A multi-tool measurement software

Axel Fischer und Felix Kaschura GbR

29.09.20 @ virtual MOS-AK workshop, THM GielRen
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Introduction

SweepMel! is a spin-off from IAPP, TU Dresden

Founders: Axel Fischer and Felix Kaschura

Background: organic semiconductor physics & electronics

October 2019: SweepMe! is available worldwide

[ § SweepMe! X + - a8
& > C @& sweep-menet ®ax @ :
SweepMd Home  Download  Modules & Devices  Help & Support  References Services
SweepMe!

SweepMe! is a creative and flexible test & measurement software. You can create procedures in short time by drag&drop of modules in a
tree-like sequencer tool. Any device can be added via an open interface. Already implemented devices are used and shared across all
users. We wish you a lot of fun while measuring and good results!
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Introduction

Instruments are combined in various ways:
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Instruments are combined in various ways:
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Introduction

Instruments are combined in various ways:
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Introduction 5

Can we organize all instruments in a modular way?

sweep-me.net 7
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Gameplay

SweepMe! - .\Wafer _test.set U

File Widgets Settings Tools Window Help Info %@’_\
T General Sequencer WaferProber SMU Gate
I> Sequencer = - = =5
Measurement tree Value é E §
Pause: oo
v WaferProber Nucleus
HH v [v] SMU Gate HP 415x CH1 ©
Stop: v SMU Drain HP 415x CH2 E §
SMUPD  Keithley26xx Ch A al|o
v [V] Signal 33220A —
Scope HMO3004
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Gameplay

 SweepMe! - .\Wafer test.set U

File Widgets Settings Tools Window Help Info —

LT General Sequencer WaferProber SMU Gate

—
I> Sequencer =

y
5
iej

I
1
©

)

Measurement tree Value
Pause:
HH v WaferProber Nucleus
v [v] SMU Gate HP 415x CH1
Stop: v [v] SMU Drain HP 415x CH2
SMUPD  Keithley26xx Ch A
v [V] Signal 33220A
Scope HMO3004

 Combine different devices & interfaces

 Quickly create nested for-loops

» Add modules at higher or lower level

sweep-me.net 10



Gameplay

 SweepMe! - .\Wafer test.set Pseudo code:

File Widgets Settings Tools Window Help Info

Run: SGEﬂ sequencer | WaferProber_|_SMU Gale for each position of WaferProber:
equencer

> for each voltage of SMU Gate:
M Val .

pause: | oo ement e e for each voltage of SMU Drain:
v WaferProber Nucleus

UU v [“]SMU Gate HP 415x CH1 for each voltage of SMU PD:

Stop: v SMU Drain HP 415x CH2

SMUPD  Keithley26xx Ch A
v [V] Signal 33220A
Scope HMO3004

apply set values
call all measurement values

for each value of Signal:
for each value of Scope:

apply set values
call all measurement values

sweep-me.net 11



Gameplay

File Window Settings Ports Modules&Devices Help Info
Measur... seq... SMU... SM... Function: Trace C... Wafer... Condition Go t...

Run:

I> Sequencer X

Sequencer: Modules:

Pause:
HU Measurement tree Value Progress Calc 2
v WaferProber Nucleus Camera
Stop: v MakeFile Stress_test Condition
|:| v Condition Go to next CustomFunction
v Loop Delay
~ [ SMU Drain 500 CH1 Form
v [~] SMU Gate B1500 CH2 \Hold
Function: ... meter

LoadFiles

Locln

Logder

Loop

MarT

MakeFile
Monochromator
NetworkAnalyzer
SMU

saL

Scope

Signal
Spectrometer
Stop

Sweep

Switch

Temperature

VMnfneDenlbne

Configure..

Main program

sweep-me.net 12



Gameplay

Run:

Measur... seq... SMU... SM...

File Window Settings Ports Modules&Devices Help Info

Functjon: Trace C... Wafer.

Condition Go t...

I> Sequencer

Sequencer:
Pause:

Modules:

X

|:||:| Measurement tree
v WaferProber
Stop: v MakeFile
|:| v Condition Go to next
v Loop
~ [»] SMU Drain
v [v] SMU Gate

Value

Nucleus

Stress_test

500 CH1
B1500 CH2

Function: ...

Progress

Calc
Camera
Condition
CustomFunction
Delay
Form
Hold

meter
LoadFiles
Locldn
Logder
Loop
MarT
MakeFile
Monochromator
NetworkAnalyzer
SMU
saL
Scope
Signal
Spectrometer
Stop
Sweep
Switch

Temperature

VMnfneDenlbne

Configure..

sweep-me.net
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Gameplay

Run:

File Window Settings Ports Modules&Devices Help Info
Measur... Seq... SMU... SM...

