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UNSPECIFIED LISN PARAMETERS CAN CAUSE EMISSIONS
TO APPEAR GREATER THAN 10dB HIGH

Ken Hall
Hewlett-Packard Company
8020 Foothills Boulevard

Roseville, CA 95678

Abstract

The purpose of this paper #s to summarize
our findings when testing two different products
using FCC/VDE LISNs from several manufacturers.
The initial problem, inconsistent measurement of
emissions, was noted on one UUT; while measure-
ment of emissions on another UUT were consistent.
Modifying the grounding of LISN VA #2 allowed us
to achieve more reproducible measurements com-
pared to LISNs VC or VD which meet the impedance
specifications and had a low internal ground
impedance.

The vendor numbering scheme is used to
maintain anonymity.

Introduction

In the past several months one of our products
has demonstrated marginal conducted emissions
performance when tested in the VDE table top con-
figuration at another test site. The initial
evaluation used a reference UUT that was tested
at one site and sent to the other site, the site-
to-site variability was 10 to 20 dB in the 5 to
30 MHz region of the band tested.
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In addition to the differences in measurement 2. Accuracy is a function of the receptacle
equipment, ground plane, and location different ground to the LISN ground connection
LISN vendors were also used. One site used a LISN impedance.
made by Vendor B, while the other used a LISN made 2
by Vendor A. VDE 0876 PART 1/9.78 states that a LISN

is used to "high frequency terminate the

After obtaining different vendor LISNs the power lines fng)m theqRFI }s,ource with
reference UUTs were tested in our screen room. reference to ground and with a defined
No‘cl?e the differences 1n.the emission measurements resistance.” [4]
on Figures la-d when the inconsistent UUT was
tested using four LISNs. On Figures 2a-d notice 3, Repeatability/reproducibility, on a given
tl}e similar emission meast.xrements when the con- LISN, is a function of the power cord and
sistent UUT was tested using the four LISNs. The UUT resonant frequency.
shielded power cord was used to reduce the
variability noted when using unshielded power
cords.

The ensuing investigation identified three lNo longer considered a specification by
;;eas that c?n?{ibuted to the variations noted. FCC--some vendors specify.

ey are as follows:
2
1. Of the six LISNs tested: Implied as high quality ground connection
a. Three meet the 40 to 60 ohm but unspecified in standards.
impedance requirement.
b. Five meet the <1 dB insertion
loss requirement.
c. One meets the >40 dB isolation
requirement.
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Investigation Summary

The first step in understanding the
variations was to check the specifications of each
of the LISNs. By this time we had acquired
another Vendor A LISN (a loan from the manu-
facturer), two from another vendor, and one built
locally.

Figure 3 is a photograph of the LISNs
evaluated. Test connectors, (see Figure 4), were
made to plug into the standard AC receptacle of
the LISNs. The impedance was measured using an
HP4193A Vector Impedance Meter, insertion loss
and isolation (crosstalk) an HP 3577A Network
Analyzer, or HP 8590 Spectrum Analyzer with an
HP8444 Tracking Generator. Figure 5a, 5b, and 5c¢
are the test configurations used. Below is a
worst case summary of the 1 to 30 MHz test data.

Vendor- Insertion Figure 4

Unit- Impedance Loss Isolation Internal

Ph 50 +/- 20% X2 >4 Z

ase / <2 dB 0 d]!1 Ground 2 MAINS @

VA-#1-N 69.3% 1.3 33.6% 38 ohms N LISN uut
VA-#1-L 71.2% 1.4 33.9% L
VA-#2-N 140.1% 4,5% 23.5% 39 ohms
VA-#2-1L 141.3% 4,7% 23.2% G

VB-#1-N 65.2% 1.3 28.0%* 70 ohms

VB-#1-L 71.8% 2.5% 29.2%

VB-#2-N **  60.7% 1.9 31.3% 37 ohms (:)Rﬁ“,m,cnd

VB-#2-1, ** 57.4 1.8 32.8% connection '
VB-#2-N 52.0 1.9 31.3%

VB-#2-1 51.2 1.8 32.8% Network Z +/= 20% w/Mains N/L open or short
ve-#1-N 55.5 1.3 33.3%* 11 ohms to ground

ve-#1-L 55.6 1.3 27.6% Figure 5a LISN Impedance
VD-#1-N 49.1 1.5 47.0 24 ohms
VD-#1-N 48.4 1.6 45.0 =

ohm,

LISN uuT

%

* indicates does not meet specification

*% indicates

Figure 6 is
ground impedance
composite of the

U.S. to European adapter used
a composite of the neutral to
of the six LISNs.
neutral insertion loss and

Figure 7 is a

isolation of the six LISNs. Figure 8a and 8b

Reference Gnd
connection

indicate a composite of the internal impedance.

