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FujiTsu
The Present verification methods of

Board PDN design and

Expectation to Power Aware IBIS
Model

Method1l) Apply the Design Guide of IC Maker to the Board design
Method2) Check with the Target Impedance

Method3) Compare with the Impedance of Evaluation board of IC Maker
Method4) Compare with the Impedance of Existing Equipment’s board
Expectation for Power Aware IBIS Model
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Method1) Apply the Design Guide of ©
IC Maker to the Board design FUJITSU

Apply the Design Guide to the Board design. The design is good.

Design Guide example

Capacitor conditions:

quantity

0.1uF 0603 20
4.7uF 1005 1
22UF 1608 1
Apply
SRR Board design
S for the verification
Capacitor//
AN
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Method2) Check with the Target Impedance  Fujitsu

If the PDN Impedance of Board design is lower than the Target Impedance,
the design is good.

|IC Datasheet
m-m

A 0 m- - Check
Supply vdd 1.31 1.35 1.39 \Y;
Voltage Vdd-3% Vdd+3%
Board de5|gn for the verlflcatlon
Target Impedance
— vdd x 3% L
arge == —_— A e o e 4 B
Idd x 50% g £ | Ztarger(0.0270)
1.35 x 0.03 S ‘ 1
= = 0.027Q o |
3%x0.5 S
o
g ! :;;E;t::::::::':': et
Frequency range of Target Impedance | Board design Fooc e e
: i o001 | Iy A R
IS u ncertal n 10e+3 lOUe 3 Ie 6 10e+6 100e+6 le+9

Frequency[HZz]
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Method3) Compare with the Impedance of ©
Evaluation board of IC Maker FUJITSU

If the PDN Impedance of Board design is lower than the PDN Impedance
of Evaluation board, the design is good.

Comparison

Board design
for the verification

R o [ L5 e o e p 8 2 B S e PR B

I | 1] Eval. board | ]
= B W e = ‘\

Design of Evaluation Ci, ?;;;;;?Xz-}? =R EA A
board SR

Al Relative verification

0.01

Impedance

' S / ..... A o3 i B R

A Z.'\f ..... / """"""""""" L
Board design 1 ot T
0007 bl L1 piune 1 11l

10e+3 100e+3 le+b 10e+6 100e+6 le+9

Frequency[HZz]
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Method4) Compare with the Impedance of

o)
Existing Equipment’s board FUJITSU

If the PDN Impedance of Board design is lower than the PDN Impedance
of Existing Equipment’s board, the design is good.

Comparison

Board design
for the verification

S e o) F 1 1 et equipment’s board

””” 1 A N Y

]

/ /
AT
it Relative verification

Design of existing
equipment’s board

Impedance[Q

_____ , /% /
Board design w/ﬁ/\’ LN

0001 L L1101 111
10e+3 100e+3 le+6 10e+6 100e+6 le+d

Frequency[HZz]
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Expectation for Power Aware I1BIS Model FUfl)TSU

Power Aware IBIS (IBIS 5.0) Model Spec.
(compostts .IT Power Aware IBIS Model Keywords

Black Box

and relating subparameters

-[Composite Current]

— -[ISSO PU]

HE el el Pt [ISSO PD]

i Lewrn|  1ste -C_comp_pullup

: o= | | «C_comp_pulldown

\ T { VAN -C_comp_power_clamp
e T o Lpre B -C_comp_gnd_clamp

||}—;

Source: “IBIS Ver6.1”

Modeling the 10 Power current including PDN of the Die

Absolute verification of 10 power PDN Is enabled
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FUJITSU

Challenges for Verification with
Power Aware IBIS MODEL

Power Noise Simulation Model

Power Noise difference between IBIS 4.2 and IBIS 5.0

Power Noise difference by the Package PDN Model

IBIS [Define Package Model] (LCR) versus S-param model

Power Noise difference by the Package Decoupling Capacitor

Power Noise difference by the Package S-param model frequency range
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Power Noise Simulation Model

Observed
“VDD”
Voltage

Waveform

o)
FUJITSU

DDR3L-1600

Controller

SSO: 32 DQ signals

21 Zztﬁeﬁ&] 25 26 27 28 29 30

. VDD \Voltagewaveform

/

cap

Observed “DQ”
Voltage Waveform

DQ Voltage waveform D D I 23 L
11 : ; .

Our own Model

Package “/. Package
000

Mother Board

cap

cap
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Power Noise difference between IBIS 4.2

O
and IBIS 5.0 FUJITSU
Controller
IBlirM DDR3L | (51542
or
B . 11BIS5.0
0.47uFx3
S cap S-param model
Package k/ Package
(X X X X 00000
Mother Board
cap cap
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Power Noise difference between IBIS 4.2

(o8,
FUJITSU
and IBIS 5.0 J
a VDD Voltage waveform —IBIS4.2 — IBIS 5.0
e e e e R -
=1 N / . pa
=136 7\ N A—
2135 /N NN | 4o smvop [74 8mVpp
513 O/ O\ "\ mvPp
>13 T \ AR - [\
1317 — — N . /A
1.3
25 26 8 29 30

27time[ns]2

IBIS 5.0 has a larger
DQ Voltage waveform Power noise.

