O | elego o ole @
U$B Shield GND i g - USB Adapter J-VXX|GND| -vP || ® | ® | ® = mlmm =
USBVCCI = LDISETVCC SU806 VClen| 5V | (@ | @ | /@
USB D-1 =D p ® 0|06 © Phvsikalisch ® 0|06 ©
USB D+1 — - ysikalisches  Ismad p+ [+vxq | @ | @ | @
/ ] :
USBGNDI | UEIEGID o @)@ @] sttt o oo @
o Heidelberg SMAY1 D- |[VXX|| @ | ® | ®
5 ]
USB VCC II — USERALE ® (0 O ® 0|0 ©
6 DN
USB D-1I = p
USBD+I  ——DF ~Neo o|e e o oo o
USB GND II | : .\.\. .I. ‘. =
USB A Dual \ o000 @ 000
® e | 90900 0 ' | D00 ® ' ® & O Ds
SR o,‘\k @ oo
* 1% % usBA usBAa ||o-%(*°
® 0|0 © d | d aI ® 0|0 ©
ua u
® 0|0 O ® 0|0 O
AP AP SPI SPI




Top-side:
Bottom side: - cut Pin

USB Power Distribution Adapter

SU806

Bestiickung und
Komponentenliste

Version 3:

SMA Connector (2 Stick)

2 X Pin Leiste male

Version 1 and 2:

USB A Dual connector
Assmann A-USBA-2P
Voelkner No: D98565

All Versions:

USB A Dual connector
Assmann A-USBA-2P
Voelkner No: D98565
(2 Stick)

/

~

- block Pin with solder —P. Y

Do not place the inner double-Pin-row

J1 Aa|As AalAs | (4 ps |pA Ps |DA J2
- N All Versions:
o|e|eo|e < < NEAE A _

— . i ® = | =2 | = Micro USB Type B Connector
I Iq_d b Micro USB Molex: 47346-1001
bl YT W 1 ero e oo e Mouser No: 538-47346-1001

e & S e SVAT SMA2 ' ® (0 ©
o o0, 00O . OO0
0/94/0.0000‘ ORI Version 1:
— )
® 6|0 o USB A 0SB .I olele ® 06la = Non?
® 0|® o|dual +12|VCC|+Vse o ole @ Version 2 und 3:
| o|o|0O i i
o o|® @l cego ¥V vee) sve . - 6 X Pin Leiste male
= w USB Adapter |-vxx|eno| vP|| @ | @ | @ S - (3 Stuck)
SU806 [vccleno| v ||@ | @ |®
® 0|0 o . ® 0|0 o
Physikalisches fspad p+ [+vxd | @ | @ | @
. . . . Institut . . . .
Heidelberg SMA1 D- [-vxx|| @ | @ | ®
® 00 o ® (0 ©
® /0 © ® (0 ©
OIEEY XYY ‘ XX DR
e eee g00® ' ! @00 @ O ®m ®s
Y ole® o ole e Version 1:
\\'“I.\ ‘ None
- ~.\. USB A —L USB A - - - Version 2 und 3:
® ee o . dual dual ® o0 o e-lego connectors
° ua ua S 20 x 2 Stiftleiste (BL14)
.t !Pk‘ T \ (2 Stiick)
\



SU806 Notes production

- Check for the latest production version and check for additional notes on the workshop server
- Add Polarity Protection: Pin 39: Top: Block pin with solder. Bottom: Cut pin
- Fix Micro USB Connector additionally with epoxy glue

- Put PCBs into Aluminium case. Drawings of the cases can be found here:
\\pi2\microcontroller\QD-Ultracold\Q-El - e-lego\Cases and Heatsink Needed: Case BNC

- Label the finished boxes with the Part-number SU806
- Add some notes to the workshop server if there has been some modifications to the previous production version
- If not available yet, make pictures of the produced component an put them on the workshop server

- If not available yet, leave one module in the e-workshop Muster box and label it with ,,Muster E-Werkstatt”


file:////pi2/microcontroller/QD-Ultracold/Q-El%20-%20e-lego/Cases%20and%20Heatsink

USB-C Connector module

- not yet developed -



USB-C for e-lego
E-lego Pins
USB-C receptacle A pin layout

g i Description [ S

A1  GND Ground return Al GND GND
A2 SSTXp1 SuperSpeed differential pair #1, TX, positive | A2 SSTXp1 (differential) Signal+
A3 SSTXn1 | SuperSpeed differential pair #1, TX, negative | A3 SSTXn1 (differential) Signal-
A4 | Vpgus Bus power Ad VBus +Vee
A5 CC1 Configuration channel AS cc1 -Vee
A6 Dp1 USB 2.0 differential pair, position 1, positive Ab Dp1 (differential)

A7 | Dn1 USB 2.0 differential pair, position 1, negative | A7 Dn1 (differential)

A8 SBU1 Sideband use (SBU) A8 SBU1

A9 | Vgus Bus power A9 Vbus

A10 SSRXn2 | SuperSpeed differential pair #4, RX, negative | A10 SSRCn2 (differential)

A11  SSRXp2  SuperSpeed differential pair #4, RX, positive | A1l SSRCp2 (differential)

A12 GND Ground return A12 GND

Al A2 A3 A3 A5 A6 A7 A8 A9 A10 All Al2

[onp | [Txa+] [rx1-] [cer] [ o+ ][ o- ] [sBui RX2-| [Rx2+]

e

oD | [Rx1+] [Rx1-] [sBuz] [ - | [0+ | [cc2] [1x2-] [1x2+]
B

Bl2 Bll B10 B9 8 B7 B6 B5 B4 B3 B2 Bl

USB-C receptacle pinout end-on view &

From:
https://en.wikipedia.org/wiki/USB-C
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e-lego AOM Driver

RF-Source & Frequency control

Amplitude control & switch - e-lego

@ ~

Power Amplifier

[T}

AOM

e.g. Gooch &
Housego
AOMO
3110-197

24V /28V,09A

Susi12 Variable Gain Amp
0-10V * V187 (e-workshop)
. VCO Z0S-150+ osv | Gain: 43,4dB,
workshop development SU804 volge  amplitude control dBm
*  AWG Redpitaya SIGNALIab 250-12 S;SV n 0 VCO control * ZHL-2W-1+ (MiniCircuits)
 DDS 4 Kanal, 400 Mhz, ) Gain: 29 dB,
AD9959 eval board Adliustab'e Universal Driver 1dB compression Point: +33
- PLL to stabalize VCO 5U804 '01%e  frequency control dBm
(discrete N-devider). ADF4002 :
* Rigols DG4162 DL800 / DL801 Linear Regulators * ZHL-5W-1+ (MiniCircuits)
Gain: 40 dB
. TTL !
bL802 DC/DC Converter 1dB compression Point: +37
—— Ethernet dBm
e.g. 7.5V, 1A eg.75V e.g. 12V
Wall-plug switching power Supplies (Dehner, MeanWell) Power plugbar  (Brennenstuhl SDL 1909
Intellinet 10“714020)

230V




e-lego AOM Driver

1) Decide on RF frequency source (see e.g. phase noise below, tunability etc.)
2) Choose type of RF amplitude tuning (dynamical range, power versus tuning voltage, modulation speed)

SSB Phase noise

20
Background Spectrum Analyser R&S ZVL-13 referenced to 0dBm
—— DDS AS065 - AD9914 (10MHz Refeference Anritsu MG3697C), , CarrierFrequency= 100.0MHz, CarrierPower=-0.3 dBm
0 —— VCO Mini Circuits Z0S-150+, CarrierFrequency= 100.0MHz, CarrierPower=-7.0 dBm
_20 -
N
L —40
|9}
fua]
5,
]
0
e -60
]
(3]
©
Ky
Q .
_80 .
~100 - h
hMIIMu L
—120 A

10° 10! 102 103 10% 10° 10° 107
offset frequency [Hz]



Q-Dr007 — e-lego AOM driver with VCO and VGA and internal & external amp. & freq. control

DL8OO (light)  + SU804 + SUS04 + SU812

Power Supply Universal driver Gain 1.7 Universal driver Gain Variable Gain amplifier

neg: 5V pos: 15V

ﬁ

‘ Gooch&Housego
ZHL-5W-1+ AOMO 3110-197
VCO: Z0S-150+
Tunable Frequency source VGA Amplitude control and switch Power Amplifier AOM



Q-Dr007 — Jumper and label

Layer 1: PS (DL800) Layer 2: Freq (SU8S04) Layer 3: Amp (SU804) Layer 4: VGA (SU812)
Frequency
high
D e
— - logic
Freq opto .g o low
|
1
In |
- - (R 50Q
Freq + !
Con ! + out
Freq
(0-13V)
Internal
adjustable voltage
AmplitUde @ for a detailed layout of the jumper settings see the corresponding page of SU804
high . .
D opto H logic o top front back side 1 side 2
Amp . o low : T — B ‘ SRR 1
|
! 0
In : o
Amp_ - E i . 50
-1+
Con 1 + Out
Amp
(0-1.2V)
Internal
adjustable voltage
Variable Gain Amplifier
RFin CPLout RFout TTL




Q-Dr007 - Demonstration kit with Amplifier V187

Vaai " 10 4dBm (@-0 9dBm inp. 5
d Vaain= 1203V HIORCEIID S :
qr;i' \/gain —( 1184V 45 .+ 9 5dBm @-0 9dBm inp. &S

; ion 87 dB (switch di) .
e 152 dB (switch off, Vgain=0)




Q-Dr007 — Jumper Settings for DL800/DL8001

Recommended supplies: pos: 15V, neg: 5V on DL80O (light).

Recommended Rail Voltages: -Vxx=-2.7V, Vset=14.4 V. To be set on the DL80O (light) /
DL801 and Vset selected on SU804.

- Results in max output voltage of the SU804 universal driver of Aout2 (tuning voltage for
VCO): 13.2 V = corresponds to 140 MHz VCO frequency for the ZOS-150+

Q-Dr008 — Jumper Settings for DL800/DL8001

Recommended supplies: pos: 9V, neg: 5V on DL800 (light).

Recommended Rail Voltages: -Vxx=-2.7V, Vset=7.8 V. To be set on the DL800 (light) / DL801
and Vset selected on SU804.

Q-Dr0011 - Jumper Settings for DL800/DL8001

Recommended supplies: pos: 15V, neg: 7.5V on DL800

Recommended Rail Voltages: -Vxx=-2.7V, Vset=6 V. To be set on the DL800 DL801
and Vset selected on SU807.

Z0S-150*
FREQUENCY vs.TUNING VOLTAGE

e

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

V TUNE (V)



Q-Dr008 - Dual e-lego AOM driver with Function-Gen. and VGA and internal & external amp. control

DL80O (light)  + 2x SUS04

Power Supply Universal driver Gain

2x SU812

Variable Gain amplifier

Ch.1 AP8
neg: 5V pos: 9V

Ch.2 AP7

Ch.1 AP8

ﬁ

— Channel 1
RIGOL 064162 s, e o NI 5550 5 +
; Heeee O
-aEesew®
|ass> =
.- =
E®Eca o
—CIEIS S
@ c) alalo
Q@ omeso0e®’
=g 1§ co
SEEL N
2 Channel Function Generator DG4162
Channel 2

Tunable Frequency source

VGA Amplitude control and switch

Gooch&Housego
ZHL-5W-1+ AOMO 3110-197
Gooch&Housego
AOMO 3110-197
ZHL-5W-1+
Power Amplifier AOM



Q-Dr008 — Jumper and label

L1: PS (DL800) L2 2: Amp-1 (SU804) L3:VGA-1(SU812) L4: Amp-2 (SUS04) L5: VGA-2 (SU812)

Amplitude Ch.2
high
D H —/_
— opto [ logic
Freq P .g o low o
| o
! o
1 (o}
1 o
::" - E i 50 Q o
req 0
- + !
Con ' + Out
Amp
(0-1.2V)
Internal
adjustable voltage
i . or a detailed layout of the jumper settings see the corresponding page of SU804
Amplitude Ch.1 @f detailed | fth h d £ SU8O
high . .
D opto H logic e side 1 | side 2
Amp . o low :
: Chr::n;'g:in: 2\ + 9.9dBm @-0 9¢Bm inp
. green V?afn:U 1216V 45 _+10.6dBm @-0 9dBm i
In : :
Amp~| E -1- Sy Q-Dr008
~ + AOM driver
Con ! + Out i i
Am P +10 2dBm @-0 9dBm |
(0_1zv) 45 +11.0dBm @-0 SdBm inp.
Internal g a8 : o -
adjustable voltage - funrecng
) . -
e
2 x Variable Gain Amplifier
RFin CPLout RFout TTL




Q-Dr009 — e-lego AOM driver with DDS and VGA and internal & external amp. control

DL800 (light) +
Power Supply

SU804

Universal driver Gain

+ SU812

Variable Gain amplifier

neg: 5V pos: 9V e

DDS: AS065
Tunable Frequency source

i Gooch&Housego
ZHL-5W-1+ AOMO 3110-197
VGA Amplitude control and switch Power Amplifier AOM



Q-Dr009 — Jumper and label

L1: PS (DL800) L2 2: Amp-1 (SU804) L3: VGA-1 (SU812)

Amplitude Ch.2
high
D — opto [ logic e o
Freq . o low 3
| 0,
1 &
: Q;
O;
In > 50 Q 183
Freq_ + | + §
Con ' Out o
Amp o
(0-1.2v) o
)
Internal :
adjustable voltage
AmplitUde Ch.1 @ for a detailed layout of the jumper settings see the corresponding page of SUS04
high . .
0 [ opto H logic g front back side 1 side 2
Amp . o low
|
1
In : 500
Amp~|~ E -1—
-1+
Con ! + Out
Am P +10 2dBm @-0 9dBm |
(0_1 . 2V) grﬁ:r Vgl =0 1216V -45 _ +11.0d8m @-0 9dBm inp.
Internal ST i
adjustable voltage - Vaain€h
Ch. 1 l@j don’t connect

@ . ) pormanenty
-

S external - internal

2 x Variable Gain Amplifier

RFin CPLout RFout TTL




Q-Dr010 — e-lego AOM driver with DDS and VGA and external amp. control

SU812
Variable Gain amplifier
7.5V —/™
DDS: AS065
Tunable Frequency source VGA Amplitude control and switch

Gooch&Housego
ZHL-5W-1+ AOMO 3110-197
Power Amplifier AOM




Q-Dr006: e-lego AOM driver with VCO and mixer and internal & external amp. & freq. control

DL800 (light) +

Power Supply

SU804 +

Universal driver Gain 1.7

SU804 +

Universal driver Gain

SU802

BNC connector

neg: 7.5V pos: 24V

0-17V

A .

0-1v +12V

(50 Q output
impedance)

w Ny Sy
‘.Q wiffiy ‘Q il

VCO: Z0S 150
Tunable Frequency source

Mixer ZX05-5-S+
Amplitude control

-5V +5V

Switch: ZASWA-2-50DRA+
Switch

ZHL-5W-1+

Power Amplifier

Gooch&Housego
AOMO 3110-197

AOM



Q-Dr006 — Jumper and label

Layer 1: PS (DL800) Layer 2: Freq (SU804) Layer 3: Amp (SU804) Layer 4: Voltages (SU802)
Frequency l;\
R / high fl l’
— opto H logic :
Freq . o low o -
In |2 T 500 88 §§
con—lt Out s
Freq
(0-17V)

OO0OOOC

Internal
adjustable voltage

i

Amplitude
high
D — opto [H logic /
Amp . o low
1
:
In : o
Amp~|~ e B >0
- 4+ !
Con ' + Out
Amp
(0-1v)
Internal
adjustable voltage
Output Voltages

-5V 45V +12V




Q-Dr006 - Demonstration kit with 2W ZHL-1-2W Amplifier




Amplitude module: Setting up the right current for the mixers

50 Q2 serial resistor

100nF /

U4 AD8021

L LPREF oIS i
21 ws L e SMA_A
s > 1o o0, * 702 Analog Out 2
U] g | J GND Output Control Voltage OP 2
£ j g
]_Qﬂl OpF
R13 JZ-WEJ

—=c14
430 14
GND  GND

OP2: Gain and output driver

Use this voltage devider to change the
output voltage / current through the 50 Q
serial resistor into the mixers



output power in [dBm]

Single mixer ZX05-5-S+ - Output Power versus input voltage at SU8804

output power after single mixer, input power from VCO: 10.3dBm @ 80MHz

xxxxxx"xxxxx xR
x XX
x X

X
xxxx

x

L} T T T

0 2 - 6 8 10
SU804 input voltage in [V]

-
—~




Gain of different Power Amplifiers

Typical Performance Data/Curves

ZHL-5W-1+
ZHL-5W-1X+

FREQUENCY GAIN VSWR POUT FREQUENCY NOISE
(MHz) (dB) (:1) at 1dB (MHz) FIGURE
COMPR. (dB)
(dBm)
22V 24V 25V IN ouT 24V 24V
5.00 44.82 44.80 44.79 1.41 2.24 38.75 10.00 4.67
10.00 45.77 45.76 45.71 1.18 222 39.69 100.00 3.79
50.00 45.99 45.96 45.93 1.12 2.22 39.68 200.00 3.87
100.00 46.37 _46.40 46.40 1.09 2.30 39.68 300.00 3.96
140.00 46.26 75. 46.35 1.19 2.23 39.71 500.00 3.91
180.00 46.13 46.22 46.27 1.26 2.15 39.59
200.00 46.12 46.16 46.23 1.26 2.16 39.54
240.00 45.76 45.80 45.87 1.17 214 39.58
260.00 45.32 45.43 45.47 1.14 2.09 39.64
300.00 44.40 44.48 44.50 1.27 2.01 39.56
360.00 4472 44.82 44.87 1.50 2.07 39.49
400.00 46.08 46.18 46.23 1.48 2.08 39.23
440.00 45.69 45.81 45.93 1.43 1.88 39.01
480.00 43.67 43.80 43.92 1.51 1.68 38.11
500.00 42.93 43.03 43.15 1.51 1.71 37.42

Typical Performance Data/Curves

ZHL-1-2W+

FREQUENCY GAIN DIRECTIVITY VSWR NOISE POUT
(MHz) (dB) (dB) (:1) FIGURE at 1dB
(dB) COMPR.

(dBm)

23V 24V 245V 23V 24V 245V IN out 24V 24V

5.00 32.84 32.87 32.92 25.30 26.00 26.10 1.12 1.51 34.98

11.30 32.45 32.47 32.50 25.90 26.70 26.00 1.10 1.49 6.11 35.08

33.40 32.41 32.42 32.45 25.80 23.80 24.30 1.16 1.49 6.06 35.42

98.80 33.72 33.78 B3.83 24.90 25.40 22.60 1.28 1.43 5.63 35.07

195.40 34.00 Z 10 4.19 21.90 21.60 22.50 1.41 1.18 5.82 34.36

246.20 33.64 33.73 33.84 20.00 19.90 19.50 1.45 1.1 5.95 34.34

309.60 33.47 33.57 33.67 17.10 17.70 18.00 1.48 1.19 6.09 35.54

373.10 33.77 33.89 34.02 15.90 16.10 17.60 1.51 1.29 6.45 34.85

436.50 33.15 33.35 33.54 17.60 17.20 17.60 1.56 1.37 6.98 34.71

500.00 32.49 32.80 33.14 22.50 20.60 20.80 1.59 1.57 7.28 33.90

. V187

Switch (device on/off) Switch (gain high/low)

PS ‘—/

28V 890 mA

Mean Well GST25E28-P1)
Reichelt: MW GST25E28
RS: 117-6182

RF-in: I:> /

Gain: 40 dB

:> RF-out:

10 MHz-1 GHz
0 dBm Max 40 dBm max
Pullup .
Isolation
|:'> TTL low:
T >70dB
High active

50Q
GND

Switch (output on/off)

Gain: 46.4 dB

PAOI\/I: 4 W - 36 dBm
P, = -10.4 dBm

Gain: 33.8 dB

PAOIVI: 2 W 9 33 dBm
Pin= 0.8 dBm

Gain: 43.4 dB @ 100 MHz

PAOIVI: 4 W 9 36 dBm
P,,=-7.4 dBm



Q-Dr012 Modular AOM driver with DDS and two mixers for 80 dB dynamic range

Ethernet Digital out
Logic Box, NI system or Adwin
Ch1l Analog out Ch2
e-lego
' DL80O (light)  + SU804 + SU804 + SU802
: Power Supply Universal driver Gain < 1

1
1
Universal driver Gain <1 BNC connector |
1
1

0-1v -5V 45V

(50 Q output
impedance)

0-1V
(50 Q output
impedance)
Jodn T RS
IR Y PR IF
. S A LO
[ 7 #VBH:1.0 Hz S5 e o Qgi
i e $ ) A([[J/J

i *
wiodat  AS065 based on AD9914 .

