SURFACE REV.

SAE International VEHICLE SAEu7z2 | saneoos
RECOM MENDED Issued 1995-03
PRACTICE Revised 2003-01

Superseding J1752-2 MAR1995

(R) Measurement of Radiated Emissions from Integrated Circuits—
Surface Scan Method (Loop Probe Method) 10 MHz to 3 GHz

TABLE OF CONTENTS
1. Yoo 1= TP PP ERPTPPP PP PPURPRPPRPPN ITPTTPPPPPPPPPPTR 2
1.1 Measurement PhilOSOPRNY .........uiiiiiiiiicc e s e e e e s sy seneeneeeeeessssnnnsferrnnrenereeeeeeenas 2
2. REFEIENCES ...eiiiiiiiiie e siinee e snneeee s e b et e e st e e e s snneee e e e e s snaeeee s 2
2.1 PaY o] ] (To=T o1 [ =d U1 o] o 11 To] o S oS SR SRR 2
2.2 Reldted PUBICAtIONS.........ooiiiiiiiieiiiiiie e S b 2
3. (D= {1 11110 o R 4 S0 OO PO SPPST OTTTPPRRTPR 2
4, =251 (O]t o L1 1o o £ PP UPRPPS! FEPTOTPRRP 3
4.1 YU o] o) VAo ] 1 =T [ R P REERRRN SRR 3
4.2 [ (=0 (U1 Loy = T [ URUSSRSSN S 3
5. BTS00 0 1T PSR SR 3
5.1 Y 1= [ 11T G OO UEERRRN SRR 3
5.2 RF Measuring INStrUMENt............cober i r e e e e e e e e s s sssnnnnneeesseeeessssnnssferrenneeeeeeeeeeenas 3
5.3 L =T 10'0] 11T e SPPRRERRRN SRR 3
5.4 Neal Field Probes (E and H Field) ..........cccuviiiiieiiieee e sinvineneese e e e s e s s n e e e 3
5.5 Prohe Scanning System and Data ACQUISIEION .........ccooviiiiiiiiiiiiiiieeeee s sccsiinieeeeeeee e e s e s e e 3
6. B8 1T U o SR PSP 3
6.1 YY) ST T OF= 11 o] = o OO UEEERRN SRR 3
6.2 Circlit BOArd URBET TESE ....ciiiiiiiiiie ittt sttt e e s s bt e e e s snnbee e e s snnbneh e s e nbbee e e s e 3
6.3 Yotz | LIRS0 1Tz T =T U OSSR SRR 3
7. TESHPLOCRUUIE ..ottt ettt e e ettt e e e st e e e e s sbbee e e e e snnbeeeessnnnnehenentbee e e s e nebaeas 4
7.1 AMBIERAE L et s e e et e ettt e e et st eee s i eeessaieeeeessnieeeeeesafeeeeessreeeeeennnes 4
7.2 L0 0= = 1 T0] g = LI @4 1= o] SRR 4
7.3 o= 1] 1 o TR K=Tox oo T [0TSR 4
8. (D= =l o (=TT =T o1 7= 110 ] o [ PP PRRTPPR 4
8.1 (Do Tol0] 31T 1 c= i o o EP PP PRRTTPI 4

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.

Copyright ©2003 Society of Automotive Engineers, Inc.
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE.

TO PLACE A DOCUMENT ORDER: Tel: 877-606-7323 (inside USA and Canada)
Tel: 724-776-4970 (outside USA)
Fax: 724-776-0790

Email: custsvc@sae.org
SAE WEB ADDRESS: http://www.sae.org


https://saenorm.com/api/?name=59b0d7afbd0f7dc057c138132ee9d8c2

SAE J1752-2 Revised JAN2003

8.2 SCAN DALA ANAIYSIS...ceiiiitiiiii ittt e ottt e e s o bbbt e e e e bt e e s e a b e e e e e bbbt e e e e b e e e e e nnneas 4
Figure 1  Close Up Of SCan Probe OVEL IC .........uiiiiiiiiii ettt s et e e enne s 5
Figure 2 Drawing Of TYPICAl SCAN PIrODES ........uuiiiiiiiiieiie et e e st e e 5
Figure 3  Surface Scan Set- Up and INStrUMENTALION ........oouuiiiiiiiiiiiiei et 6
Figure 4 D A= 1T I =011 (o a1 TR 6

