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WIDE /O 2 (WidelO2) STANDARD

(From JEDEC Board Ballot JCB-14-40, formulated under the cognizance of the JC-42.6 Subcommittee on Low
Power Memories.)

1 Scope

This standard defines Wide I/O 2 (WidelO2), including features, functionality, AC and DC characteristics, packages,
and micropillar signal assignments. The purpose of this standard is to define the minimum set of requirements for
JEDEC compliant, 8 Gb through 32 Gb SDRAM devices with 4 or 8 64-bit wide channels using direct chip-to-chip
attach methods for between 1 and 4 memory devices and a controller/buffer device. This standard was created using
aspects of the following standards: DDR2 (JESD79-2), DDR3 (JESD79-3), LPDDR (JESD209), LPDDR2
(JESD209-2), LPDDR3 (JESD209-3) and WIO (JESD229-1). Each aspect of the standard will require approval by
committee ballot(s). The accumulation of these ballots will then be incorporated into the WidelO2 standard.

The WidelO2 architecture is an evolution of the WIO architecture to enable bandwidth scaling with capacity.

2 General Description

21 Terms and Definitions
Within the WidelO2 standard, these terms have particular meanings:

Stack: All memory chips in the memory system taken together in one assembly. The WidelO2 standard supports
memory stacks of up to 4 memory chips.

Slice: One memory chip in the stack of memory chips as shown in Figure 1.
Quadrant: A single memory chip is divided into 4 quadrants as shown in Figure 8.

Micropillar: An electrical connection between two stacked die. The connection is made between the lower die's top
metal layer and an upper die's pad by cutting a hole in the passivation on the lower die and inserting a conducting
pillar.

Rank: Multiple slices can be connected to a single channel in a multidrop fashion within the memory stack. The
DRAM array connected to the channel is referred to as a rank. WidelO2 supports single and dual rank configurations.

Channel: A set of physically discrete connections within the WidelO2 interface that independently control a partition
of the WidelO2 device. (see Figure 1).

NOTE The WidelO2 interface supports 4 or 8 physical channels. Each channel contains all the control, data, and
clock signals necessary to independently control a partition of the WidelO2 device. Each channel can have different
DRAM pages open, can be independently clocked, and can be in different power states. The physical channel also
includes I/O power and ground signals. All power and ground signals for all channels must be at their appropriate
levels for any portion of the WidelO2 device to operate correctly. The physical channel also contains a reset signal
but the WidelO2 interface defines reset to be per slice rather than per channel. DOC uments
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2.1 Terms and Definitions (cont’d)

Quadrant B Quadrant C Slice 1 W
= ¢ - 3 P - o - - Stack
o
" " "
Da

Control ata test

Chaimcl A single channel is colored in Magenta.

Figure 1 — Definition of Terms for WidelO2 stack

2.2 Key Features

. Support for 800MT/s and 1067MT/s data rates.

. 25.6GB/s and 34.1GB/s with four 64b channels (4x64 die)

. 51.2GB/s and 68.3GB/s with eight 64b channels (8x64 die)

. DRAM core frequencies of 200MHz and 266MHz.

. Configurable with1, 2, or 4 stacked die for bandwidth and capacity scaling.
. 4KB page size with 8 banks per channel for 4x64 die

. 2KB page size with 4 banks per channel for 8x64 die

. 64 Data Bits per channel.

. Support for burst lengths of 4 and 8.

. Complementary data strobe for every 16 data bits.

. Double Data Rate for command and data.

. Unterminated CMOS I/O signaling

.No PLL or DLL in the DRAM

. Per byte write data mask and data bus inversion

. Multiplexed Command Address (11 CA signals over 2 UI).

. Each rank in each channel will have its own set of Mode Registers.

. Each channel is independent.

. Support for 8, 16, and 32Gb DRAM die density.

. Per slice scan chain.

. Per slice Reset.

. Support for supplier specific Direct Access Mode test feature with 10 digital and 1 analog signals per quadrant.
. Support for GPIO Mode test access.

. Support for Post Package Repair

. Power micropillar count supports current requirements of low-power memory space.

. VDDQ = VDD2 = 1.1V
_VDDI = 1.8V Documents
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23 Bandwidth vs. Capacity Relationship

The WidelO2 device is targeted to operate up to 800 or 1067MT/s with 64b per channel. The per die density will be
either 8, 16, or 32 Gb. Depending on the configuration, the bandwidth and capacity scale as shown in Table 1. The
bandwidth is calculated by the transfers x bytes/channel x number of channels. P22P configurations will double the
capacity while the bandwidth stays constant.

Table 1 — Capacity vs. Bandwidth (8 - 32Gb Die Density)

sooMT/s | 1067
. . MT/s .
Die Configuration Capacity | Band- Band- Figure
width 5
width
1 Slice, 4 Channel 1-4GB | 25.6GB/s | 34.1GB/s | Figure 2
4x64 Die 2 Slice, 8 Channel 2-8GB | 51.2GB/s | 68.3GB/s Figure 3
4 Slice, 8 Channel, P22P Dual Rank 4-16GB | 51.2GB/s | 68.3GB/s | Figure 4
1 Slice, 8 Channel 1-4GB | 51.2GB/s | 68.3GB/s | Figure 5
8x64 Die .
2 Slice, 8 Channel, P22P Dual Rank 2-8GB | 51.2GB/s | 68.3GB/s | Figure 6

24 WidelO2 Topologies

WidelO2 topologies require a shifting of signals through the stack. This shifting is done in the metal layers of
the lower die. The WidelO2 topologies shown in this section are from an SOC point of view (SOC at bottom of
stack). A 4 channel topology will only have a single channel (channel 0) for each of the 4 quadrant (A-D).

The 4 channels will be referred to as: 0A, 0B, 0C, and 0D. An 8 channel topology will have a channel 0 and
channel 1 for each of the 4 quadrants (A-D). The 8 channels will be referred to as: 0A, 1A, 0B, 1B, 0C, 1C,

0D, and 1D. All of the figures in this section will show one of the channels in a magenta color.

241 WidelO2 Topologies with 4x64 Die
2411 1-High 4Ch x 64b

Figure 2 shows the baseline WidelO2 1 slice, 4 channel P2P topology. There are a total of 128 DQs per
quadrant with only 64 being used in this topology.

DRAM DRAM DRAM DRAM Te<t| | Slice 0
G0ty oyl Core jep | Core ey | Corr ap e

IR

CA DQ

Figure 2 — P2P WidelO2: 1 Slice, 4 Channel
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2.41.2 2-High 8Ch x 64b Capacity and Bandwidth Scaling

Figure 3 shows a WidelO2 2 slice, 8 channel P2P topology. Since this is an 8 channel, P2P topology, each
channel from the second slice increases the overall bandwidth with a constant capacity per channel.

DRAM DRAM DRAM DRAM i 13
Core Core Core Core Test| | Slice 1
DRAM DRAM DRAM DRAM .
Core Core Core Core Test| | Slice 0

il

Figure 3 — P2P WidelO2: 2 Slice, 8 Channel

2.41.3 4-High, 8Ch x 64b, P22P Capacity and Bandwidth Scaling

Figure 4 shows a WidelO2 4 slice, 2 rank, 8 channel P22P topology with separate CA buses to avoid P24P
loading on CA. This configuration scales both capacity and bandwidth.

