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Session Introduction

A Understanding the DDR and memory controller fundamentals is key to a successful
selection and design of a DDR interface

A In this session you will learn about:
i Industry trends and fundamentals
i DRAM Comparisons
1 Factors to consider when deciding, designing and delivering DDR on your board
i Available DDR tools

A Who would benefit by attending this session?

1 Hardware, software and system design engineers planning to implement a DDR interface in their
design

A Session length is 2 hours
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Two common types of DRAM Memory

A DDR DRAM (focus on DDR4)
i Typically used in PCs, Servers and Embedded Applications

i Available in Discrete components and Modules

i Largest total capacity
i ECC, CRC and parity protection for high reliability systems

A LPDDR DRAM (focus on LPDDR4)
1 Used in Mobile and Automotive Applications (often battery powered)
1 Discrete components (small packages)

1 Low Power

i Multi-Channel Architecture
AHighest Speed
A Configuration Flexibility
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Industry Trend

A DDR4 DRAM pricing is lower or same as DDR3\3L. The pricing crossover occurred
around Q4 of 2015. Similarly, LPDDRA4 is expected to crossover LPDDR3 in 2018.

A Production DDR4 DRAM, DIMMs and LPDDR4 are available from most DRAM
vendors.

A The first NXP device with DDR4 support, T104x product, taped out in Q42013.The
LS1043A also supports DDR4. Nearly 4 years of product experience with DDRA4.

AMany current and all future QorlQ products including T1, LS1, and LS2 products will support
DDRA4.

A The first NXP device with LPDDR4 support is the I.MX8 Family.

-
| 2 |
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DDR3, DDR4 and LPDDR i Major Vendors

Supported by all major memory vendors

Ascron &

PNANLIA
winbond
ELPIDANA
SER R
Etron Technology, Inc.
Ky ProM0S
‘() Powerchip 715 B 1%

PUBLIC | ©

-

| 2 |



DRAM Migration Roadmap

100% -

B LPDDR4 ma LPDDR3 =1 LPDDR2
80% -
60% - = DDR4
m DDR3
40% - mDDR2
= DDR
20% -
0% -
2016 2017 2018 2019
DDR 1% 1% 1% 1%
2015 2016 2017 DDR2 2% 1% 1% 1%
DDR3 | 32% | 20% | 14% 8%
DDR4 | 65% | 78% | 84% | 91%
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DDR3/DDR3L/DDR4 Power Saving

A DDR3 DRAM provides 20% power
savings over DDR2

A DDR3L DRAM provides 10% power
savings over DDR3

A DDR4 DRAM provides 37% power
savings over DDR3L

[Operating voltage]
V]
a

2L

2

15
- H I I
0

DORE DDR2 DOR3L DDR

-

Fgure 4. Reducaed oparafing vofags requiramants of DDRY comparad fo DOR3L

[Normalized power consumption]

[ 1x B0 Power M Core Power

0.8x

0.73x 37%

40nm DDR3 30nm DDR3L e0nm DDR3L e0nm DDRY

Figuns 5. Reducad normalizad powar conswmption reguiramants of DR

v

comparad fo DDR3L




LPDDR2/LPDDR3/LPDDR4 Power Saving

Reductions in operating voltage - LPDDR
g 1.8V (LPSDR, LPDDR)

= 1.2V (LPDDR2, LPDDR3)
1.1V, 0.6V (LPDDR4/LPDDR4X)

LPDDR4 Energy Efficiency

A LPDDR2 DRAM provides 36%

power savings over LPDDR1 s [mW / GBps]
i s i B
A LPDDR3 DRAM provides 10% T
power savings over LPDDR2 £
A PLDDR4 DRAM provides 37% — - LPDM
power SaVingS over LPDDR3 OO OO S R,
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DDR SDRAM Highlights and Comparison

