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Optimizing Test Execution Is a
Competitive Advantage

“Some ASIC manufacturers report that testing time consumes 40-
950% of the entire IC product development cycle.”

IC Insights
McClean Report 2015




Functionality of Source Measure Units
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SMU Measurement Flow

SOURCE MEASURE

[ 1 R
} / CPU

TRIGGER SOURCE MEASURE PROCESS

You can take high-precision measurements quickly.

Removing small inefficiencies in timing can reduce your cost of test.
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Programming Support

ig'.

* NI product portfolio supports a breadth of
programming languages: LabVIEW,
C/C++, C# .NET, Python

- What you get with NI's best-in-class
APls:
« Well Documented API
* Shipped Examples
* Help Documentation

* NI ensures long-term interoperability of

our instrumentation w
* NI instrument class driver APIs are * LabVIEW

consistent across all past & future product
variants @ P

* Provides built in abstraction layer to prevent

unnecessary code revisions when hardware
is upgraded/replaced C/C++ 2:;:ies_acauired += len(measurements)
for i in range(len(measurements)):

print{row_format.format(i, measurements[i].voltage, measurements[i].curr

OBmwEY | =)
u

I

ements = session.fetch_multiple(count=session.fetch_backlog)

ent, measuremen



m Instrument Studio

Application Software for Interactive Instrument
Control and Lab Measurements

All your instruments in a single application

Capture screenshots and export data

Build custom plugins for common measurements or tasks
Share projects with colleagues and between systems
Export configurations for programmatic use

Monitor and debug automated test systems
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System SMU Family
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4135 4136 4137 4138 4139 4190 LCR

Max Source Power 20W/40W 20W/40W 20W/40W 1W/4W
Max Sink Power 12W/40W 12W 12W/40W 12W 12W/40W 1W/AW
Max Sampling 1.8 MS/s 600 kS/s
Max Update 100 kS/s

Max Voltage 200V 60 V 10Vv/40V
Max DC Current 1A 3A 100mA
Max Pulsed Current 3A n/a 3A n/a 10 A n/a
Current Sensitivity 10 fA 1 pA 100 fA 1 pA 100 fA 1 fA
SourceAdapt Yes No Yes No Yes Yes

Connectivity Triaxial Screw Terminals BNC
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" Multi Channel SI\/IU Famlly

Bl JH lu] i
4140/4141 4142/4143 4144/4145 4147 4162 4163

Channels

Max Sampling 600 kS/s 1.8 MS/s 100 kS/s

Max Update 100 kS/s

Max Voltage 10V 24V 6V 8V 24V 24V
Max DC Current 100 mA 150 mA 500 mA 3A 100 mA 50 mA
Current Sensitivity ~ 100pA/10pA 100pA/10pA 150pA/15pA 100 fA 10pA/100pA 10pA/100pA

SourceAdapt No/Yes No/Yes No/Yes Yes Yes Yes
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Choose the right equipment

The 5 Tips
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1. Bus Communication

— “ PCI Express >
4 GPIB >

| ——
_ « LAN >
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SMU Ranges

Model SourceAdapt  Voltage Ranges (V) Current Ranges (A) Channels
PXle-4135 Yes +0.6, £6, £20, £200 +10n, £1u, £100u, +1m, +£10m, £100m, +1 1
PXle-4136 No +0.6, 6, £20, £200 +1u, +10u, £100u, +1m, +£10m, £100m, +1 1
PXle-4137 Yes +0.6, 6, +20, £200 +1u, +10u, #100u, +1m, £10m, £100m, +1 1
PXle-4138 No 0.6, 6, £60 +1u, £10u, £100u, £1m, £10m, £100m, %1, +3 1
PXle-4139 Yes 10.6, +6, +60 *+1u, #10u, £100u, *1m, +10m, +100m, *1, +3 1
PXle-4140 No +10 +10u, +100u, £1m, +10m, £100m 4
PXle-4141 Yes +10 +10u, £100u, £1m, £10m, £100m 4
PXle-4142 No 124 +10u, £100u, +1m, £10m, £150m 4
PXle-4143 Yes 124 +10u, £100u, £1m, £10m, £150m 4
PXle-4144 No 16 +10u, £100u, £1m, £10m, £100m, £500m 4
PXle-4145 Yes 16 +10u, £100u, *1m, +10m, £100m, £500m 4
PXle-4147 Yes 1, +8 *+1u, +10u, £100u, +1m, +10m, +100m, 1, +3 4
PXle-4162 Yes 24 (£1u), £10u, £100u, +1m, £10m, +100m 12
PXle-4163 Yes 124 (¥1u), £10u, +100u, +1m, +10m, +50m 24
PXle-4190 Yes +1, £10, +40 +1n,£100n, +1u, +10u, £100u, +1m, +10m, £100m 1

