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Motivation and objective

« EMI simulation of IBIS modeled DCDC converter

v Study on modeling to comply with CISPR25

v Initial trial with bare IBIS descriptions

— Simulation results show discrepancies from measurements
* Make discussions on source of errors and solutions
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Agenda

* Impedance modeling of DCDC converters
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DCDC converter impedance measurement

DCDC converter: RICOH RP510L0O04N-TR-A
PVIN LX

g IO Pins for impedance measurement

I3 Pin(S-G) No.(S-G) Pitch(mm) Bias voltage (V) Freq.(Hz) %

PVIN-PGND PIN2-PIN10 2.65mm=*=0.3mm 0,0.3,0.6,1,2,3,3.6,4,5,55  1k-3G
PVIN-LX PIN2-PIN11 2.6mm=*=0.3mm  0,0.3,0.6,1,2,3,3.6,4,5,55  1k-3G

LX-PGND PIN11-PIN10 0.5mm=0.1mm 0,0.3,0.6,1,2,3,3.6,4,5,5.5 1k-3G
X Frequency depends on equipments

Typical Application Circuit

cf.) https://www.e-devices.ricoh.co.jp/en/products/power/dcdc/rp510/rp510-ea.pdf
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Impedance measurement and equivalent circuit

RPS10L004N-TR-A_PVIN-LX_pin02-pinll V400 20190219T155257 RPS10L004N-TR-A_2_LX-PGND_pinll-pin10_V500_20190219T165129 RPS10LO04N-TR-A_PVIN-PGND_pin02-pinl0 V400 20190219T153406
RLC4:R0=0.001,L0=3.81938e-10,C0=3.192752-10,R1=0.238486,R2=9330 4 RLC4:R0=0.00129837,L0=5.94311e-10,C0=2.316722-10,R1=0.28875,R2=56.1262 RLC4:R0=0.663538,L0=1.862532-10,C0=1.85708=2-10,R1=0.00560028, R2=1.87806e+07
RfreqlHz]:4.56e+08 RfreqlHz]:4.21e408 RfreqlHz]:8.17e+08
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PVIN-LX impedance LX-PGND impedance PVIN-PGND impedance R2

RO LO VVy
 |LH) C(pF) R(Q)  |Rleak(Q) AN
PVIN-PGND  0.19 0.66 1.87e7 W[
PVIN-LX 0.38 319 0.24 9339 Series cap.

LX-PGND 0.59 P35 0.29 56.12 134pF

PVIN-PGND
186p-134p=52pF
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Capacitance description in IBIS format

Specify the measured caps as C_comp_pullup, C_comp_pulldown
In the IBIS format.

[Model] bbb

Model_type 1/O

Polarity Non-Inverting

Vinl =.72000000

Vinh = 2.88000000

Vmeas = 1.80000000

|C_comp 5.53197e-10 4.65065e-10 7.07186e-10 | CDL

C comp pullup 319e-12 NA NA | Measurement
C_comp_pulldown 232e-12 NA NA | Measurement

In case that large discrepancy appear in the total capacitance, need to regenerate IBIS
model adding supplemental capacitance to the spice netlist.
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Agenda

 Measurement settings and results
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Measurement circuit construction
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Measurement environment and results
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Agenda

« Simulation results and comparison with measurement
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Printed circuit board model

Modeling printed circuit board by electromagnetic analysis

PVIN PGND Reference for power supply port is Cu plate located 5cm below
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Simulation results vs Measurement

The difference between simulation and actual measurement is very large
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Simulation results: Open

Large ringing appear in the simulation results unlike measurements.
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Dependence on Rising/Falling Waveform, composite current defined in IBIS

Resistive load
—
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Changing Rising/Falling Waveform, Composite current

Make Ccomp external, Composite Current OA, and Waveform simple rise/fall, respectively
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[Rising Waveform]
R_fixture = 1000000
V_fixture = 0.000
V_fixture_min = 0.000
V_fixture_max = 0.000

| time V(typ) V(min) V(max)
I

0000

10e-9000

20e-9 3.6 3.2 4.0

40e-9 3.6 3.2 4.0

I

[Composite Current]

| time I(typ) I(min) I((max)
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10e-9000

20e-9000

40e-9000

[Rising Waveform]
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I
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[Composite Current]
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I
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Resistive load: Dependence on Rising/Falling Waveform, Composite current

—m

P.QSU 1 1 1 1 1?“ 1 1 1 1 :LO'I(}SL’l 1 1 1 1 loflu 1 1 1 1 :l'(}'l]'SL'l 1 1 L 1 lofzu PVIN Curren}l C_Comp_pu”up
xdede.v(in) 38001‘“{Iin} p current
- o
IBIS input N v
B EQNxshi DL condL100:2116m) 7 Ringing still exists | peas
4 o Sim JR T
I 1 |
3 I | 4{
LX | . 0l Z
| |
1 : : Pyl
| |
0 : | R PGND curren
|
: - T R e i _
e SO sennescats e o o 1 251 L IBIS:Waveform I
E'Eéﬁgg‘ﬁﬁ?Eiiifs?fjﬁ.'{g“;gf%’3’}%{3}% ’ N IBIS:Composite Current N e
[ | .22 [xdcde. xdcdc.itveeg)+ cdc.x [ 25 I | PVIN Current+C com ” t | | &00m (-
< E _comp_pullup curren ! o 5
G) 2 : : | | 400m a
o) 15 | | I | 200m )
© | LA A LA A A o |
= YRR | IU v 200 2
O || soom I | I I >
_ > o I PVIN current . aoom 2>
Bxdcdedede ean 5 C. comp- pullup current o
a
& xdcde.xdedc.(vssa) < . C..comp_ pulldown: current ]
= = | [\ PGND current - s the dead time
o L1 . .
L j% |U ! e transition time of
| |
8  So0m \( ) Waveform ?
¥/ I [ ki
time(sec) (lin) I9.95uI I I I 1(|}u I I I I 10.|0‘5u I I I I 10|.lu I I I I 10.|15u I I I I 10|.2u I I I I 10.|25u

LL P @ Copyright© JEITA SD-TC All Rights Reserved 2019



Confirm If the dead time Is transition time of Waveform
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Agenda

 Discussion
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Discussion: Load current path and resonance current path
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Discussion: Cause of the ringing
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 Summary
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Summary

 Tral to simulate CISPR25 for IBIS described DCDC

* Discrepancies from measurements in high frequency
range

v' Possible source of error in the simulation:
Large ringing induced by instantly switching MOS
transistors

» Mitigating unrealistic transitions Is considered to be a
dominant solution.
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Possible improvements

* Retrieve Waveform and Composite Current in IBIS by SPICE
simulation adjusted the load conditions

cf.) https://ibis.org/summits/nov08a/chen.pdf
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« Obtain Rising/Falling Waveform and Composite Current
directly from measurement
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