Accurately Measure Low Valued Capacitors

Measuring components in-circuit can often present challenges. Understanding the factors that affect a
measurement and the available system tools will provide the optimum result.

Each test system will include some capacitance based on the specific measurement electronics, cables and
wiring. Some of the capacitance is due to the test system cables and wiring and some capacitance is due to an
interchangeable test fixture. This system capacitance is in addition to the capacitance from the PCB and the
components on the board.

The system includes tools to remove (subtract) the measured system capacitance. To do this, setup the system
with the test fixture and measure the system capacitance. This value will be saved in the test program step as
an offset of the measurement and subtracted from the UUT (unit under test) component measurement. The
result is that only the component capacitance is tested to the test limits.

The following is a typical example where C1 initially measures 155pF since this measurement includes the
system capacitance. Capacitor C1 has a value of 50pF. This value is too small to verify without compensating for

the system capacitance.

 Analyst ICT - Edit Test Program - (smallcap.spec)

File Edit View Measure Setup Tools Help
o = o
NER ¢ BRE| BE Jea @Re =] # B
From [-] To [+] Test Limits Yalue
Paint ‘Name ‘F‘uint |Name ‘T}Ipe |Hange|DeIay Title Low |High |N|:|m |Meas
19 ACT 21 Gnd Cap 1043 20.000p 80.000p S0.000p 15500p
1 JP 10 Gnd Res 264 R1 9.0000k. 11.000K 10,000k, 99239,
Title Mare: C1 Step:1af2
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An automated tool can be used to remove the system capacitance.

In the editor, select the menu item Tools > Measure Offsets > Capacitance:

O
% B

From [-] To [+] Sort » Limits Yalue

Paint ‘Name ‘F‘uint |Name Resistance |_ |High |N|:um |Meas

19 AC7 21 Gnd | Merge Paralll Components Mp 30.000p 50.000p 15500p

1 JP-1 10 Gnd CAD Conversion ... 9.0000K. 11.000K 10.000K, 99239k
PCE Panelization ... |
Autoprogram ...

¢ Analyst ICT - Edit Test Program - (smallcap.spec)
File Edit View Measure Setup BELI=N Help

D : E| x Perform Cross Checks | @ ﬁm/‘| |

Time Estimate Analysis...

Show BreakPoint Information

Title Mame; C1 Step:1of 2
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A message to select some selected steps or all steps will pop-up, press OK:

Analyst ICT - Edit Test Program - (smallcap.spec)

File Edit “iew Measure Setup Tools Help
DEE  BR | Bd Lea @ReEN % B
| From [-] ” To [+] ” Test u Limits ” Yalue ‘
F'u:uinthame |F'c:int|Name |Type|Hange|DeIay|Title L |High |N|:|m |Meas |
13 ALCT 21 Gnd Cap 1043 20.000p 80.000p S0.000p 15500p
1 JP 10 Gnd Res 264 R1 9.0000k. 11.000K 10,000k, 99239,
Measzure CAP Offset on
i~ All Steps
¢ (1]4 *\_\El x Cancel
Title Mame: C1 |Step:1of 2
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A message to remove the UUT from the fixture will pop-up. Remove the UUT to allow the system to measure
just the system capacitance and press OK:

 Analyst ICT - Edit Test Program - (smallcap.spec) |Z||E|r)__<|
File Edit View Measure Setup Tools Help
%

NER $Br | Bd . aa @&

From [-] To [+] Test Limits Yalue
Paint ‘Name ‘F‘uint |Name ‘T}Ipe |Hange|DeIay Title Low |High |N|:|m |Meas
19 ALT 21 Gnd Cap 1048 Edmﬂﬂﬂp 20.000p 50.000p 15500p
1 JR1 10 Gnd Res 264 R 90000k, 11.000K 10.000F, 9.9239K

Confirm

Remove UUT from fixture

Title Mame; C1 Step:1of 2
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The system will measure the system capacitance and subtract that value from the measurement:

 Analyst ICT - Edit Test Program - (smallcap.spec) |Z||E|[5__<|
File Edit View Measure Setup Tools Help
Ded ¥ HE rad SQBEN % B
From [-] To [+] Test Limits Yalue
Paint ‘Name ‘F‘uint |Name ‘T}Ipe |Hange|DeIay Title L |High |N|:um |Meas
13 ALCT 21 Gnd Cap 1043 20.000p 80.000p S0.000p 00000p
1 JP 10 Gnd Res 264 R1 9.0000k. 11.000K 10,000k, 99239,
Title Mame; C1 Step:1of 2

Without the UUT on the fixture, the displayed measurement should be very close to OpF.
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Now load the UUT on the test fixture and press the toolbar Measurement icon or the F3 function key to
measure C1 accurately, without the system capacitance contribution.