ni.com


https://www.ni.com/docs/en-US/bundle/pxie-4135-specs/page/specs.html
https://www.ni.com/docs/en-US/bundle/pxie-4136-specs/page/specs.html
https://www.ni.com/docs/en-US/bundle/pxie-4137-specs/page/specs.html
https://www.ni.com/docs/en-US/bundle/pxie-4138-specs/page/specs.html
https://www.ni.com/docs/en-US/bundle/pxie-4139-specs/page/specs.html
https://www.ni.com/docs/en-US/bundle/pxie-4140-specs/page/specs.html
https://www.ni.com/docs/en-US/bundle/pxie-4141-specs/page/specs.html
https://www.ni.com/docs/en-US/bundle/pxie-4142-specs/page/specs.html
https://www.ni.com/docs/en-US/bundle/pxie-4143-specs/page/specs.html
https://www.ni.com/docs/en-US/bundle/pxie-4144-specs/page/specs.html
https://www.ni.com/docs/en-US/bundle/pxie-4145-specs/page/specs.html
https://www.ni.com/docs/en-US/bundle/pxie-4147-specs/page/specs.html
https://www.ni.com/docs/en-US/bundle/pxie-4162-specs/page/specs.html
https://www.ni.com/docs/en-US/bundle/pxie-4163-specs/page/specs.html
https://www.ni.com/docs/en-US/bundle/pxie-4190-specs/page/smu-specs.html
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Parallel VVersus Serial SMU Channels

— 1 SMU Channel
— -lEl With MUX
SMU | [
]
— Switch Settling Time | [
—_ | [

SMU per Pin
Time Savings 24-Channel SMUs
-< g 400+ channels in PXI chassis
[ s | Parallel execution in LabVIEW and TestStand
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Parallel VVersus Serial Measurements

Serial Measurements
iz ]
| [E
| [
| [
| [
| [

| [
Parallel Measurements
[ 5 |

- Time Savings

< >
[ s |
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DCPower Parallel Measurements

DCPower CXP Measure in Parallel.vi Block Diagram
File Edit Wiew Project Operate Tools Window Help

S&E N Y 2w J“15pthpplication Font « | 3o~ ov OB~ g

x| Search

Voltage Level (V) [DELE

Current Limit (A) IIE b

Voltage Level Range (V) [05L ¢

Current Limit Range [A) IIE b
SourcetAdvanced:Compliance Limit S],rmmetr],rls.immetric vI

SourcetAdvanced:Source Delay@

Measurement:Aperture Tlmel‘l &m I

Measurement:Advanced:Measure Wheann Demand VI

DCPower Resources I,
AT =T
=15

MIDCFur

it

% =< niDCPower }

Count

n = niDCPower

]

Source Delay

w‘j""NIDGP'ur MICHZ Pur| MIDCFur|
T I~ =
B 2 0)]

F-"-'- error out

4

Aperture Tirmne

— Source:DC Voltage:Voltage Level

¥ Measure When

Source:DC Voltage: Current Limit

Source:DC Voltage:Voltage Level Range

Source:DC Voltage:Current Limit Range

FsourcetAdvanced:Compliance Limit Symmetry

k0BL] [voltage measurements

FOEL] |current measurements
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DCPower Parallel Measurements