.3;,:’"" ; ':i Mixer ZX05-5-5+
Eﬁ% Amplitude control

=)
o— 4 y
© &y
) i
&

O\S Gooch&Housego

AOMO 3110-197

Mixer ZX05-5-5+ Switch: ZASWA-2-50DRA+ ZHL-5W-1+
Amplitude control Switch Power Amplifier AOM



Q-Dr011 — e-lego AOM driver with DDS and VGA and external amp. control

DL800 + SU807 SU800+VVe7 + SU812

Power Supply Pl controller Photodiode Variable Gain amplifier

neg: 7.5V pos: 15V

+ heat sinks iiE 23 /_
Gooch&Housego
ZHL-5W-1+ AOMO 3110-197
DDS: AS065
Tunable Frequency source VGA Amplitude control and switch Power Amplifier AOM



SU807-2

Input

Error

Output adder

c2 o+ ¢ R20
-Controller it =
10p/16V 100n 430
2V
_I u m p e r_ CFB_| -’_[!C31
=~ 1
/16V]
. R 0-100nF 18 [I+eND
for PD in p ut 499 ;ﬁ;ﬁg:;g&z}’ |_|||. oD APS c21
Std: open M 100n 100n
14 b ot e ?ég glifISjOGIDGN 45
Control " - R12 = N LMHE55280 ADA4817-1ARDZ bl R AP7 1
ontrol signal In ——— 14 GND| o > 6 DGN X
499 1] 3¢ VO+4 Intout R31 s ou n Std: Con. 2-3
73251-2201 R19 e co 150 -
51 8 5 3- Polig
R7 28 A 100n
) —g a2 [ R22
499 \'+: © GND
Std: open me ~ 100n || . 51
T .
,Ri. Propout DRM c32 APO R21 ?6 si Lout
GND 499 150 szUdm 1 owrev = r ignal Ou
L 1 u3 td: open 2325122
- - bl = 732512201
LMH6552SD
10p/18V 100n voed 2 R37 GND
— — = 51
= = = rorsig
GND GND s . = 3 errorsig
Std: Con. )
R11 g7V 2 258 4% RFB P Vi N oA
ce X 5 _%-‘ L e - Texs ADA4S57-2YCPZ
. ; Y+ U~ -—- v+ 3-
GND I——||——|I——| I GND R18 |—||-GND 3
| 10p/16V | 100n | ju— 1k St:510R = JU15 ’-|100n I T—14 (s vs ~—r T
R6 pluggable 100n c27
L L u7 28 100n
1K - ADA4857-1YRZ —L
C_ 1T 1 _— ) =
R3 ci27r  TC 5 500R R32 oup—£ GND
— l 10p/16V 100n ) - )
Std: open 499 L L errorsig 51 g c24 |
U2 = = «.—u—l |« GND vi Jus =
L Jun — ] | LMHes5250] i open GND GND © 1000 J - st T
Signal In ] . bl
=z D Zoverd Ju12 st conh2 328 3 R39 Std: Con. 23
73251-2201 > s, . . ’_lczs oK
8 5
Tz2 e Std: Con 2 _E3 ane 100n =
‘ :Con. = _. . GND
st t 499 Vi L 2-3&4-5 © GND Std: Con. 2-3 ol vom c17 J_ R40
FOPEN B0 & R16 [ |o\ 100n 47R
— 9
1 Std: Con. 1-2 oD > ¢ >S5 R36
GTD = AfthR 10, 560 =
GND 8| GND
5
’_|c3o
=, Neg. Voltage
o 1 =
Ve V+ GND
st con 0.0 “ Monitors R e
1 DA13 u — Fiir Gain = 2 Pin3 mit GND verbinden Hoon I m I e r
3 7 DA12 _m usa.
5 DA =
: = voltage = P — SN
: o S5k Std: Con. 12 [ = Signal Monitor
1~ - 'ﬁ ls 3 fn-z:c(
5 5 DAG @ R
GND
: = select
T2 om Ji-ono oz .
o
23 4 DA2 - - § R25 | I: aND
- (V-) + (V+) must not o - Hil
2710 J28 DAC .
6 Polg D2 2910 30 __GND exceed 13.2V
Std:Con.to+vp B3 TN P _
SPLMISO 350 36 ___+5V (abs max LMH6552) Fi Cain 2 P it D e v
SPISCK 371> J38SPIWoS| ADs07OARZ
SPIRST 391> J40 ND " - s
St Con. 34 5 5—|5‘:|—/ Error Monitor

if -Vp and +Vp do not Shb_ply enough current (max 150mA, load
depening on load of monitor) use [-5V,+5V] or [-5V, Vset=+6V]

51-2201

\\147.142.16.140\geraete\geraete\SU\SUS07 PI Controller
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SU800

From USB Supply Box

Power Supplies

J5

MICRO-USB2_B
ERRNR

-~

@
=
o

£VCC DL
U1
TPSTA4901DGN 16V
. Adj V/0.15A
2 L1 3 Ju1
JU2 ~ N ouT 3]
2AIZ=120R
T 2 1eN FB R1
- 4K12
J_ 2l 6 Inriss N docs
Wty Towiov oo 10w/10V
ca L 56 R2
0 T 1K
<T|®»
GND GND GND GND ND
+-VIN 2 7V
VCC DL
02
TPS7A3001DGN 8V
. “AdiVI0.2A
2 - 8 JU3
JU4 A~ N ouT . £
2AIZ=120R
- 2N FB [ p
4K12
cs L § Inriss  Nc B 1ocr
VCTsU 10u/10V g % 10u/10V
C8 L. 00O R4
0 T 1K
<|®
GND GND GND GND ND

-6V_USB

+6V

RS
1K5

D1
¥ 2V/20mA
Green

GND

-6V

R6
1K5

a2

2VI20mA
Green

GN

o



Depends on required vifisio
- Capacity Photodiode (D1) | Offset correction| CFB(C1) | RFB(R1) | ROC(R11) | F-3db | Version . : 5 5
g\ J 3V / m A MR ‘ e ona | oo ey Tite: Fotodiodenverstarker 1/2-Zoll ' . gﬁ
0,5pF (59055-01) | X 0,5pF 3KQ 3kQ 140MHz A Type: VVO67 I‘Jersion: 0 |Name: G.Fohner
VV67 Rt 3pF (55972) 0,1pF 4,7kQ [ 147MHz Date._08.12.2016 [Sze. A4 [Sheet 7 of 2
—_———— ES 3pF (55972) X 0,5pF 3KQ 3KQ 148MHz A | [ File: Diode+OP.SchDoc . Institut Heidelberg
12v SpF (S5821-03) 0,1pF 4,7KQ 00 147MHz
T < 5pF (55821-03) [ X 0,5pF 3KQ 3KQ 140MHz A
I m:('l:nF _L 5pF (G12180-003A) | 0,1pF 4,7KQ o] 147MHz
p hot = 5pF (G12180-003A) X 0,7pF 3kQ 3KQ 135MHz B
4 V GND 15pF (G12180-005A) 0,1pF 4,7KQ o0 147MHz
P = | - 15pF (G12180-005A) X 1pF 3kQ 3kQ 105MHz c
3. 4R
m'l::v:r'\swn D1 /"I:"r LMHE629MF R3 '_6\/
5? | _(1:3 4R [
100nF
& co c10 - SIGNAL- Jus AS3
2! wed T La 5U800-1 2
e IR 1 1 SIGNAL+ e AS4
I GID GND
N U=3V/mA
USB cable —— SE Gain PD8 (G12180-05) with 0.6A/W, -
6V_USB 274RI01% . .
P without 50 Ohm termination - 3.6V/mW
6 - N u3 i Re 7
R o| LMHB5525D SIGNAL_OUT1+ 7] = N PP
1 - oyl 51R
g sow. | S4R901% e N L 51R J
T SONALS
2 R10 L 8 452
| R10 g7V SIGNAL_OUT1- o G
5 54R9/0,1% Em:y\l"’ AP5
+6V +6Y =
R11 R12 R13 Y = )
= 58 107RI0,1% 107R0,1% — 87
GND ZI4R0A% ci2 [ | c25 l l co7 l c29 =
100n _T_ _T_100p 10w10V _T_ _—L100n __L100p “T
D GiD C14I 1015 = = = = = =
10ur 10V _T_ l100n GhD GND GiD GND  GND GHD
A R 3 U=150 mV / HA
Gain: 6dB = Diff Signal 2:1 Gain: 1208 = Diff Signal 4:1 el (Gain 5x10)
SE.Signal 1:1 SE.Signal 2:1 N u4 AFS
) ADSOOSARZ N us
Gain___|RF (R7,R13) | RG (R8,R10) | RT (R11,R12) . \ A 5 ADSO09ARZ/nb. o "
0dB 2750 2550 500 2 ) O ) 6 scoup 28 o Ri4
- — R
648 2750 1270 10 | / 2 " =
12d8 2750 54,90 1070 < |7 AN - «
Total Gain VV67+SU800-1+50Q2 termination: 3kV/A Gain: 5 Gain: 5 —
. . N . R15 : o
Total Gain VV67+SU800-1 without termination (High Z): 6kV/A — R16 GND
P1 240R  —
240R7200R
JU9 For Gain 10: Connect Pin 3 with
/e Enit R [ g RIS R16= 200R ifUSRI6 RIS is nb.
| R18=22R
I [ 50R4I22R
[ c16 ci7 c18
100n 100n 10n BV Y
I | | I I T T 11 Option: Bridge second amplifier
- - - Cc22 c23 C20 c21 C24 C26 c28 .
GlD GlD GiD in T 10n 1oonl l100p 10u/10vl 100nl100p - Gain 5 (18V/mA)
J; ;[ GND G0 3V GiD D G0 3 GD 6D
. - . Tiie: Dual Channel Photodiode Buffer
\VVA\VV067_Fotodiodenverstarker 0,5-Zoll\Entwicklung\PDF . hy.
T . . Type: SUB0D version: 1 Name: G.Fohner S
\SU\SU800_Dual_Channel_Photodiode_Buffer\SU800-1\Entwicklung\PDF [ wuxt Is= = Shest 2ol 3 S
—_ —_ i —_ ] File:  SUS800-1 Buffers.SchDoc Physikalisches Institut Heidelberg




Jumper settings SU800-2

J1 AA

® © 00000006000 0 0| 0 0 0 0 0|
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o o
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o o
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P ) é, 73 9 =z |[c
I ) »ao SU800-2
2 Ch. Photodiode Buffer
® @ | 10/2019 Féhner/Brucker  |J7 J8
e o o o
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Set orange Jumper

BOT  §UJ800-2 Y,
2 Ch. Photodiode Buffer

o 00 o0 @ 10/2019 Foehner/Brucker

(D P! University of Heidelberg




VGA SU812:

Get control input from AP4

R1=

Documentation

+
o

Q
2

Griin: Standard Jumper settings

\\pi2\geraete\Geraete\SU\SU812 RF Ampl Control Switch\Entwicklung\PCB\Project Outputs for SU812 RF Ampl Control Switch

c8
100n
c7
I—||—l.
n
b = |:l
RFin GND
13 T1 L1 L2 +5 +5
3 8 vl SW1
é [P NI o 120nH ; 120nH :I_ <| sas30 - < swo
—| LA
J_ 2\ 100p | s U3 o igs 100p T c 1GHz T ¢ 27630
= TCI-1-13M C 5> INHL - OPHI (=2 o us oo [ 1 gClo10n|> glGHz C13 36 o
- GND i} INLO OPLO —>———¢ C4 612 1 3 _07‘ o1—|}—l_ o1 out
i s 100p 24 2 e RFin  RFout —F=—{IN 5(:11 IN 5c14 10n
—INIC DNCf— 1] GAIN ENBL t GND Coupled 10 |5 g — 02— }100n be =02
| 2 Vin NIC7— > S1 off]| - GNLO R8 NC Termination == 7 =z = 7 100n =
3 s 1->Slon pu 1 2 -1- (O O AC_GND 1 R10 |© O AC_GND R11 GND
—INIC Vout > $2 on 5 VPS1 COM1 — Jo c12 50R o c15 Lsor
oD Nicf- “S2off Yis ggm 10 CI;IS“’“‘ 100n -|_ —|-100n
13 : 4
ADR4533 02 VPS2 I
| ADG723 12 vPs2 com2 = GND =
= . VPS2 COM2 GND
S Set value: 20 | yps2 comz |~
1200V Ik 2221 VRS2 25 =
@3.3V BTG VPS2 EPAD -
(1-1.2/3.3)/(1.2/3.3) Ju3 —L VREF IPBS (2
OPBS
ADL5330 C5 TC6
1n
GND
«— Connect input AP4
Control ﬁﬂ Eﬂ
.T4 Q| Ju4
<
e.g. 3.9k+0.27k
2V/20mA/Green| EJUZ
A 3
S LS s 412 k e.g. 3.0k+0.16k o
D2 R4 o1 I.g 316k | g
—i—CT1+—+——o! *
i T, 220 : <
e 5 o TTL 8
cxp 2V/20mARed — 1k Set value 1.200V VCC21 E]L'l 4JUS 1
SY/-DPDF N!m 2
M 2023541 W40-ND @ 10V (JU2 not connected) 3 Set Supply to 5V DL800
TJ'L_',L o = @ 5V (JU2 connected) | M9
s 3 g-1_DA3 10k GND = +5
T GND U4 U6
_{ Jut R6=(1-0.24)/0.24 1 ouTl? 3 145V
oD R5= (1-0.12)/0.12-((1-0.24)/0.24) S L7
100n =) 4u7/16V
\v/ = (OX0) = .
GND ~ GND Titte: RF Ampl Control Switch
AP13 DS4 LM2937 Type: SU812 Version: 1 Name: Lars Béttinger 4 9
— —L— 5v/0,5A - B
AP13 DS4 = Date: 15.10.2021 Size: A4 Sheet: 2 of 2 s ) =
GND File: SU812_RF_Ampl_Control_Switch.SchDoc Physikalisches Institut Heidelberg
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VGA SU812:
Get control input from AP4
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Variable Gain Amplifier — SU812

- Variable Gain: -45 dB ... +10 dB = dynamical range: 55 dB. Gain controlled via control voltage
Vgain. Log[Output Power] is linear in Vgain. Vgain can be applied externally or from another e-lego
board, e.g. SU804 or SU807 (JU4)

- Input 1dB compression point: 3dBm —> use about 0 dBm input level

- Standard Vgain setting: 1.2V = Overall gin =10dB

- Control signal ranges: 0-5V or 0-10V which is scaled

to Vgain = 0 - 1.2V. Range can be selected by Jumper ~ TYPICAL PERFORMANCE CHARACTERISTICS
Ju2 20 )

- 5.,5dB/V @ 0-10V input, 11 dB/V @ 0-5V input 2 \\\ s
- Power input via Hohlstecker or from DL800 / DL801 10 \\ // 2 8
(select via Jumper JU5 and JU6) 0 AN //-40°c empor—{1 &
- Isolation: 87 dB (switch off) g ., N / , £
102 dB (switch off, Vgain=0) 3 ” e " [ascerro . %
- Modes, set by the manual switch . ’85°°/Gf"“// , 3
1) RF-switch controlled by TTL and gain by 40% \25C GAIN T, @
external Voltage S arceAN
2) Contineously ON at 10 dB gain o 02 oa e Na w2 Ty g
3) Switch off o i
Ap p| ication: Figure 3. Gain and Gain Law Conformance vs. Vean

over Temperature at 100 MHz

- RF Amplitude control plus RF switch for AOMs

su812
Gain: -40 ... +20 dB ST CPL out Position Gain Control voltage Vgain
manual switch
_ ADL5330 J =
RF in — &:\.__/./’—— RF out Green LED: TTL  Set by TTL level External control voltage (0-5V or 0-10V input
Jumper ! i is scaled down to Vgain 0-1.2V to control the
External R S Gain of the ADL5330
Control in * : . . .
o-10v/0-5v |  TTTTTTTTTTTTTTTTTTTTTTTTTTTT RED LED: ON Galr? set to maximum, i.e. to about +10 dB by
Analog setting Vgain to 1.2V
E_.. .qE switcl '/.
'ﬁf-:-}'}; TTL ' No LED on. OFF
ra o ci



phase noise [dBc/HZz]

Variable Gain Amplifier — SU812

Phase noise

SSB Phase noise

Background Spectrum Analyser R&S ZVL-13 referenced to 0dBm
— Input Signal from DDS AS065 - AD9914 (10MHz Refeference Anritsu MG3697C), , CarrierFrequency= 100.0MHz, CarrierPower=-0.3 dBm

—20 = Output Signal of SU812 - Variable Gain Amplifier ADL5330, Vgain= 1.2V, CarrierFrequency= 100.0MHz, CarrierPower=9.5 dBm
—40 -
_60 -

_80 E

—100 A

—120 A

00 1 1 P

109 10t 102 103 104 10° 106 10’
offset frequency [HZz]




gain [dB]

Variable Gain Amplifier — SU812

Gain Profile  Vgain=1.2V

20

10 A

|
=
o
1

|
N
o

_30 -

-40

Gain Profile

—— SUB812 - Variable Gain Amplifier

107

108
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Variable Gain Amplifier — SU812

Switching speed, taken from datasheet SA630 Gain and noise figure, taken from datasheet ADL5330
[ ]
LJ 40 I -115
] oIP3 ]
. 30 >,/ 120
m ]
el | _ 20 // 125
!’ ] 10 INPUT P1dB // // 130
[ ) \ ] é ,/
21 T T ] Input: 0 dBm z 0 // — ] _135
g ] i
= e
] S | 10 / e -140
. ] OUTPUT P1dB
\5 : 20 vd ,/ // ~145
3 !\ ] -30 -150
DM\NM —40 _155
200mV CH2 100mVQ M100ns A CH4 _/ 2.70v 0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
- v 382.000ns Vea (V) .
Vgain: 1.2V
Figure 14. Step Response of Gain Control Input Figure 9. Input Compression Point, Output Compression Point,

OIP3, and Noise Floor vs. Vsan at 100 MHz

Slope: ~ 55dB / 1.2Vgain
- 5.5dB/V @ 0-10V control input
tp Switching speed (on-off delay) 50% TTL to 90/10% RF 20 ns 9 11 dB/V @ 0_ 5V ContrOI mput

t, t Switching speeds (on-off rise/fall time) 90%/10% to 10%/90% RF 5 ns

NOISE FLOOR (dBm/Hz)



el

. Griin: Standard Jumper settings
VGA SU812: cs
Get control input from SU804 Universal driver via AP8 1oon
c7
.I—| |—l.
n
_ b = l:l
RFmn GND
B T1 L1 L2 +5 +5
3 6 o1 SWi1
> 8 mrrrra ] lCI1 120nH % 120nH :I_ <| sas30 - < w2
J_—' 2\ 100p | , U3 " 3 100p R 1GHz R 2830
— TC1-1-13M C. 771 INHL  OPHI —= | Us c9 > 1 gC10 10n | > 1 g1GHz C13 I6 RFout
o1 GND it INLO OPLO [—2——¢ C4 _07‘ o1—|}—I3_ o1 ou
s s 100p 24 23 4 RFin  RFout =—=—{IN 5(:11 IN 5014 10n
-l-_—NIC DNC [ ——i> GAIN ENBL <:—L£p__+‘g t GND Coupled 1n |4 o —O02HHjoon |, —o02
2{[8 7 - S1 off] ———— GNLO Termination == =z = 100n =
Ve N Slen I R oOAc_GND—_|7_ R10 [ G AC_GNDH R11  GND
—NIC  Vout — >S2on = VPS1 COM1 == oo c12 50R o c15 LIsorR
F p - $2 off ves1 comt |5 CPLo s T Tmo“
13 15 : C
ADR4533 U2 18 VPS2 12 |
ADG723 75— VPS2 COM2 —% =
= . VPS2 COM2 GND
GND setvalue: 20 | yps2 com2 L
1.200V 20 2221 VPS2 - .
@3.3V BTG VPS2 EPAD -
R1=(1-1.2/3.3)/(1.2/3.3) Ju3 —L VREF IPBS (2
OPBS
ADL5330 C5 —TC6
1n 1n
. GND
~ «— Connect input to AP8
AP83 1AP7
Control
_T4 E Ju4
<
2V/20mA/Green| JJu2
|/1| R3 \#_LF 4
— 4.12 k
R | L3 8'
D2 R4 —o—T q 3.16 k | 3
o +
—_ 220 : <
_= +5 : TTL 8
= 2V/20mA/Red — 7 Set value 1.200V u] us
GND o T 1k NVCCA e 3 21
- N
M2023591W40-ND @ 10V (JU2 not connected) 311 Set Supply to 5V from DL800
TTL —— @ 5V (JU2 connected) MI-T79PH
17 3 g1 DA 10k GND = +5
: GND U4 JUs
_{ Ju1 R6=(1-0.24)/0.24 il ouTl3 3 1+5V
oD R5= (1-0.12)/0.12-((1-0.24)/0.24) ‘Lc1s 17
100n =) | 4u7/16V
v = oo = .
GND - GND Titte: RF Ampl Control Switch
AP13 DS4 LM2937 Type: SU812 Version: 1 Name: Lars Béttinger
AP13 DS4 = SVib,5A Date: 15.10.2021 Size: A4 Sheet: 2 of 2
GND File: SU812_RF_Ampl_Control_Switch.SchDoc Phys'kallsc"'ﬁ Institut Hendelberg
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VGA SU812:
Get control input from SU804
Universal driver via AP8
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. Griin: Standard Jumper settings
VGA SU812: ce
Get control input from SU804 Universal driver via AP7 1oon
c7
.I—| |—l.
n
_ b = l:l
RFmn GND
RE] T1 L1 L2 +5 =5
& N S c1 120 SWi1
> 0 nH 120nH - -
S g 2 il Us % C3 100p T | SAes0 1GHz ~ Sw2
[ —— NC 100p | 3 16 _|—||— 2 5 3 5 SAB30
— TC1-1-13M C 771 INHL  OPHI —= Us c9 > 1 gC10 10n | > 1 g1GHz C13 36 RF.
o1 GND it INLO OPLO [—2——¢ C4 _07‘ o1—|}—I3_ o1 out
s s 100p 24 23 | RFin  RFout =—=—{IN 5 C1 IN 5 C14 10n
-l-_—NIC DNC [— —57 GAIN ENBL <—L£p__+‘g t GND Coupled 1n |gq —O2—Hoon|,, —o2—
2{[8 7 - S1 off] ———— GNLO Termination == =z = 100n -
Ve N Slen I R oOAc_GND—_|7_ R10 OOAC_GND—j_ R11  GND
—INIC  Vout — > $2 on 5 VPS1 COM1 — oJol c12 50R o c15 LI50R
4 5 = S2 off]| VPS1 COM1 CPLout 100n
GND NIC— com1 |10 100n
13 3 : .
ADR4533 u2 18 VPS2 12 |
ADG723 5 VPS2 COM2 —% =
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GND setvalue: 20 | yps2 com2 L
1.200V 20 2221 VPS2 - .
@3.3V BTG VPS2 EPAD -
R1=(1-1.2/3.3)/(1.2/3.3) Ju3 —L VREF IPBS (2
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ADL5330 C5 —TC6
1n 1n
. GND
o Connect input to AP8
AP83 AP7
Control
_T4 E Ju4
<
2V/20mA/Green| JJU2
|/1| R3 \#_LF 4
— 4.12 k
R o0 | -3 :I-+5 8'
b2 R4 ' q 3.16k | 3
o +
=] 220 : |
= 5 : TTL 8
= 2V/20mA/Red — 7 Set value 1.200V u] us
GND o T 1k NVCCA e 3 21
- |
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> 3 = ig-L_DA3 10k GND = +5
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v = 0o = .
GND - GND Titte: RF Ampl Control Switch
AP13 DS4 LM2937 Type: SU812 Version: 1 Name: Lars Béttinger
AP13 DS4 = SVib,5A Date: 15.10.2021 Size: A4 Sheet: 2 of 2
GND File: SU812_RF_Ampl_Control_Switch.SchDoc Phys'kallsc"'ﬁ Institut Hendelberg
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VGA SU812:
Get control input from SU804
Universal driver via AP7
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SU812 Measurement Protocol

Use Excel file for measurement protocol:
path: \pi2\Gerate\SU\SU812_RF_Ampl_Control_Switch\Measurement Protocol

Place copy here:

Vpp [mV] @ 100

MHz Supply current [mA] @ 7,6 V supply Gain(dB)

serial number input output  external Off internal Vrms in Vrms out internal
1 44,6 156,5 210 100 110 15,8 55,3 10,9
2 45,2 164,6 210 100 110 16,0 58,2 11,2
3 44,8 156,8 220 100 120 15,8 55,4 10,9
4 45,2 166,3 210 100 110 16,0 58,8 11,3
5 44,6 156 220 100 120 15,8 55,1 10,9
6 44,7 160,6 220 100 120 15,8 56,8 11,1
7 44,3 157,8 220 100 120 15,7 55,8 11,0
8 44,5 160,4 220 110 120 15,7 56,7 11,1
9 45 155,9 210 100 110 15,9 55,1 10,8
10 44,9 163 210 100 110 15,9 57,6 11,2



SU812 Notes production

Change resistor values of R1=1.74, R5=4.12 and R6=3.16k and add 10k Pulldown to TTL, take the right Linear Regulator.

https://www.mouser.de/c/passive-components/resistors/smd-resistors-chip-resistors/thick-film-resistors/?case%20code%20-%20mm=0603
https://www.mouser.de/c/passive-components/resistors/smd-resistors-chip-resistors/thick-film-resistors/?case%20code%20-%20mm=0603&resistance=3.16%20k0Ohms
https://www.mouser.de/c/passive-components/resistors/smd-resistors-chip-resistors/thick-film-resistors/?case%20code%20-%20mm=0603&resistance=4.12%200hms

Eventually use SMA connectors with short legs, that do not have to get cut (ask Gunnar, he used them for the SU807)

Check for the latest production version and check for additional notes on the workshop server
Add Polarity Protection: Pin 39: Top: Block pin with solder. Bottom: Cut pin

Cut Pins of SMA connenctor on bottom side such that they don‘t touch the TO220 linear regulators of the DL800 Power supply board.
If non-contacting can‘t be garantueed, put insulating tape ontop of the pins.