DRAM DRAM DRAM DRAM Test|| Slice 3
—p Core | g > — Core  |q —p| Core (g p —» Core > 4> *| Rank 1
\ DRAM '-.f-’ I DRAM '-Y-* a{"" DRAM \/ ‘-.x.-’ DRAM I Test|| Slice 2
:*; Core |qp /o Core |4 >/ Core i Core  |qp [P Rank 1
) | o W ) L X - Fq:q ¥ L X -
\ [Dram | \ \/ [Dram | \/ \ [ DraM | Y \ [DraM | Tos|| Slice 1
,_’ Core |4 _"\ [ Core |4 —N [l Core 4_A / ,_p Core ‘_’\l 4» || Rank 0
V' Toram | prav | V V [Dram |V Y/ DRAM |/ Slice 0
I ) L C S C X I ) Test Rank 0
._;. Core  |qp| /W ore  |gqp /i ore  |qp, [i—pl__Core |gp, |4 an
rF 9
v

CA DQ

Figure 4 — P22P WidelO2: 4 Slice, 2 Rank, 8 Channel

2.4.2 WidelO2 Topologies with 8x64 Die

2.4.21 1-High 8Ch x 64b
Figure 5 shows a WidelO2 1-slice, 8-channel P2P topology.

r
—» DRAM [®¥ »  DRAM [*™ DRAM [P —» DRAM [
Core Core Core Core T
P lest .
DRAM DRAM DRAM DRAM Slice 0
r} Core <4 |-} Core 4 ';-l |-> Core < ';I r} Core 4P

A 4 4 AAA »
A 6
y v v vV

A
CA DQ
Figure 5 — P2P WidelO2: 1 Slice, 8 Channels Documents
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2.4.2.2 2-High 8Ch x 64b

Figure 6 shows a WidelO2 2-slice, 8-channel, P22P topology. The CS and CKE signals are staggered in pairs.
CS2/CKE2 is connected to CSO/CKEOQ on upper die and CS3/CKE3 is connected to CS1/CKE1 on upper die.

P DRAM [ P DRAM [® P DRAM [ P DRAM [
Core Core Core Core T
est| | Slice 1
DRAM DRAM DRAM DRAM Slice
Eb Core  |4—p E} Core A [b Core |4 E} Core  |4—»
> DRAM [ > DRAM @ > DRAM ™ > DRAM [
Core Core Core Core .
Test|| Slice O
DRAM DRAM DRAM DRAM
|  Core  |d4—Pp | Core 4 Wl Core | W Core  |4—P»
A 2322 221 42X L 1 2
11 04 I
vy Yy vy Yy
CA DQ

Figure 6 — P22P WidelO2: 2 Slice, 8 Channels
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2.5 Micropillar-out
2.51

Note on nomenclature: unless otherwise designated, each channel is independent and implements independent sets of
the designated micropillars. Signal naming convention designates quadrant and channel within each quadrant as
follows:

<SignalName>[1:0][D:A][msb:lsb]

Micropillar Definition and Description

. [1:0] denotes which channel within the quadrant

. [D:A] denotes which quadrant

. [msb:1sb] denotes index of bus

._n for active low, _t for true, and _c for complement polarity

For example DQ1A13 would be DQ13 in quadrant A channel 1.

Table 2 — Micropillar Definition and Description

Name
Signal[Ch] A
[Quad][bit] Type Description
Clock: CK tand CK c are Complementary clock inputs to each channel. All Command
CKJ[1:0][D:A] t, signals are sampled on the positive edges of CK t and CK_c providing a double rate com-
CKJ[1:0][D:A] ¢ Input mand bus. The clocks are not free running, they will toggle as commands are latched into
the device and long enough after the command is latched to allow the command to com-
plete. Clock is defined as the complementary pair CK t and CK c.
CA[1:0][D:A][10 Command/Address: There are 11 command/address signals per channel and a command
’ 0] ’ Input packet is 2UI in length giving a payload of 22 bits of information. The CA bus will be
’ clocked by CK_t/CK c clocks.
Chip Select: CS_n is considered part of the command code. Each of CS[D:A][3:0] n
CS[D:A][3:0] n Input address a single rank on each of the channels. See Table 20 - Command Truth Table for
command code descriptions. See Table 6 for CS_n signal mapping.
Clock Enables: CKE HIGH activates and CKE LOW deactivates internal clock signals,
device input buffers and output drivers. Power savings modes are entered and exited
CKE[D:A][3:0] Input through CKE transitions. CKE is considered part of the command code. See Table 21 -
Command Truth Table for command code descriptions. See Table 6 for CKE signal map-
ping.
DQ[1 ZOJ([)]]):A] 63 1/0 Data Inputs/Output: Bi-directional data bus. 64 DQs per channel.
DQS[I.:OO]] [P:A][3 Data Strobe (Bi-directional, Complementary): The data strobe is bidirectional (used
DQS[l" 0J[D:A][3 for read and write data) and complimentary (DQS_t and DQS_c). It is output with read
,'0] . ’ Vo data and input with write data. DQS_t and DQS_c are edge-aligned to read data and cen-
- tered with write data. Each DQS pair strobes 16 DQ 1/Os.
DMI[1:0][D:A][7 Data Mask and Data Bus Inversion: DMI is a bidirectional signal sampled on the rising
:0] Vo edges of DQS_t and DQS _c. See section 3.3.
RST[3:0] n Input Reset: Unidirectional reset inputs. These are per slice reset signals.
Boundary Scan Enable: Used to enable normal operation, boundary scan, or 1 of 6 ven-
SEN[2:0] Input dor specific scan chains. Boundary scan modes may be operational in all normal and test
modes, as defined by each individual memory vendor.
Boundary Scan Shift: There is one SSH_n provided to all slices in the WidelO2 stack
SSHﬁIl Input . .
using Through routing.
SDI Boundary Scan Serial Data In: There is one SDI provided to all slices in the WidelO2
Input stack using Through routing.
SCK Input Boundary Scan Clock: There is one SCK provided to all slices in the Wlnmeéutnﬂents
npu . .
using Through routing. Document Sharing Hub
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Table 2 — Micropillar Definition and Description

) Name
[Sé%ll::il][[(l:)lilt]] Type Description
SCS[3:0] n Tnput g(;mdary Scan Chip Selects: There is a one SCS[3:0]_n per slice using Staggered rout-
SDO[3:0] Output Boundary Scan Output: There is one SDO output per slice using Staggered routing.
TEST Tnput TEST: This input enables memory GPIO test mode. It may be routed through a controller

I/0O buffer before driving the memory I/O pad.

Direct Access Analog: This is a vendor specific test feature. These 1/Os provide an ana-
log direct access path to DRAM core signals for test/debug purposes. They must be
routed directly to external package I/O pads to allow unbuffered visibility to an internal
DAA[D:A] /O analog signal. They can be connected through the vertical stack in a multidrop topology
as defined by each individual memory vendor. There is one DAA per quadrant. DAA pins
may be operational in all normal and test modes, as defined by each individual memory
vendor.