Appendix A Analyzing the Data from Near Field Surface SCaNNINgG.........c.uueiiiiiiiiiieiiii e 8

Al HINES fOr POSE-PIOCESSING . ...ttt ettt et e e s bbbt e e e sbbbe e e e s aannneeeeas 8

A2 e ez L =TT (o) P TP PPP PP TPUPPPPOt 8

A.3 VY [ 0] o T=To P o] SO O PP PP URPR 9

A4 Othgr Analysis TECHNIQUES ........cuuiiiiiiiiiiec e B b e, 9

1. Scope—This SAE Recommended Practice defines a method for evaluating the near figld, electfic or magnetic
component of the electromagnetic field at the surface of an integrated circuit (IC). This\technigye is capable of
providing g detailed pattern of the RF sources internal to the IC. The resolution ofthe pattern is|determined by
the charagteristics of the probes used and the precision of the mechanical probe“positioner. [The method is
usable ovgr the 10 MHz to 3 GHz frequency range with existing probe technplogy. The probe is mechanically
scanned agcording to a programmed pattern in a plane parallel or perpendicular to the IC surfage and the data
is computgr processed to provide a color-enhanced representation of fieldsstrength at the scan ffequency. This
procedure |is applicable to measurements from an IC mounted on,any circuit board that is accessible to the
scan probg. For comparisons, the standardized test board shall be used. This diagnostit procedure is
intended fqr IC architectural analysis including functional floor plan“and power distribution.

1.1 Measurement Philosophy—The electric and magnetic field-scan over the surface of the IC yidlds information
on the relative strength of sources within the IC package. This provides for comparisons befween different
architectures to facilitate reductions in RF emissions, fram the IC. The electric and magnetic figld pattern over
the surface of the IC is related to the electromagnetic radiation potential of the IC and of the elgctronic module
of which it]is a part. However, this procedure is\intended to provide a comparative measure for ICs and not to
predict far field levels for the IC or its circuit board.

2. Referencgs—General information supporting this document is available in SAE J1752-1.

2.1 Applicabl¢ Publication—The following publication forms a part of this specification to the extent specified
herein. Unless otherwise indicated, the latest version of SAE publications shall apply.

SAE J1752-1—Electromagnetic Compatibility Measurement Procedures for Integrated Circtlits—
Integrated Cir€uittEMC Measurement Procedures—General and Definitions

2.2 Related Plblicatieans—The following publications are provided for information purposes only| and are not a
required pTrt ofsthis document.

2.2.1 |EEE PuBLICcATIONS—AVvailable from IEEE, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331.

Slattery K. P, Cui, W., “Measuring the Electric and Magnetic Near Fields in VLSI Devices”, 1999 IEEE
International Symposium on Electromagnetic Compatibility
Goulette R. R., Ottawa, Ontario, Canada, “The Measurement of Radiated Emissions from Integrated
Circuits,” 1992 IEEE International EMC Symposium Record, August 1992, pp 340-345
Iskra S. and MacFarlane I. P, “H-Field Sensor Measurement Errors in the Near-Field of a Magnetic Dipole
Source,” IEEE Transactions on Electromagnetic Compatibility, Vol. 31, No. 3, August 1989
3. Definitions—See SAE J1752-1.
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Test Cond

itions

Supply Voltage—The supply voltage shall be as specified by the IC manufacturer. If other values are agreed
to by the users of this procedure, they shall be documented in the test report.

Frequency Range—The frequency range of this radiated emissions procedure is 10 MHz to 3 GHz. This
frequency range is directly related to the characteristics of the E-field and H-field probes used.

Test Equipment

Shielding—The use of double shielded or semi-rigid coaxial cable is required. Dependin

g on the local

ambient cg

nditions, operation in a shielded enclosure may be required.