Set standard jumper settings

Put PCBs into Aluminium case. Drawings of the cases can be found here: _
. . . If another case is needed , put new
\\pi2\microcontroller\QD-Ultracold\Q-El - e-lego\Cases and Heatsink ~ Needed: Case BNC or other case ., ing into the folder for the drawings

Perform test measurement (see measurement protocol \pi2\Gerite\SU\SU812_RF_Ampl_Control_Switch\Measurement Protocol)

in= 12 V" +102dBm @.0 9B inp.
in =0 1216V -45 _ +11.048m @-0 SdBm inp

IN AMP

Label the finished boxes with the Part-number: SU807
Label the connectors: RF-in Contr.; CPL RF-out TTL cn1 ~
Note down the gain in External config (led red) o

Add some notes to the workshop server if there has been some modifications to the previous production version

If not available yet, make pictures of the produced component and put them on the workshop server
If not available yet, leave one module in the e-workshop Muster box and label it with ,Muster E-Werkstatt“


https://www.mouser.de/c/passive-components/resistors/smd-resistors-chip-resistors/thick-film-resistors/?case%20code%20-%20mm=0603&resistance=3.16%20kOhms
https://www.mouser.de/c/passive-components/resistors/smd-resistors-chip-resistors/thick-film-resistors/?case%20code%20-%20mm=0603&resistance=3.16%20kOhms
https://www.mouser.de/c/passive-components/resistors/smd-resistors-chip-resistors/thick-film-resistors/?case%20code%20-%20mm=0603&resistance=4.12%20Ohms
file:////pi2/microcontroller/QD-Ultracold/Q-El%20-%20e-lego/Cases%20and%20Heatsink
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Berechnung Widerstande SU812




Universal Driver SU804: Config: External / Internal with analog switch (AIN1=> OP1 = analog switch = 0P2 - AO1)

V_Gain without 50 Q) termination ~ 1.7

Output control logic — see logic table — switches from Internal to External Control Power Select If J23 removed: V Gain ~ 2.4
o . . SMA DI - 5V Reference Voos oo Set +Vset=19V on
Digital IN — switch control ! +8v | N . DL800 for up to 17V
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@ Jumper Settings
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Universal Driver SU804: Config: External / Internal with analog switch (AIN1=> OP1 = analog switch = 0P2 - AO1)

Output connected to AP8

Digital IN — switch control

Analog IN 2

Analog IN 1
External Control
Voltage input

Output control logic — see logic table — switches from Internal to External Control

SMA DI
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1
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V_Gain without 50 Q) termination ~ 1.7
If J23 removed: V Gain ~ 2.4

Set +Vset=19V on
DL800 for up to 17V
output
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application:
VCO control to tune RF-
frequency for AOMs
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Vneg -4

Analog Out 1
Output Control Voltage OP 1
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50 ‘A02 Analog Out 2
i) Output Control Voltage OP 2

AP8 3

GND R13 o
430 00nF
GND GND

OP2: Gain and output driver
with 620 Q = Aout2 = 0.959V
with 780 Q 2 Aout2 =1.184V
with 800 Q 2 Aout2 =1.219V
calculated 787 Q € Aout2=1.20V
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Universal Driver SU804: Config: External / Internal with analog switch (AIN1=> OP1 = analog switch = 0P2 - AO1)

Output connected to AP8

Digital IN — switch control

Analog IN 2

Analog IN 1
External Control
Voltage input

Output control logic — see logic table — switches from Internal to External Control

SMA DI

R1 300
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1
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+5V
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V_Gain without 50 Q) termination ~ 1.7
If J23 removed: V Gain ~ 2.4

Set +Vset=19V on
DL800 for up to 17V
output

Vneg

application:
VCO control to tune RF-
frequency for AOMs
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Analog Out 1
Output Control Voltage OP 1
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OP2: Gain and output driver
with 620 Q = Aout2 = 0.959V
with 780 Q 2 Aout2 =1.184V
with 800 Q 2 Aout2 =1.219V
calculated 788 Q € Aout2 =1.200 V
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Universal Driver — SU804 Board with 2 Non-Inverting OPs and Internal control voltage. Can be used as AOM driver to control rf Amplitude

Options:
2 Buffers
n1 | Outl
—+
In2: : out2

Application: e.g. Amplifier stage and
50 Q) driver for Redpitaya DACs

(Mixer) and Frequency (VCO). Option for TTL controlled switching between external and internal Voltage source
Recommended supplies: pos: 24V, neg: 7.5V on DL800 (light). Set Positive overvoltage protection to 26V on DL800

Recommended Rail Voltages: -Vxx=-2.7V, Vset=+19V. To be set on the DL800 (light) (Jumper ‘1.4’+6.4+6.4+3.2+1.6
[V] for Vset) and selected on SU804.

Input Voltage: 0, +10V with Analog switch, with manual switch: limits set by rails

Output Voltage: limits set by rails. Maximum Output Voltage with 50 Q2 termination: 3.75V (corresponds to
75mA)

BW: 90° Phase shift: 20 MHz
- 3dB Gain: 35 MHz

PSD: -140 dBm/Hz (single OP), -137 dBm/Hz (OP1+2 with Manual Sw.) , -140 dBm/Hz (OP1+2 with Analog Sw.)

Voltage Control Ext./Internal with manual switch Voltage Control with TTL controlled switch
high
TTL — opto [H logic /
o low
In Out

In
Out
—< ~H+
7 Internal
w  adjustable voltage

J

\|

Internal
w  adjustable voltage

Application: e.g. Amplitude and
Frequency control for AOM driver




SU804 — OP Chip
ABSOLUTE MAXIMUM RATINGS

Table 4.

01888-002

Parameter Rating
A D 8 0 21 Supply Voltage 264V
Power Dissipation Observed power
derating curves
Input Voltage (Common Mode) +Vs+ 1V
1 Differential Input Voltage' +0.8V
| O V e r V | e W Differential Input Current +10 mA
Output Short-Circuit Duration Observed power
derating curves

Featu res and Beneﬂts Storage Temperature Range —65°Cto +125°C

Operating Temperature Range —40°C to +85°C
Lead Temperature (Soldering, 10 sec) 300°C

e |Low noise
2.1 nV/NHz input voltage noise
2.1 pA/NHz input current noise 24 VO'UT - 50mVpp

e Custom compensation 21 11
Constant bandwidth from G = -1 to G =-10 .8 _' = 10, R = 1KQ, Rg = 1000,

¢ High speed 5 Rin = 1000, Cc = OpF \
200 MHz (G = -1) 3 15 ——HHH—

190 MHz (G = -10) z 12— G =5, Re = k0, Rg = 2000 \\

e Low power o RN = 66.5Q, Cc = 1.5pF \ \
34 mW or 6.7 mA typ for 5 V supply 8 9 \
34 mW or 6.7 mA typ for 5V supply 5' 6 \

e Low distortion » G = -2, Rg = 4990, Rg = 2490, \\ )
-93 dBc second harmonic, fc = 1 MHz g 3 Rin=63.4Q, Cc =4pF
-108 dBc third harmonic, fc = 1 MHz oL L \AV

e DC precision G = -1, RF =4990Q, Rg = 4990, \
1 mV max input offset voltage =3[ Rin=156.20, Cc =T7pF \
0.5 pVv/°C input offset voltage drift -6 IR i

e Wide supply range, 5V to 24 V 0.1M ™ 10M 100M

e Low price FREQUENCY (Hz)

¢ Small packaging Available in SOIC-8 and MSOP-8 Figure 2. Small Signal Frequency Response



Universal Driver SUS04

Jumper Settings

Output control logic — see logic table — switches from Internal to External Control

Digital IN — switch control
Analog IN 2

Analog IN 1
External Control
Voltage input

Power Select

rep sv RIT,

L 5V Reference Voo Vheg
"J_; +5v v : :
285 u o1 I v VP 3 E”ILE 1+VSET _-VP3 E|N|l'||3 1-vxx
g 1 s oD R2s 2y 8 T4 ns
SMA_DII v 00nF vee DNC DNC £~
1 - 7
C322pF 1 5 1 - Vin - NIC —
vTI—P—] ¥ A 4 NAND OUT . :
, . ' i C|2—] 2, T>-our ci7 18 ANIC Vour REF 5V
T e 10uF125V [loonF —4 GND TRIM 2= TC19
RI300 s 15pF GND L - 100nF
® GND 3[ sn7aLveiGizaneyvR ADR44SB &b
GND G\D  GND
+5V GND
"’J.‘ SW-G12AH
a7 g,
SW1
Us out E_biil 52 éJ]‘) U3 Vout
; P +6V .
U3 Vout [ —
WG B o 3 ' Analog Switch
2 2 B ADG + 101 R18
g B-L_E U9 \fnn ADGT23 SMA_AO1 = SVIA_AO1 Analog Out1l
e PR R2 AR
- 1o vL:,_lgl /.__] | wann our Output Control Voltage OP 1
GND Vpos ~ 10 —3o) 4"\“ &b
- 6
U3 _ADB021 NAND UT 3 o2
G4 nNe->= .
1 IS
E —{werer s = holTiGND e Vpos ey
2 7 n GND 2
18 1 413
SMA_A
MA_AINI x N veg 14| s 1 —jono
R4 240 i GND U4 _AD8021 100nF
R3 i—Dz—l C5I IpF 4] LPREF jois 8
GND 2K | OBy |0pF Internal Control voltage 2l N Ll - SR
RS —cz1_OP1: Input |  A02 Analog Out?2
GND 2K4 100nF P : |2 2a 8
~ H =
FamElun 6o buffer and gain 5 vneg -t oo _|5 o GND Output Control Voltage OP 2
GND o ;) BQ_ [
- i@ <
"’ ]_m”.mﬂ |
H H 21
Offset trimming = Ris  p—12
I re 40 oM
10 GND GNP
OP2: Gain and output driver
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Type: SUB04 Version: 1 Name: Nicole Kupfer
Date: 13.11.2019 Size: A4 Sheett 1 of 1
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Phucikalienrhae Inctitit Haidolharn



Voltage Gain without 50 € termination ~ 0.5

Universal Driver SU804: Config: Single OP (AIN1—> OP1 = AO1)

Jumper Settings . : :
Output control logic — see logic table — switches from Internal to External Control Power Select
N _ N » 5V Reference Voos Vhes
Digital IN — switch control , 45V 2 N!‘ .
15 c1 +VP 3 1 +VSET VP 3 1-VXX
Analog IN 2 [ ’ B s oo U2 5| 2V u7 . £l &
SMA_DII , vad 00nF vCC : DNC DNC ~—
_ C3(22pF i 5 1 . vin  Nic -
2 FQ'—LLi i :I 5 4 C|2_] 2 :D-OUT E— c17. c18 2 NIC  Vout 5 REF SV
Jb RI0 L 15pF GND 10uFr25V foonF 4 6\D TRIM - I%(?nF
{ GND 3| SNTALVCIGI32DBVR ADR443B GND
GND GND GND
+5V
GND
"’[L SW-G124H
n7 B,
Us out 4S‘3N152 th]‘) U3 Vout v
U3 Vout 6 6- W Ot § ) Ana|0g SWitCh
E _L ; 12
g2 = 2 g™ U9 g| ADGT2 sMa ao1 R18 SVA 201 Analog Out 1
a VDD 50 o
- 15 ﬂ%—lsn -/'A_—I'": i [LNAND 0UT I Output Control VoItage OP1
GND Vpos o~ 10 —2101 '4"‘ . b
: - 6
N lU3 )\'&D8021i ca NAND OUT 3f .. 5 |—v_/-2§ 3
Y REF DS 00|F|GND A Vpos 15V
Analog IN 1 - 21N} i |—E| E}
I8 R20 150
External Control 2 —2 a8 o
) SMA_AINI 2K Vneg Cq 4 s R —{GND
Voltage input 123 R 240 t"’s s GND U4_ADBD21 100nF
R >—|:|2—l 8, o Alre=—c
GND 2K 1 CByj0oF Internal Control voltage 2l N Lz e B e e
b R f?éSnFOPL Input 5 > 6 - ‘A02 Analog Out 2
1emetuean G0 buffer and gain 5 vrog 4tlis  complS ! GND Output Control Voltage OP 2
GND J10 :; e p— | g
i g;11| OpF
Offset trimming ER GND RIS }WJ
- Re 430 =Cid
10 G\D  GWD
OP2: Gain and output driver

; R17
REF 5V - - —
I:I10k Title: - Universal Driver ‘ N
Type: SUB04 Version: 1 Name: Nicole Kupfer ! \ In1 Outl
Date: 13.11.2019 Size: A4 Sheett 1 of 1 K
Physikalisches Instit

File:  SUB04 Universal Driver-1.SchDoc




Jumper Settings

Ainl

D/Ain2
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22
[TTR=E c7
wul[ = 0] | TR DS
== C I"I o|o o]
R16 | IIII ol | I Vpos +5V
SMA_AO1 016 C14 C12 1 SMA A1
R18
E TOP
SU804-1
01/20 - Kupfer
3 AP AP 12 J12' J3 SP| SPl J4
Aol Ao2
| — | —
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Vpos: + Vset=19V (J14 set to 2-3)
Vneg: -Vxx=-2.7V (J14 set to 2-3)
Power Spectral density: Setting: Analog In SMA_AIN1 set to GND with 50 Ohm. Analog output (SMA_AO1) terminated with 50 Ohm.

PSD [dBm/Hz]

*Bode Plot: Transfer Function of Amplitude and Phase as function of modulation frequency, Setting: Analog In SMA_AIN1 set to 0.1V*cos(2*pi*f*t) . Analog output (SMA_AO1) terminated with 50 Ohm

Gain in Power [dBc]
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o
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Universal Driver SU804: Config: Two Single OPs (AIN1=> OP1 = AOLand AIN2> OP2 = AO2) || o050 O termination ~ 0.

Jumper Settings . : :
Output control logic — see logic table — switches from Internal to External Control Power Select
SVA DY 5V Reference Voos Vhes
Digital IN — switch control +5v il N .
c1 +VP 3 1 +VSET VP 3 1-VXX

Analog IN 2 1U1 5 —enD w 5| 2V U7 . _Elm&_ —E|“<
SMA_DIl ' vdd 00nF VCC : DNC DNC — -

AIN2 20k | & i 5 1 4 NAND OUT vin  NiC = ‘

/DI 3 : . Clz_l 2 :DOUT — c1r. c1s 4 NIC  Vout ‘5’ z:; 3V

RISD e _I‘L‘JPF GsND o 1oy I e e
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ny o,

Sw1
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)
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v N I E 120
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"T 15 B-[ 'L-%—lsn -/'A_—I'": < [_NAND out I Output Control Voltage OP 1
GND Vpos o~ 10 —20 '4"‘ L b
U3 _ADSO21 ' NAND UT 3 o2
C4 2: = | |3
E e 0 k{l—IGND " L Vpos +5V
Analog IN 1 ,, 2L N o™ G E}
180, R20 a L
External Control _ 2 — >«n : o
) SMA_AINI 2K Vneg Cq 4 R —{GND
Voltage input 123 R 240 t"’s s GND U4_ADBD21 100nF
R >—|:|2—l 8, o Alre=—c
GND 2K 1 CByj0oF Internal Control voltage 2l N Lz e B e e
o (b T ,OP1:Input : > 6 E "A02 Analog Out 2
n Vout ]
1emetuean G0 buffer and gain 5 vrog 4tlis  complS | GND Output Control Voltage OP 2
o o 2 — j :
¥ C110pF |
Offset trimming ER Ris  p—12
R6 430 ==C14
- 00nF
10 GND  G\D
OP2: Gain and output driver
In1 Outl
-+
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Jumper Settings
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Universal Driver SU804: Config: External / Internal with manual switch (AIN1=> OP1 = Manual switch = 0P2 - A02)

Jumper Settings

Digital IN — switch control

Analog IN 2

Analog IN 1
External Control
Voltage input

Output control logic — see logic table — switches from Internal to External Control

V_Gain without 50 Q termination ~ 1.7

If J23 removed: V Gain ~ 2.4
Set +Vset=19V on

Power Select

SVA DY 5V Reference Voos Voo
| " g DL80O for up to 17V
285 u ’c;_| I v WP 3 ﬁﬂ1 SVSET - &E P
GND w2 5 +12v _E'
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1 . 7
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< 28 Us 8| ApGras sma ao1 R18 VA 201 Analog Out 1
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2 1<
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- G
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c4 > | o
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< 00nF o Vpos
2 7 GND, i
© N -vs
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SMA_AINI 2K vieg 4 5 1
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Jumper Settings
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Power spectral density and Transfer function of universal driver SU804

-100
Background TiePie HS5 12 bit, 500MHz, 10 Msamples
—— SU804 Internal volatage source with offset trimmer and OP2 via manual switch)
— SU804 Internal volatage source (Poti control) and OP2 via manual switch)
-110 1 —— 5U804 OP1 and OP2 via manual switch
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<

Vpos: + Vset=19V (J14 set to 2-3)

Vneg: -Vxx=-2.7V (J14 set to 2-3)

Power Spectral density, Setting: Analog In SMA_AIN1 set to GND
with 50 Ohm. Analog output (SMA_A1) terminated with 50 Ohm.

Transfer Function of Amplitude and Phase as function of
modaulation frequency, Setting: Analog In SMA_AIN1 set
to 0.1V*cos(2*pi*f*t) . Analog output (SMA_AO1)
terminated with 50 Ohm



Universal Driver SU804: Config: External / Internal with analog switch (AIN1=> OP1 = analog switch = 0P2 - AO1)

Standard Jumper

Digital IN — switch control

Analog IN 2

Analog IN 1

External Control

Voltage input

Output control logic — see logic table — switches from Internal to External Control

SMA DI
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+5V

U2 5|
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Q
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Internal Control voltage
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100nF

Power Select

V_Gain without 50 Q) termination ~ 1.7
If J23 removed: V Gain ~ 3.4

Set +Vset=19V on
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N!‘ . DL800 for up to 17V
: a = 3 ns = output
application:

VCO control to tune RF-
frequency for AOMs
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@ Jumper Settings
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Vpos: + Vset=19 V (J14 set to 2-3)

Vneg: -Vxx=-2.7V (J14 set to 2-3)

OP1 (U3) and OP2 (U4) (J8 set to 1-2, J10 set to 2-3, J23 set, J7 set 2-3)

Power Spectral density, Setting: Analog In SMA_AIN1 set to GND with 50 Ohm. Analog output (SMA_A1) terminated with 50 Ohm.

Power Spectral Density

—100
Background TiePie HS5 12 bit, 500MHz, 10 Msamples
—— 5U804 Internal volatage source (Poti control) and OP2 via Analog Switch)
— SU804 OP1 and OP2 via Analog Switch
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Bode Plot: Transter Function ot Amplitude and Phase as function ot modulation frequency t

Setting: Analog In SMA_AIN1 set to 0.2V+ 0.1V*cos(2*pi*f*t) . Analog output 1 (SMA_AO1) terminated with 50 Ohm. Note: Voltage must not be negative for version with analog switch (B). Therefore the offset is set to 0.15V
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Universal Driver SU804: Config: External / Internal with analog switch (AIN1=> OP1 = analog switch = 0P2 = AO1)

V_Gain without 50 Q) termination ~ 0.1
If J23 removed: V Gain ~ 0.2

Set +Vset=19V on

Output control logic — see logic table — switches from Internal to External Control Power Select

SvA D1 5V Reference Vheg
Digital IN — switch control y o *fi" o o DL800 for up to 17V
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REF 5V I:Imk Title:  Universal Driver
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File:  SUB04_Universal Driver-1.SchDoc .
adjustable voltage




@ Jumper Settings
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Blue: factory jumper settings

-5V

+5V

Connect analog ground to digital ground

J2
-VCC DL 1 . 2 DA13
-VXX (—Q.?usmﬁ)?}_o 4 DA12
-5V g 6 DA11
P RPN ——
GND 9 o10 DA9
A 11 12 DA8
+5V/ 13 14 DAY
+8V 15 [0 o116 DAG
+VSETevp) 17 [0 ] 18 DAS
+12V 19 20 DA4
+VXX |\4A«aol'aa;ag 21 5 22 DA3
+VCC DL " 23 [0 ] 24 DA2
DSO/REF 25 | | 26 DA1
DS1A33V 27 28 DAQ
DS2 29 | 30 GND_
DS3 31 [ 32 DS5
DS4 33 15 J34 DS6
SPIMISO__ 35 | I 36 +5V
SPI SCK 37 38 SPI MOSI
SPI_RST 39 40 GND

2x20- Polig



SU802, DL 800 (light) - jumper settings for Q-Dr006




Output control logic table

TTL Opto Switch | LogicOut
0 1 0 1
0 ! 1 0
1 0 0 1
1 0 1 !

Universal Driver SU804 — TTL Control logic

Output

External Voltage
Internal Voltage
External Voltage

External Voltage

TTL on 0: Controlled by Switch
Switch on 1: Controlled by TTL

Optocoupler TLP2367

6. Principle of Operation
6.1. Truth Table

Input LED Output
H ON L
L OFF H

NAND Chip sn74lvclgl32

From <https://de.wikipedia.org/wiki/NAND-Gatter>

A B Y = ANAND B
0 0 1
0 1 1
1 0 1
1 1 0
Switch ADG723
ADG723

s1 a7
'-<]—() IN1
D1
D2
IN2 <>—>.
: S2

| I |

SWITCHES SHOWN FOR
A LOGIC "0" INPUT

Figure 3.


https://de.wikipedia.org/wiki/NAND-Gatter
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245.1ns
30L4ns
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160 ns
:350 ns

t

1en

Switching 1-0V 50 Ohm terminated

Switching 0-1V 50 Ohm terminated
Transient

Trans

21 ns

22 ns

HS5-540KM(32662).Ch2 | HSS-540XM(32662).Chil
X 0.89 V|

Switching 1-0V 50 Ohm terminated
Falltime
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Risetime

140ns
150ns

HSS 540XM(32662).Chi

Switching Full scale (0-17V)
Switching Full scale (17-0V)

Falltime

SU804 - Switching properties with Analog Switch
Risetime




Anderungen im Schaltplan:

- Beschrifte Output 2: SMA_ AO2

- Andere Bestiickung Widerstande

R10=4.5K
R14=0
R16= 1K

- Standard jumper Bestickung im Schaltplan
vermerken (siehe nachste Seite)

R7
- SMA_Al

2 >0 AO2

12
GND

N

Offset trimming

R16

—

REF SV

PO2
ST-4EA
1K

-0.5V

T 7

S




SU804 Notes production
Replace R15 with 787 Ohms (0603)

https://www.mouser.de/c/passive-components/resistors/smd-resistors-chip-resistors/thick-film-resistors/?case%20code%20-%20mm=0603&resistance=787%200hms

oS00 60060 o

- Eventually use SMA connectors with short legs, that do not have to get cut (ask Gunnar, he used them for the SU807)

- Do not place the second douple-Pin-row

- Check for the latest production version and check for additional notes on the workshop server

jeseoesessoofesseeess sfe]

x
e 00000000

ORI Xn:

x

|99 e s s oses9sssess00 e s
=

- Add Polarity Protection: Pin 39: Top: Block pin with solder. Bottom: Cut pin

- Cut Pins of SMA connenctor on bottom side such that they don‘t touch the TO220 linear regulators of the DL800 Power supply board.
If non-contacting can‘t be garantueed, put insulating tape ontop of the pins.