- Network Z +/- 20%
—— Z <10 chms

Figure 5b LISN Internal Ground Z

Refersnce trace -~ Measure trace = Insertion ioss

Receiver/SA
connection

LISN uuT

Oa-uunc. Gnd
connection

Network Z +/~ 20%

Tracking PAAL
Generator I"""I
Ret
Spectrum
Figure 3 Figure 5c¢ Insertion Loss
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LISN Impedance DATE: 21 Juw 1990  TIME: 06:48:51
. LISN EVALUATION HP Roseville, Ca. Ken Hall
The impedance of Vendor A and B-#1 was un- v—~B2 GROUND QUALITY

acceptable due to internal design and mating

300 Ay
adapter requirements. b
COHIPOSITE OF six LLISN’s N(HTRHL fmpedance a ]
. £
20,00 — —; 1
: o ]
& 3
o <
2
w
3 «
o.00 - T T
.29 HP 4193R .4 to 38 MHz 0.0
Figure 8a Composite Impedance
30,00 DATE: 21 Jun 1998  TIme: 06:48:59
.00 T T T LISN EVALUATION HP Rosevilla, Ca. Ken Hall
: HP 41930 .4 to 30 Mz 30,09 V-B2 GROUND GURLITY
Figure 6 100,42
']
e
s
LISN Insertion Loss u
3
The >2 dB insertion loss was caused by worn §
recepticles. g
=
v 4 MKR 29,70 Mz
AEF ~.50 «Bm ATTEM 1@ dB . -2.81 dBm
PEAK e Bt — _A-?
von |V Insertfon 108 %\[g -

I _ _ e e e ]
aus Lo HP 4193A .4 to 3@ MHz Sl
praplay Le | - . ' Figure 8b Composite Impedance

-268.8 dUm| .
™. .
~29.8] '
dbm u
* The internal grounding of LISN A2 was

WA vBl // modified, Figure 9 displays the internal ground
e A\ . impedance of the modified unit.
conn . -1 ] :vsg

Isolptio é/- //

f’ Nl
Vi R P~ ATA!

cenTER 18000 Y SPAN 30.08_Lir VAZ~MOD GROUND
pes .,)f//,n kHz W 108 kHz /}IP’!H/::‘-G ra.8
Figure 7 : N o

LISN Isolation

18.3 Min = 2.1

o)
X
M
X
]

Not considered a problem if >20 dB.

Receptacle Ground-to-Ground Connection Impedance

The internal ground real impedance
(Figure 8A) of Vendor A and B LISN's was not as
good as Vendor C or D. Vendor A's worst case was
39 ohms, Vendor B's 70 ohms, Vendor C's 11 ohms,
and Vendor D's 24 ohms.

MAGNITUDE ohms

| CEYTTTTTYY FYSTIVTYYI FAYYIYPOT AYTIIOIY

o
©
@

The internal ground real and imaginary . -
impedance indicate a more severe problem for all 6.22 WP ¢133A .4 to 38 MHz
LISNs tested. The imaginary impedance is caused .
by relatively long internal ground wires which Figure 9
can be reduced by using large braided wire or
adding copper bus bars.

1
38.90
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EMISSION LEVEL { dBuv) N
measured on four LISNs. Figure 10d is the modi- 0

