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() JPCA Design Academy
* DDR4 PFOjECt User’s Requirements

ASIC Vendor’s Reference Design

Change

Condition
- Material FR4
- Line / Space el B —— .
_ Via size Cannot Apply the Same Design
- Cross Section Change
Layout
~_—Good Result
, Propose !
Reference Design
* Megtron 6
" 16 Layers * Satisfy the Manufacturing Requirements
* Constraint * Satisfy the System Developer’s Requirements 4 JPCA
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Trial Board Overview

Differential Clocks

‘ Address f Command / Control ‘

Data Bytelane 0
DDR4

Data Bytelane 1 SDRAM O

m:

Data Bytelane 2
DDR4

SDRAM 1

Data Bytelane 3

Kintex Data Bytelane 4

SDRAM 2

DE]

ta Bytelane 5 |
Data Bytelane 6 l
SDRAM 3

A Data Bytelane 7

Clock:

Data rate:

Data:

FPGA:

DDR4:

1200MHz
2400Mbps
8bit burst mode

Xilinx Kintex UltraScale
-1156 pin

Micron MT40A256M16GE
-96 pin, 2Byte
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Trial Board Stackup

Joe Bt Prdngg e Gt Aot

O

AEE FEEE EMESH 760 SEfS 238/500
l 017 013 017 0.25/0.13

L1 Signal

(DQ 0.5byte) 0.047

L2 GND 0.047

L3 Signal 0.048

(DQ U3byte,ADR)

14 GND 0.035

L5 Signal

(paizbyte,apr) 0035

L6 GND 0.035

L7 PWR/GND  0.035

L8 Signal 0.048
(DQ 12.5byte, ADR)
L9 GND 0.047

i 0
L10 Signal 0.047
(€1, Das)

#E:1.610.19
(1.596% a)
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Trial Board Layout

VCC1.2V Address
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DQ Simulation Example

1.2V Die

Package Power Model is important for SI/Pl and it’s
1.2V PCB

already addressed on BIRD discussion.

PCB
no decap

PKG
no decap

PCB
0.1uF

PKG

no decap

PCB
0.1uF

PKG
0.1uF
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’ Example of DDR4 Timing Chart

Timing definition example for Read operation

RL measured
to this point

CK,CK_c —\_/{j_/u_\_/ X
tDQSCK (min;
e e — -— tHZ(DQS)min
1LZ(DQS)mi I
(DQS)min _ IQ‘I': tasL
DQS_t, DQS_c A N Y [\
Early Strobe |~ {RPRE 1 ~ | Rest
foasckmin | fDasck max fposckmin | Toasckmax |
lq—l—q—l-; '4——4—1-: 8ito Bit 5 646 Bit 7 —- [-— tHZ(DQS)max
The rising Vstrobe edge . | Ipasck ' v | tbascky L2(0asmex tDASCK (max)
fluctuation range
(Reference) \ [Ring swone] . [Rising Swobe] DQs_t, DQS_c
. Region . . Region ' Late Strobe
1DQSCK f DDDDD
Iq— —-—|<—
fasHoas. 5 tsLDas 1 Bt 0 Bit1 Bit 2 Bita Bit4 BitS Bit6 Bit7

JEDEC Standard: JESD79-4A
Clock to Data Strobe Relationship

DQS_t rQH_tctaI [QH_totaI

* Many Timing specification
(parameters) are defined

Associated
DQ Pins

* It’simpossible to measure all with

JEDEC Standard: JESD79-4A IBIS simulations
READ Timing Definition

JPCA
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(’ What do you see with Sl simulation ?

- y
Power noise 4

* Sl

— Reflection

— Crosstalk

— Skew in a Byte signals

mmmmmmm

Multibit DQ Simulation — S|gna| IEVEI

controller memory

— Topology check

* Power

— Power noise

— Decap effect

* Timing ?

Address/Cmd simulation

— Canyouseeit?
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(’ What do you see with S| simulation ?

Eye Pattern: One Byte DQ Simulation
Read operation: Controller Die pin

Voltage (V) Eye Diagram

* We could see eye opening (This is a kind of timing)
e Clearance: Eye Mask <-> Signal
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Focus on One Bit

Test Topology (Extracted DQ)

I0P2
PULSE
EDY4016AABG DR F D

DDR4 Memory 10

TL_SL27

TL_MS58 TL_SL26

TL SL26
| —]
= FPGA 10

ez | KINTEX IBIS ALG ..

Simplified

Driver(Memory) - Receiver(FPGA)

kg 49.15mm Pkg
|>— LCR 400 LCR -D
JPCA
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(’ What do you see with Sl simulation ?
DQ at Controller: Data Read

Pkg pin Die pin
\

/

Delay based on.
Pkg LLC,LR

\
\

* Rising time of Die pin is slower than Pkg pin

e Which curve is used for measurement?
— Die pin should be used but this curve is...

JPCA
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(’ Package Effect on Sl simulation

* EX1: Use [Define Package Model]
* EX2: Replace Pkg model with T-Line

* EX3: Remove Pkg model
EX2

Same to EX1

EX3 Receiver(FPGA)

Package stub length of EX2 is given as
‘Package stub length sheet’ as below.

PinName NetName Delay_Max(pS) Delay_Min(pS) Length_Max(mm) Length

AE23 DQO 70.274 69.575 10.531 10.536 L~

Maybe EX2 is more realistic.

Same to EX1 4§\

“Define Package Model”

EX1

Driver(Memory)
Pkg 49.15mm Pkg
I>— LCR 1 400 A LCR

Receiver(FPGA)

Receiver(FPGA)

IBIS Package

_Min(mm) 7 4

Ve \\\ \\\

>

72ps =$10.7mm

Time (ns)

JPCA
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" IBIS Specification Supports
PKG Length

* [Pin Numbers] support Package stub length

— Support distributed Pkg model (with [Number of Sections]
and with Len > 0)
* EX:
[Pin Numbers]
Al Len=0 L=1.2n/ Len=1.2 L=2.0n C=0.5p R=0.05/ Len=0 L=2.0n C=1.0p/
» [Define Package Model] doesn’t support length with [Model
Data]

— Support LCR matrix only

 Which model is better ?
— | want to do both
— But | have never seen “Len” at [Pin Numbers] keyword

JPCA




(’ How to Treat Package Length

* Lumped constant (LCR) is useful for SI/P]
simulation

 Lumped constant (LCR) is not sufficient for Timing
Verification

* Best is Package S-Parameter model
— Many Sl simulators don’t support S-parameter

e EX2 (Page15) is required in use T-Line (impedance)
— Most of IBIS models don’t support “Len” parameter
— Impedance is not specified anywhere




" Required Information for
Timing Verification

EX2 Receiver(FPGA)

Pkg
Same to EX1 500 —[>
10.5mm

* Package impedance is required in [Pin Numbers]
section

* Package impedance and Length are required in
[Define Package Model]
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