- Set standard jumper settings

- Put PCBs into Aluminium case. Drawings of the cases can be found here:

\\pi2\microcontroller\QD-Ultracold\Q-El - e-lego\Cases and Heatsink  Needed: Case BNC or other case 'f 2nother case is needed,, put new
drawing into the folder for the drawings

- Label the finished boxes with the Part-number SU804
- Label the outputs (D/Ain2, Ainl, Aol, Ao2)

- Add some notes to the workshop server if there has been some modifications to the previous production version
- If not available yet, make pictures of the produced component and put them on the workshop server

- If not available yet, leave one module in the e-workshop Muster box and label it with ,,Muster E-Werkstatt”


file:////pi2/microcontroller/QD-Ultracold/Q-El%20-%20e-lego/Cases%20and%20Heatsink

SU807 Analog Pl-Controller BW: 90° Phase shift: 20 MHz

- 3dB Gain: >40 MHz

PSD: -130 dBm / Hz @ high integrator gain (risetime 15 ns, C= 1pF)
PSD: -140 dBm / Hz @ low integrator gain (risetime 1 ps, C=100pF)
Input impedanz: 50 Ohm, differential input

Max input Voltage: 4.5 V (50 Ohm input impedanz)
Max output Voltage : 9 V (4.5 V over 50 Ohm load)

Recommended Supply at DL800: Neg: 7.5V, Pos: 15V
Set Vset to 6V at DL800: jumper 1.4V

Status LEDs: Red: error upper limit reached
Green: error lower limit reached

Negative voltage Limiter: set jumper to JU14: Negative Voltage limited to about -75mV

Differential input

control

Use with DL80O plus heat sinks. Sum out

signal

ﬁi—("‘
._-',-_,:?"" 3 \\147.142.16.140\geraete\geraete\SU\SU807 PI Controller
oS
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Gain in Power [dBc]

Open loop transfer function SUS07

Bandwidth: 90° Phase shift: 20 MHz

Gain Measurement: bandwidth limited by test equipment (AWG 40 MHz)

Bode Plot

— Phase SU807Bode
4 -
-0
2 -
0 \
—90
_2 -
-r—135
_4 -
= Gain in Power SU807Bode
v v v v v J v v T ’ J ’ v v ' ’ v T v ' v s ' J v J T X X X _180
10 10° 106 10’ 108

frequency [Hz]

phase [°]



SU807-2 Setting up Power Supply

Set up DL 800:
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SPI

SPI

DA J2

Fohner

11/2021

SU807-2 PI-Controller

-Vxx
+12V
V-

V+

-VCC DL

setto-2.7V

needs to be available

Jumper select (-Vp set to 6V)
Jumper select (+Vset set to 6V)

VXX

L,_

-5V

VP

GND

+VP

+5V

+3V

+V/SET

+12V

+V/ XX

+\/CC DL
DSO/REF

DS1/+3.3V

DS2

DS3

DS4

SPI MISO

SPI SCK

SP| RST




SU807-2

Input

Error

2 = o
-Controller et dree
10p/16V [ 100n
R1
499
Std: open [
J14 EIJUQ ut
- R12 = \)o| LMHE5525T]
Control signal In S GND|
499 1] Fayod
73251-2201 R19 Lt
51 81, ¢ 5 Co
R7 =2 100n
) m 499 v+ :,\ ‘° GND
Std: open Ui
I R2
= —1
GND 499
L 1 1 u3
(1:61 16V (1:030n LMHES52SD
_L v 1 159 1] Thvord ju
= = = =% Tl rorsi
GND GND s s . = 3 errorsig
+ E] Std:Con.
. R11 /E vo- 23845
c6 -~ 5 . 4 o
299 |v= K
GND"I——“__“——||IGND R18
l 10p/16V [ 100n l j — 1k
R6
— =
ﬁ GND
R3 1012\]: cit
— 1 l 10p/16v | 100n
Std: open 499 — —
w2 = =
15 Jutt =, | LMHes525T Std: open GNP GNP
Signal In = :
-~ o b P N Ju12
732512201 =2
8], 5 -1 m
J g7 Std: Con. 2Ege?  an
b pre v Lo 23845 ) B
Std: open U2 R16 ‘E APS
R4
Std: Con. 1-2
= 499 —
GNP Lo c7 GND
10p/16V 100n
G?‘D G?D
.

St Con.to-vP N Supbl Monitors
1 DA13 —_—
$—pe  SUPPIY
5 DAl 1
i DA10 I R26
o e -1 volta ge
3 4 A
5 6 DAB
; = select
T T2 __DAs
P i DA -(\/-

- (V=) + (V+) must not e 12
27 28 DAQ
6 Polg D2 2910 30 __GND exceed 13.2V
Std:Con.to+vp B3 TN P
SPIMS0_ 3510 36 ___+5V (abs max LMH6552)
SPISCK 3710 J[38SPIWoS|
SPIRST 3910 J40 ND
if -Vp and +Vp do not supply enough current (max 150mA, load
depening on load of monitor) use [-5V,+5V] or [-5V, Vset=+6V]

Pl Output adder
R0
430
2!
CFB R30 12V gy
=~ 13p/16V
g-100nF 18 [I-enD
Std: 100pF Jlano APY e
pluggable 00
" Rat 100n
~| U8
Us ) J5
ADA4817-1ARDZ 150 THS3061DGN AP 1
n.b.! - ; s .
Intout :R31 ou Std: Con. 2-3
Ntou 2 5 3 |
190 3- Polig
i [ R22
100n 51
Jl:aND
Propout DRM i APO R21 %6 X
150 fJu14 1 toprev 5 Signal Out
St open nb.! L 73251-2201
R37 GND
51
il
V+ U%A
RDFB_P T c23 ADAA4857-2YCPZ
— W5 H (= T 14 /3\ 1 T
Std: 510R 100n S+ VS T
pluggable 100n c27
v 8 /2 100n
ADA4857-1YRZ —
—_— P2 =
5 S00R R32 D —— GND
errorsig T ‘51—' v = |E c2 |
<rv—||—| |+GND Jus vt
® 100n - o BT
Std: Con - R39 Std: Con. 2-3
Jud v+ 10K |
3 omE
GND Std: Con. 2-3 o7 J_ R0
[ 100n 47R
GND
Af!er —
GND
Neg. Voltage
e
=1Pin 1&2 kurzschlieBen i H H
Tl ot P it D verbinden '1'{"" aND LI m It e r
Usa =
sig 1] + ; R24 2
std:Con.12 o |2 I ;0'-'1' —5!—/ Signal Monitor
. o
P R GND
— -
|I+ano ADS079ARZ

c1
'—"—"lnGND
~+oon

(=l

Fiir Gain = 1 Pin 3&4 kurzschliefien

Filr Gain =2 Pin2 mit GND verbinden
cmosie o 4
Std: Con. 34 3

Error Monitor

51-2201

\\147.142.16.140\geraete\geraete\SU\SUS07 PI Controller
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SU807-2 step response and Power Spectral density

Ed‘:: ClzlpF
¥ closed loop
Pr[1]=*+x
200 mV step: rise time: 15 ns Ci=1pF
open loop
C,=100pF
oo boom | wwomv]  1s9my]
[fne [ o Jwsom  [oozmm |
C,=100pF
closed loop

-2.000 ps -1.000 ps 1.000 ps 2.000 ps 3.000 ps 4.000 ps 5.000 ps 6.000 ps 7.000 ps 8.000 ps

300 mV step: rise time: 1us

PSD [dBm/Hz]

PSD [dBm/Hz]

PSD [dBm/Hz]
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BG TiePie HS5. resolution 16 bit up to 1 KHz, 12 bit above 1 kHz
—— SU807 PI controler Gain optimized for fast step, C=1pF
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-1101
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BG TiePie HS5. resolution 16 bit up to 1 KHz, 12 bit above 1 kHz
—— 5SUBO07 PI controler Open locp with Gain optimized for step without overshoot, C=1pF
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BG TiePie HS5. resolution 16 bit up to 1 KHz, 12 bit above 1 kHz
— SUB07 PI controler Minimum Gain, C=100pF
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SU807-2 voltage noise spectral density
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BG TiePie HS5. resolution 16 bit up to 1 KHz, 12 bit above 1 kHz
—— SUB07 PI controler Gain optimized for fast step, C=1pF
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—— SUB07 Pl controler Open loop with Gain optimized for step without overshoot, C=1pF
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SU807 Notes production
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- Place 3x2 and 6x2 douple-Pin-row

0 Aussenun Id

- Check for the latest production version and check for additional notes on the workshop server

- Add Polarity Protection: Pin 39: Top: Block pin with solder. Bottom: Cut pin
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1 n Foms 2 s 3l |
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®© 0 0/j00 0000000000000 0 0
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11/2021 Féhner

SU807-2 PI-Controller

- Cut Pins of SMA connenctor on bottom side such that they don‘t touch the TO220 linear regulators of the
If non-contacting can‘t be garantueed, put insulating tape ontop of the pins.

- Use through-hole sockets put through the PCB for replacable capacitors and resistors (JU13 and JU 15)
- Set standard jumper settings

- Put PCBs into Aluminium case. Drawings of the cases can be found here:
\\pi2\microcontroller\QD-Ultracold\Q-El - e-lego\Cases and Heatsink = Needed: Case BNC detheczageneeded, put new

drawing into the folder for the drawings

- Label the finished boxes with the Part-number SU807
- Label the outputs (Sig., Sig.Mon., out, Cont., Err.Mon.)

- Add some notes to the workshop server if there has been some modifications to the previous production version
- If not available yet, make pictures of the produced component and put them on the workshop server

- If not available yet, leave one module in the e-workshop Muster box and label it with ,,Muster E-Werkstatt”
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SU810 Instrumentation Amplifier
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SU810

1

I

I

3

Instrumentation Amplifier

Standard Jumper with Gain 100

Widerstinde R1.R4 und R6 konnen durch Kondesatoren ersetzt werden.
um einen reinen AC-Anteil zu erhalten.

P3 GND f f I | f
Vpos p
R2 2
In-Sub 100k D1
= . Ri 2T BAV199
o 100 .
/pos
" : S
= Vneg c1
GND '—| (s
R8-R9 sind Halterungen fiir Widerstide. IC1 100
: - L RS © n
die zur Einstellung vom Gain nétig sind. \
RG ¢ R3 .
2 7 i . 1
Gain=1+9.9ksz/Rgf 3 ou — ‘ G aln * A
RG ¢ / 33
R9 4 RE;- o~
e - e T2
Standard Gain =100 © o 1
4 GND =
> R8=50 Q, R9=50 T D
” 100n
T4 Vpos |i3
2 ]
) [Vneg =
In-Mz:Jm D2 GND
A ‘ 1 R4 . 3 ‘TBAVigY
100 GND
° R5 = - ;
5 P4 100k 1 VRS Vece
2 Vneg 2
1
—
1 P6 GND a
GND
— GND 7
= V %os 1 ~ o
DSO/REF svo | | |||. D . -
L »GND
4 PO1 4 1c2 ’_!OIO |||
T n
10k 1 @
S LN Loy AD8421
RG & -5V
oD {f—— veos [JR1 S| - oL ABSOLUTE MAXIMUM RATINGS S 8
1u RG ¢ +VSET +VP -VXX -VP
2 4 REE? Table 3.
In-Add i Parameter Rating
J6 1 R6 3 [B)XV‘IQQ | © © C4 Supply Voltage +18V \ /
o {1 Output Short-Circuit Current Duration Indefinite
100 0_| l_"llGND Maximum Voltage at —IN or +IN' -Vs+40V SeleCt POS and Neg Supply VOItage
o — ini _ /5 — .
- ; GI:ID 100n Minimum Voltage at —IN or +IN +Vs—40V (determlnes Output range)
1 T6 100k “”E Vreg “Cl)eg Title: Instrumentation Amplifier
GND = Type: SU810 Version: 2 Name: Sven Ferrat ! :
GND PS Date: 11.03.2020 Size: A4 Sheet 2 of 2 A Dsvand
File: _SU810 Instrumentation Amplifier. SchDoc Physikalisches Institut Heidelberg




Differential
Amplifier

Standard Jumper
with Standard

Gain 100 11 0l

= v P1 . v P2
Set gain —O =
Via R8 and R9 JlL JLL
(in series, 20 el
i.e. Rg = R8 +R9) WSET  4vP VXX e

Gain=1+9.9kQ2/Rg

Gain=1 if R8 and R9 not set

Standard Gain =100
- R8=50 2, R9=50Q




SU810 Differential Amplifier — Bode Plot From Datasheet AD8421
Voltage Gain

Bode Plot
20 70
—— Phase SU810 Inst. Amp - Differential Amplifier Gain 1 GLILI_I |1l(|)lfl)0
15 ) 60 N
10 45 30 d
- GAIN = 100
—_ 40
O
@ 54 r—90
g / _ 30
@ e ]
z r-135 z GAIN = 10
e 2 z 2
£ F-180 & prd
£ s < S 10
s -
(U] F —225 0 GAIN =1
—-10 1
F—270 -10
—15 - - —315 -20
= Gain in Power SU810 Inst. Amp - Differential Amplifier Gain 1
-20 T T T —-360 -30
104 10° 106 107 100 1k 10k 100k ™M 10M
frequency [Hz] FREQUENCY (Hz)
Figure 21. Gain vs. Frequency
Bode Plot
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S
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—— Gain in Power SU810 Inst. Amp - Differential Amplifier Gain 100
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SU810 Differential Amplifier — PSD and Sensitivity

Power Spectral Density

—100
—110 -
¥ 1204 Noise spectral density (NSD) to PSD conversion:
5
°
g 130 PSD= NSD”2/50 Q
PSD [dBm/Hz]=10 log(NSD[V/sqrt[Hz]]*2/50 * 1e3)
NSD [V/sqrt[Hz]]=(1e-3*50*107(1/10*PSD[dBm/Hz]))*(1/2)
140 - Background TiePie HS5
- SU810 Differential Amplifier Voltage Gain 1
- SU810 Differential Amplifier Voltage Gain 1 with offset adding
—— SU810 Differential Amplifier Voltage Gain 10 . o
~150 . , | | , . Instrumentation Amplifier AD8421
102 103 104 10° 108 10’ 108
frequency [Hz] ((60nV/sqrt(Hz))*2/50Q*1000mW/W =-131dBm/Hz
110 Sensitivity: Power Spectral Density / Gain in Power 10*log((60e-9)*2/50*1000) =-131
\/ )
N
—120 =z
2
N 130 Jeirirrrrrrrre e e e s e v e e e e >
£ 2 N
3 —140 - & 100 ‘%%
c a ; GAIN =1
T adesnnnn LR LA A ;;
8 150 g ii
¥ 2 I
£ -160 ® q I
z Y 10 1 GAIN =10 111
a 5 .
Y —170 1 T > 1T
Background TiePie HS5 w GAIN = 100 1111
— SU810 Differential Amplifier Voltage Gain 1 (0dB) 2 o]
—180 1 — sus810 Differential Amplifier Voltage Gain 10 (10dB) 5 GAIN = 1000
—— SU810 Differential Amplifier Voltage Gain 100 (40dB) g || ||
_19 T T T T T T T T T AL | T T T T AL | T T T T T T T T T T AL | T T T T 1
1102 10° 10* 10° 106 107 108 ! 1 10 100 1K 10k 100k

fi H
requency [Hz] FREQUENCY (Hz)

Gain 100 can be used to improve sensitivity of TiePie for small signal amplitudes (30dB up to 10kHz, 20dB up to 100 kHz, 10 dB up to 10 MHz)  Figure 41.RTl Voltage Noise Spectral Density vs. Frequency



SU810 Differential Amplifier — input voltage noise spectral density

10000 Input Voltage Noise Spectral Density (Voltage Noise Spectral Density / Voltage Gain) 1Hz -1 Mhz
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—— SU810 Differential Amplifier Voltage Gain 100 +- 5V Supply (40dB)
—— SU810 Differential Amplifier Voltage Gain 100 +- Vp Supply (40dB)
10 10! 102 TS T S s T Instrumentation Amplifier AD8421
frequency [Hz]
1000 Input Voltage Noise Spectral Density (Voltage Noise Spectral Density / Voltage Gain) 100Hz -100 Mhz 1K
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E:
>
£
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—— 5SU810 Differential Amplifier Voltage Gain 1 (0dB) = GAIN = 1000
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Figure 41. RTI Voltage Noise Spectral Density vs. Frequency

Gain 100 can be used to improve sensitivity of TiePie for small signal amplitudes (30dB up to 10kHz, 20dB up to 100 kHz, 10 dB up to 10 MHz)
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SU810

Instrumentation Amplifier

Widerstinde R1.R4 und R6 konnen durch Kondesatoren ersetzt werden.
um einen reinen AC-Anteil zu erhalten.
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s o1 with offset adding
1 . Ri 2T BAV199
100
o
1T1 f
— Vneg
GND (s
R8-R9 sind Halterungen fiir Widerstide, RS
die zur Einstellung vom Gain nétig sind. o
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Differential

Am plifier Vg)os V?)eg
with offset
adding

Pl P2
Set gain —o =
Via R8 and R9 JlL JlL
(in series, S 3
i.e. Rg = R8 +R9) S 4 o 0

+VSET +VP -VXX -VP

Gain=1+9.9kQ2/Rg

(Gain=1 if R8 and R9 not set)




SU810

1

I

Instrumentation Amplifier

Widerstinde R1.R4 und R6 konnen durch Kondesatoren ersetzt werden.

um einen reinen AC-Anteil zu erhalten.

P3 GND
- Subtractor
R2 2
In-Sub 100k D1
B ‘ 4 1 . & 3 | BAV199
o 100 v
/pos
. : :
— Vneg c1
GND '—| (s
RS-RO sind Halterungen fiir Widerstide Ic1
gen fiir Widerstade. Rs 100n
die zur Einstellung vom Gain nétig sind. & AD8421 o
2 \ ut
RG ¢ R3 J7 .
2 7 —— . 1
Gain=1+9.5kRg 2l 2P = m==) Gain*(A-B)
R9 4 *REP" l
ale 2 T2
'_| [I-exp GND
100n
T4 Vpos ! |i3
; 2 [Vneg —
In-Mz:Jm D2 GND
A - > _ R4 _ 3] BAV199
100 GND
L R5 = " ;
5 P4 100k 1 VRS Vece
2 Vneg 2
1
—
1 P6 GND =
GND
= Gl:ID Vg)os o
—_— o~
DSO/REF sve | | |||. D . -
1 PO1 3 1c2 0_“ |IIIGND
1 100n
10k 1 @
o LN oaie AD8421
RG &
oD {f—— vpos R L o ABSOLUTE MAXIMUM RATINGS S
1u RG ¢ +VSET -VXX -VP
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1 | 2 3 4

SU810 Instrumentation Amplifier

Widerstinde R1.R4 und R6 konnen durch Kondesatoren ersetzt werden.
um einen reinen AC-Anteil zu erhalten.

P3 GND
A —
Vpos
. 2 Adder
In-Sub 100k D1
J4 R1
1 . s 3] BAV199
o 100 .
/POs
— m : 5
= Vneg Cl
GND '—| |—| (s
R8-R9 st ir Wi i IC1
-R9 sind Halterungen fiir Widerstide, 100n
die zur Emnstellung vom Gain nétig sind. R8 &
4 g
RG @ R3 o
2 7 i . 1
Gain=1+9.9kQ/Rg 3 ou — ‘ G aln * ( A) +B
B RG ¢ / 33
R9 4 | Ress o
ale 2 T2
oo =
100n
T4 Vpos |i3
2 O
] In-Main D2 [Vaee =
- GND
A ' J% ; R4 _ 2T BAV199
100 GND
° R5 = . ,
5 P4 100k 1 VRS Vece
2 Vneg P7
1
— 2
C 1 P6 GND 3
GND
1 ~ 2
DSO/REF -
] AD8421
Cs5 o~ g)\/
GND"ll ” ABSOLUTE MAXIMUM RATINGS O O
1 o +VSET +VP -VXX -VP
Table 3.
In-Add Parameter Rating
B Je 1 R6 Supply Voltage +18V \ /
Output Short-Circuit Current Duration Indefinite
‘ o utput shot e Curent D indefie Select Pos and Neg Supply Voltage
N Minimum Voltage at —IN or +IN +Vs—40V H
D - (determines output range)
- 6 100k Title: Instrumentation Amplifier
GND = Type: SU810 Version: 2 Name: Sven Ferrat ! :
GND PS Date: 11.03.2020 Size: A4 Sheet 2 of 2 A D
File: _SU810 Instrumentation Amplifier. SchDoc Physikalisches Institut Heidelberg




Differential

Am plifier Vg)os V?)eg
with offset

drimming

Set gain —o =
Via R8 and R9 JlL JlL
(in series, O 3
i.e. Rg = R8 +R9) 0 0 o 0

+VSET +VP -VXX -VP

Gain=1+9.9kQ2/Rg

(Gain=1 if R8 and R9 not set)




SU810 Instrumentation Amplifier

Large signal step response with Gain=1

% fidl Trig' M Pos: 304.0ns My
* . Blue: input
Conplineg )
Pink: output

| "BW L

(ff
1000

Frobe
j
Woltage

Insert
CFE Biomy M i00ns T CH2  540mV
CH3 S00mY 21-5ep~-20 1410 1.00001kHz

B2 R




SU810 Notes production

- Check for the latest production version and check for additional notes on the workshop server
- Add Polarity Protection: Pin 39: Top: Block pin with solder. Bottom: Cut pin
- Set standard jumper settings ( inclusiv: Set 2 x 50 Ohm resistors in gain resistor banks (Gain 100 ) )

- Put PCBs into Aluminium case. Drawings of the cases can be found here:
\\pi2\microcontroller\QD-Ultracold\Q-El - e-lego\Cases and Heatsink Needed: Case SU810

- Label the finished boxes with the Part-number SU810
- Label the inputs and outputs (In-Sub, In-Main, In-Add, OUT)

- Add some notes to the workshop server if there has been some modifications to the previous production version

- If not available yet, make pictures of the produced component an put them on the workshop server


file:////pi2/microcontroller/QD-Ultracold/Q-El%20-%20e-lego/Cases%20and%20Heatsink

SUS809: Optocoupler MOSFET driver app: Opto coupled TTL, Switching high currents

MicrocHIP MC P1 4E9/1 0/1 1

3.0A Dual High-Speed Power MOSFET Driver With Enable

Opto coupled TTL input with

Options

inverter, FET driver and FET. Each

DC CHARACTERISTICS(?

