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Why Sweep

Let’'s consider an example to get us on the same page
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Why Sweep

Seeking Understanding

Exploring and Probing

No matter the device under test,
you need to look at how it works
under a variety of conditions.

Some of those conditions need to
change continuously, say the
base current of a transistor.

Other conditions need to be set
and held while you change other
parameters. Like, the temperature
of a chamber or the position of a
robotic arm.

When you seek to validate a
design, we want to support you as
you probe deeper by sweeping
parameters and collecting
associated measurements.
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Examples in Every Industry
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P2N2222A Why Sweep

g 1.0 T 1
\ =<1 Case Study
g 0.8
| .
5 o[} k-rom o \ o \\ o0 The 2n2222a transistor
- \ \ :
g \ \ Let’s explore the 2n2222a
9 2 \\ \\ NE ~— transistor, a part that most of you
% T~ — may have encountered in school.
{(]}.{I}S 0.01 002 003 005 0.1 0.2 03 0.5 1.0 20 30 50 10 20 30 50 . .
s, BASE CURRENT (mA) In order to validate the design of

Figure 4. Collector Saturation Region

the part and provide
characterization details, engineers

01N - © o] needed to detail how it worked
100 P s R e e =10 under a variety of conditions by
0 N T SIS T 0V 20V w TN ~E nesting sweeps, use different
g IR e £ ~NC sweeping strategies, fine tuning
= SN 1 % N the set of values to explore, taking
70 S measurements, and plotting those
5.0 - e . L
30 3y § 0 results.
20 ANERAN i
50 7.0 10 20 30 50 70 100 200 300 500 507010 20 30 50 7O 100 200 300 500
lc. COLLECTOR CURRENT (mA) lc, COLLECTOR CURRENT (m#) Example in TestStand: ..\Examples\Interfacing
Figure 5. Turn-On Time Figure 6. Turn-Off Time with Hardware\Transistor Characterization using

Sweep Loop Step

https://www.onsemi.com/pdf/datasheet/p2n2222a-d.pdf
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w Sweep Parameters

Importing and Automatic Variables



NI TestStand (64-bit) - Sequence Editor [Edit]
File Edit View Execute Debug Configure Source Control Tools

{(->-»mdd ( )% 2602 ?

ik Sequence File 3 2 TrensistorCharacterization.seq
b

g] Steps: MainSequence
[ A
STEP DESCRIFTION
+ Setup (0)
- Main {0)
<insed Steps Herer
+ Cleanup (0)

Step Settings

Window Help

QuiescentCument seq

SETTINGS

There are no steps selected.

X Varables  Segquences
Variables
NAME

= Q@ Locals (MainSequence’)
--EE ResultList
<Hight click fo insert Local>
= ofd Parameters (MainSequence’)
<Hight click fo insert Parameter>
= FileGlobals (Sequence File 3)
. Rinkt ik o insert File (Ginbal>

User: administrator Environment: <Global

Model: SequentialModel seq

MNo Steps Selected Mumber of Steps: 0

4l

VALUE &

Input Sweep Parameters

Creating Parameters

Multiple ways to add and manage

Can represent both stimulus and
response

Manually enter parameter names

New variables are created
automatically

Import parameters from CSV

Automatic variable names update
as you update them in the sweep
loop step

Use instrument attributes from
InstrumentStudio sessions
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Nesting Sweeps

Support for Nested and Parallel Sweeps



I1| Nesting Sweeps

Explore the spectrum
Understand the IV Curves of 2n2222a s \ \
c 06 I =1.0mA 10 mA 150 mA 500 mA
E \ \
Explore an array of temperatures - \ \
B \ \
Need to explore V¢ across a range of values 9 0[N \ \ L
LO{ N N L
- Ve Is set with two parameters ol L L I e L 2
= V and V Figure 4. 2;?:3S:ti:HSH::‘:r(:3}<)n Region
CC E

Also need to change I

(each Temp) Step Settings for Sweep Transistor - Voltage and Current

Set Temp :"ﬁ Sweep Parameaters w\. Input &7 Output 3w Loop Information  Properties
(range of V )

Set V.

