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 IEEE EMC SCV members who would like to get their
membership elevated to Senior Member can contact Caroline
Chan . We can help you find Senior member references.

 A collection of videos consisting of a variety of lectures and
instructional tutorials that the IEEE EMC society has
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 The IEEE EMC SCV Chapter is looking for candidates for
2019 Officers.
 Chair/Vice chair:

 Organize adcom as needed, ensure to communicate with the host about upcoming
meetings.

 Look for speakers for the year of 2019 (allowed 3 out of town speakers, look into
Distinguished lecturer from EMC-S)

 Organize Mini Symposium, identify venues, answer questions from the vendors and
attendees regarding logistics

 Enter the meetings in advance in vtools so that they are searchable for visitors not
on the mailing list

 Present to Section the Chapter Status
 Conduct monthly meetings
 Post on Social Media (Facebook and Linkedin)

 Treasurer:
 Balance the checkbook
 Provide a yearly budget
 Fill in financial statements as required by Section at the end of the year
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 The IEEE EMC SCV Chapter is looking for candidates for
2019 Officers.
 Secretary:

 Document Adcom meetings
 Send monthly communication to mailing list
 Update meetings in Vtools L31

 Institution/Marketing:
 Emails company for chapter sponsorship and Mini Symposium Exhibitors
 Provide benefits from the sponsorship and presence at the Mini Symposium
 Acquire the artwork of companies logo

 Webmaster:
 Update upcoming speaker info
 Create Mini Symposium Registration page
 Maintain www.scvemc.org
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Title : The case for measurement and analysis of ESD fields in semi-conductor manufacturing 

Guest Speaker : Timothy Maloney
Abstract: A destructive Charged Device Model electrostatic discharge event can happen in semiconductor
manufacturing and should be detectable from radiation that results from collapse of an electric dipole. The
analytically describable radiation field pulse of CDM can be readily produced with a new instrument (CDM Event
Simulator or CDMES) that creates dipole collapse at will. A coaxial monopole E-field antenna’s transfer function
gives the antenna signal in near-field, and experiments compare well with theory. These and other instruments for
CDM ESD monitoring and process control are described in a newly-issued patent, reviewed here.



The Case for Measurement and 
Analysis of ESD Fields in 

Semiconductor Manufacturing
Timothy J. Maloney

Center for Analytic Insights, Palo Alto, CA
tjmaloney@sbcglobal.net



Outline
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•Charged Device Model (CDM) event in manufacturing and in situ 
event monitoring

•Antenna and detector arrangement in factory
•Create CDM events at will with the CDMES (event simulator) 
and use the antenna and detector in place
•Calibrate the detector with a reproducible antenna-like pulse

•Present theory of 
•CDM fields
•Resulting antenna pulse
•Synthesis of artificial antenna pulse

•Considerations for adopting the technology 



Analytical Features (see Refs.)

11

•CDM as a 2-pole circuit
•Add spark rise time
•Map to time domain with Inverse Laplace Transform

•CDM as a source of dipole radiation, CDM Event Simulator
•Detect with monopole antenna
•s-domain expressions for everything from CDM current 
source to antenna signal on scope

•Experimental results on antenna signal, agreement with theory

•Artificial antenna signals with “monocycle” pulser
•Theory and experiment, compared favorably
•Calibration of MiniPulse detector with monocycle pulser



Related Recent Patent
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CDM Event and Field Detection
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From US Patent 9,671,448 (2017)
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Simplified CDM Network
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CDM dipole radiation, monopole 
antenna
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to 50 Ω scope 

p

15 cm

6 mm “monopole” 
antenna on 50 Ω cable

Experimental arrangement of CDM electric dipole 
initial source p and 6 mm coaxial antenna.



CDM Event Simulator (CDMES)
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10 Meg

Charge plate

Coax to 50 ohm scope

+V

Ground plate

+++++ +++++
- - - - - - - - - - - -

CDM pulse generator.  Charge plate probe hits pedestal and 
dipole collapses, with current pulse and dipole radiation.



Simco-ITW CDMES Model
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7” long.  Voltage cable and signal coax cable shown.

10 Meg

Charge plate

Coax to 50 ohm scope

+V

Ground plate

+++++ +++++
- - - - - - - - - - - -

Described in US Patent 9,671,448 (2017)



Field Detection with CDMES
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From US Patent 9,671,448 (2017)
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Electric Dipole “equatorial” field
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Dipole E-field, sinθ=1
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Solve in time domain with inverse Laplace Transform; 
pole-zero expansion in natural frequencies
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Measured current (top) and antenna response (bottom) to E-field at 
15 cm, using artificial CDM source; 2 nsec/division

p15 cm



Calculated current and field
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Calculated CDM current pulse, 1 
nsec full scale.