CO m pO n e nt Se | e Cta b I e Wlt h Electrical Specifications: Unless otherwise indicated, Ty = +25°C, with 4.5V <Vpp < 18V.
. Parameters Sym Min Typ Max Units Conditions
jumpers. 7 | | | | | |
nput
Logic ‘1’, High Input Voltage Vi 24 15 — \%
Logic ‘0’, Low Input Voltage ViL — 13 0.8 \4
Input Current ™ -1 — 1 pA [0V=VN<Vpp
Input Voltage ViN -5 — |Vpp+03| V
Delay: 100 ns Output
High Output Voltage Vou |Vpp-0025| — — V |DC Test
R|Set|me: 10 ns (10%_90%) Low Output Voltage VoL — — 0.025 vV [DC Test
Output Resistance, High Ron — 4 7 Q  |(loyT=10mA, Vpp = 18V
J |tte r: < 1 ns Output Resistance, Low RoL — 4 7 Q |loyr=10mA, Vpp = 18V
) Peak Output Current [ — 3 — A |Vpp=18v@
Switching Time("
Rise Time R — 14 30 ns |Figure 4-1, Figure 4-2,
Cy = 1800 pF
Fall Time te — 17 30 ns |Figure 4-1, Figure 4-2,
. CL = 1800 pF
O pto . T LP 2 3 6 7 Propagation Delay Time tpy — 45 55 ns |Figure 4-1, Figure 4-2
. . Propagation Delay Time tp2 o 45 55 ns |Figure 4-1, Figure 4-2
Fet-Driver: MCP14E9

FET: IRLIZ44

Supply Voltage: 15V

Sy ¢
Ijﬁ
S
Optocoupler Optocoupler  TTL Invert Optocoupler  TTL Invert FET Driver Optocoupler  TTL Invert FET Driver FET




SU809: Optocoupler MOSFET driver
-  Optocoupler = TTL Invert/Non-invert = FET driver =2

+5V

In

Ds5

+3Y

VCC
A _\Y4

U3 DRV

ENB_A ENB_B

Standard Jumper

Benp

——=C3

o| SN74LVC1G86

100nF

INA

waI—\

GND

INB

OUTA

VDD

OouTB

MCP14E9

- Out

Platine nicht mit common GND verbinden!

Spannungswandler MIC2903 und FET IRLIZ 44

Isoliert mit Gehduse verbinden.
Uber Jumper JU12, JU13 und JU14 kann die
Isolation aufgehoben werden.

L5 +5V L12 +12V
15V LM2937ES-5.0 15V MIC29302WT
U4 50V/0,5A U5 Adj.V/XA
+5V Reg o +5V elego +12V Reg o +12V elego
1 3T 1 3 4 1 3
——1IN ouT rafulE: IN ouT aful[E;
@ Jug l EN o ADJLS R2 Jus
4 = 1k3
o)) 9]
cs_L c6 C7==
100 N 10u 10uF 100nF L 10uF
150
GND GND GND GND GND GND GND GND

[R2=R3*(v OUT/1.240-1)]

Optocoupler TTL Invert FET Driver
Ju14
J3 15v
afe;
=11 T
2 JU13
N —E13—¢
MJ-179PH Jut2
£13
GND GND elego GND

Title: Optokoppler MOSFET-Treiber
Type: SU809 Version: 1 Name: Paul Frei

Date: 27.02.2020 Size: A4 Sheet: 2 of 2

File: SCH Optocoupler MOSFET-Driver Schaltuna .SchDoc Physikalisches Institut Heidelberc



SU809: Optocoupler MOSFET driver ‘ ‘

Jumper Settings

Standard Jumper ®leo o0ee0 |slelele JU3:
°® 7 ‘ g oleo|e|e Change from
oo ® o oleo|e|e® invert € to
o o| " ;. "o U ole|e @ non-invert
ool O o e|e|e o/0o|® @
oo 7“000
ole|ele 00 o olele
ole|ole olo|e o eo|efe
ole|ele ole|e o eolele
ol o|oe . o eol|e|e
ole|ele i . olosNi|e o]0 e
olo|ele 0 . ol ole|e|e l\d
ololole o ==, o eolisie|e|ele @Dc D«E}>—
o eo|0e - . ole|e|e I/g
AL JEAR > 1 0 > | (@@ o010 0 Optocoupler  TTL Invert FET Driver
oo eje |l 7 Nullteleldelele|e oo e
oleo|ole]| - ole||o|e | e|e oo
ole|ele e ole|e
oooo. ® LI ole|ele
NIEITId| 0 0o 0 0 © | o 0@ ||®oele




SU809: Optocoupler MOSFET - Switching Speed

OV/5V In 2 0Opto>TTL->Driver—> OV/5V to 50 Q OV/5V In >Opto>TTL->Driver> 0V/12V to 50 Q

Rising Edge: Rising Edge:
Delay: 90 ns
Delay: 63ns
: : . o/ _QNo
3|set|me. 11 ns (10%-90%) Risetime: 7ns (10%-90%)
Jitter: <1ns .
Jitter: <1ns

Falling Edge: Falling Edge:

Delay: 95 ns v
Fallingtime: 11 ns (10%-90%g Delay: €0 ns
) ' Fallingtime: 7 ns (10%-90%)
Jitter: <1ns :
Jitter: <1ns

Fh b

Optocoupler TTL Invert FET Driver




SU809: Optocoupler MOSFET driver

In

Ds5

- Optocoupler 2>

TTL Invert/Non-invert 2 FET driver 2

+5V

FET - Out

+5Y
|J:| c1
U1 XOR
» T 22p © U3__DRV
In & : — AVCE\ . 1 EnB A ENBB
~ 300 Y £~ INA~ OUTA 1 42.1
BGND 5 GND VDD ouT
. J[SN7aLvcices oo B OUrE ~
MCP14E9
DS4 3 o~ JU2 GﬁD —
E'j GND
GND
Platine nicht mit common GND verbinden!
Spannungswandler MIC2903 und FET IRLIZ 44
Isoliert mit Gehduse verbinden. N
Uber Jumper JU12, JU13 und JU14 kann die i G D
Isolation aufgehoben werden. L\»{f
/
S
L5 +5V L12 +12V
15V LM2937ES-5.0 15V MIC29302WT .
U4 50V/0,5A U5 Adj.V/XA Optocoupler TTL Invert FET Driver FET
+5V Reg o +5V elego +12V Reg o +12V elego
1IN out 24 TEHES IN ouTH4 TEHE-S J3 15V Ju14
1T B
09 Jue EN g ADJ S ?Es Jus =12 JU13
00 c7T= o L3 +—ag—
100 o S 10uF 100nF o 10uF MJ-179PH Ju12
n 10u
£
— — — e — = e GND GND elego GND
GND GND GND GND GND GND GND GND

[R2=R3*(v OUT/1.240-1)]

Title: Optokoppler MOSFET-Treiber

Type: SU809 Version: 1 Name: Paul Frei

Date: 27.02.2020

Size: A4 Sheet: 2 of 2
File:

SCH Optocoupler MOSFET-Driver Schaltuna .SchDoc Physikalisches Institut Heidelberc



SU809: Optocoupler MOSFET driver

Jumper Settings

EegEs

3o >

Optocoupler TTL Invert

FET Driver




SU809: Optocoupler MOSFET - Switching Speed e

0V/5V In =2 0pto=>TTL-> Driver>Fet—> GND-FET-50Q2-12V
Measurement of Voltage above 5002

Rising Edge:

-10.000

Delay: 65ns
Risetime: 3ns (10%-90%)

-15.000

Jitter: <1ns g ——=— i
. -50. . 100.0ns 150.0 ns 200.0 ns 250.0 ns 300.0 ns 350.0 ns 400.0 ns 450.0 ns

HS5-540XM(32662).Ch1|  HS5-540XM(32662).Ch2|

RMS 00’9 v 570\/

Falling Edge:

Delay: 200 ns
Fallingtime: 137 ns (10%-90%)

Jitter: <1ns
~—
=
/

S UEIEE]

-50.0 ns 0s 50.0ns 100.0 150.0 n: 200.0 250.0 ns 300.0 ns 350.0 ns .0ns 450.0 n:

Optocoupler TTL Invert FET Driver FET




Modifikation:

- SU809 Lotstopplack auf via zwischen Source und Drain des FETs zu den Pads entfernen (TOP und Bottom)

b

')

A= iEH Rak




SU809 Notes production

- Check for the latest production version and check for additional notes on the workshop server
- Add Polarity Protection: Pin 39: Top: Block pin with solder. Bottom: Cut pin
- Set standard jumper settings

- Put PCBs into Aluminium case. Drawings of the cases can be found here:
\\pi2\microcontroller\QD-Ultracold\Q-El - e-lego\Cases and Heatsink Needed: Case SU809

- Label the finished boxes with the Part-number SU809
- Label the inputs and outputs (IN, OUT)

- Add some notes to the workshop server if there has been some modifications to the previous production version

- If not available yet, make pictures of the produced component an put them on the workshop server


file:////pi2/microcontroller/QD-Ultracold/Q-El%20-%20e-lego/Cases%20and%20Heatsink

SU811 Solid state relais

Considered Chips:

< LBA716
Dual Single-Pole OptoMOS® Relays
Normally Open & Normally Closed

> LAA710
> Dual Single-Pole, Normally Open

OptoMOS® Relay

G3VM-61CR1

The highest class load current of
MOS FET Relays realized with
DIP8 package

N
«

Parameter Rating Units
Load Voltage 60 v
Load Current 1 As! Aoc
On-Resistance (max) 04 Q
Parameter Ratings Units

Blocking Voltage 60 Vo

Load Current 1 Ans ! Apc

On-Resistance (max) 0.5 Q

* 60-V Relay: Continuous load current of 5 A (10 A) max.

cont oad Connection A 5

ontinuous load "= - tion B lo 5 A

current : 10
Connection C 10

Pin Configuration

+ Control -

— Control -

+ Control -

— Control -

1
Normally Closed —

2
Normally Closed —

3
Normally Open  —

4
Normally Open  —

Pin Configuration

1
+ Control - Switch #1 —

2
— Control - Switch #1 —

3
+ Control - Switch #2 —

4
— Control - Switch #2 —

Ik
=]

6

7
— Load -

Connection Diagram

K e
- 2 7
Connection A P ®
9% °F acornc
ll: 4 5
”LZ L
Connection B 92 M
3 6 bc
j o4 s5p
”L:1 8 h—+[LoAD ]}
. 2 7 J_
Connection C 7 P oc
s epd
id4 5 [

8
— Load -

6
— Load -

5
— Load-

Normally Closed

5 Normally Open

Switch #1

Switch #1
Switch #2

Switch #2



SU811 Solid state relais - schematic

Standard Jumper, In 1 — Out 1 Normally open (LBA716)

LBA716

i)

Elng!

o~
Ju14

8
7 Normally Closed ﬁz Jug
: 7
5 Normally Open =
)
2 Ju10 )
o
Ju13
8
7 Normally Closed ml'l'l 2JU11
6 =
5 Normally Open

ot DS6 DA7
1 ] 3
' FJU2 1Us
Inp+1t1 R2 -Control-Normally Closed 2
— g +Control-Normally Open 3
165 JUKT
U ontrol-Normally Open 4
JU K2 T |
M ul
MJu3s [uu4
R3
+Control-Normally Closed 1
Inpyt 2 R4 TJU? -Control-Normally Closed 2 |
@F l — & +Control-Normally Open 3
165 JUKs
] JLIg.’ontrol-Normall rOpen 4
TJU K4 T |

Die Vorwiderstéande R1-R4 wurden auf
1650hm dimesioniert damit man den
G3VM-1CR1, den LAA710 und den
LBA716 ohne Probleme nutzen kann
und die Relais gewechselt werden
kénnen ohne den Vorwiderstand auch
zu wechseln.

Jedoch bei langerer Benutzung eines
Relais wird empfohlen den
Vorwiderstand auf das Relais
anzupassen, damit das Relais nicht zu
stark belastet wird.

LAA710 = 1650hm

LBA716 = 9000hm

G3VM-1CR1 = 2720hm

LBA716

2JU12

DS5 DS4
®
- Output 1
2 ul1s 1 @
W] o
(2]
2 Biule
(2]
A4 Output SA
A3
3 A2
A1l
A4 Qutput 5A/2
A3
A2
1 Al
N
Output 2

i

Type:

Title: Solid State Relais

Version: 4

Je nach bestiicktem Relais wird
zwischen den BNC Buchsen
(Output1,Qutput2) oder der
Printklemme Output5A gewéhlt. Bei dem
Printklemmen Ausgang kann man sich
entscheiden ob der Stecker Output5A
genutzt wird welcher bundig mit dem
Gehéuse ist oder Output5A/2 welcher
raussteht. Empfohlen wird wenn man
den G3VM-1CR1 benutzt die
Printklemmen zu verwenden, da nur
diese wirklich fur 5A ausgelegt sind.

AW »
» q i
Name: Johannes Bloos m %
f | B

Date: 12.02.2020

Size: A4

Sheet: o

File: SU811

.SchDoc

Physikalisches Institut Heidelberg



SU811 Solid state relais — Layout TOP

Standard Jumper
In 1 - Out 1 Normally open

TOP
J5 AA | As AA|As D7 J8| Ps|pA Ps|DA J6
o|eo|e|e oleo|e|e
o oo @ o oo e
o ole e ® ® O @ o 0omwn
RO RO
OO ® @ ® @ RO
o ole @ U2 Input 2 JU2 U1 Input1 DSG./&1/.
o oo @ ""o"".7oooo
RO ° /B;(oooo
@ e|e e JU10 DS5e @|® @
ooleel - ®0 00 (6]l eee0® o olee
Tl LIE JU1Z e DS40000
o|® o€ Juo Ju1s JMis
o oo e|® U3 2] Tol lel [ell® ®|® @
o oo @@ ‘0Ju1‘4|8w;. ol|@ @|e e
oooo‘:“.lg 808‘8‘....
e oo o Output 2 Output 1 e oo o
CROIORC - - e @|e® @|os
CROIORC 2 @ = RO
....’TI_I I @ me
RO RO
CROIORC '“' ﬂ' RO
AP AP 1] ] 1] SPI SPI
I IR L |

Standard equipment
of DIP8 socket
channel 1:

LBA716




SU811 Solid state relais — Layout BOTTOM

Standard Jumper
In 1 - Out 1 Normally open

BOTTOM
e o0 o0 o0 _ Jusunm o0 00
~  Ju4 Al
e o0 00 > o000
00005 JUGEI ® O JUS. e o 0 o0
ooooﬁRﬂRz JUKZ RS e 0o 00
0000E|.-° BEI”D oo o0 0
AR [ [ INSE JU?IE] Eoooo
oooo"”‘o”"éoooo
o0 00 o ° s eee e
e o0 o0 0 o0 00
oeoee L0000 0 000 Rap—
e 0 0 0 o 0... e 0o 0 0
seeee o o .' ® o0 0 0
S g @ » ® €606 o o000 0
oo 00 ° ° ...00000
e o o0 0 o000
o0 00 2@ 5 & e 0o 00
e 0o o0 o e 0o 00
00... ..... ..OQOO
e o0 0 0 o000
e 060 0 o o ® o e 06 0 0




SU811 Solid state relais - schematic

In 1 - Out 1 Normally closed

LBA716

i)

Elng!

ot DS6 DA7
1 ] 3
' FJU2 1Us
Inp+lt1 R2 -Control-Normally Closed 2
— g +Control-Normally Open 3
165 JUKT
U ontrol-Normally Open 4
JU K2 T |
M ul
MJu3s [uu4
R3
+Control-Normally Closed 1
Inpyt 2 R4 TJU? -Control-Normally Closed 2 |
@F l — & +Control-Normally Open 3
165 JUKs
] JLIg.‘ontrol-Normall rOpen 4
TJU K4 T |

Die Vorwiderstéande R1-R4 wurden auf
1650hm dimesioniert damit man den
G3VM-1CR1, den LAA710 und den
LBA716 ohne Probleme nutzen kann
und die Relais gewechselt werden
kénnen ohne den Vorwiderstand auch
zu wechseln.

Jedoch bei langerer Benutzung eines
Relais wird empfohlen den
Vorwiderstand auf das Relais
anzupassen, damit das Relais nicht zu
stark belastet wird.

LAA710 = 1650hm

LBA716 = 9000hm

G3VM-1CR1 = 2720hm

LBA716

DS5 DS4
®
8 - Output 1
7 Normally Closed Hz Juo 2 BUU15 1
6 ; B
5 Normally Open I FT © =
™ -~
o JU10 2 Biule
©
A4 Output SA
A3
3| 1 3 A2
—H Al
o o~
Ju13 Ju14
A4 Qutput 5A/2
8 A3
) ™ A2
7 Normally Closed I'l'l 2JU11 ; Al
6 = =
5 Normally Open |_4‘E ~
—MIL Output 2
Ju12
B 2

Type:

Title: Solid State Relais

Version: 4

Je nach bestiicktem Relais wird
zwischen den BNC Buchsen
(Output1,Qutput2) oder der
Printklemme Output5A gewéhlt. Bei dem
Printklemmen Ausgang kann man sich
entscheiden ob der Stecker Output5A
genutzt wird welcher bundig mit dem
Gehéuse ist oder Output5A/2 welcher
raussteht. Empfohlen wird wenn man
den G3VM-1CR1 benutzt die
Printklemmen zu verwenden, da nur
diese wirklich fur 5A ausgelegt sind.

Date: 12.02.2020

Size: A4

<X
» q i
Name: Johannes Bloos m %
f e
I

File: SU811.SchDoc

Sheet: of g
Physikalisches Institut Heidelberg




SU811 Solid state relais — Layout TOP TOP

J5 AA|AS AA| AS U7 J8| PS| DA PS| DA J6
ole|e|e o|e|e|e
ORI ORI R
o oleo el @® ® O ® o0loe
. . o . o .. Standard equipment
o ee e o e e of DIP8 socket
e ®l® e Uzhhput2 . UT Mput? D.86y1/. channel 1:
o oo @ ""o":/'aﬁoooo LBAT16
ORI ° o |0 oo @ ——r==
@ e|e e JU10 D.S5oooo
o oleoee - ®©0 00 00000 g pr—
00005 JU12 e DS40000
2 |e|e 0|8. Jue  Ju1s JMe
o oo o|®@ JUT3 ° ° e||® @0 @
o oo ofe @eecW o oo e
ol |o]| |o®
JU14
°
oooo‘_'“.|8 clelclelclel (@ ®|® ®
e oo o Output 2 Output 1 e oo o
ORI - - ® @o!|e® @|os
ORI e oo e
o o o
...O.—"— .C...
ORI I I ORI
ORI '“' ﬂ' e oo e
AP AP 1] B 1] SPI SPI
11 | IR |




SU811 Solid state relais — Layout BOTTOM

In 1 — Out 1 Normally closed

BOTTOM
oo o0 0 _ Jusunm o0 00
~  JUu4/HR
e o o0 o > oo 0 0
00005 JUGEI. @ JU8’ e o 0 o0
e o0 o oﬁRﬂRz JUK2 RS oo 00
0000E|.-° @g°°3 oo o0 0
AR [ [ INSE JU?@ Eoooo
oooo"”’o”"éoooo
o000 o ° ~eee e
e o 0o oo o0 o
oeoee L0000 0 000 Rap—
e 0 0 0 o ® nap— e 0o 0 0
ey - @ ® ® o0 0 0
S g @ » ® €606 o o000 0
EEEE g w B —— R
e o 0o oo o0 0
e o o0 o0 2@ 2@ oo 00
il e %% % iiil
oooo. ® o .oooo
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SU811 Solid state relais - schematic 1 input (In 1), two outputs: Out 1 normally closed, Out 2 normally open

LBA716

i)

ot DS6 DA7
1 ] 3
' FJU2 1Us
Inp+lt1 R2 -Control-Normally Closed 2
— g +Control-Normally Open 3
165 JUKT
U ontrol-Normally Open 4
JU K2 T |
M ul
MJu3s [uu4
R3
+Control-Normally Closed 1
Inpyt 2 R4 TJU? -Control-Normally Closed 2 |
) F — b5 +Control-Normally Open 3
165 JUKs
] U “ontrol-Normally Open 4
TJU K4 T |

Elng!

Die Vorwiderstéande R1-R4 wurden auf
1650hm dimesioniert damit man den
G3VM-1CR1, den LAA710 und den
LBA716 ohne Probleme nutzen kann
und die Relais gewechselt werden
kénnen ohne den Vorwiderstand auch
zu wechseln.

Jedoch bei langerer Benutzung eines
Relais wird empfohlen den
Vorwiderstand auf das Relais
anzupassen, damit das Relais nicht zu
stark belastet wird.

LAA710 = 1650hm

LBA716 = 9000hm

G3VM-1CR1 = 2720hm

LBA716

DS5 DS4
®
8 - Output 1
7 Normally Closed Ez Juo 2 BUU15 1
6 ﬂ J ©
5 Normally Open I -—T © =
™ -~
o JU10 2 Biule
©
A4 Output SA
A3
3| 1 3 A2
A1l
o o~
Ju13 Ju14
A4 Qutput 5A/2
8 A3
) ™ A2
7 Normally Closed l'l'l 2JU11 ; Al
6 = =
5 Normally Open |_4£ ~
= Output 2
& Ju12
B 2

¥

Title: Solid State Relais

Type: Version: 4

Je nach bestiicktem Relais wird
zwischen den BNC Buchsen
(Output1,Qutput2) oder der
Printklemme Output5A gewéhlt. Bei dem
Printklemmen Ausgang kann man sich
entscheiden ob der Stecker Output5A
genutzt wird welcher bundig mit dem
Gehéuse ist oder Output5A/2 welcher
raussteht. Empfohlen wird wenn man
den G3VM-1CR1 benutzt die
Printklemmen zu verwenden, da nur
diese wirklich fur 5A ausgelegt sind.

-

Name: Johannes Bloos

Date: 12.02.2020 Size: A4

Sheet: of

File: SU811.SchDoc
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SU811 Solid state relais — Layout TOP

TOP
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of DIP8 socket
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BOTTOM

SU811 Solid state relais — Layout BOTTOM

1 input (In 1), two outputs:
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SU811 Notes production

- Check for the latest production version and check for additional notes on the workshop server
- Add Polarity Protection: Pin 39: Top: Block pin with solder. Bottom: Cut pin
- Set standard jumper settings

- Put PCBs into Aluminium case. Drawings of the cases can be found here:
\\pi2\microcontroller\QD-Ultracold\Q-El - e-lego\Cases and Heatsink Needed: Case SU811

- Label the finished boxes with the Part-number SU811
- Label the inputs and outputs (IN1,IN2, OUT1, OUT2)

- Add some notes to the workshop server if there has been some modifications to the previous production version

- If not available yet, make pictures of the produced component an put them on the workshop server


file:////pi2/microcontroller/QD-Ultracold/Q-El%20-%20e-lego/Cases%20and%20Heatsink

Q-1L004 Photodiode Interlock SU800 Short USB cable
2 x 9V PS Buffer Amplifier VV67 %“ PD board

Photodiode

VV67 (Transimpedance
Ampl.)