Feature/Category DDR3 DDR4 LPDDR4

Package
Densities

Data Bus Organization
Voltage
Data I/O

CMD, ADDR 1/O

Internal Memory Banks

Data Rate

VREF

Data Strobes/Prefetch/Burst
Length/Burst Type

BGA only
512Mb -8Gb

x4, x8, x16

DDR3L:1.35V Core & I/0
DDR3: 1.5V Core & 1/O

Center Tab Termination (CTT)
CTT

8

DDR3/3L:
up t02133/1866 MT/s

VREFCA & VREFDQ external

Differential/8-bits/BC4, BL8/
Fixed, OTF

BGA only
2GDb -16Gb

x4, x8, x16

1.2V Core
1.2V 1/0, also 2.5V external VPP

Pseudo Open Drain (POD)
CTT

16 for x4/x8 (2 BG), 8 for x16

16007 3200 MT/s

VREFCA external
VREFDQ internal

Same as DDR3

BGA. PoP, Bare Die
2Gb to 16Gb per channel

x32, (2 channels, x16),
x64 (4 channels, x16)

LPDDR4: 1.1V, 1.8V Core & I/0O
LPDDR4X: 0.6V

LVSTL
Programable voltage swing

8 per channel

1600-3200 MT/s
(possible 4266 MT/s)

CA Vref Internally Generated,
Command Bus Training

BL16, BL32



DDR SDRAM Highlights

and

Compar.i

Feature/Category DDR3 DDR4 LPDDR4

CRC Data Bus & C/A Parity
Connectivity test (TEN pin)
Bank Grouping

Data Bus Inversion
Write Leveling / ZQ / Reset
ACT_n new pin & command

Low power auto self-refresh

VREFDQ calibration

No

No

No

Yes

No

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Basic DDR SDRAM Structure




Single Transistor Memory Cell

Access
Transistor o
Column (bit) line
Row (word) line
G
S D
Altove> [ — 1 7777 K
0o Grd> E fprechargedd Vca/2
0
i
;
Chit Ccol ¢
;
L Al }
Storage ' S
Capacitor Vcce/2 Parasitic Line

Capacitance
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Memory Arrays

COLUMN ADDRESS DECODER
SENSE AMPS & WRITE DRIVERS

ROW ADDRESS DECODER

Row Buffer
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Internal Memory Banks

A Multiple arrays organized into banks

A Multiple banks per memory device
i DDR3 1 8 banks, and 3 bank address (BA) bits
i DDR4 1 16 banks with 4 banks in each of 4 sub bank groups
i Can have one active row in each bank at any given time

A Concurrency

i Can be opening or closing a row in one bank while accessing
another bank
Bank O Bank 1 Bank 2 Bank 3

Row O
Row 1
Row 2
Row 3
Row ¢

Row
Buffers L L Lttty fifil]
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Memory Access

Bank 0 Bank 1 Bank 2 Bank 3

Row 0

A A requested row is ACTIVATED Row 1

Row 2

and made accessible through the  Rews
bankdés row buffe g

sl I I N A A I

(N I N N N N N I I B

A READ and/or WRITE are issued Bank 0 Bank 1 Bank 2 Bank 3
to the active row in the row szz @
buffers Row 3
Butters (T T T T T T 1] NI [ [ [ T T [T 1] CLTTTTTT]

A The row is PRECHARGED and
IS no longer accessible through Bank 0 Bank 1 Bank 2 Bank 3

Row 0O

t he bankds row bgow;
22:3

S I I O I e

Example: DDR4-2133
Open Page = 2.133Gb/s maximum bandwidth
Closed Page = 199Mb/s maximum bandwidth

10x performance advantage to read and write from an open page \
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DDR2-533 Read Timing Example

vemck 4 | 4 [ ¢ [ 4 [ & [ 4 L& ¢ ¢ ¢ L4 [ ¢ [ 4[4

44— |Tck=3.75ns

ACTIVE READ READ PRECHARGE
Tred (ACTTORW ) = 4 clk Teed = 2 clk Trtp (RD_TO_PRE) = 2 clk Trp (PRETOACT) = 4 clk
> 4

»e *

ICS N/
IRAS O\ \ /
fcas S\

\__/

N

WE

Address [ fon

CASLAT = 4 clk R

bas /N
pQ XN B NN

&
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Example i 8Gb DDR4 SDRAM

A Micron MT40A1GS8
A 1024M x 8 (64M x 8 x 16 banks)
A 8 Gb total
A 16-bit row address
1 64K rows
A 10-bit column address
1 1K bits/row (1KB in x8 data with DRAM)
A 2-bit group and 2-bit bank address
A DATA bus: DQ, DQS, /DQS, DM (DBI)

