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IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF TEXAS

MARSHALL DIVISION
NETLIST, INC. )
)
Plaintiff, )
)
V. )
)
MICRON TECHNOLOGY, INC., )
MICRON SEMICONDUCTOR )
PRODUCTS, INC., MICRON )  Civil Action No.
TECHNOLOGY TEXAS LLC, )
) JURY TRIAL DEMANDED
Defendants. )
)
)
)
)
)
COMPLAINT
1. Plaintiff Netlist, Inc. (“Netlist”), by its undersigned counsel, brings this action

against defendants Micron Technology Inc. (“Micron Technology), Micron Semiconductor
Products, Inc. (“Micron Semiconductor”), and Micron Technology Texas, LLC (“Micron Texas”)
(collectively, “Micron” or “Defendants”), Micron’s infringement of U.S. Patent No. 12,308,087
(“the *087 Patent”).

2. Micron has also filed a series of retaliatory suits in its home state of Idaho, accusing
Netlist of bad faith assertion of certain other Netlist patents under Idaho Code § 48-1703. See
Netlist, Inc. v. Micron Technology, Inc., No. 2:23-cv-628, Dkt. 1 9 20-27; Dkt. 14 99 23-31
(summarizing Micron’s pattern of filing retaliatory suits). It is only a matter of time before Micron
brings another similar suit in Idaho state court on the 087 Patent. Therefore, Netlist seeks a

declaration that this suit was not brought in bad faith; a declaration that Netlist has not made bad
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faith assertion of patent infringement under Idaho Code § 48-1703; and a declaration that
Defendants are not entitled to relief under Idaho Code § 48-1703.

I. THE PARTIES

3. Plaintiff Netlist is a corporation organized and existing under the laws of the State
of Delaware, having a principal place of business at 111 Academy Way, Suite 100, Irvine, CA
92617.

4. On information and belief, Micron makes dynamic random-access memory
(“DRAM”), NAND Flash, and NOR Flash memory, and other memory products in semiconductor
fabrication plants in the United States and other countries throughout the world. On information
and belief, Micron sells its products to customers, including customers in this District, in the
computer, networking and storage, consumer -electronics, solid-state drives and mobile
telecommunications markets.

5. On information and belief, Micron Technology is a corporation organized and
existing under the laws of Delaware. On information and belief, Micron Technology has a regular
and established place of business at 805 Central Expressway South, Suite 100, Allen, Texas 75013.
On information and belief, Micron Technology is registered to do business in the State of Texas,
and can be served through its registered agent, The Corporation Service Company, 211 E. 7th
Street, Suite 620, Austin, Texas 78701-3218.

6. On information and belief, Micron Semiconductor is a corporation organized and
existing under the laws of Idaho. On information and belief, Micron Semiconductor has a regular
and established place of business at 805 Central Expressway South, Suite 100, Allen, Texas 75013.
On information and belief, Micron Semiconductor is registered with the Texas Secretary of State

to do business in Texas. On information and belief, Micron Semiconductor can be served through
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its registered agent, The Corporation Service Company, 211 E. 7th Street, Suite 620, Austin, Texas
78701-3218.

7. On information and belief, Micron Texas is a corporation organized and existing
under the laws of Idaho. On information and belief, Micron Texas has a regular and established
place of business at 805 Central Expressway South, Suite 100, Allen, Texas 75013. On
information and belief, Micron Texas also has a regular and established place of business at 950
West Bethany Drive, Suite 120, Allen, Texas 75013-3837. On information and belief, Micron
Texas is registered with the Texas Secretary of State to do business in Texas. On information and
belief, Micron Texas can be served through its registered agent, The Corporation Service
Company, 211 E. 7th Street, Suite 620, Austin, Texas, 78701-3218.

8. On information and belief, Micron Semiconductor and Micron Texas are wholly
owned subsidiaries of Micron Technology. On information and belief, Micron Technology does
not separately report revenue from Micron Semiconductor or Micron Texas in its filings to the
Securities Exchange Commission, but rather reports combined revenue from its various products
and subsidiaries.

0. On information and belief, Defendants have semiconductor fabrication plants in the
United States and other countries throughout the world and manufacture memory products such as
DRAM, NAND Flash, and NOR Flash at those plants. On information and belief, Defendants also
use, sell, and offer for sale in the United States, import into the United States and/or export from
the United States memory products, including DDRS5 dual in-line memory modules (“DIMMs”).
On information and belief, Defendants have at least used, sold, or offered to sell products and
services, including the Accused Instrumentalities, in this judicial district, e.g., through sales and

distribution channels managed by Micron Texas.
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10. On information and belief, Defendants place, have placed, and contributed to
placing Accused Instrumentalities into the stream of commerce via an established distribution
channel knowing or understanding that such products would be sold and used in the United States,
including in this judicial district. On information and belief, Defendants have also derived
substantial revenues from infringing acts in this judicial district, including from the sale and use
of the Accused Instrumentalities.

11. On information and belief, Defendants have used, sold, or offered to sell products
and services, including the Accused Instrumentalities, in this judicial district.

II. JURISDICTION AND VENUE

12. The Court has subject matter jurisdiction under 28 U.S.C. § 1338, in that this action
arises under federal statute, the patent laws of the United States (35 U.S.C. §§ 1, ef seq.).

13. Each Defendant is subject to this Court’s personal jurisdiction consistent with the
principles of due process and/or the Texas Long Arm Statute.

14. Personal jurisdiction exists generally over the Defendants because each Defendant
has sufficient minimum contacts and/or has engaged in continuous and systematic activities in the
forum as a result of business conducted within the State of Texas and the Eastern District of Texas.
Personal jurisdiction also exists over each Defendant because each, directly or through
subsidiaries, makes, uses, sells, offers for sale, imports, advertises, makes available, and/or
markets products within the State of Texas and the Eastern District of Texas that infringe one or
more claims of the Patent-in-Suit. Further, on information and belief, Defendants have placed or
contributed to placing infringing products into the stream of commerce knowing or understanding
that such products would be sold and used in the United States, including in this District.

15. Venue is proper in this Court pursuant to 28 U.S.C. §§ 1391(b) and (c) and/or

1400(b) because Defendants (1) have committed and continue to commit acts of patent
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infringement in this District by, among other things, directly and/or indirectly making, using,
selling, offering to sell, or importing products that infringe one or more claims of the Patents-in-
Suit, and (2) have done and continue to do business in this District by maintaining regular and
established places of business, including at least at 805 Central Expressway South, Suite 100,
Allen, Texas 75013.

III. FACTUAL ALLEGATIONS

A. Background

16. Since its founding in 2000, Netlist has been a leading innovator in high-
performance memory module technologies. Netlist designs and manufactures a wide variety of
high-performance products for the cloud computing, virtualization and high-performance
computing markets. Netlist’s technology enables users to derive useful information from vast
amounts of data in a shorter period of time. These capabilities will become increasingly valuable
as the volume of data continues to dramatically increase. Netlist has secured multiple jury verdicts
confirming the commercial success of its inventions. For example, in 2023, a jury in the Eastern
District of Texas found that Samsung willfully infringed five Netlist patents and awarded Netlist
$303.15 million in damages. See Netlist, Inc. v. Samsung Elecs. Co., Ltd., No. 2:21-cv-463, Dkt.
479. As another example, in May 2024, a jury in the Eastern District of Texas awarded Netlist
$445 million in damages against Micron. See Netlist, Inc. v. Micron Technology Texas, LLC, No.
2:22-cv-294, Dkt. 135. And in November 2024, a jury found that Samsung willfully infringed
three other Netlist patents and awarded Netlist $118 million in damages. See Netlist, Inc. v.
Samsung Elecs. Co., Ltd., No. 2:22-cv-293, Dkt. 847.

17. Netlist has a long history of being the first to market with disruptive new products
such as the first load-reduced dual in-line memory module (“LR-DIMM?”), HyperCloud®, based

on Netlist’s distributed buffer architecture later adopted by the industry for DDR4 LRDIMM.
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Netlist was also the first to bring NAND flash to the memory channel with its NVvault®
NVDIMM. Netlist’s pioneering NVDIMM products utilized the same on-module power
management technology found on newer-generation DDRS DIMMs. These innovative products
built on Netlist’s early pioneering work in areas such as embedding passives into printed circuit
boards to free up board real estate, doubling densities via quad-rank double data rate (DDR)
technology, and other off-chip technology advances that result in improved performance and lower
costs compared to conventional memory.