SU 800 (Buffer Amplifier)

Microcontroller Shearing
SU803 protecting
SMO05

Solid State Relais
SuU811

USB Power Adapter Long USB cable. Only use USB cable with shielding
ground connected to plugs and labelled: ,,Connection of

Q‘PSOO3 shielding ground tested ,,



Q-1L004 Photodiode Interlock

Configuration

SU800 and SU803: Standardjumper (blue) with additional setting (marked in red), SU811: Standardjumper (orange) with additional setting (marked in red)

Block Diagram

VV67 (compact)

USB cable

SU800

SU803

interlock

SU811
| Analog In Digital out
phot
+ \ Low gain AP i1 DA 1 . P
_/ = :O - 5 (Y2 Dg - Normally Closed
\\: -+ High gain - T % %3_ _6
<A> ‘{ Ape GNZ } 2, DE 5 Normally Open
e ©,0,
o ARDUINO

USB cable

Power adapter
Q-PS-003

|

Programming via USB cable and
Arduino Environment



Q-1L004 Photodiode Interlock

Setting up SU800

h. Photodiode: Buffer
05/2016 Foehner
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Connect these 3 pins to connect the USB input
?5 from the Q-PS003 to linear regulators on SU800-1
|| and to the + VCC e-lego pin
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LR *wm s
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et ol pok
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Connect these 3 pins to connect the analog output
high gain from the SU800 to the BNC output and to
the AP4 Pin

7z Qoé- oLt

L A A

Connect these 3 pins to connect the analog output
low gain from the SU800 to the BNC output and to
the AP6 Pin




Q-1L004 Photodiode Interlock
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Q-1L004 Photodiode Interlock Standard Jumper — LBA16 — Normally closed
Setting up SU811

GED DS6 DA7 DS5 DS4
= ) ]
—Emaj" '
~ El “ontr C 8 H - Output 1
Jut Ju2 } 1,,[: ally Clos e
JUS Normally Closed Jus u1s
-Control-Normally Clos 2 7 2 2 1
Inp+1t ! b l % 0 +Control-Normally Qpen 3 6 ? J 3 CO nne Ct tc
165 JUK1 =p , — > Ol
o~ ﬁ & Ju-gonu'ol-Nonnall /Open 4 j E 5 Normally Open | ®
U K2 T | ‘E \
. LBA716 , Jut0 TS
£ . E
b |
U]
Connect DA7 to FJU3 HJU4 a4 Output A
. A3
input 1 of LBA716 — A
: Al
and input 2 to GND i s
R3 U2 A4 Qutput 5A/2
165 +Control-Normally Closed 1 8 A3
; © A2
Iyt 2 I ~Control-Normally Closed 2 _# 1"[: 7 Normally Closed g LUt ] AT
@ 4 %_ _JEIU B +Control-Normally n_ 3 —_ 6 = -
o~ o & ontrol-Normally Open 4 } [:: 5 Normally Open |—4-E o o
utput 2
U K4 T | LBA716 mI]_.I Utz
2
=
43 Je nach bestiicktem Relais wird
Die Vorwiderstédnde R1-R4 wurden auf zwischen den BNC Buchsen
1650hm dimesioniert damit man den (Output1,Qutput2) oder der
G3VM-1CR1, den LAA710 und den Printklemme Output5A gewdhlt. Bei dem
LBA716 ohne Probleme nutzen kann Printklemmen Ausgang kann man sich
und die Relais gewechselt werden entscheiden ob der Stecker Output5A
kénnen ohne den Vorwiderstand auch U se LBA7 1 6 genutzt wird welcher bindig mit dem
zu wechseln. U | | | d h . h . Gehéuse ist oder Output5A/2 welcher
Jedoch bei langerer Benutzung eines ( ) raussteht. Empfohlen wird wenn man
Relais wird empfohlen den Sé norma y close Ig d Ct|Ve den G3VM-1CR1 benutzt die
Vorwiderstand auf das Relais H Printklemmen zu verwenden, da nur
anzupassen, damit das Relais nicht zu 9 D river Off W h en e- | ego powe re d Off diese wirklich fur 5A ausgelegt sind.
stark belastet wird.
LAA710 = 1650hm
LBA716 = 9000hm
G3VM-1CR1 = 2720hm

Type:

Title: Solid State Relais

Version: 4

Name: Johannes Bloos

-~

Date: 12.02.2020
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Q-1L004 Photodiode Interlock
Setting up SU811

SU811 Solid state relais — Layout TOP
Standard Jumper

Set to connect + input to DA7

_ ]

1I

Standard equipment

of DIP8 socket

channel 1:
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Q-1L004 Photodiode Interlock

Setting up SU811 BOTTOM
o000 - e
SU811 Solid state relais — e —_— JUGEI ® O JUS. .o s e
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SU813 H-bridge Driver

Inputs

BLI
AHI/BHI

DIS
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(@]
]
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E=Y
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ASv

elego
BNC1 +
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Hold ghedev

T:;w O‘Aocm&(e\/
T TIPARE?

XOR

H - Svidge  diviven

[ B

REN_hip40
81a_DST_..

DRIVER SECTION PDIP package in
CR2 DIP 20 IC socket
W\‘ 4 + """} HIP4080A/81A J_ '_]
Y
- N ] 1[BHB BHO|20 S
pin 2|HEN/BHI BHs |19 . )
DA11 OQL&Z _ 3lois sLol1s HIP pin label  FET elego  pin
DAL0 ’ 2|y, T 11 AHO Q1 Gate BNC1 + ASO
DA9 * : | SloutiBLI Vpp |18 +12V 12 AHS Source AS1
s O?(o/\ _ 8lin+aLl e |18 20 BHO Q3 Gate BNC3 + APLl
DA3 —_— TIinyaHl - ALs 14 19 BHS Source AP13
DA7 3 : 8lupEL  ALO|13 13 ALO Q2 Gate BNC2 + AS2
DA2 { 3 9lbEL  Ans|12 14 ALS Source AS5
DA4 0?0 - 19 aHB AHo|11 . 18 BLO Q4 Gate BNC4 + DS4
17 BLS Source DS5
CR1 /
™
& /j L .
. /lO 1 __ | (X)\L’\ l/l@ '
(’"“’D@ /I'“T' c54= 033’/,{’ : @ ’:} k
Sy, 1 sv = L o Wo\' Cownzct
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pes oy —
; A2V "~ PO ‘
(2\)11130 pal \ %ﬂ' 0_[(30 C\' Gm : 5+0-A)A0:0{ Jhw?u 8&& m,vs
Hip
Opto YOR TRUTH TABLE
INPUT OUTPUT
6'1' Truth Table Table 1. Function Table ALl BLI AHI, BHI uiv DIS ALO,BLO AHO, BHO
= INPUTS OUTPUT X X X 1 0 0
put LED Output A B Y 1 X o o 1 °
H ON L t ; : 0 1 0 0 0 1
L OFF H H L H 0 0 0 0 0 0
H H L X X 1 X 0 0

NOTE: VY alnnifloan that lnmit mam ha allcar o T47 mp SAn



SU813 H-bridge Driver

Inputs

BLI
AHI/BHI

DIS

Schematic driver

Opto
Optol

Opto2

Opto3

Optod

elego
BNC1

BNC2

BNC 3

BNC4

pin
DA11
DA10
DA9
DA8
DA3
DA7
DA2
DA4

GND_H
U3 +5V H
DA2 RS T
300R !
BNC 4 4 Wi +12V H
1
DA A | U4 +5V_H D4
TP2367 —l—= —VCC = Vf=0,850V If=250mA
GND_H 1a outhd co 12V H Outputs
2 1
) B [_—h ==C10
R6 Us +5V H 3 leND —— 330nF 1uF/25V
DA9 — 1 T = .
R ! — SN7ALVCTGS6DBVR GNDH @9 @ ug HIP pin label FET elego
2 ! GND_H 20 AP11
BNC 2 ¥ s {88 g g B0 APT3 11 AHO Ql Gate BNC1
DA8 3 I ea— qgn > BLo 18 D>
i ors [17 DS5 12 AHS Source
TP2367 = 3 BU
GND_H ALl . . 20 BHO Q3 Gate BNC3
o +5V_H Gl ALS 13 AS2 19 BHS Source
DA11 oL, T 9 DEL @  Ans 2 AST
BNC 1 4 300R i 10 AHB g AHO 1 ASO 13 ALO QZ Gate BNCZ
¥i TPA08TAIPZ
A0 ) == TE 14 ALS Source
=
57T = GND.H 18 BLO Q4 Gate BNC4
GND_H 17 BLS Source
Us +5V H
DA3 R10 T D5 +12VH
BNC3 = ™ |} ’
i V£=0,850V [f=250mA|
DA7 3 i L c1
1T
[P2367 = 1uF/25v
Input Opto GND_H
If5,5mAVi=2,1V
The rise and fall times of the input on-current should be less than 0.5 ps
+5V_H
I L 1L 1
c12 c13 cl14 C15
T100n/50VT100nISGV—|_100n/50V-|_100nISOV
v v -
= == default Jumper setting
GND_H
XOR o
opto TRUTH TABLE
INPUT OUTPUT
ALl BLI AHI, BHI uv DIS ALO, BLO AHO, BHO
6.1. Truth Table Table 1. Function Table
X X X 1 0 0
INPUTS STPUT
Input LED Output A B e 1 X ° ° ! °
m ON L L L L 0 1 0 0 0 1
L H H
L OFF H - . " 0 0 0 ) 0 0
H H L X X 1 X 0 0

NOTE: X signifies that input can be either a “17 or “0"
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AP13
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DS4
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Q-CC001-5 — HQA H-bridge prototype

Stack

SU813 H-bridge Driver
SU802 BNC connector (Outputs)
SU802 BNC connector (Inputs)

Q-CC001-5 connection table

Outputs
HIP pin label
11 AHO
12 AHS
20 BHO
19 BHS
13 ALO
14 ALS
18 BLO
17 BLS
Inputs
label
ALl
BLI
AHI/BHI
DIS

FET

Qi1

Q3

Q2

Q4

Opto
Optol

Opto2

Opto3

Opto4

elego
Gate BNC1
Source
Gate BNC3
Source
Gate BNC2
Source
Gate BNC4
Source

elego
BNC 1

+

+ BNC 2

BNC 3

+ 1

BNC4

+ 1

pin
ASO
AS1
AP11
AP13
AS2
AS5
DS4
DS5

pin
DA11
DA10
DA9
DA8
DA3
DA7
DA2
DA4



BNC Inputs
for Q-CC001-5 BNC 1 BNC 2

DL801 (DL800)

AAD ASQ | PR, e —ong P A | VOC oy 1 ] 2 DA13
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{ APT [8lg ol2e | o|3le o | DSTH33V_ 27| 28 DAO
AP8 { 2o o|a|e|eTe ol 2l o | DS2 29 ] o130 GND
{ AP |2l g w|3]e o|% e ol DS3 31], J32__ DS5
AP10 { 2l e olEle o|Zle o| | DS4 33 ], J34 »0-VCC2
{ APl | | ol27e T eTe ol | SPLMISO_ 35 |36 +5V
AP12 { 2l olslel @ ® e ® |, o| | SPLSCK__37] | 38SPI_MOS|
AP13 [Blg olele 5 %1e @| | SPLRST 39| 140 _ GND
i — — = -D\;eéacuﬁval-u??/&(-13V/-24V)
BNC 3 BNC 4 e e
-VCC2:  -13V (-24V)
r— r— +VP:=  +VSET1

+VCC2: +7V
+VSET1: +6V
+VSET2: +18V
+VCC1:  +13V (+24V)

)
=
O
()
=1
O




BNC Output
for Q-CC001-5 BNC 1 BNC 2

DL801 (DL800)

AAQ ASO | “PALES o —onaS A | VCCT (e oy 1 2 DA13
o|e|eofe| |o|o]e|e ©
AA1 AS1 S elelei N VP2 w3 o 4 DA12
AA2 AS2 |24 elile ® .%o -5V 51y o6 DA11
AA3 AS3 125 ol%le ol%le o -VP1 v 7l o8 DA10
AA4 AS4 E e o o ol %le GND 9 10 DA9
AA5 AS5 2o o|e|ok el el %le +V/P 1 12 DAS8
APO 2le ® oo olele|e|e|e e oV 13 14 DA/
L AP1 o ol2le " S P E N S tVCC2 v 15 | 16 DA6
"2 { es E* |2l R e o e s o e o
{ S.O%QEQ-AD- alale|elale|e|e|e o ©
AP4 { o olsTeol2Te el 12Te e 1% e @ tVSET2 v 2110 ] 22 DA3
{ AP o|e ® B o|ele|e|elelele]|e|e]|e o HVCCH 23 1o o2 DAZ
AP6 { ol w|@]e|@ 1% ool e T 13l o | 2Te o DSO/REF__ 25 | | 26 DA1
{ APT 18w wlele|e olel2!™lel™l3le!%4e o DS1/+33vV_27 | | 28 DAO
AP8 { 2 o o] e | sle @ lel“lslelslel DS2 29 | o130 GND
{ APY || @lo]le o lde ols DS3 311y o 32 DS5
AP10 { 2o olele o ol anc = m D34 33 | ok34 ©s0-VCC2
{ AP11 o ol2]e s eTe o | SPLMISO 351 36 +5V
AP12 { 2l olslel @ ® e @ oy of | SPLSCK_37] J38SPIMOS
AP13 '\§' S [ ST —— SPI RST 39 | 140 GND
i — — — -E:;eCfaCu‘:t Val-l‘lﬁls:(—‘] 3V/-24V)
BNC 3 BNC 4 VP1 v
—_ —_ VCC2:  -13V (-24V)

+VP:=  +VSET1
+VCC2: +7V
+VSET1: +6V
+VSET2: +18V
+VCC1:  +13V (+24V)

)
=
O
()
=1
O




Q-CC001-5

Old Circuit

Alr
B

, s
SV % 9lpEL  Ans|2
3“’ cnaoe \R3¢ _|AHB AHo[11
2 JMPR4 \ \ 3 B
5V W SN agred e
” , ow' 1, ow' o
ARTL D4069UB f i
/ . ' 4 /1;;? e \J.))iuf
ENABLE IN % / == =
2ot A0k be
RI> e i»15K /UK
p— ToDISEN
- N5 $33K
cDssuB

= S E—— Jf‘t‘_,ﬂ, /g“mw lobe. A% H® 4094 mwrj_f

O
A'. v /Vcc 5.8
-
HDEL  ALo|13

Wl ‘@V /1&4 féwu. J/LD eeve. vwwd/\

| S g
I /
“ | ' / U Lo taf (,.\/ Y” L j<
Vel 'U{ﬁJCUiQW | |
R R

‘C,C{Uu\ul

POWER SECTI?N

Q1 2

A Ho

BLo|18

BLs |17
BLIL Vpp 116,12V

DIS

co:;?;%‘blﬁoelc E DRIVER SECTION
Y
741 : cR2 /
HIP4080/81 l
= = U1 c4 s /{ PF
BHB BHO|20
! -JF 2 HENI&ﬁT BHs|12
60UB
-.
v
-

NOTES:
1. Device CD4069UB PIN 7 = COM, PIN 14 = +12V. R -V ALl

2. Components L1, L2, C1, C2, CX, CY, R30, R31, not supplied. Refer to Application Notes (AN9324, AN9325) for description of input logic operation to determine jumper locations for JMPR1
- JMPR4.

FIGURE 11. HIP4081 EVALUATION PC BOARD SCHEMATIC
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Q-CC001-5

1 1 ALT R " . ’ - -
Old Circuit ALT: § 1 — 5o oA 4¢ ,
8 L: ':’ (, " e 4 r | + 4
A | i rs [
I8 4 } { (
\ || Application Note 9325
IN2 IN1 12V POWER SECTION
O O - l QO B+
CONTROL LOGIC o1 2 c8
DRIVER SECTION R21
SECTION R29 © + CcR2 _,\M;l l
o Cc6
= ! 4— —_
_’T HIP4080A/81A l ! 3 Qi" 2
JMPR1 Ul c4 A 1
1 OUT/BLI = T I—'Vv
u2 53 1[BHB BHO|20 R22 I
CDA0GOUB 2|HEN/BHI BHS|1® 3
3lpis BLoO|18 L1 O Ao
JMPR2 4]y aLs [17 +
13 12 IN+/ALI ——=Vss Q2 24 0000 J_ L2
u2 53 | S{out/BLl Vpp |16 o 12V R23 C1= | BO
| SliN+/ALl Ve 13 A | msm; |
CD4069UB 7 AT | 2
INZAHI  ALS by
5 2 CHEN/BHI 8lHDEL  ALof3 =
U2 Q4 2 =
&3 9pEL  AHs|12 R4 1
CD4069UB R33 raa | 2%aHB  AHO[U v I
3
JMPR4
11 10 IN-/AHI 2 24 2 CR1 3
cw cwW
CD4069UB ! c3 J_ S R30 R31
11 .I. CcX :l: cYy <
C5= , O com
ENABLEIN . = = £
10 u2 O
ALS  BLS
R32 CD4069UB NOTES:

7@0

CD4069UB

1. DEVICE CD4069UB PIN 7 = COM, PIN 14 = +12V.

2. COMPONENTSL1,L2,C1,C2,CX, CY, R30, R31, NOT SUPPLIED.
REFER TO APPLICATION NOTE FOR DESCRIPTION OF INPUT
LOGIC OPERATION TO DETERMINE JUMPER LOCATIONS FOR
JMPR1 - JMPR4.



Q-CC001-5 > SU813 Bug fixes: /" lep Gap

1
. . g ° | 5 29
1) Update Jumper JU6 connections OLD: 3NC3 ¥ | [ Wigy 1
DA7 A | Ll "
) bE
e-lego connector definitions LP2357 o
Input Opto ) GND_H
DL801 DL80O) -
VCCT eeos 1[7 2 DA13 . .
VP2 w3 14 DA12 bip a“f’
BV 51° 6 DAI1
VPl 7L I DA10 4
GND 9 T10_DA9 Tm——. )
VP T (12 DAs M opto .
5V B {14___DA/
FVCC2 = 15 16 DA6 3
TVSETT. 170 J18____DAb
12V 190 {20 _DA4 +12V H
. . . TVSETZ.0 210 J22___DA3
2) Use the right pin assignment ‘wccr 2 T2i—or sl;n V-
DSO/REF___ 25 26 DAI VI=0,850V 1=250mA
DS1/+33V_27 ] 26 DAO cg +12V H
DS2 2910 930 __GND
DS3 31 I32 bS5 Chr T oy
DS4 33 34 wD>6w'VCC2 GNTD H [(e] wn ue
SPI MISO_35|° ] 36___+5V —
SPISCK_ 37| < 385PLMOS| 4 BB g g BHO [ig ——
SPI RST__ 39 J[40___GND 200 > > B DA
| 5 BLS [£ DS5
i
i 14 AS5
8 kL Ao 2 AS2
7 LDEL @ AHS 7 ASD
— AHB > AHO
~HIP4081AIPZ
3) ALS and BLS: zero Ohm Resistor g 9B
to ground (Standard: 0 Ohm Resistor soldered)
D5 +12VH = =+
i< GND H GND_H
Vi=0,850V If=250mAj}
ICI11
L
H . 4 . — TuFr2v DAY R6 o 5 +5-\|/-H 5 CB%ND —E 3'30T—| :1CJE/25V
4) Inverter with jumper option: BLI=Invert(ALI) St L Lrmorrbire i I
2 SZE 5 GND_H 1 S}I"SB 8 8 g:cs) ‘g
e-g- SN74LVC1GO4 DAS A1 4 i |>O g_l —JEUEI-I—ZBHI zz 8L E
LP2367 =3 o q BLI
GND_H ALl
pant _ R7 e 6 +5'\Il"H ALD §
. R Pl ¢ Mo
S A <FIPA0BTAIP.
DA10 3 ! 4 — ;
TF2367 = GND_H
GND H



https://www.mouser.de/ProductDetail/Texas-Instruments/SN74LVC1G04DCKT?qs=dT9u2OTAaVXOxOxtAXllpQ%3D%3D

Q-CC001-5 2>

Inputs

label
ALl

BLI
AHI/BHI

DIS

SU813 H-bridge Driver (faulty Version)

Schematic driver

&
<
puu

-
N
IS

Opto elego pin
Optol + BNC1 + DA11l
- - DA10
Opto2 BNC 2 DA9
DA8
Opto3 BNC 3 DA3
DA7
Opto4 BNC 4 DA2
DA4

GND_H
RS U3 +5V H
DA2 3.;0R I Vddu
1
BNC 4 4 ¥ 5 +12V H
DA4 A | i 4 U4 +5V_H D4
L . ] Vi=0,850V 1f=250mA
TPo367 = [ Jrvee = =
GND_H Lila ourls o +12VH Outputs
2 1
R6 Us +5V_H 3 END 330nF __(1:JE/ZSV
DA9 — 6 = i
BNC 2 300R p = SN74LVCIG86DBVR GNDH @ = u HIP pin label FET elego
2 ¥ o GND_H BB @ o BHO |2 AP 11 AHO Q1 Gate BNC1
DAS 3 | i 4 jos S € ss |3 oSt
[— B E————— BH BLO = 0% 12 AHS Source
TP2367 = Jus 4 oS
GND_H 25 20 BHO Q3 Gate BNC3
7 14 AS5
u7 +5V_H g AHl ALS 3 AS2 19 BHS Source
DA = i g s 2 s 13 ALO Q2 Gate BNC2
BNC 1 4 300R i 5 Aas £ Ao ASO
+ TPA0BTAIPZ 14 ALS Source
DA10 3 | neld
1ng 'fé’k = 18 BLO Q4 Gate BNC4
TP2367 = GND_H
GND_H 17 BLS Source
Us +5V_H GND_HGND_H
DA3 R10 6 T B D5 +12V.H
—} .
300R ! [l
2
BNC3 - ¥ i 5 2 JUQSV H VI=0,850V 1f=250mA!
DA7 E R L cn
1T
TP2367 = 1UF/25V
Input Opto GND_H
If5,5mAVI=2,1V
The rise and fall times of the input on-current should be less than 0.5 ps
+5V H
I 1.1
c12 c13 C14 C15
T100n/50VT100n/SDV—|_100n/50V-|—100n/50V
v v -
= == default Jumper setting
GND_H
XOR o
TRUTH TABLE
Opto
INPUT OUTPUT
ALI, BLI AHI, BHI uwv DIS ALO, BLO AHO, BHO
6.1. Truth Table Table 1. Function Table
X X X 1 0 0
INPUTS T
Input LED Output = = oy 1 X 0 0 1 0 \
H ON L L L L 0 1 0 0 0 1 |
L H H
1 OFF m y - ! 0 0 0 0 0 0 |
X X 1 X 0 0 |
H H L

NOTE: X signifies that input can be either a “17 or “0"

pin

AS1
AP11
AP13
AS2
AS5
DS4
DS5



Q-CC001-5 > Connectors on SU813 H-bridge driver e-lego connector definitions
Wrong pin assignement

SU813w e-Ie o DL801  (ois00)
/\D\ g -VCC1 (-vce_pL) DA13

1 2
‘VC C DL O DAO DA13
-VXX 4 DA\ oa DA12 VP2 v 3 4 DA12
-5V 6 D A}\ DA2 DA11 oV S 6 DA11
VP ( 8 DA3 ' oas DALO -VP1  w) 7 8 DA10
GND - 10 DA4 Doa4 DAY GND 9 10 DA9
+VP 12 DAS bas DAS +VP 11 12 DAS
+5V 14 DA6 oss oV 13 14 DA7
+8V 16 DA7 oa7 DA6 +VCC2 =y 15 16 DA6
+VSET 18 DAS obas DAS +VSET1 ey 17 18 DA5
12V 20 DAY o +12V 19 20 DA4
+\V/ XX 22 DAT0 pawo DA3 +VSET2 v 21 22 DA3
+\VCC DL 24 DA11 oan DA2 +V/CCA1 23 24 DA2
DSO/REF 26 DA12 obaw DAL DSO/REF 25 26 DA1
DS1/+3.3V DALS oAG DS1/+3,3V 27 28 DAO
DS2__ s ono DS2 29> T30 _GND
L SPIL DS5 DS3 31 32 DS5
sPI2 Vee2 DS4 33 34 050 -VCC2
SPI3 +5V SPI MISO 35 36 +5V
SPI4 SPI_MOSI SPI SCK 37 38 SPI MOS|
spIs GN_D SPI RST 39 40 GND
-VCC1: -7V (-13V/-24V)
sUs13w |elego
DS6 SPI_SCK VOGT 113V (s24v)