Functjon: Trace @ Wafer... Condition Go t...

I> Sequencer

Sequencer:
Pause:

X

Modules:

HU Measurement tree
v WaferProber
Stop: v MakeFile
|:| v Condition Go to next
v Loop
~ [»] SMU Drain
v [v] SMU Gate

Function: ...

Value Progress Calc ~

Nucleus Camera
Condition

CustomFunction

Stress_test

Delay
500 CH1
B1500 CH2

Form
NHold

meter
LoadFiles
Locldn
Logder
Loop
MarT
MakeFile
Monochromator
NetworkAnalyzer
SMU
saL
Scope
Signal
Spectrometer
Stop
Sweep
Switch

Temperature

VMnfneDenlbne

Configure..

sweep-me.net

WaferProber x
WaferProber label: |WaferProber |
Device: WaferProber-Test_template ~ | | Open/Modify
Port: [o ~| | Find Ports
Sweep value die: Die table &7
Sweep value subsite: |Subsite table v
Actual values:
Die: | |
Subsite: | |
¥ in mm: | |
y in mm: | |
Probe plan: Update
Die table Subsite table &
1 Test index 1 1 1 (Label)
2 Test index 2 2 2 (Label)
3 Test index 3 3 3 (Label)
4 Test index 4 4 4 (Label)
5 Test index 5 5 5 (Label)
6 6 (Label) y
Go to next die Go to next subsite

Right-click on a table item fo find further actions

Module

14




ameplay

€ Programmer's Notepad - [C:\ProgramData\SweepMe!\Device:
o File Edit Search View Tools Window Help

D8 B®|

2 maingy
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199

def

200
201
202

sweep-me.net

203
204
205
206
207
208
209
210
am
212
213
214

3| @ @l & M [ [Phen

configure(self):

#5-1if the
self.port.urite(
if self.port.read() == “TRUE":

File Window Settings Ports Modules&Devices Help Info
Run: Measur... seq... SMU... SM... Function: Trace C... Wafer... Condition Go t...
I> Sequencer X
Sequencer: || Modules:
Pause:
|:||:| Measurement tree Value Progress Calc 2
v Nucleus Camera
Stop: Stress_test Condition
|:| CustomFunction
nonstop Delay
B1500 CH1 Form
SMU Gate B1500 CH2 Hold
Function: LCRmeter
LoadFiles
Lockin
Logger
Loop
MarT
MakeFile
Monochromator

lets-ma

% (self.DevID))

ke sure-thec

self.port.write(":mov:sep %s" % (self.DevID))

if not self.read_complete():

return False

self.port.write(":

if self.port.read() =
self.stop_Measurement ("
return False

unconfigure(self):
% f-the . 5 ¢
self.port.write ove:cont? - %:
if self.port.read() == "TRUE":

if not self.read_complete():
return False

#%- Final- check wh r-the wafer
self.port.write(” cont?-%
if self.port.read() == "TRUE"

in-c

probe
% (self.

ontact,

% (self.DevID))

prober
% (self

=
.DevID))

1

isseparated

.DevID))

106_354_WaferProber-Cascade_Nudleus\WaferProber-Cascade_Nucleus\main.py]

WaferProber x
WaferProber label: |WaferProber |
Device: WaferProber-Test_template ~ | | Open/Modify
[o ~| | Find Ports
Swi Die table &7
eep value subsite: |Subsite table v
Actual values:
Die: | |
Subsite: | |
¥ in mm: | |
y in mm: | |
Probe plan: Update
Die table Subsite table &
1 Test index 1 1 1 (Label)
2 2 (Label)
3 3 (Label)
4 4 (Label)
5 5 (Label)
6 6 (Label) ”
Go to next subsite
1 further actions

eparation-did-not-succeed. Please-take'care to-separate the-contacts-before:your-continue.")

ey DFIVET (,Device class®)

self.stop_Measurement("Separation-did-not-succeed. Please take care to-separate the:contacts-before'yourcontinue.")

return False

15




Final look

5 DockingStation
File Window Settings Ports Modules&Devices Help Info nitorl 5 X Imaget
USB-stick Temperature [°C]

83.19

Measurement tree Value 18x20 Temperature 1 ['C]
| [ LoadFiles1
G o 32.94
¥ ¥ Loop nonstop
~ [/ UsB-stick TEMPer
v [V Ds18x20 Arduino DS18820
v |v|Lloggerl . Screenshot
v [] Camerat Webcam
v [ Calct "USB: %0.1 C" % x1 4
v [ Switcht  Arduino Display
(] Arduino Arduino AllPins

x

g B
DS518x20 Temperature 1 [*C] g

&

300
Time elapsed [s]

30
Time elapsed[s]

sweep-me.net 16



Final look

File Window Settings Ports Modules&Devices Help Info

Run:

Pause:

i
Stop:
O

* Use Widgets, like Plot, Monitor, Image to create dashboard like interfaces

* Widgets can be created & configured during the measurement

sweep-me.net

Besiraua

SB-stick Temperature [*C]

> Secquencer - x

1]

Sequencer:
Measurement tree
[] LoadFilest
v [ MakeFile D
A4 B Loop nonstop
v [ Usa-stick TEMPer
v [v] Ds18x20 Arduino D§18820
v || Loggerl Screanshot

v [/ cameral | Webcam

v [ Calct "USB: %0.1 C" % x1 4
~ [v] Switcht  Arduino Display

Value

(] Arduino Arduino AllPins

33.19
B2.54

T

DS18x20 Temperature 1 [°C]

& x magel

]

8

USB-stick Temperature [°C]

300

Time elapsed [s] P




Program structure

Included
modules

Free

Devices
Free

Open source

sweep-me.net

o e e e e e e e e e e = = = = = = = —— = —

Features: }
- creating program procedures I
- provide Widgets to visualize data }
- save and restore settings {
- load new content & manage versions |

N //
- - -~ -~ - - -"-""""=""""=""="""=""="="""=""=>"”"-"="-""="="="=== ~
/ \

Features:
- configure instruments
- saving data

- control program procedure
- basic measurements

. —— —————— —— — — — — — — — — — — — — — ——

: Features:

' - small code snippets

Lo instrument communication
- shared across all users

I -can be contributed by users

e e en e e e e e e e e e e e e e o - = e — o - = -

Add-on modules

o — e —— - - - —— - = = — -

Ready-to-use modules:

- extending the functionality of
the free content

- sold per computer unit

- e am e oam e o =

[ R |

Customized modules: }

. |
- programmed for a single ,
customer with special :
requirements :

—— e —————

T am am am am an am e e an A am An am am am am am am am am e

External modules:
- created by a third-party

/
]
|
|
|
|‘ developer

18




Program structure

Included
modules

Free

Devices
Free

Open source

sweep-me.net

o e e e e e e e e e e = = = = = = = —— = —

Features:

- creating program procedures

- provide Widgets to visualize data

- save and restore settings

- load new content & manage versions

N //
- - -~ -~ - - -"-""""=""""=""="""=""="="""=""=>"”"-"="-""="="="=== ~
/ \

Features:
- configure instruments
- saving data

- control program procedure
- basic measurements

. —— —————— —— — — — — — — — — — — — — — ——

: Features:

' - small code snippets

Lo instrument communication
- shared across all users

I -can be contributed by users

e e en e e e e e e e e e e e e e o - = e — o - = -

Add-on modules

o — e —— - - - —— - = = — -

Ready-to-use modules:

- extending the functionality of
the free content

- sold per computer unit

[ R |

Customized modules:

- programmed for a single
customer with special
requirements

—— e —————

T am am am am an am e e an A am An am am am am am am am am e

Ir/ External modules:
- created by a third-party
|‘ developer

https://test.pypi.org/project/pysweepme/

- e am e oam e o =

19




Generic driver structure

45
46
47
48
49
50
51
52
53

55
56
57
58
59
60
61
62
63

65
66
67
68
69
70
71
72
73
74
mE
76
77
78
79
8@
B1

B2

from EmptyDeviceClass import EmptyDevice

import sys, os

import win32api

Eclass Device{EmptyDevice):
def _ init_ (self):

EmptyDevice._ init_ (self)
self.shortname = "Mouse™
self.variables = ["x", "y", "x_press”, "y press”, “Left_clicked", "Right_clicked"]
self.units = ["px", "px"s "px"s "px"s "*, ""
self.plottype = [True, True, True, True, False, False] #-define if it can- be-plotted

self.savetype = [True, True, True, True, True, True] # define if-it'can be'saved

self.width = win32api.GetSystemMetrics(2)
r self.height = win32api.GetSystemMetrics(1l)

def measure(self):
trys: I

self.x,self.y = win32api.GetCursorPos()
except:
r self.x,self.y = float('nan'), float('nan’)
# catches an-exception-if the TaskManager is-opened:and probably-no:cursor-exists

self.Buttonleft = win32api.GetKeyState(0x@1)
r self.ButtonRight = win32api.GetKeyState(@x02)

= def process_data(self):

self.y = self.height-self.y-1 # makes a plot-that directly corresponds to the cursor-position

;] if self.ButtonLeft < @:
| celf.x_presc = celf.x
self.y_press = self.y

sweep-me.net

* A Device Class allows
you to implement any
instrument via an open
interface.