A ADD bus: A, BA, GB, ACT, /CS, /RAS, /CAS,
/WE, ODT, CKE, CK, /CK, PAR,

IALERT

1024 Mb x 8
16 8 Gb
ADDR A[18:0]
BANK ADDR 2, s BA[1:0]
GROUP BANK ——of—> BG[1{0] g
DQJ7:0] |4
CS_n
ACT n ods |12,
RAS_n, pds n| |”
CAS_n, A15 >
WE_n, Al4 > M |
2} A
Clock —=—>] CK, CK_n
oDT >
CKE
MAPAR_OUT P
MAPAR_ERR AJERT n
ADD bus DATA bus
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Example i DDR4 UDIMM

A Micron MTA9ASF51272AZ
A 9 each 512M x 8 DRAM devices
AB512M x 72 overall
A4 GB tot al ,
A9 nbyte |

singl e
aneso

Two Signal Bus

A 1- Address, command, control, and
clock signals are shared among all 9
DRAM devices

A 2- Data, strobe, data mask not shared

/CSn

i

ODTn

—II oDT
{/1cs

32M x 8
A[12:0] DQ[7:0]
BA[1:0] DQS

/DQS
/IRAS

DM

ICAS
IWE
CKE
CK
/CK

MDQJ0:7], MDQS0, MDMO

MDQJ8:15], MDQS1, MDM1

MDQ[16:23], MDQS2, MDM2

MDQ[24:31 MDQS3, MDM3

MDQ[40:47], MDQS5, MDM5

MDQ[48:55], MDQS6, MDM6

[0:
[
[
[
MDQ[32:39], MDQS4, MDM4
[
[
[

MDQ[56:31], MDQS7, MDM7

CK
ICK

— ODT

ICS

32Mx 8
A[12:0] DQ[7:0]
BA[1:0] DQS

/DQS
/IRAS DM
ICAS
IWE
CKE

ECCJ0:7], MDQS8, MDM8
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DRAM Module Type

UDIMM: Unbuffered Desktop standard

MiniDIMM:
Computing and Networking

LU R

VLP MiniDIMM:
Computing and Networking

o RN RERes S
| S1IE e A

Fly by routing of clk, commandand ctrl VTT]|

U M —{ H H H

Controller

DDR3 DIMM

DIMM: Registereerver standard

all OO L

VLP RDIMM: Very Low Profile
Computing and Networking

B OOt o I T
DDR3 RDIMM
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Fly-By Routing Topology

Al ntroduct tbhoyro aafr cinfiltyect ur e

1 Address, command, control & clocks

Data bus (not illustrated below) remains unchanged, ie, direct 1-to-1 connection between the

Controller bus lanes and the individual DDR devices.
i ntegrityeéenabling

| mproved
On module termination

signal

hi gher

Matched tree routing of clk command and ctrl

(0]

(0]

O

(0]

O

(0]

| |
DDR2 DIMM *
Controller
Fly by routing of clk, command and ctrl VTT
_— i D — — N 9
DDR3 DIMM :

Controller
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Fly-By Routing Improved S|

Voitags

DDR2 Matched Tree Routing

MPC8572 DDC DDR2 MA Signal - Two 18 load unbuffered DIMMs
e T A e B B At BRASER

T —_rrr T

Voltage [V

DDR3 Fly By Routing

Ll ].1 T 1'"”"?1"?"?'?

v!rx.l I |1| T ™7

r‘lv

MPC8572 DDC DDR3 MA Signal -- Two 18 load unbuffered DIMMs

l’l'!!

I

RANAY AN NN

09
08
o7
06
0s
04
N3g
1 3
01 E
n.g—x T Y | EFEPETEr S EPSETEre SR T R el BT |
D | 4
Timo |ns]
— ]
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What Is Write Leveling?

Source

CHK

@ Mem CTRL ,o6 0

Destination 0

Destination 1

Destination 2

Destination 8

CK

DRSO

-+— Write Leveling for lane 0

CH

DG5S 1

CK

DQs 2

CK

DS 8

P

-

-+— Write Leveling for lane 1

i

|[——»| Write Leveling for lane 2

———»| Write Leveling for lane 8
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Write Adjustment

A Write leveling used to add delay
to each strobe/data line.

