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The presentations in this publication comprise the pre-workshop
Proceedings of the BiTS Workshop Shanghai. They reflect the authors’
opinions and are reproduced here as they are planned to be presented
at the BiTS Workshop Shanghai. Updates from this version of the
papers may occur in the version that is actually presented at the BiTS
Workshop Shanghai. The inclusion of the papers in this publication
does not constitute an endorsement by the BiTS Workshop or the
sponsors.

There is NO copyright protection claimed by this publication. However,
each presentation is the work of the authors and their respective
companies: as such, it is strongly encouraged that any use reflect
proper acknowledgement to the appropriate source. Any questions
regarding the use of any materials presented should be directed to the
author/s or their companies.

The BiTS logo and ‘Burn-in & Test Strategies Workshop’ are trademarks
of BiTS Workshop Shanghai.
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Performance Optimization
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DDR4 JEDEC Standard

e i Symbol Type Description
EJEDEC Standard No. 209-4 CK_t_A,

=3 CK_c_A,
- CK_t B,
CK ¢ B

CA[5:0]_A Command/Address
Inputs

- _ Data Input/Output:
B DQ[15:0]_A, Y
R B DQ[15:0] B /0 EL—Sdlrectlon data

Partial Enlarge Map of DDR

Input  Clock

"B 2XX-ball 15mm x 15mm

B 0.4mm pitch, Quad-Channel CA[5:0] B Input
'. POP FBGA (top view) e

DQS[1:0]_t_A,

PR ——— DQS[1:0]_c_A,
DQS[1:0]_

-

t
C
t B
DQS[1:0]_c_B

Data Strobe

This case only study one group signal pin VDDQ,

across all four group signal pins, and only VDD1, Supply  Power Supplies
include DQ pin. VDD2

VSS, VSSQ GND  GND

[ To X
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R4 B anaaro

Table 88 — Clock AC Timings

Parameter mbol 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 50 40 40 . TBD
y L - - . - Unit NOTE
U min max min max min max min max
VdIVW_tota Rx Mask voltage - p-p total R 140 - 140 - 140 - 120 mV 1235
TAIVW_total Rx tming window total - 0.2 - 0.2 - 0.25 - 0.25 ure 1245
C . ¢ . Q Q C ¢ C C ¢ .
( d1( C d C 0 C (JUd OT d
digital signal, Tor example Overla 0 of bit ana
Rx Mask
0ISe leve 0 e dlagra a Ve DOIta 7
00 0 anad ik (0 0 0 Deeq vdivw Vcent_DQ(pin mid) \X/
Total
erconnecto On other hana we also ca |
e TNE e dlagra 0 e the dels 0
0T DIT 8 ell g e 1ra 0N performance
. A
PDDRA4 gnal & Power Perfo a e Op ation B ardware 4
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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/1fE4 7 ) 3W (3 Times/3{&%

CPW ( Coplanar
waveguide/£ K S )
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Cross Talk Simulation Circuitry

Pulse Drive Signal

>

Near End Far End

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

| LPDDR4 Signal & Power Performance Optimization By Hardware
Burn-in & Test Strategies Workshop N;ﬁ

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




Session 2 Presentation 4

BITS Shanghai 2015 East Meets West

PCB Cross Talk

—V(v1) [mV] —V(v1) [mV] —V(v1)[mV]

il PesanA_ | Design C:
60 HERSWEMWE R - oL
" Design B FERELES
20
0
-20
-40
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-80
-100
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Design C

| 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 2 Presentation 4

BITS Shanghai 2015 East Meets West

Single Bit Simulation Circuitry

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

Design A

1 Design B

0.8

0.6

Design C
0.4

0.2

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

0

(@)
(@)

200 300 400 500 600 700 800 900 1000
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Socket Structure

Short Pin Long Pin gyblr!dt Coaxial Shielding

o L

Insulatlon Materlal

Si naI Power
mm

Insulation Material
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Socket S-Parameters

—>Short Pin  —Long Pin ——Hybrid ——Coaxial ——Shielding
2

Insertion Loss

-1.2 dB
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Socket S-Parameters

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

0 1 2 3 4 5 6 GHz
0
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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
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Eye Diagram Loop

DDR—— IEEEEE T |-|

DDR Controller—— e -

Socket\{ !