18. In many commercial products, a memory module is a printed circuit board that
contains, among other components, a plurality of individual memory devices (such as DRAMs).
The memory devices are typically arranged in “ranks,” which are accessible by a processor or
memory controller of the host system. A memory module is typically installed into a memory slot
on a computer motherboard.

19. Memory modules are designed for, among other things, use in servers such as those
supporting cloud-based computing and other data-intensive applications. Memory modules are
typically characterized by, among other things, the generation of DRAM on the module (e.g.,
DDRS5, DDR4, DDR3) and the type of module (e.g., RDIMM, LRDIMM).

B. The °087 Patent

20. The 087 Patent is entitled “Memory Package Having Stacked Array Dies and
Reduced Driver Load,” and was filed on March 14, 2022 and assigned to Netlist, Inc. The 087
Patent issued on May 20, 2025 (Ex. 1) and claims priority to, among others, U.S. Application No.
13/288,850, filed Nov. 3, 2011, and U.S. Provisional No. 61/409,893, filed November 3, 2010.

21. Claim 1 of the 087 Patent provides:

[1pre] A dynamic random access memory (DRAM) package, comprising:

[1a] stacked DRAM dies including at least a first plurality of DRAM dies and a
second plurality of DRAM dies, each DRAM die of the stacked DRAM dies
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including C/A ports, data ports and DRAM memory cells, wherein the each
DRAM die is configurable to transfer data between the data ports and the DRAM
memory cells;

[1b] terminals including command and/or address (C/A) terminals and data
terminals, wherein the DRAM package is configured to receive C/A signals via
the C/A terminals and is further configured to receive or output data signals via
the data terminals in response to the (C/A) signals, wherein the DRAM package is
configured to output first data signals in response to a first set of C/A signals
associated with a memory read operation and to receive second data signals in
response to a second set of C/A signals associated with a memory write operation;

[1c] die interconnects including C/A interconnects and data interconnects, the
C/A interconnects including at least first C/A interconnects and second C/A
interconnects, the first C/A interconnects configured to conduct the first set of
C/A signals and the second set of C/A signals, the data interconnects including at
least first data interconnects and second data interconnects, the first data
interconnects configured to conduct the first data signals and the second data
signals, each of the die interconnects including one or more through silicon vias
(TSVs) in one or more DRAM dies in the stacked DRAM dies and configured to
conduct signals to and/or from the one or more DRAM dies in the stacked DRAM
dies through the one or more TSVs;

[1d] a control die coupled between the terminals and the stacked DRAM dies, the
control die including conduits, the conduits including C/A conduits and data
conduits, the C/A conduits including at least first C/A conduits coupled to
respective ones of the first C/A interconnects and second C/A conduits coupled to
respective ones of the second C/A interconnects, the data conduits including at
least first data conduits coupled to respective ones of the first data interconnects
and second data conduits coupled to respective ones of the second data
interconnects;

[1e] wherein a first C/A interconnect of the first C/A interconnects is in electrical
communication with corresponding C/A ports on the first plurality of DRAM dies
and not in electrical communication with any C/A port on any of the second
plurality of DRAM dies;

[1f] wherein a second C/A interconnect of the second C/A interconnects is in
electrical communication with corresponding C/A ports on the second plurality of
DRAM dies and not in electrical communication with any C/A port on any of the
first plurality of DRAM dies;
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[1g] wherein a first data interconnect of the first data interconnects is in
electrically communication with corresponding data ports on the first plurality of
DRAM dies and not in electrical communication with any data port on any of the
second plurality of DRAM dies, each of the first data interconnects including a
first respective set of TSVs, the first respective set of TSVs including a TSV in
each DRAM die of the first plurality of DRAM dies and at least one TSV in at
least one DRAM die of the second plurality of DRAM dies, wherein the TSV in
the each DRAM die of the first plurality of DRAM dies is in electrical
communication with a corresponding data port on the each DRAM die, and
wherein the at least one TSV in the at least one DRAM die of the second plurality
of DRAM dies is not in electrical communication with any data port on the at
least one DRAM die;

[1h] wherein a second data interconnect of the second data interconnects is in
electrical communication with corresponding data ports on the second plurality of
DRAM dies and not in electrical communication with any data port on any of the
first plurality of DRAM dies;

[1i] wherein a first conduit of the first data conduits is coupled between the first
data interconnect and a first data terminal of the data terminals, and a second
conduit of the second data conduits is coupled between the second data
interconnect and the first data terminal;

[1j] wherein the control die further includes control logic configurable to control
respective states of the first and second conduits in response to one or more C/A
signals received via one or more of the C/A terminals, wherein the one or more
C/A signals do not include any chip select signal;

[1K] wherein the die interconnects further include first unidirectional
interconnects configured to conduct signals from one or more DRAM dies of the
stacked DRAM dies to the control die and not configured to conduct any signal
from the control die to any of the stacked DRAM dies;

[11] wherein the die interconnects further include second unidirectional
interconnects configured to conduct signals from the control die to one or more
DRAM dies of the stacked DRAM dies and not configured conduct any signal
from any of the stacked DRAM dies to the control die;

[1m] wherein the control die is configured to receive signals from one or more
DRAM dies of the stacked DRAM dies via the first unidirectional interconnects
and 1s not configured to drive any signal to any of the stacked DRAM dies via any
of the first unidirectional interconnects;
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[1n] wherein the control die is configured to drive signals to one or more DRAM
dies of the stacked DRAM dies via the second unidirectional interconnects and is
not configured to receive any signal from any of the stacked DRAM dies via any
of the second unidirectional interconnects; and

[10] wherein the control die is configured to, in response to the first set of C/A
signals, receive first signals associated with the memory read operation from a
DRAM die of the stacked DRAM dies via the first unidirectional interconnects,
and in response to the second set of C/A signals, drive second signals associated
with the memory write operation to one or more DRAM dies of the stacked
DRAM dies via the second unidirectional interconnects.

C. Micron’s Infringing Activities

22. Defendants are worldwide semiconductor solution providers that primarily
manufacture semiconductor memory products such as DRAM, DIMMs, and MCP (Multi-Chip
Package), such as HBM. Defendants develop, manufacture, sell, offer to sell, import into the
United States and export from the United States memory components and memory modules
(including semi-finished ones) designed for, among other things, use in servers such as those
supporting cloud-based computing and other data-intensive applications as well as for use in
consumer end products.

D. High Bandwidth Memory (“HBM”)

23. HBM is a type of high-speed computer memory technology that relies in part on
vertically-stacked memory dies and differs from the DDR4 or DDRS DIMM formats described in
the paragraphs above. Micron is a major supplier of HBM. Micron itself confirms that “Micron’s
8-high and 12-high HBM3E memory cubes further fuel Al innovation at up to 30% lower power

consumption than the competition’s.” Ex. 2 at 2.
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24, The Accused HBM Products include, without limitation, any Micron HBM3E, and
newer products (e.g., HBM4; HBM4e!) made, sold, used, offered for sale, and/or imported into
the United States by Micron. By way of non-limiting example, the accused HBM products include

the HBM3E products advertised on Micron’s website:

= micron

Home | Products | Memory | High-bandwidth memory | HBM3E

HIGH-BANDWIDTH MEMORY

HBM3E

The industry’s fastest, highest-capacity high-
bandwidth memory (HBM) to advance generative Al
innovation

Production-capable
Micron HBM3E 12-high
36GB cube now available

Today's generative Al models require an ever-growing
amount of data as they scale to deliver better results and
address new opportunities. Micron's 18 (1-beta) memaory
technology leadership and packaging advancements ensure
the most efficient data flow in and out of the GPU. Micron’s
8-high and 12-high HBM3E memory cubes further fuel Al
innovation at up to 30% lower power consumption than the
competition’s. Micron’s 8-high 24GB HBM3E is shipping with
NVIDIA H200 Tensor Core GPUs and production-capable
12-high 38GB HBMS3E is also available.

