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Our 2016 paper [1] presented many measurements of the comFigure 1. CDM Measurement Chain
SRQHQWV XVHG LQ WKH 5&'0 WHVWHU ZKLFK H[SODLQHG WKH EDVLF
causes of CDM repeatability problems. The design of the CDM
WHVW KDV VXIIHUHG IURP PXOWLSOH H[DPSOHV RI SRRU GHVLJQ ZKLFK
have resisted accuracy improvements for too many years.
The CDM standards as originally composed required that the
total CDM measurement chain be initially calibrated and periodiFDOO\YHUL¿HGLQWKHWLPHGRPDLQ7KHFXUUHQWVHQVRUGHVLJQ
[2] produced reasonable CDM test results, but later changes to
its construction introduced additional measurement errors. The
FDXVHV RI WKHVH HUURUV DUH GLI¿FXOW WR LGHQWLI\ ZLWKRXW DFFXUDWH
measurement of individual component responses.
The ESDA CDM working group began measuring the pulse
UHVSRQVHRI(6'$FXUUHQWVHQVRUVLQ>@ZLWKWKHH[SHFWDtion that improvements in their pulse response would be made.
We followed that up in 1999 [4] with recommendations that the
YHUL¿FDWLRQ PRGXOHV XVHG DV UHIHUHQFH FDSDFLWRUV VKRXOG XVH
alumina ceramic instead of the FR4 printed circuit board material
as the insulating dielectric. We recommended that alumina was
a much better high frequency capacitor dielectric. CDM tester
manufacturers never used our recommendations to improve the
CDM test accuracy.

Figure 2. LRC Tester Elements

We made multiple alumina capacitors to measure the CDM
resonant frequencies as each was discharged. The frequency
varied from about 500 MHz for the largest devices to 2500 MHz
IRUWKHVPDOOHVWVL]HDQGORZHVW S) FDSDFLWDQFHGHYLFHV2XU
SDSHULGHQWL¿HGWKHORQJLJQRUHG&'0WHVWHUIUHTXHQF\GRPDLQ
information. CDM measurement components must provide an
accurate response over this range of frequencies so the scope
7KH RULJLQDO VSHFL¿FDWLRQV IRU GLVFKDUJH SXOVH PHDVXUHPHQWV can accurately measure the discharge waveform in the time doin the time domain seemed to be a logical choice at the time. main. The total CDM measurement chain accuracy can only be
This was because all ESD threats occur as discharge pulses TXDOL¿HGZKHQRIHDFKRILWVFRPSRQHQWVLVDFFXUDWHO\PHDVXUHG
ZKRVH SDUDPHWHUV DUH LGHQWL¿HG LQ WKH WLPH GRPDLQ +RZHYHU individually. The CDM standard should be changed to specify
the CDM discharge test behaves much differently. The voltage this new measurement method.
threat charge is stored in the device capacitance, which is discharged through one of the device’s balls or leads to a ground The new JS-002 standard began improving the accuracy of the
SRWHQWLDOSRJRSLQ,WVLQGXFWDQFH / UHPDLQVFRQVWDQWZKLOHGLI- &'0WHVWE\DGGLQJ*+]EDQGZLGWKVFRSHVSHFL¿FDWLRQVDQG
IHUHQWFDSDFLWDQFH & YDOXHVRIGHYLFHVRUYHUL¿FDWLRQPRGXOHV its measured data. The wider bandwidth and uniform scope fredetermines the resulting CDM discharge resonant frequency. quency response over the CDM discharge frequency range was
The CDM discharge circuit produces a decaying sine wave with a major improvement of this component in the CDM measurethe amount of damping determined by the combination of the ment chain shown in Figure 1. Our analysis of scope bandwidth
discharge circuit resistive losses and spark resistance. Figure and roll–off response characteristics indicates that a 3 GHz
1 shows the four components in the CDM generation/measure- digital scope will provide accurate CDM measurements for most
ment chain. Figure 2 shows the high frequency elements in the packaged devices. The smallest 1.0 pF device capacitance will
produce an 8% low peak current error at 2.5 GHz.
CDM tester.
Continued
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7KH DFFXUDF\ RI WKH 6RXUFH YHUL¿FDWLRQ PRGXOH  DQG &XUUHQW
6HQVRU LQ ¿JXUH  KDYH EHHQ QRW EHHQ TXDQWL¿HG XQWLO QRZ
and have contributed unknown amounts of error to the CDM
measurement chain. When the current sensor construction was
changed from the reasonably accurate one ohm disk resistors to
DULQJRIFKLSUHVLVWRUVWKH-('(&YHUL¿FDWLRQGDWDGLGQRWPHHW
the legacy peak current values.