Direct Access: This is a vendor specific test feature. These 1/Os provide digital direct
access to internal DRAM core signals for test/debug purposes. They can be connected
through the vertical stack in a multidrop topology as defined by each individual memory
vendor. There are 10 digital DA's per quadrant. One of these I/Os may be used to enabled
Direct Access test mode. If DA Mode is supported by an SOC design, they must be

DA[D:A][9:0] 1o routed directly to external package /O pads to allow unbuffered access to these signals.
When not in DA mode each DA pin on the device will either be left floating or have a
keeper to pull it low. The SOC is not required to pull up or pull down any of the DA pins
and should leave these signals floating. The device must account for up to SuA of SOC
leakage current on these signals.

NC NA No Connection: This micropillar is a spare and not connected in the WideIO2 device.
VDDI1 Supply Core Voltage Supply 1: Core power supply.
VDD2 Supply Core Voltage Supply 2: Core power supply.
VDDQ Supply I/0 Voltage Supply: Power supply for the DQ, DQS, and DMI I/O buffers.
VSS Supply Ground
VSSQ Supply 1/0 Ground

NOTE 1 All DA pins must be ESD harden, in the WidelO2 device, up to 2KV HBM (Human Body Model) level or
200V for MM (Machine Model) level, as stated in ANSI/ESDA/JEDEC JS-001-2012 spec.
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2.5.2 Quadrant Micropillars
Table 3 — Micropillar Definitions (Per Quadrant)

Micropillar Type | Count Description
VDDI1 12 Core Voltage 1
VDD2 60 Core Voltage 2
VSS 72 Core Ground
VDDQ 42 I/0 Voltage
VSSQ 42 1/0 Ground
DQ 128 |Data
DMI 16 Data Mask and Data Bus Inversion
DQS 16 Complementary Data Strobe: DQS t, DQS ¢
CA 22 Encoded address and command
CS n 4 Chip Select
CKE 4 Clock Enable
CK 4 Complementary Clock: CK t, CK ¢
Misc 5 Miscellaneous (RST _n, Serial Port, TEST (average. per quadrant))
DAA/DA 11 Direct Access for Test (1 analog, 10 digital)
Total 438 |Per Quadrant

NOTE 1 The power and ground signal counts remain the same for both 4 channel and 8 channel configurations (all

power and grounds need to be connected for all configurations).

NOTE 2 For configurations with 4 channels the SOC will need to connect their unused signals to a known value.

2.5.3 Channel Interface Signals

Table 4 — Channel Interface Signals

Micropillar Type | Count Description

DQ 64 Data

DMI 8 Data Mask and Data Bus Inversion

DQS 8 Complementary Data Strobe: DQS t, DQS ¢

CA 11 Encoded address and command

CKE 2 Clock Enable

CS n 2 Chip Select
CK 2 Complementary Clock: CK t, CK ¢

Total 97 Per Quadrant

Full document details: JEDEC JESD229-2-2014
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2.5.3 Channel Interface Signals (cont’d)
Table 5 — DQS and DMI Mapping

DQ Signal DQS Mapping DMI Mapping
DQ[7:0] DQS[0]_t, DQS[0]_c DMI[0]
DQ[15:8] DQS[0]_t, DQS[0] ¢ DMI[1]

DQ[23:16] DQS[1] t, DQS[1] ¢ DMI[2]

DQ[31:24] DQS[1]_t, DQS[1] ¢ DMI[3]

DQ[39:32] DQS[2]_t, DQS[2] ¢ DMI[4]

DQ[47:40] DQS[2]_t, DQS[2] ¢ DMI[5]

DQ[55:48] DQS[3] t, DQS[3] ¢ DMI[6]

DQ[63:56] DQSI[3] t, DQS[3] ¢ DMI[7]

NOTE 1 The table does not show quadrant and slice information. For example, the DQS true signal for DQ39,
Channel 1, Quadrant C would be DQS1C2 (Micropillar Definition and Description ).

2.5.4 CKE and CS Mapping

Table 6 — CKE and CS Mapping

Configuration 4x64 -

i CKE[0], CS[0] for Ch. 0

1 High P2P CKE[0], CS[0] for Ch. 0 CKEH CSH fgi ch.0
2 High P2P CKE[0], CS[0] for Ch. 0 “

CKE[1], CS[1] for Ch. 1

CKEJ0], CS[0] for Ch. 0 of Rank 0
CKEJ[1], CS[1] for Ch. 1 of Rank 0
2 High P22P NA CKEJ2], CS[2] for Ch. 0 of Rank 1
CKE]J3], CS[3] for Ch. 1 of Rank 1

CKE[0], CS[0] for Ch. 0 of Rank 0
CKE[1], CS[1] for Ch. 1 of Rank 0
CKE[2], CS[2] for Ch. 0 of Rank 1
CKE[3], CS[3] for Ch. 1 of Rank 1

4 High P22P NA
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2.5.5 Test Sub-Block Micropillar Signals

The Test Sub-Block allocates 5 test pins per quadrant. Table 7 shows the signals contained in the Test Sub-Block and
Figure 12 shows their micropillar assignments.

Table 7 — Test Sub-Block Micropillar Signals

Signal Name Type Number Description
SEN[2:0] Input 3 Scan chain enable
SSH n Input 1 Boundary scan chain shift
SDI Input 1 Boundary scan data input
SCK Input 1 Boundary scan clock
SCS[3:0] n Input 4 Boundary scan chip select
SDO[3:0] Output 4 Boundary scan chain data out
TEST Input 1 Test mode enable
NC NA 1 No Connection
RST[3:0] n Input 4 Reset Slice (all ranks, quadrants, and channels)
Totals 20

2.5.6 Bump Plan

The WidelO2 micro-bumps will be a 40um x 40um rectangular pattern as shown in Figure 7. The bumps are divided
into 4 quadrants with signal assignments mirrored both horizontally and vertically with the exception of the Test Sub-
Block of each quadrant. Figure 8 shows a high level quadrant bump plan. There will be a space between quadrants in
the x-direction of 1000um and in the y-direction of 120um (Micropillar center-to-center). Note: Figure 8 is a bottom
view looking down upon the memory micropillars, i.e., with the memory micropillars facing out of the page. In the
anticipated mounting orientation, this will be looking up from the board.

40um

O0O00O0O0
O0O00O0O0

ONONON®)

Figure 7— Bump Pattern
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Quadrant B

Quadrant C

2880um 1000um
-~ @
Quadrant A
T 120um
Quadrant D # 200um
Y
X

NOTE 1 Dimensions are micropillar center-to-center.
Figure 8 — Bottom View Quadrant Placement

Full document details: JEDEC JESD229-2-2014
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2.6 TSV Signal Routing

Signal routing through the slices can be Swizzled, Staggered, or Through (see Figure 9). Swizzled routing is used as
P2P for 1 or 2-high stack and P22P for 4-high stack. Staggered routing is used to deliver unique signals to each slice.
To match capacitive loading, signals will continue up the stack regardless of where they are terminated. Through
routing delivers common signals to all slices. Shaded micropillars indicate the active connections in each slice.

