SPECIFICATIONS

NI PXle-4144

Four-Channel SMU

This document lists specifications for the NI PXIe-4144 (NI 4144) source-measure unit
(SMU).

Specifications are subject to change without notice. For the most recent NI 4144
specifications, visit ni.com/manuals.

A Caution To ensure the specified EMC performance, operate this product only with
shielded cables and accessories.

A Caution Using the NI 4144 in a manner not described in this document might
impair the protection the NI 4144 provides.

National Instruments defines the capabilities and performance of its Test & Measurement
instruments as Specifications, Typical Specifications, and Characteristic or Supplemental
Specifications. Data provided in this document are Specifications unless otherwise noted.

Specifications characterize the warranted performance of the instrument within the
recommended calibration interval and under the stated operating conditions.

Typical Specifications are specifications met by the majority of the instruments within the
recommended calibration interval and under the stated operating conditions. The performance
of the instrument is not warranted.

Characteristic or Supplemental Specifications describe basic functions and attributes of the
instrument established by design or during development and not evaluated during Verification
or Adjustment. They provide information that is relevant for the adequate use of the
instrument that is not included in the previous definitions.

Unless otherwise noted, specifications are valid under the following conditions:
*  Ambient temperature 23 °C + 5 °C

«  After 30 minutes warm-up time

*  Self-calibration performed within the last 24 hours

+  niDCPower Aperture Time property or NIDCPOWER_ATTR_APERTURE TIME
attribute set to 2 power-line cycles (PLC)s.

A Caution Refer to the Read Me First: Safety and Electromagnetic Compatibility
document for important safety and electromagnetic compatibility information. To
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obtain a copy of this document online, visit ni.com/manuals and search for the
document title.

To access NI 4144 documentation, navigate to Start»All Programs»National Instruments
NI-DCPower»Documentation.
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Device Capabilities

The following table and figure illustrate the voltage and the current source and sink ranges of
the NI 4144.
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Table 1. NI 4144 Current Source and Sink Ranges

Channels

DC Voltage Ranges DC Current Source and Sink Ranges

0 through 3!

+6V 10 pA
100 pA
1 mA
10 mA
100 mA
500 mA

Figure 1. NI 4144 Quadrant Diagram, All Channels

I+

-
Limit power sinking to 7 W per module. Additional

derating applies to module sinking power when
operating at an ambient temperature of >45 °C.

' Channels are isolated from earth ground but share a common LO.
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SMU Specifications

Voltage Programming and Measurement Accuracy/

Resolution
Table 2. Voltage Programming and Measurement Accuracy/Resolution
Range Resolution and 1 Year Accuracy Temperature Coefficient +
Noise (0.1 Hz to (23 °C £ 5 °C) + (% of (% of Voltage + Offset)/°C,
10 Hz)? Voltage + Offset), 0°Cto55°C
Tca| +5 °C3
6V 60 uv 0.1% + 10 mV 0.0005% + 1 pV

Related Information

SMU Resolution/Noise versus Measure Speed, Typical on page 5

Current Programming and Measurement Accuracy/

Resolution
Table 3. Current Programming and Measurement Accuracy/Resolution

Range Resolution and 1 Year Accuracy Temperature Coefficient +

Noise (0.1 Hz to (23 °C £ 5 °C) = (% of (% of Current + Offset)/°C,

10 Hz)* Current + Offset), 0°Cto55°C
Tca| x5°C5

10 pA | 150 pA 0.1% + 6.0 nA 0.002% + 20 pA
100 pA | 1 nA 0.1% + 50 nA 0.002% + 200 pA
1 mA 10 nA 0.1% + 0.5 pA 0.002% + 2.0 nA
10 mA | 100 nA 0.1% + 5.0 pA 0.002% + 20 nA

2 Resolution is noise-limited. Numbers listed represent peak-to-peak noise over the specified

bandwidth.

3 T,y is the internal device temperature recorded by the NI 4144 at the completion of the last self-
calibration. Specifications are valid for an aperture time of 2 PLCs.
4 Resolution is noise-limited. Numbers listed represent peak-to-peak noise over the specified

bandwidth.