DCPower CXP Measure in Parallel.vi Front Panel - O et
File Edit View Project Operate Tools Window Help HHE:
= pre > et
o |15ptAppIication Font = | §ov o~ B~ @~ *| Search 4 P oo 1
s
DCPower Resources
| SMU_4145_C3_S04/0-3,SMU_4143_C3_503/0-3,5MU_4141_C3_S02/0-3 SLLETA S 2
% - SMU_4143_C3_S03/0-3
| SMU_4145_C3_S04/0-3
ShU_4145_C3_504/0-3,5MU_4143_C3_503/0-3,5MU_4141_C3_502/0-3
Voltage Level (V)
| 500m
voltage measurements current measurements error out
CL.”r.Eﬁ.t L.i"?it.m) 300m -66.2074n status  code
|m 499,999m -123.874n @ [0
Voltage Level Range (V) L -104.263n source
h 459,998m -89.9737n =
500.007m 144.148n
CLI.I rrlen:t Llirrl1|'thange (Y] 500m 135.89n b4
(K 499.997m 97.4648n h
500.002m 58.2516n
219.72%m 993,990y
C?u.nt. : 499,999m 247767u
J12 499.999m 90.1189u
500.002m 40,1497n
W
£ >
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DCPower Separate Session Serial Measurements

DCPower Separate Session Serial vs Parallel Measurements.vi Block Diagram

File Edit View Project Operate Tools Window Help

& N P 2 4o @ ot |15ptApplication Font ~ | 3o ow GH fadh »| Search

@

Voltage Level (V) |SIDEIm=
Current Limit (A]|10m=

Aperture Tlmemi
Source Delay (sjmi
+ Measure Multiple ~| N

[5 SMU_4145_C3_504/0-3,5MU_4143_C3_503/0-3,5MU_4141_C3_502/0-3 ||

I

MU_4145_C3_504

0L Voltage Measurements (V)
WEL] |Current Measurernents (A)

MU_4145_C3_504

MU_4145 C3 504

MU 4145 €3 S04 niDCPower Measure Multiple.vi

i TP DCFau DCFaor
cors| 530 —| raree
MEAS COHFIG vOLT Ed

MU_4143_C3_503

]

Y error out

SMU_4143_C3_503

MU_4143_C3_503
MU 4143 C3 503

MU _4141_C3 502

CICIEICICIEIEITIE

MU_4141_C3_502
MU_4141_C3_502
SMU_4141_C3_502 3

|
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DCPower Separate Session Parallel Measurements

DCPower Separate Session Parallel Measurements.vi Block Diagram -

File Edit View Project Operate Tools Window Help

o o O 1] @ 20 bo i@ | 15pt Application Font ~ o~ o @1’ :hﬁ *| Search

Voltage Level (V) @
Current Limit (4) [10m]
Aperture ﬂmemi
Source Delay (s) @7
H

F

[% SMU_4145_C3_504/0-3,5MU_4143_C3_503/0-3,5MU_4141_C3_502/0-3 |=|

MU_4145_C3_504
MU 4145 C3 504

+05L] |Voltage Measurements (V]
poBL] |Current Measuremnents (A)

MU_4145_C3_504
niDCPower Measure Multiple.vi

1= OCFour DCFour OCFour I

SEC o — ==
COHFIG FORGE
CONFIG 51

HEAS yoLT 3

MU_4145 C3 504

|

MU_4143_C3_503 = error out

MU_4143_C3_503
MU_4143 €3 S03

MU_4143_C3_503

MU_4141_C3_502
MU _4141_C3 502

sMusis c3s2 0 |

MU_4141_C3_502

!

W
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DCPower Separate Session Parallel Measurements

Separate Session Measurements.vi Block Diagram - O *
Separate Session Measurements.vi Front Panel File Edit View Project Operate Tools Window Help ,,_.E‘b
= g 9 ot 1 | 15pt Application Font ~ | §ov Do+ - 5 s =
File Edit View Project Operate Tools Window Help v & O - @ & 40 T it = @ % | Search _J\ @
A
2 & ([0 Il | 15pt Application Font ~ | 3o~ o~ = & Voltage Level (V) [500m|
Current Limit (&) [10m]
Voltage Measurements (V) Current Measurements [A) Aperture Tlme
30 500m ~ 30 -74.2773n ~ Source Delay (sjﬁi
1 1 IEﬁ SMU_4145_C3_504/0-3,5MU_4143_C3_503/0-3,5MU_4141_C3_502/0-3 |v| : ——{#o51] [Voltage Measurements (V)
| 499.999m | -129.816n + Measure Multiple | —ECurrent Measurements (A}
1499.998m '|-121].1T3n SMU_4145_C3_S04 0 |
| | N
'|5mn-. 'I.g;r_g?zn SMU_4145_C3_504
1500.005m -|_1m_935n SMU_4145_C3_504 N
:|499.995m :|135.495n SMU_4145_C3_504 | o TCFaur TCF aur || DCF aur 0} O T
! ! e 1 oiigel e [ ik
{500.001m {109.422n SMU_4143 C3 503 0| Ers ] & o comrIG oree | | meas = ] = error out
1499.998m {51.1166n SMU_4143 C3 503
|500m 227417m SMU4143 C3503 2 ey e |23
J499.999m N2.468460 SMU_4143 C3_503 7
1500.001m J90.11480 SMU_4141_C3_502 0 |
{500.002m :|34.024'In SMU_4141_C3_S02
jlo . jo v SMU_4141_C3 502
SMU_4141_C3_502 3
<
v
< >
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DCPower Separate Session Parallel Measurements in C#