7KHVHDUHVLJQL¿FDQWGLIIHUHQFHVWKDWKDYHPHWHDUO\UHVLVWDQFH
in the Joint JEDEC-ESDA Working Group. The CDM test can
be made more accurate by changing the new standard to incorporate both new methods to calibrate all measurement compoQHQWVZLWKIUHTXHQF\GRPDLQVSHFL¿FDWLRQVDQGDFFXUDWHSHDN
current data. Repeatable data between testers will be the result
when they use accurate measurements of the CDM discharge.

It is not clear how the JEDEC system developed a different set of
YHUL¿FDWLRQGDWDYDOXHV:KHQWKHGHVLJQFKDQJHGWRDFLUFXODU
set of chip resistors for both the ESDA and JEDEC current sensors the JEDEC units did not meet their legacy values. Instead of
identifying which design provided more accurate measurements,
a “tuning” cavity was added to achieve the legacy current values
measured with a 1 GHz scope.

We need to validate our claim that uniform frequency response
FXUUHQW VHQVRUV DQG YHUL¿FDWLRQ PRGXOHV ZLOO VLJQL¿FDQWO\ LPSURYHUHSHDWDELOLW\EHWZHHQWHVWIDFLOLWLHV:HKDYHVHQWVL[VHWV
of our new RCDM3 measurement components to members of
the Joint JEDEC-ESDA Working Group so each can measure
the discharge current parameters with wide bandwidth scopes.
Comparison of the measured data at multiple sites will demThe “tuning” cavity causes an increase in its peak current when onstrate if accurate measurement components can identify
its pulse response is measured with the 1 GHz scope. However peak current discharge waveforms with closer tolerances. This
it distorts the current sensor’s frequency response by adding data will be compared to that from present current sensors and
DUWL¿FLDO ULQJLQJ WR WKH GLVFKDUJH ZDYHIRUP ,W DOVR LQVHUWV KLJK YHUL¿FDWLRQPRGXOHV,IWKHUHLVUHDGHULQWHUHVWZHZLOOSURYLGH
impedance in front of the one ohm resistance. Impedance added the comparison in a following Threshold publication to keep the
to the one ohm current sensor changes the threat to the DUT industry aware of how this improvement in CDM is developing.
which can cause errors in CDM device failure levels. Combining $IHZQRWHVRIH[SODQDWLRQZLOODQVZHUVRPHTXHVWLRQV:KHQ
the “tuning” cavity correction in the JEDEC current sensor data current sensors with constant one ohm impedance from 500 to
with the more accurate ESDA current sensor data forced widen- 2500 MHz are used, different discharge spark resistance values
ing of data tolerances in JS-002.
that cause the range of peak current tolerance will then become
7KHOHJDF\YDOXHVZHUHVRGLI¿FXOWWRREWDLQZLWKWKHPL[RIFXU- WKH ODUJHVW YDULDEOH LQ &'0 WHVWLQJ &RD[LDO FDEOH ORVV LV WKH
rent sensors that the CDM standard recommends changing the WKLUGHOHPHQWLQ¿JXUHRIWKHPHDVXUHPHQWFKDLQ(DFKFDEOH
charge voltage to obtain the required peak current values. This LVVLPLODUDQGYDULHVEHWZHHQG% /RVV DW0+]DQG
unusual correction method would be somewhat less questionable  G%   /RVV  DW  0+]7KLV VPDOO EXW PHDVXUDEOH
if the current sensors produced accurate measurements of peak error will not affect repeatability and can be addressed later after
current. They do not. These convoluted test voltage methods for accurate measurement components are adopted in the CDM
YHUL¿FDWLRQDQGWHVWLQJFU\RXWIRUWKHUHWXUQWRWKHVLPSOHEXWDF- standard.
FXUDWHPHDVXUHPHQWFRPSRQHQWVDQGVSHFL¿FDWLRQVSUHVHQWHG
here.
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