- — i — i

3

voltage[V]
COo0O0O0O0O00
NWERARUNAOANOOOR
=1
1

N
(9]
N
(o)]

27 28 29 30
time[ns]
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Power Noise difference between IBIS 4.2
and IBIS 5.0 FUJITSU

- In IBIS 5.0, the 10 Power current including PDN of the Die is modeled.
- Therefore the accuracy of Power noise simulation is improved.
- Enable to change Board PDN design with Power noise simulation result.

—— Before Design Change ——After Design Change(Capacitor quantity)
100 - Board and PKG VDD Voltage waveform
PDN Impedance L4 1

— 10 93
% | > 55‘ mypp
Q — |y mvpp A /
© > o A
'o —
] \ 01.35 /
S 0.1 4 > \-\\/ \
£ NN/ / : \\l// W

0.01 i J/ W) /
0.001 R L LU L L - PN R N\

1E+02 1E+03 1E+04 1E+05 1E+06 1E+07 1E+08 1E+09 1.3
Frequency[[Hz] 25 26 27time[nsi8 29 30
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Power Noise difference by the Package PDN Model
IBIS [Define Package Model] (LCR) versus S-param model FUJITSU

Controller

No Capacitor

N

IBIS [Define Package Model] (LCR)

or
S-param model

DDR3L

IBIS 5.0

IBIS 5.0

icap:
Packaf;(e Package
(XXX X Q0000
Mother Board
cap cap
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Power Noise difference by the Package PDN Model
IBIS [Define Package Model] (LCR) versus S-param model FUJITSU

Package model for IO Power | We made this model by assuming PKG PDN of 0.

C4pad:
VDDx26

L1 g s 4 -Build-Up

| }CORE

JBuild-Up
BGApad:VDDx10

LN

—
e o -

10mm . 7
Capacitor pad @ s 'g
(@) -

Capacitor on package:0.47uFx3 } |
(0510size,ESL=50pH,ESR=10mQ) —
Ln view
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Power Noise difference by the Package PDN Model
IBIS [Define Package Model] (LCR) versus S-param model FUJITSU

Making Method Of
IBIS [Define Package Model]
(L11,C11,R11 for ALL VDD/

GND pin)

Package model

&

S-param
Extraction

-

Impedance
Analysis

-

L.C,R
Calculation

[Define Package Model] DDR3L_VDDIO

[Manufacturer] FICT
[CEM]
[Description] Controller PKG MODEL
for DDR3L SSO Simulation
[Number of Pins] 100
I
[Pin Numbers]
A1 |VDD_1p35
| included 10 VDD pins

I
[Model Data]

I

[Inductance Matrix] Sparse_Matrix
I

[Row] A1

Al 42e-12

I
[Capacitance Matrix] Sparse_Matrix
I

[Row] A1

A1 195e-12

[Resistance Matrix] Sparse_Matrix

I

[Row] A1

A1 1.7e-03

I

PDN Impedance BGA short

Zin) :
e | (.ll'l) f(Hz)
zin(mag)
C4 side BGAside
1.0 4
]
N
10.0m -
284)
(10000¢ B —
100u . L=42[pH]
100.0k 1meg 10meg 100meg g R:]_?[mQ]
f(Hz)
PDN Impedance BGA open
(Zin) : f(Hz)
10.0k - ] _.
zin(mag)
100.0 C4 side BGAside
~ .8.1631)
S N
1.0 -
10.0m /L
[ L L L B —
100.0k 1meg 10meg 100meg 1g C_195[p|:]

f(Hz)
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Power Noise difference by the Package PDN Model
IBIS [Define Package Model] (LCR) versus S-param model FUJITSU

Impedance differences appear at greater than 300MHz in two models.

Board and PKG PDN Impedance
—LCR —S-parameter
100 -
10 1
/
= /Y
3 1 i
J \
s /
f: \ / A
Q 0.1 / A !
E -
\\ \
VN /
N /'\
0.01 N AV,
0.001
1E+02 1E+03 1E+04 1E+05 1E+06 1E+07 1E+08 1E+09
frequency[Hz]
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Power Noise difference by the Package PDN Model
IBIS [Define Package Model] (LCR) versus S-param model FUJITSU

- Impedance differences influence VDD Voltage waveform
and DQ Voltage waveform.
- S-param model is higher accuracy than LCR model.