Slice 3
Slice 2
Slice 1
Slice 0
0000 00 0000 OO0
Q000 oo Q000 gg Pl =
XXX X Is)s) XXX X Is¥s) nhnn m
mmmim o = mmmim o= —4—44 []
[= =\ NN > > [=JN NN > > =N W —
55 55 :|:|:

Stagger
4x64

Die Stagger ~ Other Through
4x64 and 8x64 4x64 and 8x64

Figure 9 — TSV Routing Example

Table 8 — TSV Signal Routing for 4ch x64b

Full document details: JEDEC JESD229-2-2014

Signal Name Routing Signal Name Routing

CK[1:0][D:A] t, .
CK[ 1 0] [D :A]ic Swizzled SSHin Through
CA[1:0][D:A][10:0] Swizzled SDI Through
CS[D:A][3:0]_n Staggered SCK Through
CKE[D:A][3:0] Staggered SCS[3:0]_n Staggered
DQ[1:0][D:A][63:0] Swizzled SDO[3:0] Staggered

DQS[1:0][D:A][3:0]_t, )
DQS[l 0] [DA] [30]_0 Swizzled TEST Through
DMI[1:0][D:A][7:0] Swizzled DAA[D:A] Through
RST[3:0]_n Staggered DA[D:A][9:0] Through

SENJ[2:0] Through
Documents
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2.6 TSV Signal Routing (cont’d)
Table 9 — TSV Signal Routing for 8ch x64b
Signal Name Routing Signal Name Routing
CK[1:0][D:A] t,
CK[lO][DA]_C Through SSH_Il ThI'Ongh
CA[1:0][D:A][10:0] Through SDI Through
CS[D:A][3:0]_n Staggered SCK Through
CKE[D:A][3:0] Staggered SCS[3:0]_n Staggered
DQ[1:0][D:A][63:0] Through SDO[3:0] Staggered
DQS[1:0][D:A][3:0] t,
DQS[1:0][D:A][3:0]_c Through TEST Through
DMI[1:0][D:A][7:0] Through DAA[D:A] Through
RST[3:0]_n Staggered DA[D:A][9:0] Through
SENJ[2:0] Through
Documents
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2.6.1

Micropillar Locations

Each WidelO2 channel signal (e.g., DQO) takes two micropillars; one for channel 0 and one for channel 1 (see
Micropillar Definition and Description for signal naming methodology). These signals are swizzled to the slice(s)
above as needed (see Table 8). The columns are 6 bumps high alternating between signal and power which allows
area on both sides of signal columns for routing. Each quadrant contains one 14-column CA sub-block, one 56-
column data sub-block, and one 3-column test sub-block (these sub-blocks column counts include the power supply

columns).

Figure 10 shows the CA sub-block for quadrants A and D, Figure 11 shows the data sub-block for quadrant A, and
Figure 12 shows the test sub-block for quadrants A, B, C, and D. Since quadrants are flipped images of each other
with the only variation in test sub-block, all micropillar locations can be derived from these three figures.

NOTE 1 All views are the bottom views looking down upon the memory micropillars, i.e., with the memory
micropillars facing out of the page. In the anticipated mounting orientation, this will be looking up from the board.

Quadrant A

4 5 6 7 8 9 10 11 12 13 14

VDD2 um 120 160 200 240 280 320 360 440 480 520
M 520 DAA8 CAO0A6 CAO0A3 CAO0AQ CKOA_t CKOA_c
vVDDQ L 480 CA0A9 CA1A6 CA1A3 CA1A0 CKI1A_t CK1A_c
VSSsQ K 440 CA1A9 CAO0A7 CAOA4 CAO0A1 CKEAO CSAO_n
J 400 CA0A10 CA1A7 CA1A4 CA1A1 CKEA1 CSA1n
360 CA1A10 CAO0A8 CAO0A5 CAO0A2 CKEA2 CSA2_n
G 320 DAA9 CA1A8 CA1A5 CA1A2 CKEA3 CSA3_n

CA 280
CSs 240

CKE F 200 DAD9 CA1D8 CA1D5 CA1D2 CKED3 CcSD3_n
CK E 160 CA1D10 CA0D8 CAOD5 CAOD2 CKED2 csD2.n
Misc D 120 CAOD10 CA1D7 CA1D4 CA1D1 CKED1 CcSD1_n
DA C 80 CA1D9 CA0D7 CAO0D4 CA0D1 CKEDO CSDO_n
B 40 CA0D9 CA1D6 CA1D3 CA1DO CK1D_t CK1D_c
A 0 DAD8 CAOD6 CAOD3 CAODO CKOD_t CKOD_c

um 120 160 200 240 280 320 360 440 480 520

4 5 6 7 8 9 10 11 12 13 14

Quadrant D
Figure 10 — Quadrant A and D CA Sub-Block Micropillar Locations
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2.6.1 Micropillar Locations (cont’d)
15 16 17 18 19 20 21 22 23 24 25 26 27 28
560 600 640 680 720 760 800 840 880 920 960 1000 1040 1080

29 30 31 32 33

35

36

37

38

39 40 M 42

1120 1160 1200 1240 1280

1360

1400

1440

1480

1520 1560 1600 1640

o
43 4 45 46 a7 48 49 50 51 52 53 54 55 56
1680 1720 1760 1800 1840 1880 1920 1960 2000 2040 2080 2120 2160 2200
vssa
vssQ
vssQ
vssQ
vssQ
vssQ
57 58 59 60 61 62 63 64 65 66 67 68 69 70
2240 2280 2320 2360 2400 2440 2480 2520 2560 2600 2640 2680 2720 2760
vDDQ vDDQ vssQ
vDDQ vDDQ vssQ
vDDQ vDDQ vssQ
vDDQ vDDQ vssQ
vDDQ vDDQ vssQ
vDDQ vDDQ vssQ

Figure 11 — Quadrant A Data Sub-Block Micropillar Locations
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2.6.1 Micropillar Locations (cont’d)

Quadrant A Quadrant B

71 72 73 74 75 76
2800 2840 2880 3880 3920 3960

2800 | 2840 | 2880 3880 3920 3960
71 72 73 74 75 76

Quadrant D Quadrant C

Figure 12 — Quadrants A, B, C, and D Test Sub-Block Micropillar Locations

2.7  Addressing
2.71 Addressing for 4x64 Die

Table 10 shows WidelO2 addressing for 4x64 die supported slice densities.

Table 10 — Address Table (4x64 Die)

Density
Parameter Notes
8Gb 12Gb 16Gb 24Gb 32Gb
Prefetch Size 256b 256b 256b 256b 256b
Row Address RA[12:0] RA[13:01% RA[13:0] RA[14:01% RA[14:0]
Column Address | CA[8:0] CA[8:0] CA[8:0] CA[8:0] CA[8:0] 1,2
Bank Address BA[2:0] BA[2:0] BA[2:0] BA[2:0] BA[2:0]
Page Size 4KB 4KB 4KB 4KB 4KB

NOTE 1 The least-significant column address CO is not transmitted on the CA bus and is implied to be zero.
NOTE 2 CA[1] is used to drive 16B critical data first in burst order for BL4 transfers. CA[2:1] are used to drive
16B critical data first in burst order for BLS.