RF Measuling Instrument—The spectrum analyzer or receiver resolution bandwidthis”’9 ¢

spectrum
for peak re

Preamplif

Near Field
probe, eith
electric fig
0.020 in s§

Probe Sc3
desired sc
electric an
testisont
minimum 9
package.

required.

Characteri
software ¢

nalyzer, sweep is to be in calibrated (coupled) mode (auto sweep). The instrument
ading and max hold with measurements in dBuV [for 50 Q system: (dBm readings) —

er—Typically, a 20 to 30 dB gain, low noise preamplifier is required:

Probes (E and H Field)—For H-field measurements, a single turn micro sized
er stand alone or generated as a PCB trace, is used. ,Fop E-field measurements,
d probe that is usually partially shielded, is used. These probes are typically f
mi-rigid coaxial cable and have an effective aperture/ofapproximately 200 um, see F

nning System and Data Acquisition—Typically;-a computer with software adapted
an parameters controls the precision stepperymotors used for highly accurate plg
] magnetic field probes, see Figures 3 and 4.* With this system spatial resolution acrg
ne order of 100 to 150 um. The minimum:probe height above the IC surface is 100 t
can step size is 25 to 50 um, 80 umJ\is a typical value over a die and 300 pum is typ
I'his procedure may be adapted foruse with other positioning systems if this level of r
\ typical scan may accumulate~10 000 data points across a scanned area of approxin
ving an IC involves a series ofspatial scans, typically at harmonics of the clock freque
bntrols the stepper motors‘and acquires the data. Dwell times are typically of the ordé

r 10 kHz. For
is to be set up
107 = dBuV].

magnetic loop
a micro sized
Abricated from
gures 1 and 2.

to provide the
cement of the
ss an IC under
D 200 um. The
ical over an IC
bsolution is not
hately 35 mm?2.
ncy. The scan
br of 30 ms and

the data is|acquired in maximum hold.

Test Set-ufp

System Calibration—<All'test equipment shall be calibrated on a regular basis. The magnetic field probe may
be calibrated so that_the measured voltage can be converted to magnetic dipole moment or[ magnetic field
intensity.

Circuit Bojard)Under Test—The test circuit board, which may be the universal IC test board, or any other

circuit board, shall be fixed in location on a ground plane to facilitate test repeatability. This may be
accomplished by the use of a non-conductive locking fixture or careful marking and placing of the board under
test during test set-up.

Scan Software Set-up—After the IC and its circuit board have been set-up, verify that the scan software is
set-up for the desired scan parameters and checkout the scan limits relative to the package of the IC under
test.
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7.3

8.1

8.2

Test Procedure

Ambient—Measure ambient levels to assure that any ambient signals present are at least 6 dB below the
target measurement level or are easily identifiable and consistent ambient signals which will not present a
problem in later testing. This is accomplished by placing the probe in the measurement position on the IC, with

no power

to the IC. If the ambient is excessive check the integrity of the overall system,

especially the

interconnecting cables and connectors. If necessary, use a shielded enclosure, a lower noise preamplifier or a
narrower spectrum analyzer resolution bandwidth.

Operational Check—Energize the circuit board under test and complete an operational check to assure
proper function of the IC (i.e., run IC test code).

Scanning
of the IC
magnetic fi
axis of the
IC surface

scans is captured and processed to evaluate the near E or H-field environnmient over the IC pa

can be in 3

mapping.
internal so

Data Pres
measured

Documen
test, frequé
orientation

Scan Dat3
this scan @
may inclug
response @
range can
well as eld
provides f
emissions
Appendix 4

[Technique—The electric (non polarized) or magnetic field probe shall be scanned o
sing scan software to control the stepping of the probe to provide a repeatable pd
eld probe two series of data are taken; first the IC is scanned with the probe‘foop orie]
device then it is scanned with the probe loop rotated 90 degrees aboutits axis perpe

These two sets of data are then combined. Data from these electric and magn

parallel or perpendicular plane to the IC surface or in a series @f planes to form a thr
This mapping is typically repeated at multiple frequencies tocevaluate the effect of fre
Lirce pattern of the IC.

bntation—Data shall be presented as a matrix ofdrequency, spatial position and
amplitude and/or as a plot of this matrix.

ency of scan, definition of scanned area, scan height, scan step size, description of p
This information is useful in interpreting:the data and in facilitating comparisons.