——S-parameter — LCR
9 VDD Voltage waveform 13 DQ Voltage waveform
= S | .
1.8 1.2 1 f .
1.7 ] ] | A
o]0) 1.1

16 AT AR A NI 1My A I

= 12 WAV JUVA SUTA /YU A — 09

2, 13 - ot A e W > 08 -

v 12 \ N\ N\ 5 07

& 11 faie 0 gg

g 8% m\/nn % 82
07 H—rF > 03 k]
0.6 \ 0.2
93 T 0.1 |

25 26 27 28 29 30 25 26 .27 28 29 30
time[ns] time[ns]
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Power Noise difference by the Package Decoupling

Capacitor

Controller

S-param model

0.47uFx3 IBIS 5.0

or
No Capacitor

DDR3L

o)
FUJITSU

IBIS 5.0

ap
Packaf;(e Package
Q0000 0000

Mother Board

cap

cap
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Power Noise difference by the Package Decoupling O
Capacitor FUJITSU
Impedance differences appear at greater than 10MHz in two cases.
—— 0.47uFx3 — No capacitor
Board and PKG PDN Impedance
100 -
10
g |
s A
° / \\ Y
8 an \
.§(31 e = %!
N . —/ /-
0.01 A
0.001

1E+02 1E+03 1E+04 1E+05 1E+06 1E+07 1E+08 1E+09
frequency[Hz]
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Power Noise difference by the Package Decoupling

O
FUJITSU

Capacitor
—— 0.47uFx3 —— No capacitor
14 VDD Voltage waveform
1.39 74.8mVpp
138 55mVpp AN
=137 A/ /
2136 / \ //A
g3 = 1/
T N (L W NG 4. N
> 1.33
13 SNV I/
1.31 W
1.3
25 26 27 28 29
time[ns]

30

1.1

0.9
— 038
207
g0
S04

03

0.2

DQ Voltage waveform

7/\ fﬂ IJ\ |
!
\ \ \
\; \ A \p
25 26 2% melnsf® 29

30

- Impedance less than 1GHz is improved by the package decoupling capacitor.
- But the Power noise increase by the package decoupling capacitor.

(Because the anti-resonance has moved)

- S-param model that we can put capacitors on is necessary to check this result.
- From these simulation results, it is difficult to judge the improvement

of the power noise only by impedance.
- It is necessary to check the power noise.

21
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Power Noise difference by the Package S-param model o
frequency range FUJITSU
Controller S-param model ~1GHz DDR3L
or

IBIS 5.0 S-param model ~5GHz / IBIS 5.0
0.47uFx3
*cap
Packaf;(e Package
0000 0000
Mother Board
cap cap
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Power Noise difference by the Package S-param model o
FUJITSU

frequency range

A frequency range of S-param model influences the accuracy
of the power noise analysis.

— S-parameter ~5GHz ——S-parameter ~1GHz
__VDD Voltage waveform 11 DQ Voltage waveform
N - 74.8mVpp 1 LA fﬂ
1A 09 =
1.35 N 0.8
S \/ >0.7 {
S 1370 ) B an 0-6
£ mvpp| |l UNE 82 \ \ \
> N > 0.3 \.\f‘ \.“ \.-\f‘
1.25 0.2
25 26 27 28 29 30 25 26 27 28 29 30
time[ns] time[ns]
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FUJITSU

Verification with Power Aware IBIS MODEL
Summary



Verification with Power Aware IBIS MODEL O
Summary FUJITSU

- In IBIS 5.0, the 10 Power current including PDN of the Die is modeled.
- Therefore the accuracy of Power noise simulation is improved.
- Absolute verification of IO power PDN is enabled

- Difference of PKG PDN model format influences VDD Voltage waveform
and DQ Voltage waveform.
- S-param model is higher accuracy than LCR model.

- It is necessary for the package mounted with capacitor to model it
In S-param.

- The frequency range of the S-param model influences the accuracy
of the power noise analysis.

- Expect the spread of IBIS 5.0 and high accuracy PKG PDN model.
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For the Core power PDN
verification
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For the Core power PDN verification FUTI)TSU

-The currents of the Core power increase lately.
Therefore the design verification of Core power PDN of board also is necessary.

Mother Board only -Mother Board

-Package
-Die Capacitance

VDD Impedance

Board, PKG and Chip Capacitor
1e+00 |  Board only Impedance 1E+00

VDD Impedance

Impedance

"
m
=1
(=3

Impedance[Q]
m m
8 8

Impedance[Q]
&

1E-03

1E-04 1E-04
1E+02 1E+03 1E+04 1E+05 1E+06 1E+07 1E+08 1E+09 1E+02 1E+03 1E+04 1E+405 1E+06 1E+07 1E+08 1E+09
frequency[Hz] frequency[Hz]
VDD Voltage waveform VDD Current waveform VOD Voltage waveform
11 r . T :
0.97 ; ; 18 — 1 0.97 I
—0.96 —~ < 1 0.96
2.0.95 // AN et = 9 "' >0.95 A
$0.94 i S ¢ | 0094
£0.93 £ 3 ®o.03
9092 33 8092
0.91 o Z0.01
0.9 ! 3 . . o1
30 &0 130 180 230 280 :
) 30 80 130 180 230 280
tlme[ns] time[ns] 30 80 ti}'l?lg[ns]lao 230 280

Package, Die capacitance, Current waveforms are necessary
for the high accuracy verification.

Also, standardization is expected.
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