NOTE 3 No memory present at addresses with R12=R13=HIGH. ACT command with R12=R13=HIGH is ignored
(NOP).Write to R12=R13=HIGH is ignored (NOP).

NOTE 4 No memory present at addresses with R13=R14=HIGH. ACT command with R13=R14=HIGH is ignored
(NOP). Write to R13=R14=HIGH is ignored (NOP).
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2.7.2 Addressing for 8x64 Die
Table 11 shows WidelO2 addressing for 8x64 supported slice densities.
Table 11 — Address Table (8x64 Die)
Density
Parameter Notes
8Gb 12Gb 16Gb 24Gb 32Gb
Prefetch Size 256b 256b 256b 256b 256b
Row Address RA[13:0] RA[14:01% RA[14:0] RA[15:0]Y RA[15:0]
Column Address CA[7:0] CA[7:0] CA[7:0] CA[7:0] CA[7:0] 1,2
Bank Address BA[1:0] BA[1:0] BA[1:0] BA[1:0] BA[1:0]
Page Size 2KB 2KB 2KB 2KB 2KB

NOTE The least-significant column address CO is not transmitted on the CA bus and is implied to be zero.

NOTE 2 CAJ1] is used to drive 16B critical data first in burst order for BL4 transfers. CA[2:1] are used to drive
16B critical data first in burst order for BLS8.

NOTE 3 No memory present at addresses with R13=R14=HIGH. ACT command with R13=R14=HIGH is ignored
(NOP).Write to R13=R14=HIGH is ignored (NOP).

NOTE 4 No memory present at addresses with R14=R15=HIGH. ACT command with R14=R15=HIGH is ignored
(NOP). Write to R14=R15=HIGH is ignored (NOP).
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3 Functional Descriptions

31 State Diagram

WidelO2 state diagram provides a simplified illustration of allowed state transitions and the related commands to
control them. Unless otherwise specified, Figure 13 describes the state and commands for only one channel in a slice.

For a complete definition of the device behavior, the information provided in Figure 13 should be integrated with the
truth tables and timing specification.

Table 20 provides complementary information to Figure 13, they clarify the device behavior and the applied
restrictions when considering the actual state of all the banks.

—) AUtOMatic Sequence

Reset ——» Command Sequence

Qedure *2

From any state *2
Reset Procedure

Power
Applied

Refresh

>t

PR, PRA
WR/MWR
Write or
Masked
WR
WRA WRA RDA ‘
M\TRA \ RDA

Write/
PR(A) = Precharge (All) Masbv?tf]WR
ACT = Activate Autoprecharge
WR(A) = Write (with Autoprecharge)
Masked WR(A) = Masked Write (with Autoprecharge)
RD(A) = Read (with Autoprecharge)
Reset = Reset Procedure Precharge | <
MRW = Mode Register Write
MRR = Mode Register Read
PD = Enter Power Down
PDX = Exit Power Down
SREF = Enter Self Refresh
SREFX = Exit Self Refresh NOTE 1 For Wide 1/02 DRAM in the Idle state, all banks are precharged.
REFA = Auto Refresh NOTE 2 Reset Function are per slice (not per channel) Doc u m ents

Figure 13 — WidelO2 Device Simplified State Diagram Document Sharing Hub
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3.2 Power-up, Initialization, and Power-off
3.2.1 Voltage Ramp and Device Initialization

The following sequence must be used to power up the device. Unless specified otherwise, this procedure is
mandatory to avoid permanent damage to the WideIO2 device.

1. Voltage Ramp: While applying power, RST n is recommended to be maintained below 0.2 x VDD2; all other
inputs shall be between VILmin and VIHmax. Voltage ramp power supply requirements are provided in Table 12.

Table 12 — Voltage Ramp Conditions

After... Applicable Conditions

Ta is reached Vpp must be greater than Vpp,—200mV

Vbp1 and Vppy must be greater than Vppo—200mV

NOTE 1 Tais the point when any power supply first reaches 300mV.

NOTE 2 Noted conditions apply between Ta and power-off (controlled or uncontrolled).

NOTE 3 Tb is the point at which all supply and reference voltages are within their defined operating ranges.
NOTE 4 Power ramp duration #y1o (Tb - Ta) must not exceed 20ms.

NOTE 5 The voltage difference between any of Vggand Vggq pins must not exceed 100mV.
NOTE 6 The Wide I02 DRAM device will guarantee that outputs are in a high impedance state while RST n is held low.

2. RST_n: RST n must be maintained for a minimum 200 us with stable power. CKE must be pulled “Low” a
minimum of 10ns before RST n is de-asserted.

3. CKE and Clock: After RST n is de-asserted, CKE must remain deasserted for 2 ms. During this time, the DRAM
will initialize internal state independent of external clocks. The clock must be started and stable for at least 5 clocks
before CKE goes active. Since CKE is a synchronous signal, the corresponding set up time to clock (tIS) must also be
met. Also, a NOP or Deselect command must be registered (with tIS set up time to clock) the clock before CKE goes
active. After CKE is registered high, tINIT5 must pass before issuing the MRS command to load a mode register.

4. MR: Issue MRS Command(s) to load mode registers with all application settings.

5. Normal Operation: The Wide I02 DRAM device is now ready for normal operation.
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3.21 Voltage Ramp and Device Initialization (cont’d)

Ta

<
<

Power Ramp

Tb

Tc
Resett

Td Te Tf
Initialization

iTg

CK_t

tinita = 5 teg (min)

AN \SEVAWELN AN AWEY

~tiniro = 20 ms (max) |

)

) H o

tINIT1 = 200us (mln)

tinits = 2ms (min)

v R D

oo [

t/N/T2 =10ns (m/n

tiscke
5l | ISCKE

N

tINIT5 =2004s (mln)

RS >—“‘< MRS >—“—< Valid )

)

———
RN
~—
—
~—
=

Figure 14 — Voltage Ramp and Initialization Sequence

NOTE 1 High-Z on the CA bus indicates NOP.

NOTE 2 For #yyt values, see Table 13.

Table 13 — Initialization Timing Parameters

———
=

Value
Parameter Unit Comment
Min Max
tINITO 20 ms Maximum Power Ramp Time
GNITI 200 us Minimum RST_n low Time with stable power
tNTT2 10 ns Minimum CKE low Time before RST_n high
UNIT3 2 ms Minimum CKE low Time after RST_n high
tINIT4 5 tCK Minimum stable clock before first CKE high
tNITS 200 us Minimum idle time after first CKE assertion
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3.2.2 Reset Initialization with stable power

The following sequence is required for RESET with no power interruption initialization.

1. Assert RST n (active low) anytime when reset is needed. All other inputs may be undefined.
RST n must be maintained for at least 100 ns. CKE must be pulled “LOW” 10ns before RST n is deasserted.