Analysis—The scan arrays that arise from these measurements contain a lot of d
ata is processed and color enhanced to facilitate display of the measured fields. D
e taking the linear mean of.each array and mean normalizing to eliminate the bia
s a function of frequency. \Using the probes described in this procedure, detail in the
be resolved. This techhique allows investigation of internal IC current flow and magne
bctric charge distribution and capacitive coupling to adjacent metal structures. T

from the IC. _A.description of any data processing used shall be a part of the te
\.

ver the surface
ittern.  For the
nted along one
endicular to the
btic field probe
iIckage. Scans
pe-dimensional
pquency on the

corresponding

ation—The test report supporting testing to_this procedure shall include information ¢n the IC under

obe and probe

ata.  Typically,
ata processing
5 due to probe
100 to 150 pm
ptic coupling as
nis information

br comparisons between different IC architectures and packaging to facilitate reguctions in RF

5t report.  See
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FIGURE 1—CLOSE UP.©F SCAN PROBE OVER IC
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FIGURE 2—DRAWING OF TYPICAL SCAN PROBES
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FIGURE 4—X, Y AND Z POSITIONER
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9.1

Notes

Marginal Indicia—The change bar (l) located in the left margin is for the convenience of the user in locating
areas where technical revisions have been made to the previous issue of the report. An (R) symbol to the left
of the document title indicates a complete revision of the report.

PREPARED BY THE SAE INTEGRATED CIRCUIT/EMC TASK FORCE)OF
THE SAE ELECTROMAGNETIC RADIATION STANDARD COMMIKTTEE
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APPENDIX A

ANALYZING THE DATA FROM NEAR FIELD SURFACE SCANNING

A.1 Hints for Post-Processing—If the data is collected in a two dimensional array in, for example, EXCEL format,
this array can then be imported to any of a number of analysis packages, such as Mathematica or MatLab.
Once imported into the analytical package of choice, a number of processing possibilities arise, such as
processing the image in order to sharpen the picture of the distributed fields. One can also take the discrete
array and form a continuous surface using an interpolating polynomial function. With a continuous function,
one can then take first and second order derivatives, which will highlight regions where the function is varying

A.2

rapidly, this_will usually be at conductor edges.

Another procedure that has shown some

promise is the

constructid
arrays, on€
array with
function th
with two
conditions

The kinetiq

The Lagral

Proceedinx by analogy, since the magnetie\field, H, is proportional to

Lagrangia

We then a
terms

where

constructs a function that is similar to the Lagrangian of mechanics. Associating thg
At describes the action across the surface of the device under test. Classical mech
ypes of parameters; a complete system of equations of motion apd a complet
The Lagrangian is defined as the sum of kinetic and potential energies:

L=KE-PE=T-V

energy is a function of X, but not of x, whereas potential energy is a function of x, by
ngian has the property that

oL _ T

OX oX

oL _ v

X ax

dg

dt,andEtoq,w

L(d,q) = T(d)-V(a)

sign the mean normalized arrays of the measured field quantities to the kinetic and p

L(d,q) = (IHY*=(IE])

n of the Lagrangian of the field arrays. By taking the difference of the magnetic;afd electric field

magnetic field

the kinetic energy term, and the electric field array with the potential energy’ terin, one finds a

anics operates
e set of initial

(Eq. Al)

t not of X.

(Eq. A2)

e have for the

(Eq. A3)

otential energy

(Eq. Ad)

discrete set of

(IH[) i

s the summation of each measured array of the magnetic field _mean naormalized at 2

frequencies. And similarly for the electric field array.

Total Energy—Working with the electric and magnetic distributions, construct a function expressing the
distribution of energy across the device, then

n

Total Energy = z ‘uOH(x, y)z—soE(x, y)2|
k=1

(Eq. A5)
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