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LCD MIPI Noise-to-GSM Interference
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RFI

Noise Source Coupling path

Noise source
e AP, DDR, PMIC, high-speed traces (data or clock), etc.

e Generally independent of system design (e.g. modulation)

Coupling path

e Characteristics of system; namely board and antenna design

e Noise sources sit on a “part of antenna”
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Near field measurement

Reconstructed sources
Plane (m by n)

(dipoles) are located on
the ground plane

y

Dipole array plane
(M by N)
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EM fields from dipoles (an example) E & H fields from dipole moment source
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Least square method is known to be particularly prone to having too many variables

f1 _T11 T12 le |
f, _ Tay Minimizing number of dipoles provides much better stability
_fn_ _Tnl Tnk_ /|

Minimize the variable (dipoles) through near field pattern recognition

Measured Hy mag [dBA/m]  Me:

asured Hy phase [radius]
e m

Hy Mag from dipole [dBA/m]

. Determine .
scanned . source type $ Sou.rtced I reconstructed
. Measured Hx ma ’ magn' u e Hx Mag from dipole [4BAIM]  Hx Phase from dipolo [radis us] .
fields J— location fields

Educated guess = machine learning algorlthm
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H, plot (on xy-plane) for M, source Hy plot (on xy-plane) for M, source
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Near Field Pattern From Each Dipoles
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0.00559 0.00173 0.00172
0.00508 0.00157 0.00157
0.00457 0.00142 0.00141
0.00407 0.00126 0.00125
0.00356 0.0011 0.0011
0.00305 0000944 0.000941
M X 0.00254 0.000787 0,000754
0.00203 0.000629 0.000627
0.00152 0.000472 0.00047
0.00102 0000315 0.000314
0.000508 0.000157 0.000157
i a i

m A/m
0.00516 0.00514
0.00469 0.00468
0.00422 0.00421
0,00375 0.00374
0.00328 0.00327
M y 0.00261 0.00281
0.00234 0.00234
0.00188 0.00167
0.00141 0.0014
0.000838 0.000935
0.000469 0.000468
0 i

DesicnCon ez JAN 30-FEB 1, 2

WHERE THE CHIP MEETS THE BOARD




Noise Source Scanning Examples
Display Driver IC (actually FPCB bending part) (900 MHz)  USB connector (2.4GHz)
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Numerical simulation is for validation, not for design

Coupled Nolse [d5V]
8 & 8
\\
/
Y

‘Coupled
voltages
Antenna™S™____ .Numerical
simulations
[ ) . .
Dipole moment An Insightful lel model is needed to
source extraction answer “What if” questions
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Reciprocity in a reciprocal network
'1d|>: [N] v, V, [N] Ep , LV, =LV

Reciprocity in electromagnetics

J M, ---- E: Hi E2 Ho _----- -_ J, M, (31, M), (B, H,)) =((3,,M,),(E,, Hy))
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Forward problem (noise radiates)
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Reverse problem (antenna radiates)
E..,H

rev: — rev /F] rev? Ivlrev
_Urev-i-
We actually measure S-parameters
Z N — . N - . E_rev H_I’eV
U, = E‘“L? Z—Eirev P +Z H™ M. ', —L—:S21 x probe factor
. reve \ i=1 i=1 Urev U rev

WHERE THE CHIP MEETS THE BOARD

DesicnConEnr =7 JAN 30-FEB 1, 2018



------------------------

y: y
rev :
Z, H, .
fy BERTE transfer function (S21 x probe factor)
M, —>H,
&= Source type determines which field quantities to look at < M ,—H,
P, —>E,
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Dise source
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Coupled noise power at the antenna ports
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AP Noise
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Move the noise source to a location with minimal H, component
Smartly changing antenna geometry can also reduce H,

Reverse Hy Mag [dBA/m]
| I-15

5t 1-20
Originally, My >
dipole is here » 1-25 | Move My dipole
_~"| to this Hy-min place
-30
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By exciting the antenna in reverse problem, generally H, is weaker than H,. So keeping the

noise source as magnetic dipole M, is a better choice.

I-15

1-20 5t

Reverse Hx Mag [dBA/m]

F

Reverse Hy Mag [dBA/m]
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The coupled noise is a function of angle between H field (reverse problem) and magnetic
dipole (forward problem)

10 T T T T T T T
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Tangential H field vector is plotted based on H, and H,
CPU IC can be rotated to be orthogonal to H field

Reverse Hy Mag [dBA/m]
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* Fast and accurate RFI model by diving RFI into two parts
— Source:
* Dipole (near field or TEM cell based reconstruction)
— Coupling:
* Transfer function (S21 x probe factor)
* Make the victim antenna radiate and measure the field at the IC location
* Many possible applications
— Pre-layout decision or RFl-aware design optimization
— Efficient numerical simulations
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Thank you!
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