L b BTSSR

RN

Address,
Command
& Clock Bus

3]
—

]
=

Data Lanes

] || ) YO

dzdol o ol od
L JL L

Write leveling sequence during the initialization process will determine the
appropriate delays to each data byte lane and add this delay for every write cycle.
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Read Adjustment

A Automatic CAS to preamble
calibration
A Data strobe to data skew
adjustment L:

Data Lanes \

S BT TR TS T

Address,
Command
& Clock Bus

=
=
3]
=

{1 BT T e

dzlcal o oo o]
HESGIE— I =

Lol i

[T S, .

Auto CPO will provide the expected arrival time of preamble for each strobe line of each
byte lane during the read cycle to adjust for the delays cased by the fly-by topology.
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CLK _ADJ - Clock Adjust

A CLK_ADJ defines the timing of the address and command signals relative to the
DDR clock.

DDR Clock o X~ 7§\~ ‘f, B

(aiigned) cLi_ADJ =0 FRCIINNY | KEUANONGRMMRIAARUAN  NAKO
(AL ALK
5 'y U ALY N
Addressand | Co= e Qi MONGORRONIEE NN
Command
signal position :
vetative 1o he | ouros=tioras) VVTAENIRO0NN | XOWHEK
clock by

varying
CLK_ADJ

cLk_ApJ = 18 (U0
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Example i generic LPDDR4 SDRAM

A 2 Channels per die

A1, 2 or 4 Die per package

A 8 Banks per channel

A 2Gb to 16Gb Density range per channel

A DATA bus: DQ, DQS t, DQS ¢, DMI

A ADD bus: CA, OTD_CA, CS, CKE, CK t,
CK c

COMMAND & ADDRESS
ODT for CA bus

CHIP SELECT

CLOCK

CLOCK
ENABLE

COMMAND & ADDRESS
ODT for CA bus

CHIP SELECT

CLOCK

CLOCK
ENABLE

ADD Bus

CA[5:0]_A channel A

ODT_CA_A

o5 8 DQ[15:0] _A

DQS[1:0]_t _A
DQS[1:0]_c_A

DMI[1:0] _A

channel B

DQ[15:0] [B

DQS[1:0]_t
DQS[1:0] ¢

DMI[1:0] \B
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DATA
STROBE(s)

DATA MASK
INVERSION

DATA

DATA
STROBE(s)

DATA MASK
INVERSION

DATA Bus



Example i’ LPDDR4 Arrangements 1 Single Die (2 Channels)

Single Die

-

SHARED AC SHARED AC

LPDDR4
Channel

LPDDR4 LPDDR4 EERENENENSN | PDDR4

Channel Channel

LPDDR4 LPDDR4 LPDDR4

Channel

LPDDR4

Channel Channel Channel Channel

SHARED CS &

SHARED DATA

Multi-Channel Shared-AC DDR/Parallel Multi-Rank/Serial
CA Pins: 12 CA Pins: 6 CA Pins: 6 CA Pins: 6
DQ Pins: 32 DQ Pins: 32 DQ Pins: 32 DQ Pins: 16
CS Pins: 2 CS Pins: 2 CS Pins: 1 CS Pins: 2
Banks: 16 Banks: 16 Banks: 8 Banks: 8
Fetch (bytes): 32 Fetch(bytes): 32/64 Fetch(bytes): 64 Fetch(bytes): 32
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Example i LPDDR4 Arrangements 1 2 Die (4 Channels)

LPDDR4
Channel

LPDDR4
Channel

MaoIpleZy SHARED- AC  HREBIBIS¥!

LPDDR4
Controller
LPDDR4 LPDDR4
Channel Channel
Multi-Channel

Channel Channel
< <
= n = n
< O < O
fa) fa)
LPDDR4
Controller
o o
0 > 0 >
» .y ) =
> >

LPDDRA4

LPDDRA4

Channel

Channel

SHARED- AC

Shared-AC
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Example i LPDDR4 Arrangements 1 2 Die (4 Channels) cont