(READ HBMB3E 12H BLOG)

Ex. 2 at 2.

I Micron has announced development of HBM4e products. Ex. 8 at 10 (“Development
work is well underway with multiple customers on HBM4E.”).
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25. On information and belief, the Accused HBM Products are compliant with the
applicable memory standards promulgated by the Joint Electron Device Engineering Council
(“JEDEC”).

IV.  FIRST CLAIM FOR RELIEF

26. Netlist re-alleges and incorporates by reference the allegations of the preceding
paragraphs of this Complaint as if fully set forth herein.

27. On information and belief, Defendants directly infringed and are currently
infringing at least one of the approved claims of the 087 Patent by, among other things, making,
using, selling, offering to sell, and/or importing within this District and elsewhere in the United
States, without authority, the Accused HBM Products, and other products with materially the same
structure in relevant part. For example, and as shown below, the Accused HBM Products and
other products with materially the same structure and operating mechanisms in relevant part
infringe at least claim 1 of the 087 Patent.

28. To the extent the preamble is limiting, the Accused HBM Products are a DRAM
package. Additionally, as shown below, the Accused HBM Products each include stacked DRAM
dies (e.g., 8, 12, or 16 DRAM dies) including at least a first plurality and second plurality of
DRAM dies, with each DRAM die of the stacked DRAM dies including C/A ports, data ports, and
DRAM memory cells, wherein the each DRAM die is configurable to transfer data between the
data ports and the DRAM memory cells. See, e.g., Ex. 3 at 3 (“HBM3E is highly energy-efficient
because the data path between the host and memory is shorter. The DRAM communicates with
the host through silicon vias or TSVs, which Girish explains as being similar to a toothpick through
a burger. It takes power and data from the bottom die and moves it to the top memory layer.

Micron’s HBM3E consumes 30% less power than the competition because of the advanced CMOS
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technology innovation on the 1P process node and advanced packaging innovations with up to 2

times TSVs coupled with 25% shrink in package interconnects.”).

29. The Accused HBM Products also include terminals with command and/or address
(C/A) terminals and data terminals, via which the memory package communicates, e.g.,
control/address signals and data signals in response to the C/A signals, respectively. For example,
the DRAM package is configured to output first data signals in response to a first set of C/A signals
associated with a memory read operation, and to receive second data signals in response to a
second set of C/A signals associated with a memory write operation. To illustrate, JEDEC
Standard No. 238A provides the following Command Truth Table listing the command and/or

address signals associated with a memory read operation and memory write operation:
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6.3.1 Command Truth Tables (cont’d)

Table 31 — Column Commands Truth Table

Command* | Symbel | Clack co Cl Lo} c3 C4 Cs Ca cT Notes
Cycle
Colunm No CHOP R H H H v v v v v 1,23
Operation
F v v v v v v v v
Read RD R H L H L PC SIDd | SID1 BAD | 1,2.3,5
v v 6,7
F BAl BA2 BA3 CAD CAl Ca2 CA3 CA4
Fead w' AF FDA 4 H L H H PC SIDd | SID1 BAD | 1,2,3.5
v v 6,7
F BAlL BA2 BA3 CAD CAl Ca2 CA3 CA4
Write WE 4 H L L L PC SIDd | SID1 BAD | 1,2,3.5
v v G
F BAl BA2 BA3S CAD CAl CA2 CA3 Cha4
Wiite wi AP WEA R H L L H PC S50 | sID1 BAD | 1,2.3,5,
v v G
F BAlL BA2 BAS CAD CAl CA2 CA3 Cha4
Mode Fegister | MES 3 L L L MA4 [ OPS OPg OF7 MAO0 [ 1,3.8,9
Set
F MAl MA2 | MA3 OPQ 0Pl 0op2 0OP3 0P4

MOTE1 BA=Bank Address; CA = Column Address; PC = Pseudo Channel § or 1; 5ID = Stack ID; WA = Mode Ragister
Address; V= "Valid Signal {either H or L, bt not floating)

WOTEZ C[7:0] mmst be drven to a valid signal level even if a stack I address (S0 is not defined for a specific density, or
if parity is disabled in the mode remister. APAF. must be driven to 3 valid siznal level even if CA parity is disabled
im MEO OP6. C[7:0] are Don't Care when the device is in power-down or self refresh

NOTE3 Parity is evaluated on all pins if CA parity is enabled in MR0 OPS.

HOTE4 All other commeand encodings not shown in the table are reserved for fiuture use

NOTES PC =0 zelecs psendo chanmel O (PO0), and PC = 1 selects puendo channel 1 (PCT). The psendo channel not
selected by PC performs a CHOP.

NOTE6 The SIDbits act as bank address bits in conjunction with READ and WEITE conmmands, and related tinting
diagrams: shall be interpreted accordingly. All other colunm conmrands do not use SID. Fefer to the channel
addressing table for HEMS confisurations using SITH

MOTE7 HEMS confizurations nsing the SID specify a timing parsmeter trepy for consecutive READs to differsnt 51D
Veador datssheets should be consulted for details.

HWOTEE Al mode resisters are write-onty by defmlt using the MBS command

NOTE® Referto the HBMG Mode Fegister Overview table for MA4 of MBS,

Ex. 4 at 36.

30. The Accused HBM Products further include die interconnects including C/A
interconnects and data interconnects, the C/A interconnects including at least first C/A
interconnects and second C/A interconnects, the first C/A interconnects configured to conduct the
first set of C/A signals and the second set of C/A signals, the data interconnects including at least
first data interconnects and second data interconnects, the first data interconnects configured to
conduct the first data signals and the second data signals, each of the die interconnects including

one or more through silicon vias (TSVs) in one or more DRAM dies in the stacked DRAM dies
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and configured to conduct signals to and/or from the one or more DRAM dies in the stacked array
dies through the one or more TSVs. Ex. 3 at 2-3; Ex. 5.

31. As shown above, the Accused HBM Products also include a control die (also known
as a “buffer die” or “logic die”) coupled between the terminals and the stacked DRAM dies. See
also, e.g., Ex. 6 at 1; Ex. 7 at 6 (“The HBM product includes a logic interface die . . . .”). The
control die includes conduits including C/A conduits and data conduits, the C/A conduits including
at least first C/A conduits coupled to respective ones of the first C/A interconnects and second C/A
conduits coupled to respective ones of the second C/A interconnects, the data conduits including
at least first data conduits coupled to respective ones of the first data interconnects and second data
conduits coupled to respective ones of the second data interconnects.

32. The Accused HBM Products also have C/A interconnects in the claimed
configuration. For example, a first C/A interconnect of the first C/A interconnects is in electrical
communication with corresponding C/A ports on the first plurality of DRAM dies and not with
any C/A port on any of the second plurality of DRAM dies. Similarly, a second C/A interconnect
of the second C/A interconnects is in electrical communication with corresponding C/A ports on
the second plurality of DRAM dies and not with any C/A port on any of the first plurality of
DRAM dies.

33. The Accused HBM Products also have data interconnects in the claimed
configuration. For example, a first data interconnect of the first data interconnects are in electrical
communication with data ports on the first plurality of DRAM dies and not with any data port on
any of the second plurality of DRAM dies. Further, each of the first data interconnects includes a
first respective set of TSVs including a TSV in each DRAM die of the first plurality of DRAM
dies and at least one TSV in at least one DRAM die of the second plurality of DRAM dies, wherein

the TSV in the each DRAM die of the first plurality of DRAM dies is in electrical communication
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with a corresponding data port on the each DRAM die, and wherein the at least one TSV in the at
least one DRAM die of the second plurality of DRAM dies is not in electrical communication with
any data port on the at least one DRAM die. Similarly, a second data interconnect of the second
data interconnects is in electrical communication with data ports on the second plurality of DRAM
dies and not with any data port on any of the first plurality of DRAM die. For example, as depicted
above, some TSVs appear to only electrically interconnect to some of the dies in the stack, while
others may electrically bypass certain groups of dies. Ex. 3 at 3.