Measure( [] voltageMeasurements, [] currentMeasurements)

vMeasurements [SSC.Length];
iMeasurements [S5C.Length];

ForkEach(SsC, (ssc, state, index) =>»
(DevTools.UseSoftwareMeasureTriggers && ssc.InstrumentModel != 4118)

ssC.Session.Triggers.MeasureTrigger.SendSoftwareEdgeTrigger();

measurements = ssc.Session.Measurement.Fetch{ssc.DriverChannellist, PrecisionTimeSpan.FromSeconds(5), 1);
vMeasurements[index] measurements.VoltageMeasurements[8];
iMeasurements[index] measurements.CurrentMeasurements[8];

measurements = ssc.Session.Measurement.Measure(ssc.DriverChannellist);
vMeasurements[index] measurements.VoltageMeasurements[8];
iMeasurements[index] measurements.CurrentMeasurements[8];

1)

voltageMeasurements vMeasurements;
currentMeasurements iMeasurements;




The 5 Tips

Optimize source delay and aperture time
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3. Source and Measure Cycle

Default Values
Source Delay: 16.7 ms
Aperture Time: 16.7 ms

n = niDCPower &

v Source Delay

v Aperture Time




nl
Source and Measure Cycle

1 Source Delay

voltage

time

ni.com
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I
Inaccurate data

4

voltage

|
Ideal

Source Delay

I
Inefficient

& = niDCPower &

» Source Delay

16.7m

y

time
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Determining ldeal Source Delay

Method 1: Oscilloscope Method 2: SMU built-in digitizer

ni.com

M Untitled Project™ - InstrumentStudia - O M Untitled Project™ - InstrumentStudia — O
File Help (=28 File Help (=28
YA | B instrument.sfp - unning YA | B nstrument 2.5fp 7 - running
B Stop all outputs | [l H
Chan.. ¥
OSCILLOSCOPE o] SMU/POWER SUPPLY 3
Time Cursors: Off ¥ Channel0 ¥ s PXle-5160 (4CH) e HrerE i PXle-4141
ATD | SINGLE L e PAUSE SINGLE
Horizontal & Acq. Tiggersd IL - Horizontal & Acg.
TIME PER DIVISION POSITION CAPTURE TIME
200 ps AAIEVA 389.46 ps — 1.0000 ms AUTO
4.7529 M5/s - Real time - Sample
> =
Tr]gger Edge v FORCE Channels *
100 m SMU_4141_C3 502 - PXle-4141 - Slot2
SOURCE MODE 100p  200p 300 p
Channel 0 T - Channel 0 Idle v
sLosE LEVEL Current Cursors: Off ¥ Channel 1 Idle -
Rising v 200.7 mV SET 50%
Channel 2 Voltage seque... ¥ 00
Channels
SCOPE_5160_C3_S05 - PXle-5160 (4CH) -... SEQUENCE BEGIN SEQUENCE END CUTPUT
First setpo... ¥ Hold last... ¥
Channel 0 00
800 400 p 200 p 400 p 800 p
VOLTS PER DIVISION POSITION V' STERCOUNT |3 L‘.‘ &
500 mV A AIEVAII S 0.000d
V' Measurements Add/Remove o} m v Stepl] [ifoliage Duiaton
DC - 20MHz - TMQ - 10X
Channel Measurement Value Minimum Maxirmum L o.ooov 200 ps
Channel0 | Amplitude 1.00210V 1.00363 V 1.00210V 1.00749 V 1 Channel1 m 2 1.0000 V 500 ps
Channel 0 | Frequency 0.00000 Hz 0.00000 Hz 0.00000 Hz 0.00000 Hz GTo ZEm T 5 | ooooov 200 s
2 _Channel 2 OFE (113 60000 kS A0l
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Source and Measure Cycle
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Property: Aperture Time