+ - — A ¥ = = TEST VECTORS: 228 TOTAL

PARAMETER VALUESSESSION [COUNT], {RANGE}
Locals. Temp £ « [3]{55-125}

Locals. Vee ¥ v [2]{5-15)

Locals Ve ¥ v [2]{4-5)

Locals.lc £+ [38]40.1-501.1958979517}

(eaCh IC) Temp 123 ¥

Set Ic Veo 123 ¥

Ve 123 ¥
I 123 v

Set V; 3 PARAMETER NAME TYPE
0
1
1
2

[ & [ [E]
0000 ib
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Use to control
order and

Loop

nesting
level

nesting Hover over
controls for tips

Step Settings for Sweep Transistor - Voitage and Current

?¢ Sweep Parameters r‘u Input

_E-" Output = op Infarmation Properties
Vcec and Ve + - \_ { A ¥ <« _% &5  TESTVECTORS: 228 TOTAL
Increment =) PARAMETER NAME YYE @ PARAMETER VALLUE/SESSION [COUNT], {RANGE]
together & 0 Temp Must move to bottom of nesting set, then move right | 125
M 1 Vee 123v [] s £ « [2]{5-15}
M Ve 123V []| LlocalsVe WV [2]{4-5}
)/ 2 lc 123V [ ] Localslc

¥ " [38]{0.1-501.1958979517}

Inner loop

ni.com



NI TestStand (64-bit) - Sequence Editor [Edit]

Fle Edt Wew Execute Debug Configure Source Control Tools

{(->-»mBEd( )84 2m2 ?

ET" TransistorCharacterization seq” X LDO Sweep in Python seq [Read Only]

g1 Steps: MainSequence

Window Help

Varables  Sequences
. PP
>l Pa Variables
STEP DESCRIPTION SETTINGS ) NAME
transistor, whereas, otner parameters are used to measure cument values... )
g Locals (MainS
QgSweep Transist... 7 Sweep Parameter(s) 2 ° cals (MainSequence)
- fxCalculate Vee Locals Vee = Locals V...
.NMeasure Ic  Action, Nationallnstru... A SeqFileDirectory
N Measure le  Action, Nationallnstru... P CSVOutput Stream
| fCaleulate D... Locals CumentGain =L... v <
Step Settings for Sweep Transistor - Voltage and Current
aﬁ Sweep Parameters ”\ Inpit _!k" Output Sx Loop Information Properties
4+ - — + * - > = TEST VECTORS: <Cannot Evaluate>
3 PARAMETER NAME TYPE _!h’ PARAMETER VALUE/SESSION | [COUNT], {RANGE} PARAMETER:
0 \Vec 122V [ ]| LocalsVee £ " [2]{5- 15} Parameter: Strategy
0 Ve 122V [ | LocalsVe £ " [2]{4-5)} Parameters: Mode
0 \Vee 123 [ ]| LocalsVee B ' Caprure Vale Distribution
0 ke 122v [ | Localsle £ " [38]{0.1-501.195897 Mumeric Format
0 measured_lc 123¥ [ Llocalsmeasured_lc £ Capture Vake Start
0 measursd_le 122V [ ] Localsmeasured_le £ ' Caprure Vale Stap
0 CurentGain 122V [ ]| Locals CumentGain £ " Caprure Value Step
Count
< >«

VALUE

Mothing

le

Start, Stop, Step
Static

Geometric Progression
<Default:

01

510

1.258526

i3

>

Environment: <Global:

Model: SequentialModel seq

1 Step Selected [4]

Number of Steps: 16

41

X

~

> W

X X

0: 00

VALUES:

0.1 -
0.1258926
0.158489...
0.199526.
0.251189. .
0.316223...
0.398108...
0.501183...
0.630959...
0.794331...
1.000004...
1,258931...
1,584902...

1.995774 |Z|

Nesting Sweeps

Control and group

Multi-level nesting

Each step supports a top nesting
level

Use multiple sweep steps in a
sequence

Use nesting inside sweep step

One or more parameters at each
nesting level



w Sweep Strategies

\

Explore a variety of pre-defined sweep strategies



NI TestStand (64-bit) - Sequence Editor [Edit]

File Edt Wiew Execute Debug Configure Source Control Tools Window Help
n
<(->-»mAg () @%2m@m2 ?

'+.. TransistorCharacterization seq” X LDO Sweep in Python seq

g1 Steps: MainSequence Variables  Sequences

- P .
>~ Pa Variables
STEP DESCRIFTION SETTINGS MNAME
: This sweep loop step aweeps on various Voltage: and Curent parameters. S| ° Locals (MainSequence)

Some of the parameters are used to set voltage or cumrent values in the - 58 Resuttlist
 transistor, whereas, otner parameters are used tc measure cument values...