DA7 SPI_RST



Q-CC001-5 connection table - modified for wrong pin assignment

Outputs

HIP pin
11
12
20
19
13
14
18
17

Inputs

label
AHO
AHS
BHO
BHS
ALO
ALS
BLO
BLS

label

ALI

BLI

AHI/BHI

DIS

FET
Ql

Q3

Q2

Q4

Opto
Optol

Opto2

Opto3

Opto4d

Gate
Source
Gate
Source
Gate
Source
Gate
Source

elego
BNC 1

BNC 3

BNC 2

BNC 4

elego
BNC 1

BNC 2

BNC 3

BNC 4

pin
ASO
AS1
AP11
AP13
AS2
AS5
DS4
DS5

pin
DA11
DA10
DA9
DA8
DA3
DA7
DA2
DA4

SU813w

SPI_MISO

DA2
DA3
DA4
DA5
DA10
DA6
DA11
DA9

DAO DA13
DA1 DA12
DA2 DA11
DA3 DA10
DA4 DA9

DAS DAS

DA6 DA7

DA7 DA6

DAS DA5

DA9 DA4
DA10 DA3
DA11 DA2
DA12 DA1
DA13 DAO

SPIO GND

SPI1 DS5

SPI2 -Vee2
SPI3 +5V

SPI4 SPI_MOSI
SPI5 GND
SU813w
DS5 SPI_MISO
DS6 SPI_SCK

DA7 SPI_RST



Q-CC001-5

BNC Inputs - modified for wrong pin assighment

Outputs
HIP pin label
11 AHO
12 AHS
20 BHO
19 BHS
13 ALO
14 ALS
18 BLO
17 BLS
Inputs
label
ALI
BLI

FET
Q1

Q3

Q2

Qa

Opto
Optol

Opto2

AHI/BHI Opto3

DIS

Opto4d

Gate
Source
Gate
Source
Gate
Source
Gate
Source

+

+

+

+

elego
BNC1 +

BNC 3 +

BNC 2 +

BNC4 +

elego
BNC1 +

BNC 2 +

BNC 3 +

BNC4 +

pin SU813w
ASO

AS1

AP11

AP13

AS2

AS5

DS4

SPI_MISO

pin
DA2
DA3
DA4
DA5
DA10
DA6
DA11
DA9

BNC 1 BNC 2
BNC_1 BNC_2 J2
JIAA AS 7 DAt RS DA
o|j0o|0|@ o|o|(0|0®
Y AA1| BnC1+ BNC2+} DA1
cl® @|® o|eo|® ©
2 2ol @ o ©® ® :
sl e|e|e o ()
7] AA3 DA1
Z|le e|e|e BNC1- GND||GND BNC2- ®
o AAd DAY
>|® e|e|® i - °
@ AA5 DAS
cle o|o|0ojeo |00 |@® o o (A A
= APO oNDlAstl ] DA vxxl| +5v DA7
ol o|lo|lojojoejo|®] @ o|e@ (A K o|e
@ GN[ AP1ll As2flenci DATY DA14e i dencad AAT c2+fl-5v [l +8v
® 0j0oj0oj|j0oj0j0|0 0O eo|e ojoje ()
wn AP2 GNDJAS3 DAGl DA1 AA2 VP [HV!
cCle o|o|j0oj0oj0oj0o|0]@O o|e (K e Jjo
09 GNO AP3 [lAS4 DASH DA AAlAAG +12V] DA4
Sle e|e|e ® () ele ®
AP4 GN DA 0 DS3 DA3
® 0j0o|j0|® 0O o o040 |0
AP4| gnca+ AP5 | GNOWBNC3+ DS1|enca ey AAT1 BNCA 44l/CCl DA2
T|® o|o|®|® 60 o0 () eojle ()
% APG GNDJAP1 DS2 NC NC [l Ds0 DAH—
ol® elele|e|e o [ ) [ ) ojojeoj® ©
o GNO AP7 lGN DAT| DS3 AA3 NC [| Ds1 DAO)
S|l eo|le|loe|jeojeje| 0] @ o|e o ojeo|eje® @
@ APS GNDJaP1 DA NC Ne [ Ds eng —-
sl e|le|lo|®jeje | @ (1) () ojojeoj® ©
oo @|e]® [ o|e]e ®s
8 AP1( L L DS6
cle eo|le|e BNC3- GND||GND BNC4- o|lol|l® @
GNO) Topy
® 0|00 . . ‘ ‘ ® 0|0 ©
o AP13 SCK_MOS
Ne e|e|e 020 |0 @
N GNO RST GND
3|l e|e|e ® 0|0 ©
AP BNC_3 BNC_4 SP|
BNC 3 BNC 4

DL801  (pLsoo)
-VCC1 tvec oy 1 . 2 DA13
VP2 w3 o 4 DA12
-5V 3 o 6 DA11
-VP1  w) / - 8 DA10
GND 9 e 10 DA9
+VP 11 o 12 DAS8
+5V 13 e 14 DA7
+VCC2 s 15 o 16 DAG
+VSETT veey 17 o 18 DA5
+12V 19 N 20 DA4
+VSET2 (v 21 o 22 DA3
+VCC1 23 o 24 DA2
DSO/REF 25 . 26 DA1
DS1/+3,3V 27 o 28 DAO
DS2 29 30 GND
DS3 31 - 32 DS5
D4 33 o 34 s -VCC2
SPI MISO 35 o 36 +5V
SPlI SCK 37 e 38 SPI MOSI
SPI RST 39 o 40 GND
Default Values:
-VCC1: -7V (-13V/-24V)
-VP2: -2,7V
-VP1: -6V
-VCC2: -13V (-24V)
+VP:=  +VSET1
+VCC2: +7V
+VSET1: +6V
+VSET2: +18V
+VCC1:  +13V (+24V)




Q-CC001-5
BNC Output - modified for wrong pin assighment BNC 1 BNC 2
DL801  (pLso0)
A o o P oh | VO oy 1[0 ] 2 DA13
Outputs T —y A.m mcte = D:f — -VP2 v 3 o 4 DA12
Cc
HIP pin label FET elego pin SU813w % ® ©o A.Az () . (] T o o _5V 5 © 6 DA11
11 AHO Q1 Gate BNC1+ ASO g - ] slole e -VP1 o) / o 8 DA10
12 AHS Source - As1 o AA4 L o o DA9 GND 9 10 DA9
20 BHO Q3 Gate BNC3+ APl T|® *% e o) | | VP 11 12 DAS
19 BHS Source - AP13 g|® eofe|e o b b bl A Ll 15V 13 © 124 DA/
13 ALO Q2 Gate BNC2+ AS2 2o e|e|® olo|e|e|e|e e
14 ALS Source - AS5 “lo ol29e Py 1 S e +VCC2 sy 15 o 16 DAG
18 BLO Q4 Gate BNC4+ DS4 %) AP2 vp bvsef | pas +VSET1 wvsey 17 18 DA5S
17 BLS Source ! sp_miso  [|'® @[ ol b b R o Rl 1oV 19 © 50 DAZ
Sle e|e|e olaleo/eo|0|e @ ©
o olilole = —— Ds3 oleols|e e +VSET2 v 21 5 22 DA3
L o|e e|e|e]e o|ele elelo|e|e|e @ HVCCH 23 ) 24 DA2
Z APE A Ds2 a2 INC DSO DAH— DSO/REF 25 26 DA1
label Opto elego pin g. oo e ® e ® ele e e e ©
o GND DS el I N || DSt DAO) DS1/+3,3V 27 28 DAO
ALl Optol + BNC 1+ DA2 S(@ elee o|ojofo| o| |o|o oie o DSD 9 1° 30 GND
. = DA3 Sle @o|leo|e® 0 ° ele|e|e® @ ©
e e e B R e e
AHI/BHI Opto3 + BNC 3+ DA10 ile e ole BNC3- GNDJGND BNC4- HE. . SPl MISO 35 © 36 (DSG)_+5V
! ! DA6 o eole|e oo @ ©
DIS  Optod + BNC 4 + DA11 SlmmiElm ® O v le @ SPI SCK 37 . 38 SPI MOSI
- - DA9 8 GNE RsT GND SPI RST 39 40 GND
S|le e|e|e o o|le @ o
AP BNC_3 [BNC_4 SPI Default Values:
-VCC.‘I 1 -7V (-13V/-24V)
BNC 3 BNC 4 YTV
VCC2:  -13V (-24V)

+VP:=  +VSET1
+VCC2: +7V
+VSET1: +6V
+VSET2: +18V
+VCC1:  +13V (+24V)




Q-CC007 - H-bridge eval board Jumper settings Board 1 for MOSFETS

Based on SU802 BNC Connector board
BNC 1 BNC 2
DL801  (pLsoo)
AAQ ASO | 'HArE wors eTeTaTay | VCC weeoy 1[0 ] 2 DA13
AA1 AS1 E g ) DY 1% e ® VP2 v 3 " 4 DA12
AA2 AS2 |5y elelell @ ole® ®.%0e o | BV 51 L6 DA11
AA3 AS3 |3l ol%le o|ole ol | 2P 71 I8 DA10
AAL ASA (ol oléle o ®® ol%le o | GND 9] J10 DA9
= R R — =
L ap1 [8]®*|%® LS| 2e* ® | VCC2 o 15 16 DAG
o o|e|e ‘ole|e|e|e|e® — o
AP2 { 2l ol&le e bee losl & | 2VSETT e 170 18 DA5
AP3 18] o124 s ool | 112V 191 J 20 DA4
AP4 { 1 I - o ol | TVSET20m 271 122 DA3
AP5 | | ol c s ol | FVCC 23] J24 DA2
AP6 { 5o ol e . < | | DSO/REF 25 26 DA1
AP7 18l ol396 . o o | DST+33V 271 128 DAO
APS8 { tle o|ole . o ol | DS2 291 130 GND
APY [ole olade o oo DS3 31 132 DS5
AP10 { 2o o lale o ol | DS4 33| o34 0-VCC2
AP11 S | - e e | SPLMISO 35 [ 36 +5V
AP12 { 2le ol5lel @ @ © o o| | SPLSCK__37] | 38SPI_MOS|
AP13 (8| g |a]e ol | SPLRST 39| 140 GND
T - = -D\/e ('f}aCu1I t Val-u7(i/3:(-1 3V/-24V)
BNC 3 BNC 4 VA
—— -VCC2: -13V (-24V)

+VP:=  +VSET1
+VCC2: +7V
+VSET1: +6V
+VSET2: +18V
+VCC1:  +13V (+24V)

@
|
)




Q-CCO07 - H-bridge eval board Jumper settings Board 2 for Load Resistor and Power Supply

Based on SU802 BNC Connector board
BNC 1 BNC 2
DL801 DL80O
AAO ASO | AR A.AoB“:—i ff-ég ot | VOO :_!) 1 2 DA13
AA1 AS1 g =y ) fT e e -\5/\F/’2 (VXX) g i g Bﬁ:%
AA2 AS2 g'ovoAzo ® @O [ ] -VP1 70 z S0
AA3 AS3 E’ o O A.A3 o BNC1- GND||GND BNC2- o D:c e 0 - L) ©
AA4 AS4 %o e & ) o o ol%le ® GND 9 N 10 DA9
AAS ASO 5o ® foAs ° ‘Telofe |e|e|e @ :\5/5 11; o 12 Bﬁ?
APO g..n:o. olelele|e|e|e e VCCo 150 T SR
L AP SGIE ole|e|e|e|e|e @ +V S Sl o SAE
AP2 { g. ol e 1 (| —— +VSETT ey 17 N 18
AP3 Sle e GoNDo A34 o fﬁv ° %4 () 12V 19 © 20 DA
AP4 { o olihe T‘T ST e o +VSET2 v 21 = 22 DA3
AP |ole el e ololelele|e]e @ +VCCT 23 o 24 DA2
AP6 { 5 S - “l oI5 %o DSO/REF 25 26 DA1
AP7 |§ S - - “l o151 e |2%e ® DS1/+3,3V 27 N 28 DAO
AP8 § o olsle o ?INC ol l1e|le ol DS2 29 N 30 GND
AP9 |2 GNg Ds5 DS3 31 32 DS5
g|le ele|e ®|(®|® @ ©
AP10 { o [ - anea enollens enca. ¢ e _E~. DS4 33 > 34 1s5)-VCC2
AP11 p— BT SPI MISO 35 N 36 +5V
AP12 { sle olslel @ ® e ® |y of | SPLSCK_37] J38SPI_MOS|
AP13 |3 p— R.ST(”G.ND. - SPI RST 39 N 40 GND
z iy - = -D\/e CfaCu‘IIt Val-l'|7e\/3:(-1 3V/-24V)
BNC 3 BNC 4 BV
pr VCC2:  -13V (-24V)
— FVP= | +VSETT
GND IVSETH: oV
+VSET2: +18V

+VCC1:  +13V (+24V)




H-bridge eval board Q-CC007

Configuration table for connecting BNC boards to Mosfest

BNC1

BNC2

BNC3

BNC4

BNC3
(board 2)

BNC1
(board2)

+

+

DA12
DA13
AA5
AAO
DAl
DAO
AA2
AA3
DS3

DS2
DA10

DA9S

Q2

Q3

Q4

Resistor

Power Supply

Gate
Source
G

O UV O

R2
PS+



Q-CC004-6 HQA LEM Prototype

BNC 1 BNC 2

DL801  (pisoo)

AAQ ASO | PRAAS mor— es DAY | \/CCT (vec oy 1 2 DA13
AAT AST 3: : s :' : : VP2 3: Z DA12
AAD AS2 |5 olslel @ ole® ool | BV 51 6 DA11
AA3 AS3 |3y ol%le el | YPT o 71 % DA10
AAd ASE [3lg oléle ® o v o| | GND 9 10 DAY
AAG ASE |2 g olulelETeTe - .ol | VP ] J12 DAS
APO o wla|e|ulile Tk of .ol | TV 13 14 DA7
L APt [9]g ol 2l |2 letel ol sl L o ol | TVCC2 o 151 176 DAG
S { s Bl° o(e]o[s]e]= |5Te o |5 ]3]s ool | TP DAl
AP4 { S e e e e e R ey S *® | WSETZom 2110 22 DAS
{ ® 00|00 jO/O| O/ 00 A:O [ AN ) ® o S ©
{ APS o ® oleoisleleieolelelelelee o0 +VCCH 23 o 24 DA2
APG { A M N Y ~o| | DSOREF 25| 126 DA
{ APT 8le wleleldlole 315l elele ]| o o o | DSIF33V 27| I28 DA
APS { : o w5 o | 5To]e |5l win w]"[s oot | DS2 29]. J30__GND
{ APY |3l oleTe = o ol DS3 31|, J32__ DS5
AP10 { 3 ® O A:ﬂ () ¢ BN.C3— GND||GND BNC4- ¢e o o DS4 33 © 34 00 -VCC2
{ AP11 | |o ol27e oo | SPLMISO 35| 136  +5V
AP12 { 2l olslel @ @ O o o| | SPLSCK__37] | 38SPI_MOS|
AP13 |Blo ol274 o o| | SPLRST 39 40 _ GND
20- Poli = = NCOT T avi-24v)
ROl BNC 3 BNC 4 VS
— e VCC2:  -13V (-24V)

+VP:= +VSET1

RMeas = :DA13 BNC].' +VCC2: +7V

+VSET1: +6V

Rmeas + : DA12 BNC1+ +VSET2: +18V

+VCC1: +13V (+24V)

()
=1
O
()
=1
O




Q-CC004-6 HQA LEM Prototype
Analog Power + Digital
A-Arduino AlO-Standard DIO-Arduino

connected to uC ADC connected to uC DIO

DL801 (pLsoo)

AA| As J3 J4 Psl% -VCC1 (vec oy 1 I
%: . = °: VP2 3
NN -5V 5

e Q,S(' o . VPl T

o o , . o O GND 9

® o & ® o +VP 11 2

o &t 3 .. ¥5V 13

o ® x‘° \‘X o e +VCC2 sy 15 M

.. & S(' .. +VSETT vy 17 |

. TR .. +12V 19 |

. e . e +VSET2 v 21 X

o e - +VCC1 23 |_

o . DS1/+33V_ 27

. _— DS2 29

—— = DS3 31

.. .. DS4 33

.. —e SPI_MISO_ 35 36 +5V

- S= SPI_SCK___37 38 SPI_MOS|

. e . SPI RST 39 [ 140 GND

2x20- Polig AP 16 DS[SPI
— — J \_J dwictes D|O - Standard -E\)\;eé?ﬁva%?/;(/-mw-mw
- - _ SPI :VP1;_ :6V _
GND CN Two double-rows of pin: I ] connected to uC SP! \S//CECCZZ e
AlO-Precission . . FVSETE: 18V
shielded by surrounding ground pins Accessable on each board  For interconnecting the modules [+vcct: +13v 24y




SU813 Notes production

- Check for the latest production version and check for additional notes on the workshop server
- Add Polarity Protection: Pin 39: Top: Block pin with solder. Bottom: Cut pin
- Set standard jumper settings

- Put PCBs into Aluminium case. Drawings of the cases can be found here:
\\pi2\microcontroller\QD-Ultracold\Q-El - e-lego\Cases and Heatsink Needed: To be determined

- Label the finished boxes with the Part-number SU813
- Label the power input : ,,15V*“

- Add some notes to the workshop server if there has been some modifications to the previous production version

- If not available yet, make pictures of the produced component an put them on the workshop server


file:////pi2/microcontroller/QD-Ultracold/Q-El%20-%20e-lego/Cases%20and%20Heatsink




Design rules for e-lego Boards:

- Aktuellestes Template verwenden (Gunnar fragen: DL801+Duplikat Pinleiste)

- Immer die Duplikatpinleiste bestehen lassen. Bitte vorher absprechen, falls Platzmangel herrscht und Teile
davon entfernt werden missen

- Jumper Rastermal 2 mm standarmassig verwenden (Gunner fragen)

- Falls far Spannungsversorgung Hohlstecker verwendet, gleiche Position wie bei SU803

- Auf Beschriftungsdruck bei Spannungsauswabhlsleiste die Spannungen angeben

- Auf Beschriftungsdruck Jumper Pin 1 markieren mit einem Punkt

- Standard Jumper settings markieren auf Schematic und Layout



High Speed Amplifier for fast E-field ramps

2 versions:

- Possitive voltage ramps
- Negative voltage ramps

Black: new circuit
Green: existing circuit

FET: STB45N40DM2AG
Gate Driver: UCC27512MDRSTEP

L — ’:@j‘ Isolation
ehi . Logic
switching logic
\ / N/ Gate driver

High Speed Amp o

Ramp Generator — m;r _

40V 2.5V/ns 10ns, 70mQ
High Voltage Amp =

Ramp Generator — m;r _

400V 0.2V/ns 10ns, 70mQ

Supply: +450V, -30V

Field electrode
200 pF




High Speed Amplifier for fast E-field ramps - Positive voltage ramps

Blue: new unit
Green: existing unit

TTL 2 ™
Sensing CPLD
l % |
Logic
:@: :@: Isolation
supply |
-3/+37 Gate driver
High Speed Amp
Ramp Generator I\
40V 2.5V/ns
High Voltage Amp ) —1
Ramp Generator o
B ¥ 1 Field electrode
n )
200 pF v
400V 0.2V/ns

Supply: +450V, -30V




High Speed Amplifier for fast E-field ramps - Negative voltage ramps Blue: new circuit
Green: existing circuit

TTL
Sensing CPLD
Logic
| 1
:@: Isolation
supply | |
-37/+3 Gate driver
High Speed Amp
>~ o |
Ramp Generator 1| 4
40V 2.5V/ns wr
High Voltage Amp —1
Ramp Generator o
) 0 Field electrode
N Li4
200 pF v
400V 0.2V/ns )
Supply: +450V, -30V
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RF Power Amplifier V187

Current version (18.03.2021): V3

V4 has been started to be used with backplane




RF Power Amplifier V187

Test for high and low gain setting:

- Gain [in dB] @ input 100 MHz, -10 dBm
- harmonics [in dbc]@ input 100 MHz, -10 dBm
- isolation when switch off [in dbc]



[-J Mini-Circuits

https://www.minicircuits.com/WebStore/Amplifiers.html

F Low F High Gain NF Input VSWR Output VSWR Voltage Current Connector

Model Number (MHz) (MHz) (dB) Typ. (dB) Typ. P1dB(dBm) Typ. OIP3 (dBm) Typ. (1) Typ. 1) Typ. ) (mA) Case Style —

Option

ZHL-5W-1+ 5 500 45 +4 37 49 2 25 24 3300 DDD131 SMA Heat Sink



Rydberg-DDS 1

00:aa:bb:cc:da:01
147.142.16.63

AD9958/59 EVALUATION BOARD 2
REV. €
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Jovices
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0@ st

( =

— 5 .- RF - source

Type A Type B



« Start with an empty module How to start a production in the workshop

AAQ aa|as J3 J4 ps | DA -VCC DL 2 DA13
AAT =] | VXX 3 DAT2
A2 o e -5V 6 DAT1
AAS o o VP 8 DAT0
AAd -~ o GND 10 DAY
A_A5 ® o ® o ‘+_VP 12 D_A8.
AP0 =L > 5V 12 DA7
- .. .. ¥8V__ 16 DAB
:: | R
+
ARd .. ° e FUXX 22 DA3
AP .. o +VCC DL 24____DA?
.. e DSO/REF 26 DAI
AP .. .. DST+3.3V 28 DAO_
T EEE —
AR e e 0S4 3 Dso
AP .o —o SPLMISO 365V
. =i SPI_SCK 38 SPI_MOSI
. . e SPI_RST 40___GND
AP 16 DS|sPI

2x20- Polig




* Start with an empty module
* Sketch the circuit
» State specs

AAD ASO
AAT AST
AAD AS2
AA3 AS3
AAZ ASA
AAG AS5
APO
AP1
AP2
AP3
AP4
AP5
AP6
AP7
AP8
AP9
AP10
AP11
AP12
AP13

How to start a production in the workshop

example: universal driver — SU804
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Board Rotation Protection

J2
x? ﬁ:g? J1ii AS iiAS J3 DIP Gehause J4iiDA iioA J2 '&)C(:)(g DL ; © i 8212
o|e|e|e o|e|e|e -
AA? AS2 IO IO BV 510 6 DAT1
AA3 AS3 o eole e o oo @ VP 7° 8 DA10
AA4 AS4 o oo @ ° oo e GND 9 N 10 DAY
AAS AS5 e oo e o oo e +VP 11 12 DA8
APQ ®e oo o oo +oV 13 1o o114 DAY
AP1 o oo e O ) +38V_ 15_0 16 DAG
AP2 6'. oo @ O O +VSET 17 18 DAS
AP3 3|e e|e e I +12V 19 20 _DA4
AP4 goooo o oo e +VXX 21 a 22 DA3
AP5 j|e ele e LG +VCC DL 23 " 24 DA2
AP6 S|e e|e e e efe @ DSO/REF 25—0 26 DA
AP7 z|® @|e e oo e DS1/+33V__ 27 28 DAQ_
AP8 Cewee o oo DS2 29 | J30 GND_
AP9 <@ oe e e oo e DS3 319 32 DS5
AP10 e ee e e oo e DS4 33_o 34 DS6
AP11 o ee e oo e SPI_MISO 35_o 36 +5V
AP12 o eee e oo e SPI SCK 37 - 38 SPI_MOSI|
AP13 ... e ee e SPI RST 39 X 40 GND
o oo e o oo e
AP AP SUB01-0 DIP Experimental Board 09/2016 DS [SPI DS [SPI 2x20- Polig
fop side .. chgl\é!:w) witk  50lde, (?“(Gon[\i?)