34, Additionally, the data conduits in the control die include a first conduit of the first
data conduits coupled between the first data interconnect and a first data terminal of the data
terminals (e.g., one or more data terminals), and a second conduit of the second data conduits
coupled between the second data interconnect and the first data terminal (e.g., one or more data
terminals). The control die also includes control logic configurable to control respective states of
the first and second conduits in response to one or more C/A signals received via one or more of
the C/A terminals, wherein the one or more C/A signals do not include any chip select signal (e.g.,
as shown above in the Command Truth Table of JESD 238A, Ex. 4 at 36).

35. The Accused HBM Products further include first and second unidirectional die
interconnects, for example, respective TSVs associated with unidirectional differential data strobes
RDQS t/RDQS cand WDQS t/WDQS c. See, e.g., JESD 238A, Ex. 4 at 1 (“Data referenced to
unidirectional differential data strobes RDQS t/RDQS c and WDQS t/WDQS c.”); id. at 26-27
(reproduced below). For example, the control die is configured to receive signals from one or
more DRAM dies of the stacked DRAM dies via the first unidirectional interconnects (e.g.,
RDQS t/RDQS c in response to the first set of C/A signals) and is not configured to drive any
signal to any of the stacked DRAM dies via any of the first unidirectional interconnects. As further

example, the control die is configured to drive signals to one or more DRAM dies of the stacked
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DRAM dies via the second unidirectional interconnects (e.g., WDQS t/WDQS c in response to
the second set of C/A signals) and is not configured to receive any signal from any of the stacked

DRAM dies via any of the second unidirectional interconnects.

6 Operation

a.1 HEMS3 Clocking Overview

The HBM device captures commands and addresses on the row and colummn buses using a differential
clock CE_t/CE_c. Both buses operate at double data rate (DDE).

The HBM device has uni-directional differential Write strobes (WDQS_tWDQS _¢) and Read strobes
(FDQS tBDQS c) per 32DODWOELY). The data bus operates at double data rate (DDE).

HBMS utilizes two types of clock with different frequencies. The strobe frequency 1s twice the

of the command clock, requinng an HBM3 to have reset-type clock-divider in the ‘.‘.’DQS clock tree
(Figure 10). By d.mdmg the WDQS, the operation speed of DEAM intermal cirewits in WDQS domain is
reduced to half The direction of the internal WDHQ5/2 ransition may vary depending on vendor’s choice.
Command clock and WDQS are generated from the same FLL and DS clock 15 generated from
WDQS. WDQS internal divider is mitialized to be a pre-defined internal divider state after Self Refresh
exit or Power-up or Power down exit sequence. The sum of preamble and postamble for both READ and
WEITE operation is required to be an even mumber so that the internal divider’s state, phase of intemal
WDQS/2, is maintaimed. Therefore, HBM3 WDQS does not require a specific sync operation before
READ and WRITE operations. WDQS starts toggling before starting WRITE or READ operations for
reducing ISI Dhuring inactivity, WDQS/ EDQS are reqlm?ad to be static (WDQS/FDQS _tis Low,
WDOS 'RDQS cis I-Luzh] When WRITE training for unmatched DOQUDOS path, DO should be shifted to
alizn phase to the point where CE and WDQS are i In 5YIE.

-16 - Samsung Electronics Co., Ltd.
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Figure 10 — High Level Block Diagram Example of Clocking Scheme

V. SECOND CLAIM FOR RELIEF

36.  Netlist re-alleges and incorporates by reference the allegations of the preceding
paragraphs of this Complaint as if fully set forth herein.

37.  Netlist has not violated Idaho Code § 48-1703 by asserting the Patent-in-Suit
against Micron.

V. DEMAND FOR JURY TRIAL

38. Pursuant to Federal Rule of Civil Procedure 38(b), Netlist hereby demands a trial

by jury on all issues triable to a jury.

VII. PRAYER FOR RELIEF

WHEREFORE, Netlist respectfully requests that this Court enter judgment in its favor
ordering, finding, declaring, and/or awarding Netlist relief as follows:

A. that Micron infringes the Patent-in-Suit;

-17 - Samsung Electronics Co., Ltd.
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B. all equitable relief the Court deems just and proper as a result of Micron’s
infringement;

C. an award of damages resulting from Micron acts of infringement in accordance with
35 U.S.C. § 284;

D. that Micron’s infringement of the Patent-in-Suit is willful;

E. enhanced damages pursuant to 35 U.S.C. § 284;

F. that this is an exceptional case and awarding Netlist its reasonable attorneys’ fees
pursuant to 35 U.S.C. § 285;

G. an accounting for acts of infringement and supplemental damages, without
limitation, prejudgment and post-judgment interest; and

H. a declaration that Netlist has not made a bad-faith assertion of patent infringement
against Micron nor engaged in any unlawful, unfair, or deceptive act or practice in trade or
commerce under the Idaho Consumer Protection Act, and is therefore compliant with Idaho Code
§ 48-1703;

L a judgment that Micron is not entitled to any award of damages in the pursuit of
this litigation pursuant to Idaho Code § 48-1706(b) and (d), § 48-1706(1)(c), Idaho Rule of Civil
Procedure 54, and such other and additional provisions of the Idaho Rules of Civil Procedure and
Idaho Code, or any other applicable authority;

J. such other equitable relief which may be requested and to which Netlist is entitled.

-18 - Samsung Electronics Co., Ltd.
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Dated: May 19, 2025 Respectfully submitted,

/s/ Samuel F. Baxter

Samuel F. Baxter

Texas State Bar No. 01938000
sbaxter@mckoolsmith.com
Jennifer L. Truelove

Texas State Bar No. 24012906
jtruelove@mckoolsmith.com
MCKOOL SMITH, P.C.
104 East Houston Street Suite 300
Marshall, TX 75670
Telephone: (903) 923-9000
Facsimile: (903) 923-9099

Jason G. Sheasby (pro hac vice forthcoming)
jsheasby@irell.com

Lisa S. Glasser (pro hac vice forthcoming)
lglasser@irell.com

Andrew J. Strabone (pro hac vice forthcoming)
astrabone@irell.com
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Attorneys for Plaintiff Netlist, Inc.
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Micron has been making news with exciting announcements across memory and storage portfolios that accelerate Al
growth. Our HBM3E 8-high and 12-high solutions offer industry-leading performance at 30% lower power consumption
than the competition”. Micron HBM3E 8-high 24GB product will ship in the NVIDIA H200 Tensor Core GPU. On a recent
episode from Six Five Media, hosts Daniel Newman (CEO of Futurum Group) and Patrick Moorhead (CEO of Moor Insights
& Strategy) sat down with Girish Cherussery, senior director of Product Management at Micron. Together, they explored
the fascinating world of high-bandwidth memory (HBM), looking at its applications in today’s technology landscape. This
article recaps their conversation — everything from the intricacies of HBM to how Micron is meeting market demands and
what’s currently unfolding in the memory ecosystem. Girish also provided valuable insights for the audience keen to stay
informed about market trends in Al memory and storage technology.

https:// i /about/blog/applications/ai/mi hbm3 ing-the-future-of-ai-with-hi thrrgs%trr}g Electronics Co., Ltd. 1/5
S://WwWw.micron.com/abou og/a Ications/al/microns-| moe-powering-tne-ruture-or-al-witn-ni -Danawi -memo
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msiuer curuaun

Six Five Insider with Micron's Girish Cherussery, Sr. Director, Product

The Six Five Insider with Micron's Girish Cherussery

PLAY VIDEO

What is high-bandwidth memory, and what is it used for?

HBM, an industry-standard in-package memory, is a game-changer. It offers the highest bandwidth for a given capacity in
the smallest footprint, all while being energy efficient. As Girish pointed out in the Six Five podcast, Al applications are
increasingly deploying complex large language models (LLMs), and the challenge of training these models arises due to
limited GPU-attached memory capacity and bandwidth. LLM sizes have grown exponentially, far outpacing memory
capacity growth. This trend underscores the growing need for memory capacity.

Consider GPT-3, which had about 175 billion parameters. This translates into approximately 800 gigabytes of memory and
a greater need for higher bandwidth to prevent performance bottlenecks. The latest GPT-4 model has significantly more
parameters (estimated in trillions). Traditional methods of adding more memory components result in prohibitively
expensive systems.