SHARED AC

SHARED AC

LPDDRA4 LPDDRA4

Channel

LPDDRA4

LPDDRA4

Channel

Channel

9]
o

Channel

CS

SHARED DATA

DATA
SHARED CS

LPDDR4 LPDDR4
Controller Controller

9]
wn

LPDDR4

vivda
SO

SO d3dVHS
V1va a3dvHsS

LPDDR4 LPDDRA4

Channel

LPDDRA4

Channel

Channel Channel

SHARED AC SHARED AC

DDR/Parallel Multi-Rank/Serial

PUBLIC | 30 4\



LPDDR4 Package

- ;»—-—mev—.é 3
oQ : 0Q

f23nn) ;
OME g:ou

§< A 12 = 1 Banks por Ol = e >§

: | - Memory Device
o B
0Q 0Q

LPDDR4 Die . |
Layout FLASH & LPDDR in PoP configuration
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DDR3 vs. DDR4 DRAM Pinouts

A DDR4 Pins Added
VDDO (2) : 1.2V pins to DRAM

VPP (2): 2.5V external voltage source for DRAM internal word line
driver

BG (2): Bank Group (2): pins to identify the bank groups

DBl n: Data Bus Inversion

ACT n: Active command

PAR: Parity error signal for address bus

ALERT n: Both, Parity error on C\A and CRC error on data bus
TEN: Connectivity test mode

A DDR3 Pins Eliminated
1 VREFDQ
i Bank Address (1): one less BA pin
1 VDD (1), VSS (3), VSSQ (1)

VDD | WEQ Wasd V55
DBI_n
YEF | WDDI | DOS o 01 | WD Fin
VDD | D00 | DOS_t VDD V55 VoDQ
Vsl | D04 bz a3 05 V350
V55 | vDDO o7 | VDD | WSS
WODO ooT CE_t | CK_c VoD
V55 CKE C5_n TEN
VDD WE_n, ACT n CAS_n, | RAS n e
Ald - AlS Al
VREFCA| BGD AlD Al2 BG1 VoD
V55 BAD Ad A3 BAl V55
ALERT_
RESET_ A AD Al AL -
n n
VDD AR A2 AD AT VPP
V55 All FAR Al7 Als VoD
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New Pin: ACT _n (Activate Command)

A ACT _n s a single pin for Active command input

AWhen ACT_n is low:

1 ACT Command is asserted

i WE/CAS/RAS pins will be treated as address pins
(Al4:A16)

AWhen ACT _n s high
i WE/CAS/RAS pins will be treated as command pins

wDoD | wssQ M_n,DBI| vssq | wss
VPP | voDa | Das c Dol (voba| za
voDa | Do0 | Dost VDD | wss | vopa
vssq | pas | pae po3 | Das | vssa
vss | vopo, Do7 | voDa | wss
VDO, oDT Kkt | cke | vDD
vss CKE CS_n TEN
oo [ o] R~ |
vREFCA| BGD | A10 a12 | 8G1 | voD
vss | Bao | as A3 | Ba1 | wss
RESET_n| AB AD Al AS  |ALERT_n
vDD | As Az A9 a7 | wep
vss | a11 | Par a17 | a13 | voo
wDoD | wssQ M_n,DBI| vssO | wss
VPP | voDa | Das c Dol (voba| za
voDa | Do0 | Dost VDD | wss | vopa
vssa | po4 | paz Da3 | Das | vssa
vss | vDDa Da7 | voDaQ | wss
vDDQ oDT CKt | Cke | vDD
VSS CKE CS_n TEN
VDD | WEn - CAS_n | RAS VSS
VREFCA| BGO | A10 a12 | 861 | voD
vss | Bao | a4 A3 | Ba1 | wss
RESET_n| A& AD Al A5 |ALERT_n
vDD | AB A2 A3 &7 | weP
vss | a11 | Pam a17 | a13 | voo
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LPDDR3 vs. LPDDR4 DRAM Pinouts

A Change from a 10-bit DDR command/address bus to a 6-bit SDR bus
i Address and Commands are encoded on CA lines
1 Addresses and Commands distributed over multiple cycle

A Change from one 32-bit wide bus to two independent 16-bit wide buses
i Xx32, (2 channels, x16), x64 (4 channels, x16)

PUBLIC | 35
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DRAM Densities DDR3 vs. DDR4