E-field pulse Eθ at 15 cm from CDM 
current source; 1 nsec full scale.

Collapsing field adds 
this to opposite 

polarity constant field



Antenna Transfer Function
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From Caniggia and Maradei, 2007



Transfer function in terms of initial 
dipole source p
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Calculated antenna response to E-field,15 cm 
from CDM source, 1.5 nsec full scale

Predicted antenna signal.  Good 
agreement with measurement.

p15 cm



Adjust the current function just a 
little and…
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Antenna

Antenna signal is a 
near-monocycle

p15 cm



Measurement Uncertainties
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•Dipole length dl is not precisely known for each zap
•Yet every field in the theory is proportional to dl

•Finite source size, spark timing, surrounding metal all affect fields

•Antenna properties, particularly effective capacitance

•Discharges can be fragmented (spark shower) and spread over short 
times, meaning weaker device event but confusing signal

•But worst-case discharges are crisp dipole collapses

•We ultimately care about stress felt by the device, not the field. So we 
must ask, how lousy can the radiation efficiency be?

•If it’s lousy enough, there’s a weak signal and a strong CDM event;  
not good

•Despite all this, theory and experiment agreed pretty well



Artificial antenna pulses
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TLP-based setup with two quarter-
wave 3 dB couplers, aimed at 
producing a monocycle pulse. 

Monocycle pulse output at 50V line 
charge, 2.5 nsec/division. Vp-p=5.52 V

10X atten
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TLP in

Coupler 1

Coupler 2

OUT, to 
scope

Coupler 1 to 
Coupler 2

Monocycle 
pulser 
hardware



Approximate solution, monocycle
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•Predicted monocycle signal using 2-pole approximations
•5 nsec full scale 
•Peak heights, ratios, pulse shape and time scale are all close to 
measured data.
•See 2012, 2013 references

Allows accurate 
design with easy 
calculation.



Calibration Example
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Simco-ITW MiniPulse is detector.  Must have z-mismatch to 
simulate actual antenna (a near-open circuit).  Input of 

MiniPulse is not matched (see next slide)
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Monocycle pulse (left, 175 mV=Vp-p) and its reflection 
from ESD event detector (right, 112 mV) after transit of 

150 cm cable (15 nsec).
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TLP step

50 Ω

C 90° ISO

IN

ISO  90°

0°
Coupler 1

all 50 Ω

0° IN
Coupler 2

MiniPulse

50 Ω
scope

150 cm 
cable

450 Ω

Pickoff tee

Monocycle pulse 
generator for hi-Z pulse 

and setup for  calibration 
of ESD detector

MiniPulse electronics described in US Patent 9,671,448 (2017)



MiniPulse calibration
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Monocycle pulse peak-to-peak voltage (Vp-p) 
magnitude vs. threshold setting of MiniPulse event 
detector, semi-log plot.  Excellent agreement with 

exponential fit (422 mV/decade).

Vp-p sensitive, 
as hoped.  Log 
amp in MiniPulse 
is in evidence.



Comments on First Five Years of Usage
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•Heavy use of CDMES for in situ electrostatic event creation

•MiniPulse is a compact substitute for a scope but improved 
versions are possible

•Hi-pass input filter and log amp are its most important features 
at present

•Field-detection tools are used for troubleshooting and 
maintenance, more than continuous in situ monitoring of process

•Managers will decide usage level, based on cost
•Consider in context of history of ESD-related factory tools, e.g., 
GPS-like location of ESD event (1990s), developed but not 
routinely used.  



Conclusions

35

•How in situ event monitoring in manufacturing works, using 
antenna and detector arrangement

•Also create CDM events at will with the CDMES (event 
simulator) and use the antenna and detector in place
•Calibrate the detector with a reproducible antenna-like pulse

•Tools were developed along with the theory of 
•CDM and CDMES fields
•Resulting antenna pulse
•Synthesis of artificial antenna pulse

•Measurement uncertainties
•Dipole length, device stress vs. field strength, etc.

•Considerations for adopting the technology 

•TJM ESD publications (this one is emc18): 
See https://sites.google.com/site/esdpubs/documents

https://sites.google.com/site/esdpubs/documents
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