HBM offers an efficient solution. Micron HBM3E has eight or twelve stacks of industry-leading 1B (1-beta) technology-
based 24Gb die in an 1Tmm x 11mm package, delivering a higher capacity of 24GB or 36GB in a smaller footprint. Micron’s
I- -ding-edge design and process innovations enable HBM3E’s memory bandwidth of over 1.2 TB/s with a pin speed

er than 9.2 Gb/s. HBM3E has 16 independent, high-frequency data channels, akin to highway lanes, as Girish said, to

. o , ~_Samsung Electronics Co., Ltd.
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Micron HBMB3E's higher capacity and bandwidth result in faster time to train LLMs, resulting in significant OpEx savings for
customers. Higher capacity HBM3E supports larger language models and helps avoid CPU offload and GPU-GPU

communication delays.

HBMS3E is highly energy-efficient because the data path between the host and memory is shorter. The DRAM
communicates with the host through silicon vias or TSVs, which Girish explains as being similar to a toothpick through a
burger. It takes power and data from the bottom die and moves it to the top memory layer. Micron’s HBM3E consumes 30%
less power than the competition because of the advanced CMOS technology innovation on the 1B process node and
advanced packaging innovations with up to 2 times TSVs coupled with 25% shrink in package interconnects. This 30%
lower power consumption at 8Gbps per memory instance delivers more than $123 million in OpEx savings to a customer
over five years for a 500,000 GPU install base."?

Thus, as Daniel Newman put it, Micron’s HBM3E is the biggest, fastest and coolest memory with a positive impact on the
sustainability needs of the data centers.

How does Micron HBM3E respond to the demands of generative Al and high-
performance computing?

At Micron, we believe in solving problems that address fundamental human challenges, enriching the lives of all.

rcomputer simulations today drive huge memory and bandwidth needs. As Girish explains, pharmaceutical companies
were urgently trying to identify new drugs and compounds for COVID-19 during the pandemic. HBM is part of the high-

performance computing systems that address massive computing needs to solve the critical challenges of our times. Thus,

, o _ ~_Samsung Electronics Co., Ltd.
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Today's data center industry faces power and space challenges as computing continues to scale in the age of Al. Al and
high-performance compute (HPC) workloads drive higher memory utilization and capacities. The energy required to cool
the data center is also a challenge. For a system with HBM, the system cooling is at the top of the DRAM stack, while the
heat generated due to the power of the base die and DRAM layers is at the bottom of the stack. Hence, this requires us to
think about power and heat dissipation in the early stages of design. Micron’s advanced packaging innovations provide
structural solutions to improve the thermal impedance, helping improve the thermals of the cube. The overall thermals will
be substantially lower than those of competitors when combined with the significantly lower power consumption. Thus,
Micron’s HBM3E’s better power and thermal efficiency help address the significant challenges of data centers.

What are the emerging trends in Al memory solutions?

Generative Al proliferates across applications from the cloud to the edge, fueling significant system architectural
innovation in the heterogeneous computing environment. Al is accelerating the trends driving applications at the edge,
such as Industry 4.0, autonomous cars, Al PCs, and Al-enabled smartphones. As Girish shared, these secular trends drive
significant innovation in the memory subsystem across technologies to deliver more capacity, bandwidth, reliability and
lower power consumption.

Micron’s 13-based LPDDR5X portfolio delivers these systems with best-in-class performance/watts for Al inference at the
edge. Micron is the first to market with the LPDDR5X-based innovative form factor LPCAMM2 to transform the user
experience for PC users and enable the Al PC revolution.

Data center architectures are also evolving. Micron's monolithic-die-based high-capacity RDIMMs fuel advances in Al, in-
memory databases and general-purpose compute workloads for data center servers worldwide. Our first-to-market, high-
capacity 128GB RDIMMs offer the performance, capacity, and lower latency for efficiently processing applications that
need higher memory capacities, including the Al workloads that are off-loaded from GPU to CPU for processing.

We also see increasing adoption of LPDDR memory (low-power DRAM) in the data center for Al acceleration and
inference applications because of its performance/watts advantage. Micron’s graphic memory — GDDR6BX — which runs at
an impressive 24 gigabits per second pin speed, is also adopted into data centers for inference applications.

Another emerging memory solution Micron is pioneering to deliver memory and bandwidth expansion for data center
applications is CXL™-attached memory. Micron’s CXL memory module CZ120 delivers memory expansion for Al, in-
memory databases, HPC and general-purpose compute workloads.

Al is ushering in a new era for humanity, touching every aspect of our lives. As society harnesses Al's potential, it will
continue to drive rapid innovation across industries in the digital economy. Data is the heart of the digital economy and
resides in memory and storage solutions. With Micron’s technological capabilities, leadership portfolio of innovative
memory and storage solutions with a strong roadmap, and commitment to transforming how the world uses information to
enrich all lives, Micron is well-positioned to accelerate this Al revolution.

' Based on customer testing and feedback for Micron and competition HBM3E

2 Source: Internal Micron Models

. o , ~_Samsung Electronics Co., Ltd.
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Viral Gosalia
Director of Strategic Marketing, CNBU

Viral Gosalia is the Director of Strategic Marketing for Micron's Compute and Networking Business Unit. He leads a team

that collaborates with compute partners to enable Micron’s memory portfolio across platforms and drives the CNBU's
outbound marketing and strategic planning initiatives.

Viral joined Micron in 2019, serving in various capacities across Sales and Business Units in India and the US. He holds
Bachelor's degree in Electronics and Telecommunication from Mumbai University and Master's degree in Electrical
Engineering from San Jose State University.
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NOTICE

JEDEC standards and publications contain material that has been prepared, reviewed, and
approved through the JEDEC Board of Directors level and subsequently reviewed and approved
by the JEDEC legal counsel.

JEDEC standards and publications are designed to serve the public interest through eliminating
misunderstandings between manufacturers and purchasers, facilitating interchangeability and
improvement of products, and assisting the purchaser in selecting and obtaining with minimum
delay the proper product for use by those other than JEDEC members, whether the standard is to
be used either domestically or internationally.

JEDEC standards and publications are adopted without regard to whether or not their adoption
may involve patents or articles, materials, or processes. By such action JEDEC does not assume
any liability to any patent owner, nor does it assume any obligation whatever to parties adopting

the JEDEC standards or publications.

The information included in JEDEC standards and publications represents a sound approach to
product specification and application, principally from the solid state device manufacturer
viewpoint. Within the JEDEC organization there are procedures whereby a JEDEC standard or
publication may be further processed and ultimately become an ANSI standard.

No claims to be in conformance with this standard may be made unless all requirements stated in
the standard are met.

Inquiries, comments, and suggestions relative to the content of this JEDEC standard or
publication should be addressed to JEDEC at the address below, or refer to www.jedec.org under
Standards and Documents for alternative contact information.

Published by
©JEDEC Solid State Technology Association 2023
3103 North 10th Street
Suite 240 South
Arlington, VA 22201-2108

JEDEC retains the copyright on this material. By downloading this file the individual agrees not
to charge for or resell the resulting material.

PRICE: Contact JEDEC

Printed in the U.S.A.
All rights reserved
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HIGH BANDWIDTH MEMORY (HBM3) DRAM

(From JEDEC Board Ballot JCB-22-56, formulated under the cognizance of the JC-42.2 Subcommittee
on DRAM Memories, item number 1837.98A).

1 Scope

The HBM3 DRAM is tightly coupled to the host compute die with a distributed interface. The interface is
divided into independent channels. Each channel is completely independent of one another. Channels are
not necessarily synchronous to each other. The HBM3 DRAM uses a wide-interface architecture to
achieve high-speed, low power operation. Each channel interface maintains a 64 bit data bus operating at
double data rate (DDR).

2 Features

256 bit prefetch per memory read and write access

BL=8

64 DQ width + ECC/SEV pins support / channel

Pseudo Channel (PC) mode operation; 32 DQ width for PC mode

Differential clock inputs (CK_t/CK_c) for command/address

Double data rate (DDR) command/address. Row Activate commands require one-and-a-half-cycle, all

other row commands require a half-cycle except for PDE, SRE with one cycle. Column command

require only one cycle

e Semi-independent row and column command interfaces allowing Activates/Precharges to be issued in
parallel with Read/Writes

e Data referenced to unidirectional differential data strobes RDQS t/RDQS c and WDQS t/WDQS c.

