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DDR4 JEDEC Standard

B
2XX-ball 15mm x 15mm

0.4mm pitch, Quad-Channel
POP FBGA (top view)

Partial Enlarge Map of DDR

A N N N N N BN B
X Bl B B BB
- oo [N o DN oo DR oo o

This case only study one group signal pin
across all four group signal pins, and only
include DQ pin.

East Meets West

Symbol Type

Description

CK_t_A,
CK_c_A,
CK_t_B,
CK c_B

CA[5:0]_A
CA[5:0]_B

DQ[15:0]_A,
DQ[15:0]_B

[nput

[nput

/0

DQS[1:0]_
DQS[1:0]_
DQS[1:0]_
DQS[1:0]_

t A,
C_A,
t B,
c_B

VDDQ,
VDDA1, Supply
VDD2

VSS, VSSQ GND

Clock

Command/Address
Inputs

Data Input/Output:
Bi-direction data
bus.

Data Strobe

Power Supplies

GND
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R4 D anaargc

Table 88 — Clock AC Timings

Parameter bol LPDDR4-1600 |LPDDR4-2400 | LPDDR4-3200 |LPDDR4-4266 Units |Notes
) Min |Max Min |Max Min |Max Min | Max
Clock period jitter tJIT(per -70 70 -50 o0 -40 40 - T1BD
. — ! Unit | NOTE
min max min max mmin max min max
VdIVW_total Rx Mask voltage - p-p total - 140 - 140 140 - 120 mV 1235
TAIVW_total L. oo emeasmsmmreaen 3 0.2 : 0.22 0.25 2 0.25 ur* 1245
C . ¢ . ¢ ¢ C Q C C ¢ .
. ¢ . C ¢ C . C . ¢ . ¢ .~
digital signal, Tor example Overlaying of bit and
Rx Mask
UISE o 0 C Uld0rd d Ve DOI'1d
o]0 O dlld Uld c(] 0 0 [0 vdivw Veent_DQ(pin mid)
Total
erconnecto On other hand we also ca |
g g e (d1d0dId 0 g c UCld (
Ol DIl d Cll d C d 0N Perto d C
. )
- PDDRA4 gnal & Power Perfo a e Op ation B ardware /
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LPDDR4 PCB Channel & Socket Sl
Simulation

PCB routing optimization
Single Bit Performance

S-Parameter Comparison Across Different Socket

Structure

Eyediagm analysis across different socket

structure
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PCB Routing Optimization
_

1IW (1 Time/1fE45 ) 3W (3 Times/3{&%

CPW ( Coplanar
waveguide/ X EHIKRS )
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Cross Talk Simulation Circuitry

Pulse Drive Signal

>

Near End Far End

j U‘/\! ’
4 Measurement

Drive a pulse from active line, and using the voltage measurement probe to check
the far end cross talk, and compare with different design.
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PCB Cross Talk

—V(v1) [mV] —V(v1) [mV] —V(v1)[mV]

SN Design C:
HEESHEWB R - oI
Design & BEMES -

80 90 100 110 120

Design C

-100
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Single Bit Simulation Circuitry
Pulse Drive »—4 MR E

—mag(V(lw)) [V]  —V(@w) [V] —V(cpw) [V]
1.2

Design A

1
Design B

0.8

0.6

Design C
04

0.2

0 Design C has higher voltage level and less reflection from the termination.

0 100 200 300 400 500 600 700 800 900 1000
o K
H-:
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Socket Structure

Hybrid

Short Pin Long PIn Socket

Coaxial Shielding

oL

Insulatlon Materlal

Si naI Power
mE ¢

Insulation Material
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Socket S-Parameters

—>Short Pin  —Long Pin ——Hybrid ——Coaxial ——Shielding
5

Insertion Loss

-1.2 dB
m-
L |
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Socket S-Parameters

—Short Pin —Long Pin —Hybrid —Coaxial —Shielding

0 1 2 3 4 ) 6 GHz
0

-10

-20

Return Loss

dB

O
-

50
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Socket S-Parameters

—Short Pin  —Long Pin —Hybrid —Coaxial —Shielding
2 2 3 4 5 5 GHz

Cross Talk

100 dB

1.}
i
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Eye Diagram Loop

DDR— Package "'__I

DDR Controller—— e -0

Socket\

Channel Adaptation

\Il

M |\|'|| T Hh

“M"HL‘ Wl I'M‘Jl“"rl

sl |
Pre-emphasis / Driver
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Eye diagram Compare

LD’
i

| LPDDR4 Signal & Power Performance Optimization By Hardware
Burn-in & Test Strategies Workshop NE':’

Burn-in & Test Strategies Workshop www.bitsworkshop.org October 21, 2015




Session 5 Presentation 1

BITS Shanghai 2015 East Meets West

Eye diagram Summary

Structure Jitter  VdiVW mV
Short Pin 0.038 247
Long Pin 0.112 7.5

Hybrid 0.069 129
Coaxial 0.031 298
Shielding 0.117 7.9

Jitter Spec: 0.04
TdivW: 79ps
VdiVW: 140mV

LPDDR4 Signal & Power Performance Optimization By Hardware
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High volume manufacturing
sensitivity analysis