« [t is python and thus
many third party packages
can be used.

 Put your code into
semantic functions like:
- initialize”
- ,apply”
« ,measure”

. ,call”

20




Version manager

" Modules&Devices

Condition (2019-12-02 - installed)
Controls (pre-installed)
CustomFunction (2019-12-02 - installed)
Delay (pre-installed)

Form (2019-12-02 - installed)

Hold (pre-installed)

v LCRmeter(2019-11-14 - installed)
LCRmeter-Hameg_HM8118(2019-10-18 - installed)
LCRmeter-HP_4284A (2019-10-07 - custom)
LCRmeter-Keysight_E498xA (2019-09-20 - installed)

LoadFiles (2019-07-02 - installed)

v Lockln (pre-installed)

LockIn-SignalRecovery 7280DSP
LockIn-Stanford_SR830 (2019-05-18 - installed)

v Logger (pre-installed)

Logger-Arduino_AllPins {pre-installed)
Logger-Arduino_DHTx (2019-10-02 - installed)
Logger-Arduino_D518x20 (2019-05-18 - installed)
Logger-Arduino_PulseCount (2019-05-18 - installed)

Name: LCRmeter
Online description: Link
Status: activated

ID: 2

License
Modules: |all ~ |Fi|ter Modules ‘ Refresh
online
Device: all ™ |Fi|ter Devices ‘ versions
Modules&Devices Info
Module

Versions

local:

pre-installed

2019-06-16 - installed
2019-10-07 (live) - installed
2019-11-14 - installed
online:

2019-10-07 (live) - online
2019-11-14 (beta) - online

Activate selected version

Deactivate module

List all online versions

sweep-me.net

o

* Download new versions
of modules or devices

* Activate & deactivate
content

* Switch between versions
to test new features

* In future: Create a
,virtual environment”

21




Example:

Sequencer:

Measurement tree

v MakeFile
v [v] SMU Drain

* A simple sequence to take an IV curve: SMU module + MakeFile

sweep-me.net 22



Example:

Sequencer:

Measurement tree

v MakeFile
v [v] SMU Drain
SMU Source

* A second SMU can be added by drag&drop

sweep-me.net 23



Example:

Sequencer:

Measurement tree

v SMU Gate
v MakeFile
v || SMU Drain
SMU Source

* Three SMUs are used for a transistor measurement

sweep-me.net 24



Example:

Sequencer:

Measurement tree

v Loop
v SMU Gate
v MakeFile
v || SMU Drain
SMU Source

* A Loop is used to repeat things

sweep-me.net 25



Example:

Sequencer:

Measurement tree

v WaferProber
v Loop
v SMU Gate
v MakeFile
v || SMU Drain
SMU Source

* Putting everything into a WaferProber module results in a wafer test

sweep-me.net 26



Example:

Sequencer:

Measurement tree

v Temperature
v WaferProber
v Loop
v SMU Gate
v MakeFile
v || SMU Drain
SMU Source

* And we can do it for every Temperature...

sweep-me.net 27



Example: Scientific publications

Vertical organic permeable dual-base transistors for logic circuits

Erjuan Guo, Zhongbin Wu, Ghader Darbandy, Shen Xing, Shu-Jen Wang, Alexander Tahn, Michael Gdbel, Alexander Kloes, Karl Leo, Hans
Kleemann

Nature Communications (2020)

Effect of the Degree of the Gate-Dielectric Surface Roughness on the Performance of Bottom-Gate Organic Thin-Film Transistors
Michael Geiger, Rachana Acharya, Eric Reutter, Thomas Ferschke, Ute Zschieschang, Jirgen Weis, Jens Pflaum, Hagen Klauk, Ralf Thomas
Weitz

Adv. Mater. Interfaces (2020)

Experimental proof of Joule heating-induced switched-back regions in OLEDs
Anton Kirch, Axel Fischer, Matthias Liero, Jirgen Fuhrmann, Annegret Glitzky, Sebastian Reineke
Light: Science & Applications (2020)

Inside or outside: Evaluation of the efficiency enhancement of OLEDs with applied external scattering layers
Pen Yiao Ang, Paul-Anton Will, Simone Lenk, Axel Fischer, Sebastian Reineke
Scientific Reports (2019)