One strobe pair each per DWORD

Up to 16 channels / device

Channel density of 2 Gb to 32 Gb

16, 32, 48, or 64 banks per channel; varies by device density / channel

Bank grouping supported

1 KB page size per pseudo channel (PC)

DBlac support configurable via MRS

Self refresh modes

I/O voltage 1.1 V, Tx driver voltage 0.4 V

DRAM core voltage 1.1 V, independent of I/O voltage

Unterminated data/address/command/clock interfaces

Unmatched data interfaces

Temperature sensor with 2-bit encoded range output
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3 Organization

The HBM3 DRAM is optimized for high-bandwidth operation to a stack of multiple DRAM devices
across a number of independent interfaces called channels. It is anticipated that each DRAM stack will
support up to 16 channels. Figure 1 shows an example stack containing 4 DRAM dies, each die
supporting 4 channels. Each die contributes additional capacity and additional channels to the stack (up to
a maximum of 16 channels per stack).

Each channel provides access to an independent set of DRAM banks. Requests from one channel may not
access data attached to a different channel. Channels are independently clocked, and need not be
synchronous.

Channel 0 Channel/1 Channel 2 Channel 3

[
[
\\I
4 DRAM dies

with 4 channels Optional Base “Logic” Die

per die

Figure 1 — General Overview of a DRAM Die Stack with Channels

The DRAM vendor may choose to require an optional interface die that sits at the bottom of the stack and
provides signal redistribution and other functions. The vendor may choose to implement many of the
logic functions typically found on DRAM die on this logic die. This standard does not explicitly require
nor prohibit such a solution.

The division of channels among the DRAM dies within a stack is left to the vendor. Figure 1, with the
memory for four channels implemented on each die, is not a required organization. Organizations are
permitted where the memory for a single channel is distributed among multiple dies; however, all
accesses within a single channel must have the same latency for all accesses. Similarly, vendors may
develop products where each memory die can flexibly support 1, 2, 4 or 8 channels — enabling 16-channel
configurations with stacks of 4 to 16 dies while keeping all data for a given channel on one die.

Since each channel is independent, much of this standard will describe a single channel. Where signal
names are involved, families of signals belonging to a given channel will have the suffix a, b, ..., p for
channels a through p. If no suffix is present, the signal(s) being described are generic instances of the
various per-channel signals.

Samsung Electronics Co., Ltd.
Ex. 1084, p. 42



Case 2:25-cv-00552 Document 1-5

3.1 Channel Definition

Filed 05/19/25

Page 18 of 271 PagelD #: 58

JEDEC Standard No. 238A

Page 3

Each channel consists of an independent command and data interface. RESET n, IEEE1500 test port and
power supply signals are common to all channels. A channel provides access to a discrete pool of
memory; no channel may access the memory storage for a different channel. Each channel interface
provides an independent interface to a number of banks of DRAM of a defined page size. See Channel

Addressing.

3.11 Summary of Per-Channel Signals

Table 1 outlines the signals required for each channel, and Table 2 adds global signals that are required

once per HBM3 device.

Table 1 — Single Channel Signal Count

NOTE 2 Excluding MRFUJ1:0] from count

Function Number of Notes
Microbumps
Data 64 DQ[63:0]
Column command/ Address 8 C[7:0]
Row command/ Address 10 R[9:0]
DBI 8 1 DBI per 8 DQs
ECC 4 2 ECC per 32 DQs
SEV 4 2 SEV per 32 DQs
DPAR 2 1 PAR per 32 DQs
APAR 1 1 PAR per AWORD
DERR 2 1 DERR per 32 DQs
Strobe 8 1 RDQS_t/RDQS ¢, WDQS_t/WDQS c per 32 DQs
Clock 2 CK t/CK ¢
AERR 1 AERR per AWORD
Redundant Data 4 RD[3:0]
Redundant Address 1 Redundant row/ column
RFU 1 1 RFU per AWORD
Total 120
Table 2 — Global Signal Count
Function Number of Description Notes
Microbumps
Reset 2 RESET n 1
Temp 2 TEMP[1:0]
WRCK 2 IEEE1500 Clock 1
WRST n 2 IEEE1500 Reset 1
WSI 2 IEEE1500 Serial Input 1
SelectWIR 2 IEEE1500 Select WIR 1
CaptureWR 2 IEEE1500 Capture WR 1
ShiftWR 2 IEEE1500 Shift WR 1
UpdateWR 2 IEEE1500 Update WR 1
WSO 32 2 IEEE1500 Serial Output Per Channels[a:p] 1
CATTRIP 2 Catastrophic Temperature Sensor 1
Total 52 2
NOTE 1 Duplicate microbumps for link redundancy
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3.1.2 Pseudo Channel

Pseudo channel (PC) divides a channel into two individual sub-channels of 32 bit I/O each, providing 256
bit prefetch per memory read and write access for each pseudo channel.

Both pseudo channels operate semi-independent: they share the channel’s row and column command bus
as well as CK and RO inputs, but decode and execute commands individually as illustrated in Figure 2.
Address PC is used to direct commands to either to pseudo channel 0 (PC = 0) or pseudo channel 1 (PC =
1). Power-down and self refresh are common to both pseudo channels.

Array access timings as listed in the table below are applicable for each individual pseudo channel. For
example, an ACTIVATE to PCO can be followed by an ACTIVATE to PC1 as shown in Figure 2.
However a subsequent ACTIVATE to PCO can only be done after trrp (PCO). For commands that are
common to both pseudo channels (PDE, PDX, SRE, SRX and MRYS) it is required that the respective
timing conditions are met by both pseudo channels when issuing that command. Both pseudo channels
also share the channel’s mode registers.

All I/O signals of DWORDO are associated with pseudo channel 0, and all I/O signals of DWORD1 with
pseudo channel 1.

Table 3 — Array Access Timings Counted Individually Per Pseudo Channel

Array Timing Group Notes
Row Access Timings tre, tRAS, tRCDRD, tRCDWR, tRRDL, tRRDS, tFAw, tRTP, tRP, tWR
Column Access Timings tcepi, teeps, teepr, twTre, twrrs, tRTW
Refresh Timings tRFC, tRFCPB, tRREFD, tREFI, tREFIPB, tRTW
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3.1.2 Pseudo Channel (cont’d)

CK c -
— \

CK t

Row

( ACTIVATE PCO X X ACTIVATE PC1 X X ACTIVATE PCO x X ACTIVATE PC
Command ,

{RRD (PCO) {RAS (PCO)

tPPD
RRD (PC1) RAS (PC1) {RP (PC1)

