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BIRD 198 is Ready !

◼ March 11, 2019 BIRD198

◼ April 3, 2020 BIRD198.1

◼ June 23, 2020 BIRD198.2

◼ August 7, 2020 BIRD198.3 Accepted

‒ https://ibis.org/birds/

https://ibis.org/birds/
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On-Die PDN Model

◼ On-Die Power Distribution Network (PDN) Model

‒ Simple RC path between power and GND die pad

◼ New Keywords: [PDN Domain] and [PDN Model]

VDD at Die pad

VSS at Die pad

[Component] AAA

[PDN Domain]     PDN_for_VDD

Bus_label VDD

Bus_label VSS

[PDN Model]    VDD_decap

C_pdn 5.1n 4.8n 5.2n

R_pdn 0.1 0.15 0.05

R_leak 15k 17k 11k

[End PDN Model]

[End PDN Domain]
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◼ [PDN Model] is very simple

‒ Actual chip has more complex characteristic

◼ Benefit

‒ Stable and fast simulation

‒ Human friendly

‒ What-if analysis

‒ Concealing actual circuit 

◼ Accuracy

Concept is ‘Simple Model’

[Ohm]

Measurement result
[PDN Model] and [Pin]
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Model Selecting Function

◼ Can select one [PDN Model] from multiple models

‒ Vary RC value according to the operation mode

[Component] AAA

[PDN Domain]    PDN_for_DDRCOMBOPHY

Bus_label VDD

Bus_label VSS

[PDN Model]    VDD_DDR3mode

C_pdn 5.1n 4.8n 5.2n

R_pdn 0.1 0.15 0.05

R_leak 15k 17k 11k

[End PDN Model]

[PDN Model]    VDD_DDR4mode

C_pdn 4.8n   4.5n 5.0n

R_pdn 0.1 0.15 0.05

R_leak 15k 17k 11k

[End PDN Model]

[End PDN Domain]

PDN 

Model A

PDN 

Model B

VDD at Die pad

VSS at Die pad
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Variation Selecting Function

◼ [PDN Model] has PVT variation like any other 

IBIS keywords

‒ These three value are called typ, min and max

◼ In [PDN Model], the order of values does NOT

depend on magnitude 

[PDN Model]   Decap

C_pdn 5.1n   4.8n 5.2n

R_pdn 0.1 0.15 0.05

R_leak 15k 17k 11k

[End PDN Model]

EDA Tool

select = ‘min’

min column is selected, 

but the value is not 

necessarily minimum.
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[Interconnect Model]

◼ [Interconnect Model] can also represent  

On-Die PDN

‒ Difference between [PDN Model] and [Interconnect 

Model] corresponds to the difference between 

[Package]’s RLC and S-parameter

[PDN Model] [Interconnect Model]

On-Die PDN

On PKG PDN N/A

per Pad model N/A

Model Selectable

Variation Selectable N/A

Format Simple RC S-para or SPICE

Usage Only On-Die PDN Not Only On-Die PDN
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[Interconnect Model]

◼ Model maker should ensure that On-Die PDN 

characteristics are not double counted

[PDN Model]

Cautionary points when using together

Spara

Die Pad

Double count

Pin

[Interconnect Model]   PDN_spara

File_TS aaa.s2p

Number_of_terminals = 3

1   Pad_Rail bus_label VDD

2   Pad_Rail bus_label VSS

3   Pad_Rail bus_label GND

[End Interconnect Model]

…

[PDN Domain]    PDN_for_VDD

Bus_label VDD

Bus_label VSS

[PDN Model]    Decap

…

[End PDN Model]

[End PDN Domain]
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◼ [Interconnect Model] for pin to buffer does not 

have die pad interfaces, there is no connection 

with [PDN Model]

Cautionary points when using together

pin to buffer [Interconnect Model]
Pin

[PDN Model]

Die Pad

(There is no Die Pad)

Buffer_Rail
[Interconnect Model]   PDN_spara

File_TS xxx.s4p

Number_of_terminals = 5

1   Pin_Rail bus_label VDD

2   Pin_Rail bus_label VSS

3   Buffer_Rail bus_label VDD

4   Buffer_Rail bus_label VSS

5   Pin_Rail bus_label GND

[End Interconnect Model]

…

[PDN Domain]    PDN_for_VDD

Bus_label VDD

Bus_label VSS

[PDN Model]    Decap

…

[End PDN Model]

[End PDN Domain]

Can not connect
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◼ Simulation result with and without [PDN Model]

Example 1: LPDDR4 with SSN

[s]

[V]

IO switching VDD noise at DIE

IBIS without [PDN Model]

IBIS with [PDN Model]

IBIS without [PDN Model]

IBIS with [PDN Model]

DQ Eye pattern at DRAM

[s]

[V]
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Example 2: Power Gating

◼ Simulation result with and without [PDN Model]

IBIS without [PDN Model]

IBIS with [PDN Model] Gate_OFF

IBIS with [PDN Model] Gate_ON

[PDN Domain]   VDD_core

Bus_label VDD

Bus_label VSS

[PDN Model]   Gate_OFF

C_pdn 32n     30n     37n

R_pdn 7m      8m      6m

R_leak 15k     17k     14k

[End PDN Model]

[PDN Model]   Gate_ON

C_pdn 185n  178n   193n

R_pdn 5m     6m      5m

R_leak 10k    13k       9k

[End PDN Model]

[End PDN Domain]

PDN Input Impedance at DIEDirect Powered

Block

Power Gated

Block

VDD

VSS

Gated VDD
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Need for [PDN Model]

◼ IBIS already includes critical information

‒ Output current, Output waveform, Consumption 

current waveform, ESD protection diode 

characteristics, On die termination characteristics, 

Signal pad capacitance, PKG, etc.

◼ What do you conceal On-Die PDN model for ?

‒ Forward-thinking DRAM vendors provide RC value 

on their web site

‒ IBIS users need it

Iout

Iconsumption

Vout

PKG
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Proposal to Chip Vendors

◼ [PDN Model] is simple equivalent circuit

‒ This keyword is just option

‒ Standard format for On-Die PDN model

◼ [PDN Model] is essential                                                  

for SI/PI Simulation                                          

like any other IBIS keywords

‒ This keyword can help                                                                

you and your customers

‒ Make the most of this keyword ! 

[PDN Model] Decap

C_pdn

R_pdn

R_leak

[End PDN Model]

Only 9 values
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Can keep secret ?

◼ Provide encrypted SPICE model

◼ Do not provide any models

R
0

R
2

R
1
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C
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Measurement Trial by JEITA

Design value : 5.294nF

Measurement result : 5.422nF ~ 5.573nF (#22 chips)

AC analysis

Measurement by 

impedance analyzer
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Conclusion

◼ Basics of On-Die PDN Model

◼ Examples

◼ Proposal to Chip Vendors

◼ Thank you for your support on BIRD198.3 !

Simple RC model

Simulation results with and without On-Die 

PDN model are completely different

Make the most of this keyword ! 
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