Introducing pinMOS Memory: A Novel, Nonvolatile Organic Memory Device
Yichu Zheng, Axel Fischer, Michael Sawatzki, Duy Dai Hoan, Matthias Liero, Annegret Glitzky, Sebastian Reineke, Stefan C.B. Mannsfeld
Advanced Functional Materials (2019)

Precise patterning of organic semiconductors by reactive ion etching
Marco Héppner, David Kneppe, Hans Kleemann, Karl Leo
Organic Electronics (2019)

more on sweep-me.net/scientific_publications/

sweep-me.net 28



Example: Self-heating in OLEDs

Sequencer:

Measurement tree

v MakeFile
v Temperature

v SMU supply
i SMU sense
v [v]SMUPD
Cameral

Top-view luminance without PREKMA

Value

1D

HAT Control
Keithley26xx Ch A
Keithley26xx Ch B
Keithley2400
Webcam

Natural Experimental
parception

luminance

Turnover
peoint

Last stable
peoint

First unstabls
point

Degraded
sampls

Simulated
luminance

Min

+ Min Max

Experimental proof of Joule heating-induced switched-back regions in OLEDs
Anton Kirch, Axel Fischer, Matthias Liero, Jirgen Fuhrmann, Annegret Glitzky, Sebastian Reineke

Light: Science & Applications (2020)

Supply current density (mA/cm?)

o

103 o

102 4

O Experiment
e 0D equivalent OLED circuit

«sess 3D PDE model

=

10" 3

.z

,{sﬁf'w’

10° 4

T T
. -

Last stable ™ '
Point
<%, Turnover

£5~%" Without PMMA

V+

6 II 7 8
5 6 7 8 9
Sensing voltage (V)
£8s
88°
S+
s
ﬁ
29




Example: Capacitive memory

(a) pre-bias: -15 V
Sequencer: pre-bias hold tiTe
= )
34 S,
Measurement tree Value 5 — 3s
= — 45
v Hold time values Hold time values g 32f — 55
v [ Switch1 Hold § S
LCRmeter preBias HP4284A § 30l el g:
LCRmeter sweep HP4284A G —10s
15s
28 1 1 1 1 1 1 1 24
-4 -3 -2 -1 0 1 2 3 4
Voltage [V]
pre-bias: -15V, 5 s for each cycle
Sequencer: (b) e Vo Vi
34 —— 1st -3V 0V
Measurement tree Value ™ ——2nd 3V 1V
—3rd -3V 2V
v Upper voltages Upper voltages ‘% —— 4th -3V 3V
) 3 3.2 5th -3V 4V
LCRmeter preBias ~ HP4284A c dip vl A
v [V]LCRmeter sweep ~ HP4284A S — 7th -3V 6V
Condition Skip §' 3.0
28 1 1 1 1 1 | 1 1 1 1
s e e e L e e
Voltage [V]
(c) pre-bias: -15 V, 5 s only for the 1% cycle
Sequencer: yie Vo Vs
34+ —— 1st 3V 0V
Measurement tree Value L ——2nd -3V 1V
—3rd 3V 2V
LCRmeter preBias HP4284A y ool [ 4 3V 3V
v Upper voltages Upper voltages é : 2:2 :g\\; gx
v [V]LCRmeter sweep  HP4284A 5 L 7th 3V 6V
Condition Skip § 30}
2 8 1 1 1 1 1 1 1 1 1 1

EREE e s e ORI T2 3 T s e g

Lo . . . Voltage [V]
Introducing pinMOS Memory: A Novel, Nonvolatile Organic Memory Device

Yichu Zheng, Axel Fischer, Michael Sawatzki, Duy Dai Hoan, Matthias Liero, Annegret Glitzky, Sebastian Reineke, Stefan C.B. Mannsfeld 3 0
Advanced Functional Materials (2019)



Services & users S

What we offer?

A platform on which content is shared across institutes to decrease costs and time.

Programming ,bottom-up”: Start with small settings and extend them anytime.

We can support you by creating settings, new drivers or custom modules.

We provide add-on modules for those who want to create complex procedures.

Find a list of our reference users online;
https://sweep-me.net/our_users

sweep-me.net 31



Thank you!

weepM

m sweepme
y) sweep_me_net

WWW: sweep-me.net

email: contact@sweep-me.net

sweep-me.net 32



Why we need agile software...

sweep-me.net

THE LIFE OF A SOFTWARE
ENGINEER .

CLEAN) SLATE. SoLiD
FoUNDATIONS. THIS TiME
T wWill BUILD THINGS THE

MUCH LATER...

DoNE

OH MY. 1’VE

HAVENT T 7

IT AGAIN,

- w . e

O LSS

—

by Manu Cornet (bonkersworld.net)
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