e O 0 0 O 0 G D 6 0 0 | 0

RCD (PCO) RTP (PCO) |
tRCD (PC1) RTP (PC1)
RL BL3

DQJ31:0] D oaf 22 DaY Da} Do Da | Duf Da{ 1 Joof Do oY oY Do oo oo

(PCO) H)2| B8] 4)5)6] B T Y O

RL BLS

DQ[63:32] D oaf Do Daf D Do Do | u| D

(PC1) Hl 2B H]|5)| 6L+

Figure 2 — Pseudo Channel Operation

3.1.3 Dual Command Interfaces

To enable higher performance, HBM3 DRAMSs exploit the increase in available signals in order to
provide semi-independent row and column command interfaces for each channel. These interfaces
increase command bandwidth and performance by allowing read and write commands to be issued
simultaneously with other commands like activates and precharges. See Commands.
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Table 4 — HBM3 Channel Addressing
Density per Channel 2 Gb 4 Gb 6 Gb 8 Gb Note
Density per PC 1Gb 2 Gb 3Gb 4 Gb
Prefetch Size per PC (bits) 256 256 256 256 1,2
Row Address RA[12:0] | RA[13:0] | RA[14:0]° | RA[14:0]
Column Address CA[4:0] CA[4:0] CAJ4:0] CA[4:0]
Bank Address BA[3:0] BA[3:0] BA[3:0] BA[3:0]
Page Size per PC 1 KB 1 KB 1 KB 1 KB 3
Refresh Period 3.9 us 3.9 us 3.9 us 3.9 us
Density Code 0000 0100 1000 1100 8
Configuration* 8 Gb 8 Gb 8 Gb 16 Gb 16 Gb 16 Gb Note
8High 12High 16High 8High 12High 16High
Density per Channel 4 Gb 6 Gb 8 Gb 8 Gb 12 Gb 16 Gb
Density per PC 2Gb 3Gb 4 Gb 4 Gb 6 Gb 8 Gb
Prefetch Size per PC (bits) 256 256 256 256 256 256 1,2
Row Address RA[12:0] | RA[12:0] | RA[12:0] | RA[13:0] | RA[13:0] | RA[13:0]
Column Address CA[4:0] CA[4:0] CA[4:0] CA[4:0] CA[4:0] CA[4:0]
Bank Address SID, SID[1:077, | SID[1:0], SID, SID[1:077, | SID[1:0], 5
BA[3:0] BA[3:0] BA[3:0] BA[3:0] BA[3:0] BA[3:0]
Page Size per PC 1 KB 1 KB 1 KB 1 KB 1 KB 1 KB 3
Refresh Period 3.9 us 3.9 us 3.9 us 3.9 us 3.9 us 3.9 us
Density Code 0001 0010 0011 0101 0110 0111 8
Configuration* 24 Gb 24 Gb 24 Gb 32Gb 32 Gb 32 Gb Note
8High 12High 16High 8High 12High 16High
Density per Channel 12 Gb 18 Gb 24 Gb 16 Gb 24 Gb 32 Gb
Density per PC 6 Gb 9 Gb 12 Gb 8 Gb 12 Gb 16 Gb
Prefetch Size per PC (bits) 256 256 256 256 256 256 1,2
Row Address RA[14:0]° | RA[14:0]° | RA[14:0]° | RA[14:0] | RA[14:0] | RA[14:0]
Column Address CA[4:0] CA[4:0] CA[4:0] CA[4:0] CA[4:0] CA[4:0]
Bank Address SID, SID[1:077, | SID[1:0], SID, SID[1:077, | SID[1:0], 5
BA[3:0] BA[3:0] BAJ[3:0] BA[3:0] BA[3:0] BA[3:0]
Page Size per PC 1 KB 1 KB 1 KB 1 KB 1 KB 1 KB 3
Refresh Period 3.9 us 3.9 us 3.9 us 3.9 us 3.9 us 3.9 us
Density Code 1001 1010 1011 1101 1110 1111 8
NOTE 1 Prefetch size and page size reflect the effective addressing along with row and column commands. Both do not

include the optional ECC bits as described in Section 3.1.

NOTE 2

The burst order is fixed for Reads and Writes, and the HBM device does not assign

NOTE 3

NOTE 4

NOTE 5

NOTE 6

NOTE 7
NOTE 8

column address bits to distinguish between the eight UI of a BL8 burst. A memory controller may internally assign
such column address bits but those column address bits are not transmitted to the HBM device.

Page Size = 2"COLBITS * (Prefetch Size / 8); where COLBITS is the number of column address bits. Page size and
prefetch size per pseudo channel in Pseudo Channel. MSB of RA is used to select half of open 2 KB page.

These configurations are optimized for HBM stacks using 8 or 12 or 16 DRAM dies. The stack height of all other
configuration is vendor specific.

SID, SIDO, SID1 act as bank address bits in command execution. Specific AC timing parameters or variations on
selected timing parameters may be linked to SID. Table 29 and Table 30 and the vendor data sheets should be
consulted for details.

RA[14:13] =11 is invalid.

SID[1:0] = 11 is invalid.

The density code refers to the encoding of per-channel density in DEVICE _ID Wrapper Data Register, bits[27:24].
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3.21 Bank Groups

The banks within a device are divided into 4 or 8 or 12 or 16 bank groups. The assignment of banks to
bank groups is shown in Table 5.

Different timing parameters are specified depending on whether back-to-back accesses are within the
same bank group or across bank groups at shown in Table 6.

Table 5 — Bank Group Assignments

Banks 16 Banks 32 Banks 48 Banks 64 Banks
BA[3:0] SID, BA[3:0] SID[1:0], BA[3:0] SID[1:0], BA[3:0]
Oand3 Group A Group A Group A Group A
4 and 7 Group B Group B Group B Group B
8to 11 Group C Group C Group C Group C
12to 15 Group D Group D Group D Group D
16to 19 N/A Group E Group E Group E
20to 23 Group F Group F Group F
24 to 27 Group G Group G Group G
28 to 31 Group H Group H Group H
32to0 35 N/A Group | Group |
36 to 39 Group J Group J
40 to 43 Group K Group K
44 to 47 Group L Group L
48 to 51 N/A Group M
52to 55 Group N
56 to 59 Group O
60 to 63 Group P

Table 6 — Command Sequence Affected by Bank Groups

Command Sequence Corresponding Ac Timing Parameter Notes
Accesses To Accesses Within
Different Bank Groups Same Bank Group

ACTIVATE to ACTIVATE tRRDS tRRDL

WRITE to WRITE tceps tcenL

READ to READ tceps Or tcepr tcepL

Internal WRITE to READ twTrs twTRL

READ to PRECHARGE - trTP 1
NOTE 1 Parameters trrp applies only when READ and PRECHARGE go to the same bank.

NOTE 2 Parameters tccor replaces parameter tccps when consecutive READs go to banks with different stack IDs (SID).

Samsung Electronics Co., Ltd.
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33 Simplified State Diagram

The state diagram provides a simplified illustration of the allowed state transitions and the related
commands to control them. The following operations are either not shown or not fully shown in the
diagram:

e  state transitions involving more than one bank;

e interactions from the use of IEEE1500 instructions to load mode registers or execute test functions;

e the immediate transition from any state to reset state by asserting RESET n LOW or by loading the
IEEE1500 instructions HBM_RESET;

e the ECS and ECC Engine Test Mode operation;

¢ DCA and DCM;

e Loopback Test Mode;
e  WDQS-to-CK Alignment Training

For a complete description of the device behavior, use the information provided in the state diagram along
with the command truth tables and AC timing specifications.

Configure

RO=L
charge

Power-
Down

Power
On

___________ Refresh
Manage-

Code Command

i : ment ACT ACTIVATE
Active | PREab PRECHARGE ALL
Power- | PREpb PRECHARGE
I RD READ
RDA READ w/ AP
WR WRITE
WRA WRITE w/ AP
REFab ALL BANK REFRESH
REFpb PER BANK REFRESH
RFMab ALL BANK REFRESH

MANAGEMENT

RFMpb PER BANK REFRESH
MANAGEMENT

PDE POWER DOWN ENTRY
PDX POWER DOWN EXIT
SRE SELF REFRESH ENTRY
Pre-
charging — Command sequence SRX SELF REFRESH EXIT
— — —» Automatic sequence MRS MODE REGISTER SET

Figure 3 — Simplified State Diagram
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4 Initialization

To power-up and initialize the HBM3 device into functional operation, the sequence in clause 4.1 must be
followed. At any time after the power-up initialization, the HBM3 device may be reset using the sequence
in clause. A limited set of IEEE 1500 port instructions may be used within the initialization sequences, as
described in clause 4.3.

The interactions between HBM3 functional reset and the IEEE 1500 port reset are as follows (also see
clause 13.2):

o Functional reset requires that the IEEE 1500 port also be reset.

e The IEEE 1500 port can be reset at any time without impacting normal operation.
The IEEE 1500 port may be brought out of reset and a limited set of instructions may be used after a
minimum time after RESET n has been deasserted. See clause 4.3.

e Ifnot needed, the IEEE 1500 port may be left in reset (WRST n = LOW) during normal operation.

4.1 HBM3 Power-up and Initialization Sequence

HBM3 device must be powered up and initialized in a predefined manner. The following sequence and
timing must be satisfied for HBM3 power up and initialization sequence. Also refer to Figure 4.