QgSweep Trangist... 7 Sweep Parameter(s) A SeqFileDirectory
|| fxCalculate Ve Locals Vee = Locals V.. 3 CSVOUtpuUt Stream
i .NMeasure lc  Action, Nationallnstru... 123 Temperature

N Measure le  Action, Mationallnstru... 123 measured_Temperaturs

Jx Caleulate D... Locals.CumertGain = L... 1423 Veo
", Write Recor... Locals CSVOutputStre. .
. OFEnd

123 Ve

0 End .-123 Ve

Step Settings for Sweep Transistor - Voltage and Current

aﬁ Sweep Parameters ?\ Input _Bh’ Output Ex Loop Information Properties

+
|

A + « > = TEST VECTORS: 76
FARAMETER NAME TYPE
Veo 123 ¥
e 123 ¥
Vee 123V

le 123 v
measured_|c 123 v
measured_le 123 v
CurrentGain 123 ¥V

PARAMETER VALUE/SESSION | [COUNT], {RANGE] PARAMETER:
Locals Vee N ¥ « [21{5-15} Strategy
Locals Ve £ « [21{5-6} Mode
Locals. Vee B Capiue lale Distribution
Locals.lc £+ [38]{0.1-501.1958979! Mumeric Format
Locals measured_|c ¥ ' Caprure Vale Start
Locals measured _|e R " Caprure Vale Stop
Locals CumentGain B " Capiure Valke Step

Count

—t—l—l—llﬁlﬁlﬁw

KA AR R A E
O0O00000O%

>

Static
Linear

<Default-

User: administrator Environment: <Global= Model: SequentialModel seq 1 Step Selected [4]

Mumber of Steps: 16

Sweep Strategies

Step how you want

Fine tuned control

Standard strategies

e Start, Stop, Step

- Start, Stop, Count

« Linear and Log Progression
Array

Edit as static array

Stream

« Load custom strategies
Capture Values

 Use to view measurements or
variables in Test Vector Table
and output data



NI TestStand (64-bit) - Sequence Editor [Edit]

File Edit “iew Execute Debug Corfigure Source Control Tools Window Help

{->-%mAd

dC 0% 2ma ?

:+.. Transistor[haracterization.seq' » LDO Sweep in Python seq

Bl P
STEP

PR

o
O End

g0 Steps: MainSequence

DESCRIPTION SETTINGS

This sweep loop step sweeps on various Yoltage: and Cument parameters.
Some of the parameters are used to set voltage or curent values in the
 transistor, whereas, otner parameters are used t¢ measure cument values...

: ¥ Sweep Transist... 7 Sweep Parameter(s)

: ! JxCaleulate Ve Locals Ve = Locals. V...
: M Measure Ic Action, Nationallnstru....
<N Measure le  Action, Mationallnstru...
. fxCalculste D... Locals CurentGain = L.
-, Wiite Recor... Locals CSVOutputStre...

+ - = A + “~ > = TEST VECTORS: 76
= PARAMETERNAME TYPE & PARAMETER VALUE/SESSION
0 Ve 128V [ | LocalsVee &*F v
0 Ve 123¥ [] LlocalsVe - s
0 \Vee 123 [ LocalsVee L+ Vg
1 e 123v [] Localslc v
1 measured_lc 122 ¥V [ ]| Localsmeasured lc - I
1 measured_le 123 ¥ [ Localsmeasured_le v
1 CurentGain 128 Vv [ ]| Locals.CurentGain & v

Variables  Sequences

Variables

NAME

- B8 ResultList

.. A SeqFileDirectory
—.«3» CSVOUtpLt Stream
123 Temperature

- 123 MinVce

123 StepSize

123 MaxVee

123 measured_Temperature

123 Veo

Step Settings for Sweep Transistor - Voltage and Current
5’5 Sweep Parameters 9\ Inpt _f Output ak Loop Information Properties

[COUNT]. {RANGE} FARAMETER:

[2145- 15} Strategy
[21{4-5} Mode

Capture Vale Distribution

[38] {0.1 - 501.1958979" Mumeric Format

Capture Valke Start
Capiure Vale Stop
Capfure Vake Step

Court

VALUE

Mathing

Start, Stop, Step
Static
Linear

<Default=

zer: administrator

Environment: <Global >

4l

 §

~

W

>

X X

VALUES:
5
15

Sweep Strategies

Static and Dynamic

When to use what and why

Static mode

 Used for values that will not
change

 Allows the most control
- Edit static arrays

« Enable and disable test
vectors and values

Dynamic mode
« Uses TestStand Expressions

 Variables can determine
values

« Can change at run time
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Table Views