5 T, is the internal device temperature recorded by the NI 4144 at the completion of the last self-
calibration. Specifications are valid for an aperture time of 2 PLCs.
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Table 3. Current Programming and Measurement Accuracy/Resolution (Continued)

Range Resolution and 1 Year Accuracy Temperature Coefficient =
Noise (0.1 Hz to (23°C =5 °C) = (% of (% of Current + Offset)/°C,
10 Hz)* Current + Offset), 0°Cto55°C
Tca| +5 o(..:5
100 mA | 1 pA 0.1% + 50 pA 0.002% + 200 nA
500 mA | 5 pA 0.2% + 250 pA 0.008% + 1 pA

Related Information

SMU Resolution/Noise versus Measure Speed, Typical on page 5

SMU Resolution/Noise versus Measure Speed, Typical

The following figure illustrates noise and resolution as a function of measurement aperture for

the NI 4144.
Figure 2. Noise and Resolution versus Measurement Aperture
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To derive a resolution in absolute units from the preceding figure, complete the following

steps:

1. Select a voltage or current range.

2. For a given aperture time, find the corresponding resolution.

3. To convert resolution from ppm of range to absolute units, multiply resolution in ppm of
range by the selected range.

4 Resolution is noise-limited. Numbers listed represent peak-to-peak noise over the specified

bandwidth.

5 T, is the internal device temperature recorded by the NI 4144 at the completion of the last self-
calibration. Specifications are valid for an aperture time of 2 PLCs.
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Example of Calculating SMU Resolution

The NI 4144 has a resolution of 1,000 ppm when set to a 100 ps
aperture time. In the 6 V range, resolution can be calculated by
multiplying 6 V by 1,000 ppm, as shown in the following equation:

6V * 1,000 ppm =6 V * 1,000 * 1100 =6 mV

Likewise, in the 10 mA range, resolution can be calculated by
multiplying 10 mA by 1,000 ppm, as shown in the following equation:

10 mA * 1,000 ppm = 10 mA * 1,000 * 1x10-¢ = 10 pA

Sinking Power vs. Ambient Temperature
Derating

The following figure illustrates sinking power derating per module as a function of ambient
temperature for the NI 4144.

Figure 3. Sinking Power v.s Ambient Temperature Derating
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Additional Specifications

Settling time, typical®

Transient response, typical”...........c..cccoovrveennne.

Wideband source noise, typical..........cccoeevernenne

Cable guard output impedance,
typical
Remote sense

VOItage ...coveeeieierieneeeeee e

CUITENL ..ttt
Maximum lead drop

Load regulation, typical

Isolation voltage, Channel-to-earth

ground, characteristic®

Absolute maximum voltage between
any terminal and LO

<100 ps to settle to 0.1% of voltage step,
device configured for fast transient response

<100 ps to recover within £20 mV after a load
current change from 10% to 90% of range,
device configured for fast transient response

1.5 mV RMS (20 Hz to 20 MHz bandwidth),
device configured for normal transient
response

10 kQ

Add 0.1% of LO lead drop to voltage accuracy
specification

No additional error due to lead drop

Up to 1 V drop per lead for |V, <5 V. For
[Voutl > 5 V, keep sum of |V, and total lead
drop below 7 V

10 pV at connector pins per mA of output load
when using local sense

20 pA + 1 ppm of range per volt of output
change

60 VDC, CAT I, verified by dielectric
withstand test, 5 s, continuous

20 VDC, continuous

The following figures illustrate the effect of the transient response setting on the step response

of the NI 4144 for different loads.

6 Current limit set to >1 mA and >10% of the selected current limit range.
7 Current limit set to >1 mA and >10% of the selected current limit range.
8 Channels are isolated from earth ground but share a common LO.