 Analyst ICT - Edit Test Program - (smallcap.spec) |Z||E|[5__<|
File Edit View Measure Setup Tools Help
NeEH ¥ H< :m\@m@mﬂ % B
From [-] To [+] Test Limits Yalue
Paint ‘Name ‘F‘uint |Name ‘T}Ipe |Hange|DeIay Title Low |High |N|:|m |Meas
13 ALCT 21 Gnd Cap 1043 20.000p 80.000p S0.000p 49.000p
1 JP 10 Gnd Res 264 R1 9.0000k. 11.000K 10,000k, 99239,
Title Mame; C1 Step:1of 2
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The Measurement Analysis window provides a manual, step-by-step method to remove (subtract) the system
capacitance. To do this, setup the system with the test fixture and measure the system capacitance. This value
will be saved in the test program step as an offset of the measurement and subtracted from the UUT (unit under
test) component measurement.

Without compensation for the system capacitance, the C1 measurement fails. Click on the Measurement
Analysis icon or press the F6 function key:

# Analyst ICT - Edit Test Program - (smallcap.spec) [ZHE[‘S__(l
File Edit View Measure Setup Tools Help
NEH ¥ 5R | B8 Fae @8Re ] % B
From [-] To [+] Test L@ Limits VYalue
Paint ‘Name ‘F‘uint |Name ‘T}Ipe |Hange|DeIay Title Low |High |N|:|m |Meas
13 ALCT 21 Gnd Cap 1043 20.000p 80.000p S0.000p 15500p
1 JP 10 Gnd Res 264 R1 9.0000k. 11.000K 10,000k, 99239,
Title Mame; C1 Step:1of 2
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The Measurement Analysis window shows the C1 measurement under several stimulus applications with up to
2V in Voltage mode or Constant Current mode. Since C1 is a small valued capacitor, the 100 KHz stimulus is
appropriate, click on the box as shown:

# Analyst ICT - Measurement Analysis |Z|[E|[‘S__<|
Measure Setting Help

C20 BRael] = 3 oy

From [-] To [+] Test Limits Yalue
Paint |Name |F'c:int |Name |T_I,I|:|e |F|ange |Title |an |High |Nc:rn |Meas
19 A7 2 Gnd Cap 1048 | 20.000p | 80.000p 50.000p 174.00p
‘EI 1] External 5ensze

Range : Auto Range

Measzured in Yoltage Mode Meazured in DC constant-current Mode
Dutput 100 KHz 10 KHz 1KHz 100Hz 10 by 1 md,
2 163.00p 177 .00p 240.00p 1 Range 4 Range
2 155.00p 162.00p 174.00p 233.00p 1 Range 4 Range
02y 117.00p 143.00p 257 .00p 1668.0p

Press the Inzert key to insert a Guard Point

—'\Euards J-{Mu:uminal Fit / Delay : 0 mSec J
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Click the Nominal Fit tab at the bottom of the window to display the various functions:

# Analyst ICT - Measurement Analysis

Measure Setting Help

CDE LRl w @

- [BX]
&

From [-] To [+] Test Limits Yalue
Faint |Name |F'c:int |Name |T_I,I|:|e |Hange |Title |an |High |Nc:m |Meas
19 A7 2 Gnd Cap 1048 | 20.000p | 80.000p 50.000p 174.00p
‘EI 1] External 5ensze
Range : Auto Range
Measzured in Yoltage Mode Meazured in DC constant-current Mode
Output 100 kHz 10 kHz 1FKHz 100 Hz 10 s, 1 mé
2 163.00p 177 .00p 240.00p 1 Range 4 Range
2N 155.00p 162.00p 174.00p 233.00p 1 Range 4 Range
02y 117.00p 143.00p 257.00p 1668.0p
[Alf] Functions for making measured value fit nominal value
[&lt+F7] Reset Values
[l+F2] Enter Zemo 0.000 F [Alt+F5] Fit £em [Al+F8] Measzure Lemo
[8+F3] Enter Gain | 1000 [Al+F11] Fit Gain [Al+F9] Mo Offset
[Ak+F10] Moarm Model
1 Guaids j, Hominal F“£ Delay : 0 mSec J
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Remove the UUT and click on the Group Measurement toolbar icon or press the Shift+F3 function key:

# Analyst ICT - Measurement Analysis |:|[E|[‘S__<|

Measure Setting Help

086 ezl = g B
I-E:g'nm -] To [+] Test Limits Yalue

Faint |Name |F'c:int |Name |T_I,I|:|e |Hange |Title |an |High |Nc:m |Meas

13 ALC-T 21 Gnd Cap 048 20.000p 80.000p | 50.000p 124.00p

‘EI 1] External 5ensze

Range : Auto Range

Measzured in Yoltage Mode Meazured in DC constant-current Mode
Output 100 kHz 10 KHz 1 kHz 100 Hz 10 md, 1 ma
2 T200p 120.00p 143.00p 1 Range 4 Range
2N 108.00p 1200p 135.00p 308.00p 1 Range 4 Range
02 75.000p 107.00p 102.00p 1 Range

[Alf] Functions for making measured value fit nominal value

[&lt+F7] Reset Values
[l+F2] Enter Zemo 0.000 F [Alt+F5] Fit £em [Al+F8] Measzure Lemo
[&l+F3] Enter Gain x1.000 [Ak+F11] Fit Gain [Ak+F9] Mo Offzet

[Ak+F10] Moarm Model

iﬁuards }\Hnminal Fit f_

Delay : 0 mSec J

The measurements shown are for the system capacitance including the fixture capacitance, about 110pF.
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Now press the Measure Zero button to measure the system capacitance and store this value as the “Zero”. The
Zero value is subtracted from the measurement for C1 and displayed as the Measured value. A small * is
displayed after Nominal Fit on the tab to indicate some type of special function has been selected, such as a
Zero value. The system capacitance in this example is 109.91pF:

# Analyst ICT - Measurement Analysis

Measure Setting Help

C20 BRael] = 3 oy

From [-] To [+] Test Limits Yalue
Paint |Name |F'c:int |Name |T_I,I|:|e |F|ange |Title |an |High |Nc:rn |Meas
19 A7 2 Gnd Cap 1048 | 20.000p | 80.000p 50.000p | 0.0000p
‘EI 1] External 5ensze

Range : Auto Range

Measzured in Yoltage Mode Meazured in DC constant-current Mode
Output 100 kHz 10 KHz 1 kHz 100 Hz 10 md, 1 ma
2 T200p 120.00p 143.00p 1 Range 4 Range
2 108.00p T200p 135.00p 308.00p 1 Range 4 Range
02 75.000p 107.00p 102.00p 1 Range

[Alf] Functions for making measured value fit nominal value

[&lt+F7] Reset Values
[Alt+F2] Enter £era 109.91pF [Alt+F5] Fit Zera [Alt+FE] Meazure Zen M
[&l+F3] Enter Gain x1.000 [Ak+F11] Fit Gain [Ak+F9] Mo Offzet
[Ak+F10] Moarm Model
i Guards }\Hnminal Fit ,-'r_ Delay - 0 mSec J
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Now load the board on the fixture, engage the fixture, and click on the Group Measurement toolbar icon or

press the Shift+F3 function key. The measurement table is updated with the “compensated” measurement of
Cl:

# Analyst ICT - Measurement Analysis

Measure Setting Help

GRE Rzl = g i ]
)

From [-] To [+] Test Limits Yalue
Paint |Name |F'c:int |Name |T_I,I|:|e |F|ange |Title |an |High |Nc:rn |Meas
19 A7 2 Gnd Cap 1048 | 20.000p | 80.000p 50.000p | 43.000p
‘EI 1] External 5ensze

Range : Auto Range

Measzured in Yoltage Mode Meazured in DC constant-current Mode
Dutput 100 KHz 10 KHz 1KHz 100Hz 10 by 1 md,
2 53.000p GE.000p 1E.00p 1 Range 4 Range
2 45.000p 54.000p B3 000p 1 Range 1 Range 4 Range
02y 7.0000p 58.000p 81.000p 501.00p

[Alf] Functions for making measured value fit nominal value
[&lt+F7] Reset Values
[l+F2] Enter Zemo 109.91pF [Alt+F5] Fit £em [Al+F8] Measzure Lemo
[Al+F 3] Enter Gain | x1.000 [AI+F11] Fit Gain [£I+FT] Mo Offset
[Ak+F10] Moarm Model

iﬁuards }\Hnminal Fit ,-'r_

Delay : 0 mSec J

Use the green door toolbar icon or press the Esc key to save this setup. The Zero is saved as part of this test step
in the test program.

Automated Tool or Manual Method

The automated tool and the manual method both will accomplish the same result, the system capacitance is
removed from the measurement and the low-valued capacitor can be tested to the component test limits.
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