Figure 10 a, b, ¢, and d display emissions [/7,0 Roseville Herdware Test Cents 8 Jul {800 o3 8o: 34
! FCG CFR 47 , Pt 16J - CONDUGTED
fied LISN. Note the similarity with Figure 10c, i :AI(::G‘I)N :gno/u $2009A41702
one of the LISNs with low internal ground | crolling n'e
impedance. T !
cLass| A .
hp' Aosevilia Hardware Teat Centar 3 Jul 1980 0%/ 31:8a
o EMISSION LEVEL [dBuv) i
FCC CFR 47 . Pt 1BJ - CONDUCTED 8o
: vai-N HP700/9R  #2009A41792 cLAss)8
! Bcrolling H'e ]
eo 40 ‘
cLASS! A . | i
Ly o wlols Y. N
B0 20 T il ;
: |
cihssia I \
w0 !
.48 io 30
PO .. _FREQUENCY IMHZ} . _,,__]
20 WV P S Figure 10d
Power Cord Variations
It was noted that moving the unshielded power
-48 10 s0 or source cable caused considerable frequency shift
FREQUENCY Dz} and slew of a resonant point (Figure 1la) and
Figure 10a different power cords different resonances (Figure 11b)
in the test configuration shown in Figure 12.
Figure 13 indicates the difference changing the UUT
,Tp_'_ﬁii——'avui-'ﬂiﬁuiuro Test Canter § Uu)T1000 04 1627 ) has on the resonant condition. The terminal
Voo [HXERIoN LEVEL [deuv) (HP 700/92) test configuration resonance was reduced
FCC CFA 47 , Pt 1BJ — CONDUCTED St sgs N s
VAL-N MP700/92 $2000A43702 to an insignificant value by.addlng ‘f’our ferrites
Bcralling H'e to the source cable or by using a shielded power
50 cable.
cuass| o HEF LEVEL  /DIV MARKER 25 654 450.000Hz
6.000dB 2.000dB MAG (UDF} 0.829dB
80 . .
6.000dB 2,000dB MARKER 25 651 450.000Hz
—1= Fo—cpeee MAG {D3) 0.003dB
40 = -
e S FINR 7.l 8 I
20 —
| ST SR P L
.48 16 30 L
- FREQUENCY [MHz) SO
V. o
Figure 10b "
— y,
ho Fosevilia Hsrdware Test Centenr 9 Ul TG00 03 46: 44 T~ - 7=
EMIBBION LEVEL (dBuv) \
100 /
FCC CFR 47 , Pt 164 - CONDUCTED
! ve4-H HPT00/02 #2000A41702 ZL
8crolling H's a o —
a0 L)
CLASE| A
80 .
40 l '
| + B
% R IRERRR LA
20 B
. a8 i 30 |

FREQUENCY _[MHz}

START 40 000.000Hz STOP 30 000 000.000Hz
AMPTD 15.0dBm .

variability caused by moving standard power corad
Figure 1la
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HEF LEVEL  /nIv MAKER { 209 600.000Hz

6.000dB 2.000dB  MAG(UDF})  -14.365dB
6.000d0 2.000d8  MARKER {1 209 600.000Hz
~ MAG (03) -0.004dB
i ]
EaulENN
TR | VN
N AT TS

18MHiz.
. 2)Miiz

START 10 000.000Hz STOP 30 000 000.000Hz
AHPTD 15.0dDm

1 - shielded power cord
2, 3 & 4 - standard lIIP cords
5 - 80 cm standard cord

Figure 11b
—@?l £ 5ok 802 0 400 MHZ
»
UuUT LISN.
gound i
Figure 12 Power Cord Test Configuration

The variations due to power cords was
identified in the next step of the evaluation.
Figure 14 displays the variations noted when
comparing unshielded power cords. Figure 15
displays the variations noted when comparing
shielded power cords. The cord to cord
variation was <5 dB for unshielded and <2 dB
for the shielded versions.
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REF LEVEL  /DIv
6.000d8  2.000d8
6.000d8  2.000dH

4
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MARKER 17 404 200.000Hz
MAG (UWOF)  -3.633d8
MARKER 17 404 200.000Hz

|

o ome

MAG(D3)  -3.637dD
- ’

Y

START 10 000.000Hz
AMPTD 45, 0dBn

STOP 30 000 000, 0001z

relative difference belween two UUTs

Figure 13
REF LEVEL S/DIV MARKER 30 000 000.000liz
0.00008 5.000dB MAG (521) -5.889d8
0.00048 5.000d0 MARKER 30 000 000.000lz
MAG (S21) -5.889d0
e /;7—-<7§\
T~ i e S
T e = L

ST;H;-ib_ab0.000HZ
AMPTD 15, 0di3m

STOP 30 000 OOD.OOO“i

Figure 14 Unshielded Power Cord Variations
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NEF LEVEL

/DIV MARKER 22 277 575.000Hz
G.000unR 2.000dn MAG (UDF) -4.313dB
5.000dB 2.000dB MARKER 22 277 6§75.000Hz
: MAG (D3) 0.001dB
F1=~‘=E;~\m

START 10 000,000Hz
AMPTD 16.0dBm

STOP 30 000 000.000Hz

Figure 15 Shielded Power Cord Variation

Recommendations
1. Understahd the contribution the power

cord has to your specific product

emissions. It is part of your product.

Reduce the receptacle ground to LISN
tie point ground impedance.

Verify the impedance and insertion loss
of line and neutral regularly; isolation
does not appear as critical.

LISN builders and manufacturers should
add another critical specification to
the test specifications; internal ground
impedance.

Do not use power cord adapters.

Maintain a low impedance between the
LISN and ground plane/wall.

Conclusion

When testing certain products to FCC
specifications you could realize a 10 dB improve-
ment in emissions if the LISN used meets the
normally specified impedance and insertion loss
specifications and has a low receptacle to ground
tie point impedance.

Comment

The test data and recommendations have been
sent to the LISN vendors.
will improve their design where necessary.

It is expected that they
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