2. Follow the Power-up and Initialization Sequence steps 3 and 4.

3. The Reset sequence is now completed; The Wide I02 DRAM device is ready for normal operation.

Tb

‘Tc

Reset

Td Te T Tg

Initialization

\ 4

tinir4 = 5 tey (min)

‘ il
okt A AW LWL
Supplies WY ) W

tinir.A6 =|100ns (mj tinirs = 2ms (min)
RST_n
tINIT2 =10ns (ml'l)
tiscke
—
cre |
tINIT5 = 20Qus (mln)
O o ) s (s o)
\ (( ( ( (
Pa A ) ) ) )
Figure 15 — Reset Initialization with stable Power
Table 14 — Timing Parameters for Reset Initialization with stable Power
Value
Symbol - Unit Comment
min max
Minimum RST n low Time for Reset Initialization with stable
tNITI 100 ns
power

tINIT2 10 ns Minimum CKE low Time before RST n high

tUNIT3 2 ms |Minimum CKE low Time after RST n high

tUNIT4 5 tCK  |Minimum stable clock before first CKE high

tUNITS 200 us Minimum idle time after first CKE assertion
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3.2.3 Power-off Sequence
The following sequence shall be used to power off the Wide I02 DRAM device. Unless specified otherwise, these

steps are mandatory.

If system requires DQ remain Hi-Z while removing power, RST n shall be held at a logic low level (=< 0.2 x VDD2)
or CKE shall be held in logic low level. All other inputs shall be between VILmin and VIHmax. The Wide 102

DRAM device will guarantee that outputs are in a high impedance state while RST n is held low.

Tx is the point where any power supply decreases under its minimum value specified in Table 42, DC operating

conditions.

Tz is the point where all power supplies are below 300 mV. After Tz, the device is powered off.

The time between Tx and Tz (tPOFF) shall be less than 2s.

Table 15 — Power Supply Conditions

Between... Applicable Conditions
Tx and Tz Vpp; must be greater than Vpp,—200mV
Tx and Tz Vpp1 and Vppy must be greater than Vppo—200mV

The voltage difference between VSS and VSSQ micropillars may not exceed 100 mV.
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3.2.3 Power-off Sequence (cont’d)

Supplies

RST n

CMD,ADD
CK_t, CKE

DQ

Supplies

CKE

CK _t,
CMD,ADD

DQ

Normal Operation

JEDEC Standard No.229-2

Tx

tPOFF=2S (max)

AN

Page 23

Tz

Valid Level (VIH or VIL)

ALAARRRRRRRRR ..

NN

VIH or VIL or HiZ

Hi-Z

Figure 16 — Power-Off Sequence with RST n

Normal Operation

Tx

tPOFF=2S (max)

NN

Tz

Valid Level (VIH or VIL)

ARMHIMRRETETE__._.“..

NN

VIH or VIL or HiZ

AMMEMMIINNEEENE-.-..

Y

Figure 17 — Power-Off Sequence with CKE

3.2.4 Uncontrolled Power-Off Sequence

When an uncontrolled power-off occurs, the following conditions must be met:
At Tx, when the power supply drops below the minimum values specified, all power supplies must be turned off and
all power-supply current capacity must be at zero, except for any static charge remaining in the system.

After Tz (the point at which all power supplies first reach 300mV), the device must power off. During this period, the
relative voltage between power supplies is uncontrolled. Vpp; and Vpp, must decrease with a slope lower than 0.5

V/us between Tx and Tz.
An uncontrolled power-off sequence can occur a maximum of 400 times over the life of the device.

Table 16 — Timing Parameters Power-Off

Value
Symbol Unit Comment
min max
. , Documents
'POFF - 2 s Maximum Power-Off ramp time )
Document Sharing Hub
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3.3 Input Clock Stop and Frequency Change

WidelO2 devices support input clock frequency change during CKE LOW under the following conditions:
. tCK(MIN) and tCK(MAX) are met for each clock cycle;

. Refresh Requirements apply during clock frequency change;

. During clock frequency change, only REF commands may be executing;

. Any Activate or Precharge commands have executed to completion prior to changing the frequency;

. The related timing conditions (tRCD, tRP) have been met prior to changing the frequency;

. The initial clock frequency shall be maintained for a minimum of 2 clock cycles after CKE goes LOW;

. The clock satisfies tCH(abs) and tCL(abs) for a minimum of 2 clock cycles prior to CKE going HIGH.

After the input clock frequency is changed and CKE is held HIGH, additional MRS commands may be required to set
the WR, RL, etc. These settings may need to be adjusted to meet minimum timing requirements at the target clock
frequency.

WidelO2 devices support clock stop during CKE LOW under the following conditions:

. CK tis held LOW and CK c is held HIGH during clock stop;

. Refresh Requirements apply during clock stop;

. During clock stop, only REF commands may be executing;

. Any Activate or Precharge commands have executed to completion prior to stopping the clock;

. The related timing conditions (tRCD, tRP) have been met prior to stopping the clock;

. The initial clock frequency shall be maintained for a minimum of 2 clock cycles after CKE goes LOW;
. The clock satisfies tCH(abs) and tCL(abs) for a minimum of 2 clock cycles prior to CKE going HIGH.

WidelO2 devices support input clock frequency change during CKE HIGH under the following conditions:

. tCK(MIN) and tCK(MAX) are met for each clock cycle;

. Refresh Requirements apply during clock frequency change;

. Any Activate, Read, Write, Precharge, Mode Register Set, or Status Register Read commands must have

executed to completion, including any associated data bursts prior to changing the frequency;

. The related timing conditions (tRCD, tWR, tRP, tMRD, tSRR, etc.) have been met prior to changing the frequency;
. CS_n shall be held HIGH during clock frequency change;

. During clock frequency change, only REF commands may be executing;

. The WidelO2 device is ready for normal operation after the clock satisfies tCH(abs) and tCL(abs) for a minimum
of 2tCK + tXP.

After the input clock frequency is changed, additional MRS commands may be required to set the WR, RL, etc. These
settings may need to be adjusted to meet minimum timing requirements at the target clock frequency.

WidelO2 devices support clock stop during CKE HIGH under the following conditions:

. CK tis held LOW and CK c is held HIGH during clock stop;

. CS_n shall be held HIGH during clock stop;

. Refresh Requirements apply during clock stop;

. During clock stop, only REF commands may be executing;

. Any Activate, Read, Write, Precharge, Mode Register Write, or Mode Register Read commands must have
executed to completion, including any associated data bursts prior to stopping the clock;

. The related timing conditions (tRCD, tWR, tRP, tMRD, tSRR, etc.) have been met prior to stopping the clock;

The WidelO2 device is ready for normal operation after the clock is restarted and satisfies tCH(abs) and tCL(abs) for
a minimum of 2tCK + tXP. Documents
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34 Mode Register Definition

For application flexibility, various functions, features, and modes are programmable in WidelO2 Mode Registers.
Values are programmed into Mode Registers via a Mode Register Write (MRW) command. The default values of the
Mode Registers (MR#) are defined so they must be programmed during the reset and initialization sequence. The
Mode Registers are defined for one channel.

The contents of the Mode Registers can be altered by re-executing the MRW command during normal operation.
When programming the Mode Registers, even if the user chooses to modify only a sub-set of the MRW fields, all
address fields within the accessed Mode Register will be redefined when the MRW command is issued.

MRW commands do not affect array contents regardless of when these commands are executed.

After the Mode Register write command, tMRD is required to complete the write operation to the Mode Register.
tMRW is the minimum time required between two MRW commands.