A 16 Banks for x4 and x8 DRAM DDR4, 8 Banks for x16
A 8Gb is DRAMs vendors choice for starting DDR4 density
A Larger memory size is one reason to use x4 vs. x8 vs. x16 DRAM
A Data mask or data bus inversion (DBI), not available in x4 DRAM

Density 1Gb 2Gb 4Gb 16 Gb
\Width x4 | x8 | x16| x4 | x8 | x16| x4 | x8 | x16 x4 | x8 | x16
o Banks 8/8|8|8|8|8|8|8|8|8|8]s
DD: Rows 14 |14 |13|15|15|14| 16| 16| 15| 16| 16 | 16
A [Columns 11/10|10|11]10|10|11|10|10]| 12| 11|11
Page Size(KB)| 1 | 1 | 2[1] 1 101 2 |2
< Banks 16|16 | 8 |16|16| 8 (16|16 | 8 | 16| 16| 8
DD: Rows 15|14 | 14| 16| 15| 15|17 |16 | 16| 18| 17| 17
A [Columns 1010/ 10| 10| 10| 10| 10| 10| 10| 10| 10| 10
Page Size (KB) 05/ 1]2]05/ 12|05/ 1]2(05/ 1|2
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DRAM Densities progression in LPDDR

A LPDDR
1 512Mb to 8Gb

A LPDDR2
1 512Mb to 16Gb

A LPDDR3
1 4Gb to 32Gb

ALPDDR4
1 4Gb to 32Gb (2Gb to 16Gb per channel)

PUBLIC

37

-

| 2 |



Modules DDR3 vs. DDR4

A U/RDIMM Pin count of 240 vs. 288, pin pitch of 1.0mm vs. 0.85mm
A Bottom edge flat vs. step ramp. Height & width increased by ~1mm
A DRAM ball count and ball pitch not changed

A DIMM topology of fly by for address/command bus not changed

A SoDIMM pin count of 204 vs. 260
A SoDIMM will have native ECC support vs. non-compatible pin out in DDR3

e e LT [T T O

-
| 2 |
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Burst Length

A DDR4 normally has Burst Length of 8 (BL8)
A DDR4 also support pseudo Burst Length of 4 (BC4, OTF BC)

Clock | | |
Command -
Data (DXDXDXDXDXDXDXD)— 6L
——PO00 00D PERDDDDD— B Chor
-
bubble bubble

A LPDDR3 Burst Length of 8 (BL8)
A LPDDR4 Burst Length of 16 (BL16)
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DDRA4 Output Driver/Termination

A Center tap termination is used in DDR3 receiver
A POD termination or pull up is used in DDR4 receiver
A Push-Pull driver in DDR3 and POD driver in DDR4
A Less power is consumed using POD driver & termination

Driver

DDR3 - push-pull I/O interface

]

]

) Channel ),

=

>

Receiver

DDR4 - pseudo open drain /O interface

A
H

Driver

]

Receiver

Aricron
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LPDDR4 Output Driver/Termination

LPDDR4 - Innovative Interface LVSTL
LVSTL (Low Voltage Swing Terminated Logic)

* High frequency operation with less IO power consumption
No DC power consumption when driving “low”

Lower Cio, small Xtalk and SSN, because of small swing
Stronger reference plane

Easy voltage scaling

LPDDR4 LVSTL , 1/0 Power bx Interfaces

— (MW/Gbps/pin) il
_| . = | 10 i 32%
] 2] s 40% |

VOH e R s o o 1
|

DDR3 DDR4

<
8
o :
SN o

LVSTL_VSSQ
LPDDR4

JEDEC Global Standards for the Microelectronics Industry
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New Pin: DBl _n (Data Bus Inversion)

A Active low input/output for data bus inversion mode
A Available only on x8 and x16 DRAM
A PROs: Less noise, better data eye and lower power consumption

A CONs: Performance is affected due to data mask not being available and CAS_LAT is increased by
2 clocks.