&= niDCPower &

Aperture Time

[16.7m b

100 pA T
(]
2 1 A measurement range
p 10 yA
)
=
(@)
-l
l 1pA T

I I |

10 ps 100 ps 1ms

Longer Aperture Time >

ni.com
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10 m

oy ey, 1 MA Range
100 p . 100 pA Range = = =
""""-...,- —~ "'#,,_" 10 pA Range «=-=
10 p = selli 1 pA Range ——
------ -"“'u-..* '/)(-)\ e,
= -, | /5--.____ Rk (T IR F R A
~ 1p -\ —-—_____-
< \-.. Tl g’ S T
N~—" 100n o S T
-~ (0 R S
8 l-...._“ \\ 4. a— ~——
10 n
s I - (3 NIRRT -t
Bt o TTo==eed
Z 1in g - S— - -
\ c.—. L e L
“-..__‘- bl b ..___'.-- L —
100[) --...._____- kL — ----"""-
10p & ------ et mAR T=raares
-—-...___“-_--- R L
1p B |
100 f |
5555 1 10 100 10 100
noTw H - m M 2pLC m
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Noise Versus Aperture Time

e,
-
e,

3 A Range ==

1 A Range s
100 mA Range -
10 mA Range «-+-«

Aperture Time (S)

Noise

1 pA
100 pA
100 nA

1nA

-~ I - ISR O

10 pA
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Noise Versus Aperture Time

M ScopeandsMUSequence - InstrumentStudio — O *
Eile Help 9 -
| mE * ina | HE « i
< A | BE Instrument.sfp * - running WE Instrument_2.sfp * - running + .
g ==+, X L ' Stopalloutputs | piy K | WE |
o
. . . Data Cha.. ¥ v v ¥ v
+ |@ ScopeandSMUSequence.instudioproj SM U}POWER SU PPLY 3
B Instrument.sfp * Y Voltage Cursors: Off ¥ Auto-scale ~ 1L @ PXle-4141

BE Instrument_2.sfp *

- _j = PAUSE SINGLE

Horizontal & Acg.

Channel 0 Compliance CAPTURE TIME
Channel 1 1.0000 ms AUTO
Lirnit symmet Symmetric v
Channel 2 B v Y
Channel 3 Current limit 100.000 pA
S A Channels ™ H <
urrent limit range uto v
= SMU_4141_C3_502 - PXle-4141 - Slot 2
100 uA
100y 200p 200p 400p 500u 600p 70Ou 800p B00p 1m Channel 0 Idle v
Timing
. Channel 1 Idle >
Source delay 0.00000 s V' Current Cursors: Off ¥ Auto-scale .
Aperture time mode Manual v Channel 2 isErzeme. ©
Aperture time unit Seconds v SEQUENCE BEGIN SEQUENCE END OUTPUT
Aperture time 1.66667 ps First setpo... ¥ Hold last.. ¥
SourceAdapt tuning parameters V' sTEPCOUNT |3 L‘.‘ Iﬂ el
Presets Step | Voltage Duration
Slow MNormal “ 1 0.0000 V 200 ps
Vretaoee | 2 200.00 mV 500 ps
00.02742 V -000.1759 pA  -4.824 nW 3 0.0000 V 200 ps
100y 200p 300p 400p 500p 600p 7O0Op 800p 900p 1m 600.00 kS/s . 6015

ni.com an _N27A72 A 000 17540 4iA
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Noise Versus Aperture Time

M ScopeandSMUSequence - InstrumentStudio - O *
File Help 9 -

2 | mE * ina | HE . i

< BE Instrument.sfp * - running BE Instrument_2.sfp * - running + .

g == +. X L) E' Stopalloutputs | gy B2 | WE | @

=

/
Data Cha. ¥ b b v v

+ | ScopeandSMUSequence.instudiopraj SM U}POWER SUPPLY o]

B Instrument.sfp * W Voltage Cursors: Off = Auto-scale E“'.‘: I— @ PXle-4141

E Instrument_2.sfp *

L _/ /= | paus SINGLE

Horizontal & Acq.