NI PXle-4144 Specifications | © National Instruments | 7



Figure 4. 1 mA Range No Load Step Response, Typical
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Figure 5. 1 mA Range, 100 nF Load Step Response, Typical
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Supplemental Specifications

Maximum Measurement Speed

Available sample rates...........cccceeeverenenienenenne (600 kS/s)/N where N=1, 2, 3, ... 220 and S is
samples

Sample rate accuracy.........coceeeeeeienienienenennenne +50 ppm

Maximum measure rate to host’............ccco..... 600,000 S/s per channel, continuous

Maximum source update rate!®.......................... 100,000 updates/s

Trigger in to source delay........ccocevvevvererereneenns Sus

Trigger in to SOUICe Jitter.......c.covevveereeruenueennne 1.7 ps

Trigger in to Measure Jitter.........cecvevververereneenne 1.7 us

Triggers

Input triggers
TYPCS ettt Start, Source, Sequence Advance, Measure
Sources (PXI trigger lines 0 to 7)!!
Polarity.....ccoevereniiieieieceeeee Configurable
Minimum pulse width........cccocevennene 100 ns
Destinations!2 (PXI trigger lines 0 to 7)!3
Polarity.....ccceeeeieieieieieee e Active high (not configurable)
Pulse width.......ocooeiriininccee >200 ns
Output triggers (events)
TYPOS ettt Source Complete, Sequence Iteration
Complete, Sequence Engine Done, Measure
Complete
Destinations (PXI trigger lines 0 to 7)!4
Polarity....cccoeverenieieieeeeeeee Configurable
Pulse width..........ccooevviviiiiiieies Configurable between 250 ns and 1.6 ps

9 Load dependent settling time is not included. Normal DC noise rejection is used.

As the source delay is adjusted, maximum source rates vary.

1T pulse widths and logic levels are compliant with PXI Express Hardware Specification Revision 1.0

ECN 1.

Input triggers can be re-exported.

13 pulse widths and logic levels are compliant with PXI Express Hardware Specification Revision 1.0
ECN 1.

14" pulse widths and logic levels are compliant with PXI Express Hardware Specification Revision 1.0
ECN 1.
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NI-DCPower Sequence Source Model

The following figure illustrates the programming flow in NI-DCPower using Sequence source
mode with automatic measurements.

Figure 6. NI-DCPower Programming Flow

Sequence “Sequence”
Loop
Count
Num “Step” \
Steps Source
Trigger
Start | Sequence
Trigger | Advance
Trigger
¢ + Source Source Measure
Delay
v \ ¢ A ¢
Source Measure Sequence | Sequence
Complete Complete Iteration Engine
\ Event Event Complete Done
K Event Event
Related Information
NI DC Power Supplies and SMU Help
Calibration Interval
Recommended calibration interval..................... 1 year
Physical Characteristics
DImensions......cc.eeeeeenverenenenerieieieseseseeneenne 3U, one-slot, PXI Express/cPCI Express

module; 2.0 cm x 13.0 cm x 21.6 cm (0.8 in. %
5.1in. x 8.5 1n.)

WEIZRE oo eeeeseeeeeeeeeeeeeeesseee 408 g (14.39 oz)

Front panel connectors..........c.ccceeveevenerenieennnne 25-position D-SUB, male
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Environment

Maximum altitude

Pollution Degree

Indoor use only.

Operating Environment

Ambient temperature range

Relative humidity range

Storage Environment

Ambient temperature range

Relative humidity range

Operational shock

Random vibration

Operating

Nonoperating

2,000 m (at 25 °C ambient temperature)

0 °C to 55 °C (Tested in accordance with
IEC-60068-2-1 and IEC-60068-2-2.)

10% to 70%, noncondensing; derate 1.3% per
°C above 40 °C (Tested in accordance with
IEC 60068-2-56.) (Tested in accordance with
IEC-60068-2-56.)

-40 °C to 70 °C (Tested in accordance
with IEC-60068-2-1 and IEC-60068-2-2.)

5% to 95%, noncondensing (Tested in
accordance with IEC-60068-2-56.)