No DBI

DQO
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7
DBI n
# low bits 5 3 4 8

O r PO O O B+ O
P P O L O O O
O O O O O O o o

NOoOPrRr OOFRFR PR PR OPR

O R, OFR L O R R
OFrPr P OOOoOLRrOo
OFRPr OFR R O R PR
P P P ORPR OO O
O OO0 O oo oo

WF OFr OFR R OR PR
NP P PP OPRPR OOO
ROR PR RPRRPRPRPPRPR
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Data Bus Inversion - DBI

A If more than 4 bits of a byte lane are low, invert the data and drive the DBI_n pin
low

A If 4 or less bits of a byte lane are low, do not invert the data and drive the DBI_n
pin high

DQO
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7
DBI_n
# low bits 5 3 4 8

SO B b O O O +—» O
B B O B O O O

O O O O O o o o

O P O O FP PP P+ O FR

S »r B O O O +—» O

O P O FRr kB O KL B

r B O r O O O

O r O FP kB O Fr B
O O O O O o o o

Wk, OFrPr OFr P O R R
NP P P P O PR OO O
e (=T R e e S S N

PUBLIC | 43



New Pin: BGn (Bank Group Address)

A Different timing within a group and
between groups

i Active to active (tRRD_L)
1 Write to read (tWTR_L)
i Read to read (tCCD_L)
i Write to write (tCCD _L)

A Controller to maintain timing
requirements for both within a group
(long) and between groups (short)

Data rate 1600 1866 2133 2400
tCCD_S 4 4 4 4
tCCD_L 5 5 6 6
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New Pin: ALERT n & Cyclic Redundancy Check (CRC)

A Alert_nT1 Active low output signal that indicates an error event for reporting C/A
parity and data write CRC errors
APolynomial encoding is used to generate the CRC, 8-bits per write burst

A PRQOs: Better reliability by detecting data errors during write cycles
A CONSs: Two beats added to the write burst to transfer the CRC header

2 ~

DRAM controller DRAM
| 0 ' o !
1 | ‘
: 4 ] | y < |
| \, CRCengine , 7;:[ ‘Data I CRCcode! | \ CRCengine /
| | == :
| : ' \ /
' ¥ I : , Y :
- CRC code 1 CRC code

| ‘ ‘ ;
-------------------- : " - |
v ‘
, \Compare ,
‘ \CRC ‘

e A At . fMicron

*Not the same as ECC PUBLIC | 45



New Pin: PAR (Address Bus Parity)

A C/A Parity signal (PAR) covers ACT_n, RAS _n, CAS_n, WE_n and the address bus.
Control signals CKE, ODT, CS_n are not included

A Commands must be qualified by CS_n
A Alert_n used to flag error to memory controller

A PROs: Better reliability
A CONs: PL (4clk for 2133, 5clk for 2400) is added to read latency

___________________

| l | : ' :
; Even parity : » Command/address | . Even parity E
! GEN . * Evenparitybit | S :
: { Bl ity bt ] . . \Compare :
. S 2 parity :
X bit :

___________________ ; qmcron
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Cyclic Redundancy Check (CRC)

A Alert_n1 Active low output signal that indicates an error event for both the C/A
Parity Mode and the CRC Data Mode

A CRC Data mode:
1 To detect data errors during write cycles .
i Polynomial encoding is used to generate the CRC for every 8-bit
i Two beats added to the write burst to transfer the CRC header
i DRAM generates a CRC checksum per each write burst and DQS lane
i DRM compares the generated checksum to controllers checksum

i If Data Mask is disabled, corrupt data is written, with the Alert_n flag sent to controller to
retry the write.

i If Data Mask is enabled, corrupt data is not written, with the Alert_n flag sent to controller
to retry the write.
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Data Write CRC

A Example data mapping with CRC for 8-bit, 4-bit and 16-bit devices

A Note: not the same as ECC

The following figure shows detailed bit mapping for a x8 device.

DQO
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7

DBI_n

DQo
Da1
DQ2
DQ3

0 1 2 3 4 5 B 7 8 9
d0 d1 d2 d3 d4 d5 dé d7 CRCO 1
d8 d9 d10 d11 d12 d13 d14 d15 CRC1 1
d16 di17 d18 d19 d20 d21 d22 d23 CRC2 1
d24 d25 d26 d27 d28 d29 d30 d31 CRC3 1
d32 d33 d34 d35 d36 d37 d3s d3g CRC4 1
d40 d41 d42 d43 d44 d45 d46 d47 CRC5H 1
d4a d49 d50 d51 d52 d53 d54 d55 CRCH 1
d56 dbs7 d58 d59 d60 db1 d62 d63 CRCT 1
d64 des d66 dB7 d6a d69 dro d71 1 1
The following figure shows detailed bit mapping for a x4 device.
0 1 2 % 4 ] 6 7 8 9
d0 d1 d2 d3 d4 d5 d6 d7 CRCO CRC4
da d9 d10 d11 d12 d13 di4 d15 CRC1 CRC5H
di16 d17 d18 d19 d20 d21 d22 d23 CRC2 CRC6
d24 d25 d26 d27 d28 d29 d30 d31 CRC3 CRCT
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Data Write CRC (continued)