Channel 0 Compliance ! CAPTURE TIME
i
Channel 1 | 1.0000 ms AUTO
Limit symmeti Symmetric v 100 m T
Channel 2 L v 4 i
Channel 3 Current limit 100,000 pA !
S A 5 Channels ™ H <
urrent limit range uto v
2 i SMU_4141_C3_502 - PXle-4141 - Slot 2
100 uA .
100p 200p 200p 400u 500p B00u 7OOW S00p B00p 1m Channel 0 Idle M
Timing
Channel 1 Idle v e
Source delay 0.00000 5 Y  Current Cursors: Off ¥ Auto-scale
Aperture time mode Manual v Channel 2 Voltage seque... ¥ .
Aperture time unit Seconds v SEQUENCE BEGIN SEQUENCE END QUTPUT
Aperture time 10.0000 ps First setpo... ¥ Hold last.. ¥
SourceAdapt tuning parameters W STEP COUNT |3 Lg =
Presets Step | Voltage Duration
Slow MNormal “ 1 0.0000 V 200 ps
Mt | 2 200.00 mV 500 ps
00.00154 V -000.0462 pA  -71.23 pW 3 0.0000 V 200 ps
100y 200p 300p 400y 500p 60O 7OOp 80O 900p 1m 100,00 kS/s - 1015

ni.com 0N _0N15A M 000 NARD? 1A




The 5 Tips

Utilize advanced instrument capabilities
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Sequencing: Software Versus Hardware Timing

Software timing Bus communication latency

Hardware timing Measurement time

L S
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Hardware-Timed Seguencing

iy S
e

Reconfigure

I
I
I
I
I
I
I
I
I

é

Output level

“basic” sequence
Source delay i

Aperture time
Measurement range “advanced” sequence

Compliance limit (>30 properties)
Output mode (I or V)

ni.com
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The 5 Tips

Tune transient response with Source Adapt
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voltage

Transient Response and Rise Time

#= niDCPower &
bTransient Response

MNormal "|—

Slow
Il Normal

time
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Transient Response and Rise Time

n= niDCPower &
*Transient Response

Custom v|—

voltage

Slow
Il Normal

Custom with NI SourceAdapt

v

time
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SourceAdapt: Digital Control Loop

{anc] 18wmsis
[DAC) 100kss
Setpoint ;E\ I Output

. Pole-Zero

Filter

V/I CONTROL

ni.com
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SourceAdapt: Tuning In InstrumentStudio

m
File Help
—

Channel Settings

Channel 0
Channel 1
Channel 2
Channel 3

Timing

Source delay
Aperture time mode
Aperture time unit

Aperture time

SourceAdapt tuning parameters

*
100 uA
0.00000 =
Manual =
Seconds =
10.0000 ps

ni.com

Presets
Voltage

Gain bandwidth 20.0000 kHz
| ]

] [ I [ I
100 Tk 10k 100 k TM2M
Gain bandwidth 200.000 kHz
Compensation frequency 10,0000 kHz

Pole-zero ratio 0.2500

Hardware event output terminals

Source trigger MNeone =
Source complete MNeone =
Measure trigger MNeone =
Measure complete MNeone =
00.00154 V 000.0186 pA  2B.62 pwW

x

ning
running

480 p

+Y

600 p

800 p

SMU/POWER SUPPLY 3

PXle-4141
L _/ /= | Pause SINGLE

Horizontal & Acq.

CAPTURE TIME
1.2000 ms AUTO
Channels ™ B @

SMU_4141_C3_S02 - PXle-4141 - Slot2

Channel 0 ldle v -
240 p 1.08 1 Channel 1 Idle - aae

Channel 2 Voltage seque... ¥ 0o
SEQUENCE BEGIN SEQUENCE END OuUTPUT

First setpo.. ¥ Hold last.. ¥

V' STEP COUNT |3 ¥ E

Step Voltage Duration

1 0.0000 V 500 ps

2 500.00 mV 500 ps

3 0.0000 V 200 ps

100.00 kS/s - 1215

00.00154 V 000.0186 pA

Channel 3 Idle = e
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Choose the right equipment

The 5 Tips

Measure in parallel

v R Optimize source delay and aperture time
Vv —

Utilize advanced instrument capabilities
Vv —

Tune transient response with Source Adapt
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