Know what you are sweeping and the results




NI TestStand (64-bit) - Sequence Editor [Edit]

Fle Edt View Execute Debug Conrfigure Source Control Tools
(->-*mda ( ) 8% 2m2 ?

i Tlansisto@aladenzation.seq' x LDO Sweep in Python seq

Window Help

S | R | I | IR

g1 Steps: MainSequence X Varables  Sequences
- b .
>~ a Variables
STEP DESCRIFTION SETTINGS 2 NAME VALUE
: This sweep loop step sweeps on various Voltage: and Curent parameters. 188 ResultList 's
Some of the parameters are used to set voltage or curent values in the A SeqFileDirectory el
 transistor, whereas, otner parameters are used to measure cument values...
: P Sweep Transist... 7 Sweep Parameteris) -+ CSVOUtput Stream Nothing
¢ | fxCalculate Vee Locals Vee = Locals. V.. --123 Temperature 0
i .MMeasurelc  Action, Nationallnstru... --123 MinVce 2
i «NMeasurz le  Action. MNationallnstru... 123 StepSize 10
JxCaleulate D... Locals CumentGain = L. 123 MaxVee 15
s, Write Recor... Locals CSWVOutputStre... 23 measured_Temperature 0
End
L O 123 Ve #0
O End v <
Step Settings for Sweep Transistor - Voltage and Current
? Sweep Parameters ¥, Input _h." Qutput gn Loop Information Properties
E ~
+ - = A ¥ “— > = TEST VECTORS: 76 TOTAL s
3 PARAMETER NAME TYPE & PARAMETER VALUE/SESSION | [COUNT], {RANGE) PARAMETER: Vee
0 \Vec 123¥ [ LocalsVec # v [2{5-15} Strategy Start, Stop, Step
0 Ve 122V [] Locals\Ve £ « [2]{4-5) Made Static:
0D Vee 123V []| LocalsVee B " Capture Value Distribution Linear
1 le 122V [] Localsle £+ + [38]40.1-501.195897% Numeric Format «Defautt>
1 measured_lc 122V [| Localsmeasured lc B ' Capture Vale Start 5
1 measured_le 123V [ Localsmeasured_le B ' Caprure Value Stop 15
1 CumrentGain 122V [| LocalsCurentGain B o Captue Vale Step 10
Count 2
£ >
Lser: administrator Environment: «Global> Model: SequentialModel seq 1 Step Selected [4] Mumber of Steps: 16

41

X
A
W
>
| S
VALUES: 4
5
15

Table Views

Test \Vectors

and Value Summary
Preview the sweep space

Value Table

* Review all conditions
Test Vector Table

* Filter

 Enable and disable rows
(static mode only)

Save to disk

 Before execution
* To rerun exact same tests

« After execution

« Archive data, open in 3
party tools



w Exporting Results

\

Know what you are sweeping and the results



Exporting Results

Lpotten Dumg - TRCO Spanfun

‘ow i e Y Yew e - -

resmmmpm—— EXport your data
0.80 1.50 699.8m 28 ppm
vorrsead L DO Voltage Mioeraam | DO ga Valtage Bropoct Yeflage (V) Lem Rogubsten

Digging deeper

Select Tests Fifter Vin B )t Wi ' VPV YoRgR o = 1A Export tO CSV

e Stream to disk or database

 Save from Test Vector Table

A0S (leta

Use as Input Parameters
Stream

Further analyze the
characteristics in external tools




w Recap and Questions

\.

Summary and your turn

)/



Recap and Questions

Recap and Questions

Powerful Sweep Capabilities

Nesting and grouping of parameters

Input manually and automatically create variables
Import from CSV

Many sweep strategies and customizations

Table View to preview data and refine test coverage
Export input and output values together




Recap and Questions

Join the User Research Panel

We want to hear from youl!

You can help inform decisions about the NI products you
use by taking part in user research activities such as
surveys, interviews, and usability tests.

If you are interested, follow the link below or scan the QR
code with your mobile device to join the User Research
Panel.

https://survey.sogosurvey.com/r/o02CVhf

Scan QR Code to participate

NI CUSTOMER CONFIDENTIAL