Channel Adaptation

T |'l| M

M‘UM H”H‘“L‘ MI hlu|||| “\I |

ol I
Pre-emphasis / Driver
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Eye diagram Compare
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Eye diagram Summary

Structure Jitter  VdiVW mV
Short Pin 0.038 247
Long Pin 0.112 /.5

Hybrid 0.069 129
Coaxial 0.031 298
Shielding 0.117 7.9

Jitter Spec: 0.04
TdivW: 79ps
VdiVW: 140mV
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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) 55 +/- 15%
Socket Impedance(ohm) 50+/-5%
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High volume manufacturing sensitivity
analysis

Taguchi DOE/H A 3ELy
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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

Simulation
1000 \ Measurement

0
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&= Pulse Configuration B
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LPDDR4 P| Simulations

Pl Basic
PCB Impedance
Socket Power Impedance Vs System Impedance

Impedance Optimization
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Power Integrity

2. LOW LOSS

1. N SWITCHES _
RECONFIGURABLY FOR Logic+tMemory+RF
MIMO ANTENNAS RECON

2.4GHz 0GB

N

. =
YOOy

r O
y 4 4 oo
FEM y 4 oo
AX4 TXIRX > PN O
OCOpHOO
' 6. EBG

N W | W Maintaining
3. THIN FILM

PASSIVE 4. TUNABLE 5 Signal and Power

COMPONENTS MATERIALS EMBEDDED  Integrity is a

NISG IEINES RECONFIGURABILITY Major bottleneck
i AND EMI REDUCTION

| LPDDR4 Signal & Power Performance Optimization By Hardware 22
Burn-in & Test Strategies Workshop N;ﬁ

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




Session 2 Presentation 4

BITS Shanghai 2015 East Meets West

Jitter caused by SSN for I/0

Vdd

Varying Voltage § / Output driver waveform
Droop

on Power
Supply due
to SSN

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

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

190 51.3mohm @ 100MHz

80

m /

40

20
] Target Impedance : 100mohm@100MHz
1M 20M 39M 58M 77M  96M 115M 134M 153M 172M 191M
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Socket Power Impedance
Target Impedance : 100mohm@100MHz

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

\Design 3]

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
600
2

131mohm @ 100MHz 40 ga1mohm @ 10

200 f

==
0
0.00.10.20.30.40.50.60.70.8 0.9 GHz 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.
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mV
60

mag(V(V1)-V(V2)) [mV]
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<50mV

40

PCB IR Drop

20

0
0 7

17 27 37 47 57 67 77 87 97 png

50

0

0 8

—Design A —Design B

Socket IR Drop

19 30 41 52 63 74 85 96 nS

mV mag(V(V1)-V(V2)) [mV]

42.9

42.7

46.2
46

42.5

PCB + Socket IR Drop
42.3

421

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

45.8
45.6
45.4
45.2

45

mV

mag(V(V1)-V(V2)) [mV]

PCB + Socket +
Package IR Drop

0 7

17 927 37 47 57 67 77 87 97NS
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Power Transient

—mag(V(V1)) [V]  —mag(V(V1)) [V]

">~ 172B Short Pin

Target Drop : <50mV

O~ A ANMOMMOSSTLOOLLOONMNOOOOOOOO OO A ANOMOOMOSS LU W
T - M T T T T T T T v—
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Power Impedance Vs Shmoo
Measurement

o.820 0.830 0.880 0.830 0.900 0.920 o 1.040 1.060 1.080 1.100 1.120

E End of FC Stfckic patcern 02 SHI

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

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

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
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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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