Channel Parameters Variation

Tx driver impedance (ohm) 34 +/- 10%

On-die-termination (ohm) 60 +/- 20%
DRAM Ci (pF) 2 +/-10%

PCB trace impedance (ohm) 59 +/- 15%
Socket Impedance(ohm) 50+/-5%

LPDDR4 Signal & Power Performance Optimization By Hardware
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High volume manufacturing sensitivity

Taguchi DOE/H # 3L 4G all aIyS 1S

8
SESE
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120
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= Socket Impedance +/-8%
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Socket Impedance,+/-12%
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Simulation Vs Measurement Correlation

/

To Prober

To Prober

Socket Build Base on Pin Map
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Simulation Vs Measurement Correlation

Pulse Configuration A ==

: : Measuremen
Simulation

2000 \

1500

Simulatjon
1000 \ Measurement

0
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LPDDR4 Pl Simulations

Pl Basic
PCB Impedance
Socket Power Impedance Vs System Impedance

Impedance Optimization

LD
i
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Power Integrity

2. LOW LOSS
SWITCHES _
FOR Logic+Memory+RF

RE

3. THIN FILM
PASSIVE
COMPONENTS

- (1]
Burn-in & Test Strategies Workshop NE':’

Maintaining

N EMBEDDED Slgna! ar_1d Power
MS\EERIALS DIE Integrity Is a

RECONFIGURABILITY Major bottleneck
AND EMI REDUCTION
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Jitter caused by SSN for I/0

\Yelo

Varying Voltage | |~ /) Output driver waveform
Droop

on Power
Supply due
to SSN

— time
Uncertainty in Delay due to SSN causing Jitter
o
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PCB Power Impedance

mag(Z(Port1,Port1)) [mMOhm]
120 mohm

100

51.3mohm @ 100MHz

80

eo /

40

20
] Target Impedance : 100mohm@100MHz

M 20M 39M 58M 7//M  96M 115M 134M 153M 172M 191M
s
i
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Socket Power Impedance
Target Impedance : 100mohm@100MHz

—mag(Z(Port1,Port1)) [mOhm] —mag(Z(Port2,Port2)) [ohm]

\Design B

mohm

\ Design A

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 090 GHz

0.1

Long pin and short pin has significant difference in terms of power
impedance if only measure socket only.
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PCB + Socket + Package Impedance
Target Impedance : 100mohm@100MHz

mag(Z(Port1,Port1)) [ohm] mag(Z(Port1,Port1)) [mOhm]

800
3 ohm
600

131mohm @ 100MHz 40 g1mohm @ 10

200 f

/
0
0.00102030405060.70.809GHz 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90

Before After optimized

Increase the power pane width, and short the distribution length.
Optimize the pin length and diameter.

Although socket is not the main factor for the power impedance,
however an optimized socket design and contactor selection
also help the power impedance certain.

LD
i
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IR Drop
Target Drop : <50mV

10\ mag(V(V1)-V(V2)) [mV] —Design A —Design B
60

40

» PCB IR Drop 50
: : Socket IR Drop

0 7 17 27 37 47 57 67 77 87 97 ps 0 8 19 30 41 52 63 74 85 96 nS

1\, mag(V(V1)-V(V2)) [mV] 10\Y/ mag(V(V1)-V(V2)) [mV]
42.9 46.2
46
45.8

** PCB + Socket IR Drop 56 PCB + Socket +

42.3 45.4

52 Package IR Drop

nS 45
0 7 17 27 37 47 57 67 77 87 97

42.7

42.1

0 7 17 27 37 47 57 67 77 87 97NY

o
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Power Transient

—mag(V(V1)) [V] —mag(V(V1)) [V]

">~ 172B Short Pin

Target Drop : <50mV

O~ A ANMOMOMOSITOLOLOON’DN’OOOO O)O O ANANMOMIT I O W
— T - r— T T T

T
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Power Impedance Vs Shmoo
Measurement

0.820 0.840 0.360 0.380 0.900 0.9z0 o 1.040 1.060 1.080 1.100 1.120

F End of FC Scdckic pactern 02 SHH

mag(Z(Port1,Port1)) [ohm]

1. SHMOO shows the controller fail
curve is quite close to the power
impedance simulation data.

A — 2. The resonance frequency for
simulation and measurement is also
close.

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
LS
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Future Work

V)

VAL
1/ Name=veo 057,
v

1 Name=vec_ud

Neme=5T_DATA1_OUT

-
V)
4

[+ Name=ST_DATA3_IN
LV

27_ET_DATA3 |37 & -
} [137_4 vgc u27| 28 1
L~ MName=Logic_in 27 _11 WS _UW37_20

|~ Name=\RM
37_15 VREM
) 27_10
e
I\- -‘\I WE53
iy

L

Name=ST_DATA3_OUT
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i
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Summary

Discussion one method to study whether the
hardware can meet the LPDDR4 specification.

Discussion one method to identify the main factor
for the whole Sl chain.

Optimize the socket and pin layout to meet the
power impedance performance.

Utilize Shmoo to correlate the power impedance
data.
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i
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