Table 17 shows the mode registers for WidelO2 SDRAM. Each register is denoted as “R” if it can be read but not
written, “W” if it can be written but not read, and “R/W” if it can be read and written. A Mode Register Read
command is used to read a mode register. A Mode Register Write command is used to write a mode register.

Table 17 — Mode Register Assignment in WidelO2 SDRAM

Function Access | OP7 OP6 OP5S OP4 OP3 OoP2 OP1 OPO
0 (Reserved) (RFU) (RFU)
1 | Device Feature-1 w nWR | RRO | Jfrozmm BL
2 Device Feature-2 W SRA | PPRE WL RL & nRTP
3 I/O Config-1 \% ]\)VP})EI DR]]BEI Thermal offset DME DS
4 Refresh Rate R TUF (RFU) Rl\ifszzh SDRAM Refresh Rate
5 Basic Config-1 R Wide 102 manufacturer ID
6 Basic Config-2 R Revision ID1
7 Basic Config-3 R Revision ID2
8 Basic Config-4 R (RFU) | 10 Width / channel | Density / die Channel / die
9 Test Mode W Test Mode
10 (Reserved) (RFU) (RFU)
11 PASR-1 W Bank Masking
12 PASR-2 W Segment Masking
13 PPR Resources R Post Package Repair
14 TRR-1 w hT[Ecl;e TRR Mode - Bank (RFU)
15 TRR-2 R (RFU) Mac Mac Value

Cap.

NOTE 1 RFU bits shall be set to ‘0’ during mode register writes.

NOTE 2 RFU bits shall be read as ‘0’ during mode register reads.

NOTE 3  All mode registers that are specified as RFU or write-only shall return undefined data when read and DQS t,

DQS c shall be toggled.

NOTE 4 All mode registers that are specified as RFU shall not be written.

NOTE 5 See vendor device datasheets for details on vendor specific mode registers

NOTE 6 Writes to read-only registers shall have no impact on the functionality of the device.

NOTE 7 Mode Register Read data OPO is delivered on DQO and so forth. DOC um entS
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3.41 MRO_Reserved (MA<7:0> = 004)

OP7 | OP6 | OP5 | OP4 | OoP3 | OP2 | OP1 | OP0
(RFU)

3.4.2 MR1_Device Feature 1 (MA<7:0> = 01y)

oP7 |OP6 |0P5 OP4 |OP3 |OP2 |0P1 |0P0

nWR (for AP) RRO |Progra |[BL
mmabl
e

Postam
ble

BL Write-only |OP<2:0> 010g: BL4 (default)

011g: BL8

111g: BL4 or BL8 (on the fly enabled)
All others: Reserved

Programmable Read OP<3> 0p: Standard Post-amble (default)
Post-amble 1g: Extended Post-amble

RRO OP<4> 0p : Disable codes 001 and 010 in MR4 OP[2:0] (default)|1,2,3
(Refresh Rate Option) 1p : Enable all codes in MR4 OP[2:0]

nWR OP<7:5> 0105: nWR=6 (default) 4
0115: nWR=7

100z: nWR=8

1015: nWR=10
110g: nWR=11

All others: Reserved
NOTE 1 MRI1 OP4 RRO bit is valid only when MR4 OP3 = 1. For WidelO2 devices with MR4 OP3 = 0, MR4 OP[2:0] bits are
not dependent on MR1 OP4.

NOTE2 When OP[4] =0, only 001b and 010b in MR4 OP[2:0] are disabled. WideIO2 devices must report 011b instead of 001b
or 010b in this case.

NOTE 3 TCSR function does not depend on RRO setting.
NOTE 4 Programmed value in nWR register determines when to start internal precharge operation for a write burst with AP

(nWR).
Table 18 — Burst Sequence

C2 Cl Co BT BL Burst Cycle Number and Burst Address Sequence

1 2 3 4 5 6 7 8
X Op Og seq 4 0 1 2
X g 0p 2 3 0 1
Op Op Op seq 8 0 1 2 3 4 5 6 7
Og 1p 0g 2 3 0 1 6 7 4 5
I Op Op 4 5 6 7 0 1 2 3
I lg Op 6 7 4 5 2 3 0 1

NOTE 1 CO0 input is not present on CA bus. It is implied zero.
NOTE 2 For BL=4, the burst address represents C1 - CO0.
NOTE 3 For BL=8, the burst address represents C2 - CO0. DOC um entS
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3.4.3 MR2_Device Feature 2 (MA<7:0> = 02,)
or7 |op6 |ops |op4 [oP3 |oP2 [OP1 |OPO
SRA [PPRE (WL RL & nRTP
RL & nRTP Write-only |OP<2:0> DBI disable (MR3 OP[6] = 0B)
000g: RL=5, nRTP=2 (default)
0015: RL=6, nRTP=3
010g: RL=7, nRTP=3
011g: RL=8, nRTP=4
100g: RL=9, nRTP=4
All others: reserved
DBI enable (MR3 OP[6] = 1B)
000g: RL=6, nRTP=2
001g: RL=7, nRTP=3
010g: RL=8, nRTP=3
011g5: RL=9, nRTP=4
1005: RL=10, nRTP=4
All others: reserved
WL OP<5:3> 000g: WL=3 (default)
001g: WL=4
010g: WL=5
011g: WL=6
1005: WL=7
All others: reserved
PPRE OP<6> 0Op: PPR mode exit (default)
(Post Package Repair 1g: PPR mode entry
Entry/Exit)
SRA OP<7> 0p: Self-Refresh Abort disabled (default)
(Self Refresh Abort) 1p: Self-Refresh Abort enabled
NOTE 1 Self Refresh Abort is only implemented for 12Gb densities and above.
Read Latency Lower Fre- Upper Fre-
Werite uency limit uency Limit .
No DBI W/ DBI Latency nWR nRTP : (Gr:;lter ((lSameyor less his
than) than)
5 6 3 2 10 266
6 7 4 3 266 333
7 8 5 3 333 400 MHz
8 9 6 10 4 400 466
9 10 7 11 4 466 533
NOTE 1 The Wide I/O2 SDRAM device should not be operated at a frequency below the Lower-Frequency Limit shown for

each RL, WL, or nWR value.

NOTE2 The Wide I/02 SDRAM device should not be operated at a frequency above the Upper Frequency Limit shown for each

RL, WL, or nWR value.
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3.44 MR3_I/O Configuration 1 (MA<7:0> = 03y)

or7 |ops |oPs |OP4 or3 |oP2 |OP1 |OP0
DBI DBI Thermal Offset [DME |DS

WE RE

DS Write-only |OP<2:0> 0005 : Weak

(Driver Strength) 001 : Strong (default)
All others : Reserved

DME OP<3> 0Op : Data Mask Disable
1g : Data Mask Enable (default)

Thermal OP<5:4> 00g: No offset, 0~5°C gradient (default)

Offset 01p: 5 °C offset, 5~10°C gradient
10g: 10°C offset, 10~15°C gradient
11g: Reserved

DBIRE OP<6> 0p : Data Bus Inversion on Reads Disable (default)
1g: Data Bus Inversion on Reads Enable

DBI WE OP<7> 0p: Data Bus Inversion on Writes Disable (default)
1g: Data Bus Inversion on Writes Enable

3.4.4.1 Thermal Offset

Because of their tight thermal coupling with WideIO2 DRAMs, hot spots on WidelO2 controllers can induce thermal
gradients into the DRAMSs. As these hot spots may not be located near the DRAM thermal sensor, the DRAM’s
temperature compensated selfrefresh circuit may not generate enough refresh cycles to guarantee memory retention.
To address this shortcoming, the controller can provide a thermal offset that the memory uses to adjust its TCSR
circuit to ensure reliable operation.