A x16 device is treated as two x8 devices. x16 device will have two identical CRC trees implemented. CRC(0-7) covers data bits d(0-
71). CRC(8-15) cavers data bits d(72-143).

DQO
DQ1
DQ2
DQ3
DQ4
DQ5
DQ6
DQ7

DBIL_n
DQ8
DQ9

DQ10
DQ11
DQ12
DQ13
DQ14
DQ15
DBIU_n

0 1 2 = 4 5 6 ] 8 4

dO d1 dz2 d3 d4 db di d7 CRCO 1

ds d9 d10 d11 d12 di3 di4 d15 CRCH1 1
d16 d17 d18 d19 d20 d21 d22 d23 CRC2 1
dz24 d25 d26 d27 d28 d29 d30 d31 CRC3 1
d32 d33 d34 d35 d36 d37 d38 d39 CRC4 1
d40 d41 d42 d43 d44 d45 d46 d47 CRC5 1
d48 d49 d50 d51 d52 db3 db4 dbb CRCB 1
ds6 ds7 d58 d59 d60 d61 d62 de3 CRC7Y 1
d64 dBb d66 de7 des d69 d70 di 1 1
dr2 df3 d74 d75 d76 di? d78 dr9 CRC8 1
dgo da1 da2 d83 di4 dis d86 day CRC9 1
das dag d90 d91 do2 da3 do4 dgs CRC10 1
d96 da7 do8 do9 d100 d101 d102 d103 CRC11 1
d104 d105 d106 d107 d108 d108 d110 d111 CRC12 1
d112 d113 d114 d1156 d116 d117 d118 d119 CRC13 1
d120 d121 d122 d123 d124 d125 d126 d127 CRC14 1
d128 d129 d130 d131 d132 d133 d134 d135 CRC15 1
d136 d137 d138 d139 d140 d141 d142 d143 1 1
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Low-Power Auto Self Refresh

A DDR4

i While DRAM is in self-refresh mode, D6
four refresh mode options available:

AManual mode, normal temperature (45C 7 85C)
AManual mode, extended temperature (85C 7 95C)
AManual mode, reduced temperature (OC 7 45C)

A Automatic mode: automatically switches between
modes based on temperature sensor measurements

i Power savings by reducing refresh rate when possible

A LPDDRA4
1 Temperature-compensated self refresh (TCSR) mode
1 Partial-array self refresh (PASR)

IDD6é with LP ASR

Reduced Normal Extended
Range Range Range

v

45 85
Temp(°C)

Auto Self Refrest

DDR4

DDR3

Extended Range

y p #pp

y p &plp

Normal Range

npyhp

Reduced Range

nernpg

neypg
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Temperature Controlled Auto Refresh

A Enabled or disabled in MR4
A In extended temp mode controller sends refresh commands every 3.9us

A DRAM based on the internal temp sensor will skip refresh commands automatically
to save power

External AREF I-l I-l I-l I-l I-I I_l
Internal AREF % % %
(X2 mode, T=45°C) I‘I I-l I-I

-
| 2 |

PUBLIC | 51



Command Address Latency (CAL)

A DDR4 supports CAL as a power savings feature
A In default mode, DRAM C/A input receivers are always on

A In CAL mode, only CS receiver is always on. All remaining C/A input receivers are
kept in a low power state when not in use. CS signal is sent N number of cycles
earlier to allow DRAM time to wake up C/A input receivers

4 5 ] T -] a Ll " 12 13 e s

NNy avavaNaNaNataN sWavaV e

J

'. II |- -l ..\-'\-\_ I- .I |
! . [ .|
CARIDVADDR | — — = .

biCAd

Figure 34 — Definition of CAL
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