30 g peak, half-sine, 11 ms pulse (Tested in
accordance with IEC-60068-2-27. Test profile
developed in accordance with MIL-
PRF-28800F.)

5 Hz to 500 Hz, 0.3 g6

5 Hz to 500 Hz, 2.4 g, (Tested in accordance
with [EC-60068-2-64. Nonoperating test
profile exceeds the requirements of MIL-
PRF-28800F, Class 3.)
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Compliance and Certifications

Safety

This product is designed to meet the requirements of the following electrical equipment safety
standards for measurement, control, and laboratory use:

« IEC61010-1, EN 61010-1
« UL 61010-1, CSA 61010-1

Note For UL and other safety certifications, refer to the product label or the Online
Product Certification section.

Electromagnetic Compatibility

This product meets the requirements of the following EMC standards for electrical equipment
for measurement, control, and laboratory use:

«  EN61326-1 (IEC 61326-1): Class A emissions; Basic immunity

« ENS55011 (CISPR 11): Group 1, Class A emissions

*  AS/NZS CISPR 11: Group 1, Class A emissions

*  FCC 47 CFR Part 15B: Class A emissions

« ICES-001: Class A emissions

Note In the United States (per FCC 47 CFR), Class A equipment is intended for
use in commercial, light-industrial, and heavy-industrial locations. In Europe,
Canada, Australia, and New Zealand (per CISPR 11), Class A equipment is intended
for use only in heavy-industrial locations.

= Note Group 1 equipment (per CISPR 11) is any industrial, scientific, or medical
— equipment that does not intentionally generate radio frequency energy for the
treatment of material or inspection/analysis purposes.

Note For EMC declarations, certifications, and additional information, refer to the
Online Product Certification section.

CE Compliance C €

This product meets the essential requirements of applicable European Directives, as follows:
*  2006/95/EC; Low-Voltage Directive (safety)
*  2004/108/EC; Electromagnetic Compatibility Directive (EMC)

Online Product Certification

To obtain product certifications and the DoC for this product, visit ni.com/certification, search
by model number or product line, and click the appropriate link in the Certification column.
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Environmental Management

NI is committed to designing and manufacturing products in an environmentally responsible
manner. NI recognizes that eliminating certain hazardous substances from our products is
beneficial not only to the environment but also to NI customers.

For additional environmental information, refer to the Minimize Our Environmental Impact
web page at ni.com/environment. This page contains the environmental regulations and
directives with which NI complies, as well as other environmental information not included in
this document.

Waste Electrical and Electronic Equipment (WEEE)

b EU Customers At the end of the product life cycle, all products must be sent to a
- WEEE recycling center. For more information about WEEE recycling centers,
National Instruments WEEE initiatives, and compliance with
WEEE Directive 2002/96/EC on Waste Electrical and Electronic Equipment, visit
ni.com/environment/weee.

B EREREREHERME (hE RoHS)

@@ hE%E A National Instruments 775 A [ B (5 27 b BR 1 4 2805 4
Ji#64 (RoHS) . T National Instruments # & RoHS & MMHEE S, HE®R
ni.com/environment/rohs china. (Forinformation about China RoHS

compliance, go to ni.com/environment/rohs china.)
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Refer to the NI Trademarks and Logo Guidelines at ni . com/trademarks for information on National Instruments trademarks.
Other product and company names mentioned herein are trademarks or trade names of their respective companies. For patents
covering National Instruments products/technology, refer to the appropriate location: Help»Patents in your software, the
patents.txt file on your media, or the National Instruments Patent Notice at ni . com/patents. You can find information about
end-user license agreements (EULAs) and third-party legal notices in the readme file for your NI product. Refer to the Export
Compliance Information at ni . com/legal/export-compliance for the National Instruments global trade compliance policy and
how to obtain relevant HTS codes, ECCNs, and other import/export data.

© 2012—2013 National Instruments. All rights reserved.
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TmA |10nA 0.1% + 0.5 pA 0.002% + 2.0 nA
10mA | 100 nA 0.1% + 5.0 yA 0.002% + 20 nA
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