This offset is provided through MR3 in channel A0 and it will not be affected through MR3 in the other channels.
This temperature offset will modify refresh behavior for all channels in the slice. If the induced thermal gradient from
controller’s corresponding location for temperature sensor location of DRAM to hot spot location of controller is
larger than 15 degrees C, then self-refresh mode will not reliably maintain memory contents.

During normal operation, the controller will update this register in channel A0 whenever it detects changes in the
induced thermal gradient. Updating this register may modify the self-refresh behavior for all channels, including
channels in self-refresh operation. It will take max tRRU(Refresh Rate Update) to change self-refresh period and
have the change reflected in MR4.

To accurately determine the controller die’s temperature gradient between the memory thermal sensor and the
induced hot spot, the memory thermal sensor location must be provided to the WideIO2 memory controller.

To ensure that the memory thermal sensor is located above an X-Y location on the controller, the memory thermal
sensor must be located within a rectangle centered on the memory-controller physical interface. Additionally, the
minimum size of a controller that wants to use this feature is within that rectangle as otherwise the memory’s thermal
sensor could be located outside the controller die’s perimeter.
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3.45 MR4_Device Temperature (MA<7:0> = 04y)
or7 |ore¢ |ops |op4 |oP3 |oP2 |OP1 |OPO

TUF |(RFU) Refresh [SDRAM Refresh Rate
mode
0005: SDRAM Low temperature operating limit exceeded
001 4x tRepr 4X tREFIph, 4X tREFW
010: 2x treFr, 2X tREFIphs 2X tREFW
01 IB: 1x tREFI’ 1x tREFIpb’ 1x tREFW (<:85'C)
SDRAM . 1003 0.5x .tREFI! 0.5x tREFIpb’ 0.5x tREFW’ do not de-rate SDRAM AC

Refresh Rate OP<2:0> | timing (optional)
101BZ 0.25x tREFI’ 0.25x tREFIpb’ 0.25x tREFW’ do not de-rate SDRAM
AC timing

Read_only IIOB: 0.25x tREFI’ 0.25x tREFlpb’ 0.25x tREFW’ de-rate SDRAM AC

timing
1115: SDRAM High temperature operating limit exceeded

Refresh mod . 0p : Both legacy & modified refresh mode supported

clresiimode 1g : Only modified refresh mode supported
Temperature
Update Op<7 0p: OP<2:0> value has not changed since last read of MR4.
<7>
Flag 1g: OP<2:0> value has changed since last read of MR4.
(TUF)

NOTE 1 A Mode Register Read from MR4 will reset OP7 to ‘0.

NOTE 2 OP7is reset to ‘0’ at power-up. OP[2:0] bits are undefined after power-up.

NOTE 3 If OP2 equals ‘1°, the device temperature is greater than 85 *C.

NOTE 4 OP7 isset to ‘1’ if OP[2:0] has changed at any time since the last read of MRA4.

NOTE 5 WidelO2 might not operate properly when OP[2:0] = 000B or 111B

NOTE 6 WidelO2 devices shall be de-rated by adding 1.875 ns to the following core timing parameters: tRCD, tRC, tRAS, tRP,
and tRRD. tDQSCK shall be de-rated according to the tDQSCK de-rating in temperature derating table!. Prevailing clock
frequency spec and related setup and hold timings shall remain unchanged.

NOTE 7 See 3.4.5.1, Temperature Sensor, for information on the recommended frequency of reading MR4.

NOTE 8 MR4 in channel 0A will only provide the information, and the other channels will not provide.
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3.4.5.1 Temperature Sensor

WidelO2 devices feature a temperature sensor whose status can be read from MR4. This sensor can be used to
determine an appropriate refresh rate, determine whether AC timing de-rating is required in the elevated temperature
range, and/or monitor the operating temperature. Either the temperature sensor or the device TOPER may be used to
determine whether operating temperature requirements are being met.

WidelO2 devices shall monitor device temperature and update MR4 according to tTSI. Upon exiting self-refresh or
power-down, the device temperature status bits shall be no older than tTSI.

When using the temperature sensor, the actual device case temperature may be higher than the TOPER specification
that applies for the standard or elevated temperature ranges. For example, TCASE may be above 85 °C when
MRA4[2:0] equals ‘b011. WidelO2 devices shall allow for 2 °C temperature margin between the point at which the
device updates the MR4 value and the point at which the controller re-configures the system accordingly. In the case
of tight thermal coupling of the memory device to external hot spots, the maximum device temperature might be
higher than what is indicated by MR4.

To assure proper operation using the temperature sensor, applications should consider the following factors:

» TempGradient is the maximum temperature gradient experienced by the memory device at the temperature of
interest over a range of 2 °C.

» ReadInterval is the time period between MR4 reads from the system.
» TempSensorInterval (tTSI) is maximum delay between internal updates of MR4.
» SysRespDelay is the maximum time between a read of MR4 and the response by the system.

In order to determine the required frequency of polling MR4, the system shall use the maximum TempGradient and
the maximum response time of the system using the following equation:

TempGradient x (ReadInterval + tTSI + SysRespDelay) <=2 °C

Table 19 — Temperature Sensor

Parameter Symbol Max/Min Value Unit Notes
System Temperature Gradient TempGradient Max System Dependent °C/s
MR4 Read Interval ReadInterval Max System Dependent ms
Temperature Sensor Interval tTSI Max 32 ms
System Response Delay SysRespDelay Max System Dependent ms
Device Temperature Margin TempMargin Max 2 °C

For example, if Temp Gradient is 10 °C/s and the SysRespDelay is 1 ms:
(10 °C/s) x (ReadlInterval + 32ms + 1ms) <=2 °C

In this case, ReadInterval shall be no greater than 167 ms.
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3.4.5.1 Tempurature Sensor (cont’d)
Temp
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Figure 18 — Temp Sensor Timing
3.4.6 MR5_Basic Configuration 1 (MA<7:0> = 05y)
or7 |or¢ [ops |op4 |oP3 |oP2 |oP1 [OPO
Wide 102 Manufacturer ID
Wide 102 Manufacturer ID |Read—on1y |OP<7:O> |See JEP166, WidelO2 Manufacturer ID Codes

3.4.7 MR6_Basic Configuration 2 (MA<7:0> = 06y)

oP7 |OP6 |0P5 |0P4 |OP3 |0P2 |01>1 |01>0
Revision ID1

Revision ID1 Read-only |OP<7:0> 00000000g: A-version (Vendor specific)

3.4.8 MRT7_Basic Configuration 3 (MA<7:0> = 07y)

oP7 |OP6 |0P5 |0P4 |0P3 |0P2 |0P1 |0P0
Revision ID2

Revision ID2 Read-only |OP<7:0> 000000005: A-version (Vendor specific) M ent S
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