Coffom 51de. = = Cut {;}w



Documentation of electonic devices

1) Give it a serial number

2) Put the documentation on the \\pi2 Server



Documentation of electronic developments

Please document all electronic circuits and boxes by
1.) Labeling it with a serial number and

2.) by saving the circuit diagram on the pi2 -server

\\pi2.physi.uni-heidelberg.de\microcontroller\QD-ultracold\

Use your active directory credentials "ad\name" to access the pi2-server.

For a new development create a new folder with a consecutive serial number. E.g. if you develop a new

Network > pi2 > microcontroller > QD-Ultracold

Name

Q-00 - Template folder

Q-01 - Info

Q-99 - Backups

Q-Ar - Arduino circuits

Q-CC - Current Control circuits
Q-DH - PhD Head

Date modified

10.03.2017 08:56
10.03.2017 08:56
10.03.2017 08:56
10.03.2017 08:58
10.03.2017 08:56
10.03.2017 08:56

Q-Dr - Driver 10.03.2017 09:16
current control circuit create a new folder Q-CCO003 if the previous serial number in the CC folder has been Q-EC - Experimental Control 10.03.2017 08:56
Q-CCO002. If you make a modification to the Q-CC003, generate a new version in the folder, e.g Q-IL- Interlock 23.03.2017 10:25

Q-CC003-2. For the sub-folder structure of each folder use the one which is given in the template.

\\pi2.physi.uni-heidelberg.de\microcontroller\QD-ultracold\Q-00 template\

Put the Serial Number onto your Box. Use a Dymo label or a Box-ID label& For the documentation put all
available files (schematics, layout, CAD files, software code, documentation, etc..) into that folder. You can
use whatever format you prefer. If you have some wiki or online documentation, please put the
corresponding link into a text file.

https://www-intern.physi.uni-heidelberg.de/Wikis/ultracold wiki/index.php/Documentation of electronic developments

Q-In - Indicators

Q-Lo - Logic Circuits

Q-Op - Opamp Circuits

Q-PD - Photodiode

Q-PS - Power Supplies and Voltage sourc...
Q-RF - RF circuits

Q-RP - Redpitaya

Q-Se - Sensors

Q-Sw - Switches

10.03.2017 08:56
11.04.2017 09:29
14.08.2017 17:00
10.03.2017 08:56
22.03.2017 16:49
10.03.2017 08:56
09.03.2017 14:56
10.03.2017 08:56
10.03.2017 08:56

Example

QD and ultracold circuits, developments and characterization

For a new development(- version):
- Create a new serial number (consecutive)

> Network > pi2 > microcontroller > QD-Ultracold > Q-CC - Current Control circuits > Q-CC001 H-bridge HIP4081

e-lego manual

~ HIP - Algorithm for successful HIP Reactivation.pdf

Name Date modified Type
E.Iﬁm Q-CC001-1 Feshbach-HIP old experiment 10.03.2017 08:56 File folder
_:én'?_!,_ Q-CC002-2 Feshbach-HIP new experiment 10.03.2017 08:56 File folder

23.09.2015 11:24 Adobe Acrobat D...

B

EE@}#.E https://heibox.uni-heidelberg.de/f/5b7db6b8e09b43b0a7db/?dI=1

Example: \\pi2\microcontroller\QD-Ultracold\Q-DC - Device Characterization\Q-DC-002 RF sources


https://heibox.uni-heidelberg.de/f/5b7db6b8e09b43b0a7db/?dl=1
https://www-intern.physi.uni-heidelberg.de/Wikis/ultracold_wiki/index.php/Documentation_of_electronic_developments

Developments made by the electronic workshop.
E-workshop wikig’

The documentation of EW developments can be found in the following folder:

\\pi2.physi.uni-heidelberg.de\geraete\Geraete

To add some own documentation, e.g. a test result, you can obtain write access to the
specific subfolder by writing an email to edv@physi.uni-heidelberg.de [1]& with the
following message

Please give write access to the groups "gd" and "ultracold"
on the following folder
\\pi2.physi.uni-heidelberg.de\geraete\Geraete\***e.g. SU\SU-
S800***

After obtaining write access you can copy your files using the structure of the sub-
folders given in the above template

b e-lego manual
w https://heibox.uni-heidelberg.de/f/5b7db6b8e09b43b0a7db/?dI=1

Pl developments

Network > pi2 > geraete > Geraete

Name

_Template
A

ADA
ALICE_KIP
AS

C

DL

E

F

Frontplatten

G

Geplant
Geraete_PI_Gruppen

NIM

PS

S

SM
Sonstige
ST

SU

SuUB

s<cgdg-

Date modified

16.06.2014 15:36
30.06.2016 08:31
27.01.2016 06:47
28.01.2015 10:37
07.02.2017 13:35
15.03.2011 16:31
20.03.2013 09:52
30.10.2017 16:57
14.03.2017 13:28
05.07.2011 14:22
15.01.2015 09:02
02.12.2016 11:40
08.04.2013 10:29
14.01.2016 15:40
07.05.2014 15:22
10.11.2017 10:58
15.03.2011 16:35
13.11.2015 08:58
15.03.2011 16:36
30.05.2017 10:07
20.07.2011 11:08
22.03.2017 16:15
15.03.2011 16:27
05.07.2017 09:39
15.03.2011 16:37
19.02.2016 07:10
13.03.2017 14:09
22.05.2014 09:08
30.05.2017 10:57
15.03.2011 16:23
15.03.2011 16:38
15.03.2011 16:38
15.03.2011 16:38
21.01.2014 10:20
17.10.2016 14:37
14.08.2017 14:43

Type

File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder

File folder

Size


https://heibox.uni-heidelberg.de/f/5b7db6b8e09b43b0a7db/?dl=1

DC/DC converter prototype
A-Arduino AlO-Standard DIO-Arduino

connected to uC ADC connected to uC DIO
DL801  (pLsoo)

AA | As J3 J4 ps | DA -VCC1 vec oy 1 [~
o] o0 VP2 3
o o e o -5V 5 »
- - - -VP1 vy 7 e
o e o e GND 91
- . NMG12095C . @ +VP 11 1g
[ 2N ) ... +5V 13 N
¢ e ¢ e +VCC2 sy 15
¢ e ¢ e +VSET1 e 17 |
e e e e +12V 19 |
- . NMG12095C  10uH 4.7yF - . +VSET2 vy 211
e = ~n e +VCC1 23 |
) DC C% Yo ®
o I vt .o DS1/+3.3V_27
ke - DS2 29
- - D
.. i SPI_MISO_ 352 36 +5V
—— .“l. SPI SCK 37 38 SPI MOSI
—— = m SPI RST 39 ‘ 40 GND
2x20- Polig AP 16 DS[SPI
L L duplicates D|O - Standard %eé?ﬁva'_“fv;v_13v,_z4v)
GND GND SPI VL S
connected to pC SPI +VP:= +VSET1
+VCC2:‘ +7V
AlO-Precission WSET2: +18v
shielded by surrounding ground pins +VCC1:  +13V (+24V)




DC/DC converter prototype

® ©®0®00®OeO®O®OO®O®S®
$ 99090600 ®®0®0O® 0O 0O -

........'..0.........3
®© 0000 0(0 00000000 OCOGCDOSOOSON

°

)

o0 e

®e ® Single Output

0@

: : : | Pin  Function
g 1 +Vin
206 2 -Vin
5060 5 -Vout
e ® 7 +Vout
@ @ @

@ ® @®

sus

(0]
(]




SU817

A-Arduino AlO-Standard DIO-Arduino

connected to uC ADC connected to uC DIO

DL801 (pLsoo)

J1 AaAs Ps | pa J2 -VCC1 vec oy 1 [~
o|® "l' VP2 w31
o0 o0 5V 51°
©
o e b VPT o T,
o O o O GND 9 N
e o NMG0512SC L e o +VP 11 N
e N T °e +5V 13 ]
e e DC CT - - +VC02 (+8V) 15
s e TVSETT vy 17
z|@® @ NMG05155C o0 10V 19 ©
- s N °e FVSET2 o) 21,
¢l o 0 T .. +VCCH 23 |
= NMGOS05SC .. DS1/+3.3V_27
N | —
o L il o DS4 33
.o < ®* |ISPLMSO 35 |36 +5V
ow| | N T .. SPI_SCK__37 38 SPI_MOS|
ool O T - SPI RST 39 40 _ GND
2x20- Polig . bs | s
_1_ _1_ duplicates D|O - Standard %eé?ﬁva'_“;‘;:;v_mw_zw)
GND GND SPI Votz v (24v)
connected to puC SPI +VP:=  +VSET1
L +VCC2: +7V
AlO-Precission WSET2: 418V
shielded by surrounding ground pins +VCC1:  +13V (+24V)




U4A u4B
S14214DDY S14214DDY
- N
o q
N Rr13 R14
VINA: BV - 15V 10R 10R R15 C15
VIN2: 6V - 24V 1+
Vi us | +VCC1
LTCA4365CTS8 © SK1 6n8 — T
J4 1 F2 1 , GND
3 = . VIN & vour
a 3A/32V R16
- ovi=trv | ova=26v 2?&,;’ 5 l=n Ve
694106301002 1 3
R18
Ju23
— 1K6: 0,25W
ci6l  R20[] RS0 5712 w FAULT 117
22035V T 887KLl 1M37 D6 T 22u/35V
——o o g 3 2V//20mA/Rot
R21 oV1=17V o D7
27K OV2=26V - 0.35V@0, 1A
UV=5,5V
GND GND GND GND GND GND



New: e-lego board design:

https://www.samtec.com/products/qth-060-04-1-d-a

QTH-060-04-L-D-A Teserve

Connectors:

40

O Please to see customer specific pricing. Or you may directly
You don't have an account?

3D Model Symbol Footprint

View Mating Products:

IR

Similar Parts Packaging
= =
% STOCK
v Ships Ton 120 pieces
1552 pi

PRICING

Breaks 40 80 120 240 480 1360 3640 7840

Price $19.100  $18.630  $14.440  $13.050  $10250  $7.460  $6.900  $6.380

Save your preferred CAD Download type in

Pitch: 0.5 mm
Stack hight: up to 16 mm



E-lego Development Board

AS J3 J4 ps | DA AA | AS J3 J4 ps | D/ AS J3 J4 ps | DA
| @ o|e o|e LA e o|e
. O .. DK . O
o .. .. o | o oo
o .. oo . o ..
. .. .. . | . O
o o .. .. . | o ..
R ) & o e L ) L | @ e e
PS 1 (e.g. possitive supply) e = . e e =
m B | o .. .. . | o o
u . o - . " o
| o 0 0 O oo OF | o 0 O
5,5-30v 5,5-30V, 3A L eq od A L LN ) od o | e ¥ od A L
Hohl DC-DC BNC | @ LR o o e L2
stecker. | Converter o O .. o | ® oo
m‘s“e"' Hohl ) & e e e o | ) & LN 2
stecker- ) o o e o e o | @ )
cable . O .. OF . ..
o 33t9 . .. .. . | ® ..
joad resistor - -
QBALESIr | e .. o . oze
for lim adiust,  ® .. .. . . e
i o o0 .. o | . o0
AP 16 DS [sPIl AP 16 DS|Si AP 16 DS|sPI
PS 2 (e.g. negative supply) ‘ A-Arduino AlO-Standard ‘ Supply Voltages DIO-Arduino
: connected to uC ADC connected to uC DIO
" Out J AALAS J3 J4 s |0 L0t
5,5-30V 5,5-30V, 3A AAD 1 2 ASO o|e i _ | Dol o ’
_— AA 3 7 AST =y = -VCC e py 1 2 DA‘ 3
Hoh | PCDC BNC AA 5 AS2 s = VP2 v 31142 DA12
stecker- | “onverter AA3 i AS3 e = -5V 5 6 DA11
Buchse Hohl 12 9 LYdT0 A eespas - VP 7 8 DA10
ei AAS Tl 2 AS5 .. oF Lyg)
stecker GND 9 10 DAY
cable AP 3 4 Ll .
330 L 2 AT . oo HVP il 2 DAS
50 W load resistor AP2 ; ;g 55 - +5V 13 4 DA7
fOr hims adiust s TP T — +VCC2 ., 15 16 DA6
23 Ed 24 AP5 o *VSET .u 17 8 DA5
AP6 25 29 26 o e od o +12V 19 20 DA4
Arcelli ZK-SJVA-4X [ 2715 28 AP7 .. o o +VSET2 vy 21 22 DA3
WA Aps 129 30 r +VCC1 23 24 D
Dimensions: 66.4 mm x 48.2 mm 37 3 AP9 - - . ¥ 5 AT
AP0 T 33 34 o o - DOUMRER 20 | DAT
350 I3 1 APt .. o DS1/+3,3V__27 28 DAO
AP12 37 38 o O DS2 29 G
39 40 AP13 e . DS3 31
2x20- Polig - - LA DS4 33 -
e . [ SPTMISO__35 | +
‘ = = .. . SPI_SCK__37 38 SPI_MOS|
GND GND w 16 DS[S P ReT a0 °
AlO-Precission
- Alle Pins Verbinden nielgebysareundng sround s DIO - Standard oo M raviza
-VP2: 2,7V
VP1

- Cutout

- GroRe Beschriftungen,
- Testpunkte

- FuRe

- Strombegrenzung

- Multimeter fur alle -V und +V Uber DIP Schalter

SPI

connected to pC SPI

: -6V
VCC2: 13V (-24V)
+VP:=  +VSET1
+VCC2  +7V
+VSET1: +6V
+VSET2: +18V
+VCCT: +13V (+24V)
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https://www.berrybase.de/0-28-mini-digital-voltmeter-mit-led-
anzeige-3-2-30v-2-wire-blau

https://www.berrybase.de/0-28-mini-digital-voltmeter-mit-led-
anzeige-3-2-30v-2-wire-gelb

0,28" Mini Digital-Voltmeter mit LED Anzeige, 3,2-30V, 2-Wire,
blau
Artikel-Nr.: SVM330-B | EAN: 4251266707332 0,28" Mini Digital-Voltmeter mit LED Anzeige, 3,2-30V, 2-Wire,

gelb
Artikel-Nr.: SVM330-Y | EAN: 4251266707325

https://www.amazon.de/AZDelivery-Digital-Voltmeter-7-Segment-LED-Anzeige/dp/B08T252LCY/

https://www.amazon.de/gp/product/B07MY399GQ /ref=ppx yo dt b search asin title?ie=UTF8&psc=1



https://www.amazon.de/gp/product/B07MY399GQ/ref=ppx_yo_dt_b_search_asin_title?ie=UTF8&psc=1
https://www.amazon.de/AZDelivery-Digital-Voltmeter-7-Segment-LED-Anzeige/dp/B08T252LCY/

e-lego stock
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0100 - Photodiodo - submodulo  VW067

e lego
| susti

| Solid State Relais
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{sU-810
A 2 [ susor |
[ﬂslrumenla(mn Amplifier
—= | PID Regulator

0lego - Photodiode - buffer amplifier SUB00O

' ]
SU 806 USB Connector H
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Molex connector standard




Typical e-lego issues:

- Sort and shelf
used modules

- Label used
modules
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Noise and Transferfunction — Example SU800-2 Eﬁggﬁgﬁé

Power Spectral Density

-125
Background TiePie HS5

—— 5SU800.2 & PD5 S9055-01

Power Spectral density —— SU800.1 & PD5 59055-01

—130 1 —— PDA10A-EC Si Thorlabs - 4.5dB for comparison

—135
N
<
=
o
©
—140
—145
—-150 T T T
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Bode Plot
5
0 o
Bode-Plot s
_5 -
V) 0
@ —10 —
k) —-135 =
= —— Phase SU800-2-Gainl b
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2 _15 -180 &
[o R
—225
—-20
F—270
-25
- —315
—— Power SU800-2-Gainl
-30 —-360
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frequency [Hz]
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| o | | . . UNIVERSITAT
Noise Characterization issues: Downsampling of noise and Differential Measurement HEIDELBERG

Note: differential measurement is

16 bit resolution Comparison single ended vs. Differential (HS6) very sensitive to where the

ground is connected to

Power Spectral Density Power Spectral Density

—-100 —100
Background TiePie HS6 Diff with Probe and 50 Ohm
~105 4 —— 5U800.2 & PD5 $9055-01 Gain 1 differential out
—— 5U800.2 & PD5 S9055-01 Gain 1 single ended out
/ —110 A
—1101

I
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|

|
-
N
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|
-
N
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n

o LN "\/ UNI ¥ /iy ‘J‘\“ f‘l" | ‘A“ ; }\"«F*I} Ji'“ﬂ

—125 1

PSD [dBm/Hz]
.I_.
w
o

Background TiePie HS5 —140 -
—135 7 — 5U800.2 & PD7 G12180-003A with 2 MHz LP-filter to avoid downsampling
—— 5U800.2 & PD7 G12180-003A
-140 — ; . .
02 103 104 10 108 _15 | | |
Hz 1105 108 107 108

frequency [Hz]

For low frequency applications use LP filter to avoid downsampling of high frequency noise in you digital device |

12 bit resolution

Power Spectral Density

-125

Background TiePie HS5
—— SU800.2 & PD7 G12180-003A with 2 MHz LP-filter to avoid downsampling
—— SU800.2 & PD7 G12180-003A

—130 A

—135 A
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-140 4

~145 A

—15 T T T
10° 106 107 108
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High Speed Subtractor with SU800:

Input impedance: ~ 50 Ohm

Connect AS3 and AS4 to input of differential Amplifier

)

sv Signal Buffers &
co I l c1o SIGNAL
10010V 100n
SIGNAL: o
) GND GND
From/To PD-Amplifier
R7
+6V_USB 274R00,1% 2 nﬁ%
VCM1
5 u3
i :“‘lw LMHESS25D SIGNAL OUT1+ il [D# a
1 i
<= SIGNAL. I S4R90,1% 1 §§ +004 51R - ) O
o |8 SIGNALS s < o o
4 *
Gl L failh g7 o SIGNAL OUTI- i)
= o —
5 S54R9I0,1% ent 51R g ! ! O
i R11 Ri12 R13 = e o [i a
= -6VUsB 107RI0,1% 107R/0,1%
GND 274RI0,1% ez I ] cis c2s J_ c27 J_czs R19 o o a
100n I I 100p 10u10V I I 100n I 100p R ° °
GND  GND C14I l cis = = = = = =
1010V I I 100n GND GND GND GND  GND GND o %
) o ; I GhD Y  GRD
Gain: 6dB = Diff.Signal 2:1 Gain: 12dB = Diff.Signal 4:1 i " D n
SE.Signal 1:1 SE.Signal 2:1 ln M Aosooovroz | A s D []
3 || [ ADBO0OYRDZ / nb.
Gain__|RF (R7,R13) | RG (RB,R10) |RT (R11R12 EN . ||g D_dﬂ
0dB 2750 2550 590 2 y ¢ o6 SIG OUT2
6d8 2750 1270 68,10 e 2 2
12d8 2750 5490 1070 <| 2 L] a
| Gain: 5 < Connect Pin 3 with Pin 6
- o Gain:5 | fUSRIERIBisnb.
RIS u4rp )
R16 A F
P1 380R L8
380R/390R
Jug For Gain 10:
VCM1 ENt +6Y [ ;1; - N
| :[ [ 91RU43R R18-43R
U1 c16 c17 c18
100n 100n 10n sV
= = = c20 I l c21 c24 I c26 1 c28
GND GND GND W 100n l _T_mop 10010V _T_ 100n l100p
GND GND BV GND GND GND 3V GND  GND




High Speed Subtractor with SU800:

Blue: factory jumper settings

Connect analog ground to digital ground

J2
ASO VCC DL 1 2 DA13
AST =VXX (—J.lu}aao«\g’j_o < DA12
AS? =5V 3 | % 6 DA11
A3 VP 7 5 DA10
YT GND g ° 70 DAY
ASH +VP 1 A 12 DA3
5V 13 14 DA7
AP 8V 15 Jo J 16 DAG
FVSET Fio) 17 18 DA5
AP3 +12V 19 J20 “DA4
FVXX W0 21 |0 22 DA
AP5 FCC DL ' 23 |° J 24 DA
DSOIREF 25 26 DA
AP7 DS1+33V_27 | J28  DAO_
DS? 29 30 _GND
AP9 DS3 31 M 32  DSo
DS4 33 34 DS6
AP11 SPLMISO 35 o 36 5V
SPISCK___37 |o Jl 38 SPI_MOST
AP13 SPLRST 39 |0 J40  GND

2x20- Polig




4 power supplies per driver




Temp stuff



SU807-1 Setting up Power Supply

Set up DL 800:

J1 AA

BiaqIepIaH 0 AusIanuN Id

J4 ps | DA Ps

SPI

SPI

DA J2

z<

Steidel

06/2019

SU807-1 PI-Controller

-Vxx setto-2.7V

+12V needs to be available

V- Jumper select (-Vp set to 6V)
V+ Jumper select (+Vset set to 6V)

J

+/CC DL

DSOREF_ 25
DS1+33V__27
DS2 29

DS3 31

DS4 33
SPI_MISO
SPI_SCK
SPILRST 39




SU807
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Error

5

100nF

ADA4817-1ARDZ

l—"l-GND
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SU807-1 —~100 Power Spectral Density

Background TiePie HS5 12 bit, 500MHz, 10 Msamples
—— SU807 open loop, error monitor
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Step response for current value of capacity in | part (value unknown — probably C=100pF), | gain max

HS5-540XM(32662).Ch1| HS5-540XM(32662).Ch2
105.9 mV 109.9 mV

[Domain _[left [Right  [Difference  [1/Difference |

0.40000

.20000
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-0.10000

.30000

-2.000 ps -1.000 ps 1.000 ps 2.000 ps 3.000 ps 4.000 ps 5.000 ps 6.000 ps FATS 8.000 ps



SU8K07 Modifications for second prototype

1) Modulation input hinzufigen (Notiz an Gunnar geschickt).
150 Ohm zu AP9 standardmafRig nicht bestlicken

2) Offset anpassung zu -30mV einfligen (Notiz Steffen)
3) Steck-Kapazitat (sockel durchs board) im Feedback des I-teil
4) Steck-Kapazitat im feedback des p-teil

5) Steckjumper um voltage limiter abzuschalten
Raster fur Jumper 2 mm, siehe DL80O0.

6) Uberbriickunsgmdglichkeit des input buffers

7) Bitte standard jumper settings wie im ersten Prototyp im
Schaltplan vermerken und bei zuklinftige fertigung
entsprechend setzen

8) Werte der standard steckkapazitaten wie im ersten Prototyp

Fertigung neuer Prototyp:
- 4 PCBs bestellen
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