1. Apply power to the Vbpc, Vbpg, Vopor and Vpp supplies following the requirements in the Power
Ramp Conditions table. Vpp must ramp at the same time or earlier than Vppc and Vppg. Vope and
Vppq must ramp simultaneously under the same level. Vppc and Vppg must ramp at the same time or
earlier than Vppgr. During power supply ramp time tinito, RESET n, WRST n and all other input
signals may be in an undefined state (driven LOW or HIGH, or Hi-Z). After T, in Figure 4 is
reached, Vppc and Vppg must be greater than Vppgr-200 mV.

2. RESET nand WRST_n must be driven LOW (below 0.2 x Vppq) before or at the same time when
tiniTo expires as shown in Figure 4 (time Ta). All other input signals may be in an undefined state
(driven LOW or HIGH, or Hi-Z) at this point. RESET n must be maintained LOW for a minimum of
tiniT1 time with stable power. After tinirs time has elapsed, the HBM3 device drives RDQS t and
RDQS c to LOW and HIGH static levels, respectively, and AERR, DERR and CATTRIP signals to
LOW.

3. A time tir before RESET n is pulled HIGH, CK t and CK_c must be driven to static LOW and
HIGH levels, respectively.

4. After RESET n is driven HIGH, R[3:0] must be driven to PDE state (HIGH, LOW, HIGH, LOW)
and C[2:0] must be driven to CNOP state (HIGH, HIGH, HIGH) for a tmr7 time before CK clock is
toggled. R[9:4] and C[7:3] are allowed to remain in an undefined state. The HBM3 device resets into
the precharged power-down state. During tiis, the HBM3 device will read and apply internal fuse
configuration data and perform I/O driver impedance calibration. At the same time the WRST n
signal may be optionally driven HIGH to enable a subset of the IEEE 1500 instructions (see
Initialization Sequence For Use Of IEEE 1500 Instruction Including Lane Repairs and IEEE
Standard 1500 clauses). In that case, all other IEEE1500 inputs (WRCK, SelectWIR, ShiftWR,
CaptureWR, UpdateWR, WSI) must be driven per IEEE1500 Port Input and Output Timings figure
at time twmr2 before WRST _n is pulled HIGH(see IEEE1500 Test Port AC Timing Parameters).
CATTRIP data must stay LOW from the end of tmrs to the end of tiirs and valid data must start
after tinirs.

Samsung Electronics Co., Ltd.
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4.1 HBM3 Power-up and Initialization Sequence (cont’d)

5. While R[3:0] and C]2:0] remain driven to PDE state as defined in step 4, the CK clock shall be
started and stable clocks shall be maintained for minimum of tixir4 time before driving R[3:0] HIGH.
Since R[0] of R[3:0] is a synchronous signal, the corresponding setup time to clock (tis) must be met.
Also, RNOP and CNOP commands must be registered (with tis / tig satisfied). After R[3:0] are
registered HIGH, a minimum tmrs time must be satisfied before issuing a first MRS command. At or
before the time that R[3:0] are driven HIGH, WDQS t and WDQS ¢ must be driven to LOW and
HIGH static levels, respectively. A stable CK clock shall be maintained except when a channel is in
power-down or self refresh state. See Power-Down and Self Refresh clauses for conditions about
stopping and re-starting the CK clock.

6. Issue all MRS commands to configure the HBM3 device appropriately for the application setting.

7.  The HBM3 device is now ready for normal operation.

Table 7 — Initialization Timing Parameters

Symbol Description Min Max Unit
tiNiTo Power supply ramp time 0.01 200 ms
tiNiT1 RESET n signal LOW time at power-up (after stable power) 200 us
tiNiT2 CK c and CK _t must be driven to HIGH and LOW before RESET n 10 ns

deassertion
tiNiT3 Precharged power-down state and WRST n LOW time after 4 ms
RESET n deassertion
tiNiT4 CK clock stable time before R[3:0] HIGH 10 nCK
tiNiTs Idle time before first MRS command 200 ns
tiNiTs RDQS t, RDQS c driven valid and AERR, DERR and CATTRIP 100 ns
driven LOW after RESET n assertion

tpw reser | RESET n signal LOW time with stable power 1 us
tiNIT? R[3:0] and C[2:0] must be driven to PDE and CNOP before CK 2 nCK

clock toggling

Table § — Power Ramp Conditions
After Application Condition

To Vrp must be greater than Vppc, Vbpg

Vbpc and Vppg must be greater than Vppor — 200 mV

NOTE 1 Ty is the point when any power supply first reaches 300 mV

NOTE 2 Voltage ramp conditions in this table apply between To and controlled power-off.
NOTE 3 Tais the point at which all supply voltages are within their defined ranges.
NOTE 4 Power ramp duration tmiro (Ta— To) must not exceed 200 ms.

Samsung Electronics Co., Ltd.
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4.1 HBM3 Power-up and Initialization Sequence (cont’d)

T0O Ta Th Te Td Te Tf Tg
Power Ram,
VDDQL p N N N ] N N
vDDC
vDDQ

f

VPP

"~ (INITO (NITL | (INIT3 (NITS
\ NIT2

RESET n BLIER

\ {INTT4
s

Iy

RNOPKRNOP)

R[9:0] ]( R[3:.0]-HLHL~PDE

| I | L]
C[7:0] ( ’ / J J ( C[2:0]=HHH=CNOP
Il

|
|

CK t

RDQS ¢

RDQS _t,
AERR,DERR ‘

CATTRIP \ //

...................................

VDS B e e
WDQS _t

o 7PN | 1 e

I. CATTRIP is valid after tiNIT. [[] pontcare

Figure 4 — Power-up and Initialization

4.2 Controlled Power-off Sequence
For a controlled power-off, the conditions in Table 9 must be met.

While powering off, all input levels must be between VSS and VDDQ or VDDQL during voltage ramp to
avoid latch-up.

Table 9 — Power Supply Conditions
Between Application Condition

Tx and Tz | Vpp must be greater than Vppc, Vbpo

Vopc and Vppg must be greater than Vppor — 200 mV

NOTE 1 Tk is the point where any power supply drops below the minimum value specified.
NOTE 2 Tz is the point where all power supplies are below 300 mV. After Tz, the HBM3 device is powered off.

Samsung Electronics Co., Ltd.
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4.3 Initialization Sequence with Stable Power

Steps 1 and 2 must be satisfied to perform a functional reset when power is kept stable at the
HBM3 DRAM. See Figure 5.

1. RESET n must be driven LOW anytime when a functional reset is needed. All other input signals
may be in an undefined state (driven LOW or HIGH, or Hi-Z) at this point except WRST n and
CATTRIP as shown in Figure 5. RESET n must be maintained LOW for a minimum of tpw reser.
R[3:0] must be driven to PDE state (HIGH, LOW, HIGH, LOW) and C[2:0] must be driven to CNOP
state (HIGH, HIGH, HIGH) for a tmr7 time before CK clock is toggled. R[9:4] and C[7:3] are
allowed to remain in an undefined state. Alternately, the IEEE 1500 port HBM3 RESET instruction
may be used to perform a re-initialization, with RESET n continuing to be driven HIGH. Refer to
HBM_RESET clause.

2. Follow steps 3 to 6 as described in clause HBM3 Power-up and Initialization Sequence. Note that the
CATTRIP output is sticky and not cleared by a functional reset.

A time tinr2 before RESET n is pulled HIGH, CK_t and CK_c must be driven to static LOW and HIGH
levels, respectively. See step 3 of the HBM3 Power-up and Initialization Sequence.

To Ta Th Te Td Te Tf Te

— I 1 I Y I I n
VDDC
VDDQ
VPP L
< PWRESET | oNs f, aNrs ||
RESET \ PIEN
bkl n « L
N ‘_ {INIT4
R[gﬂ] 3( R[3:0]FHLHL=PDE
| | | 1
C[7:0] ( C[2:0]=HHH=CNOP

CK_t
RDQS ¢ }
RDQS L, J '
AERR,DERR |

s
|

CATTRIP

WDQS ¢
WDOS 1

WRST n

| L [

Insucton || meass | | | |

1. CATTRIP will maintain value as the one before reset until end of tINIT3, D Don't Care

Figure S— HBM3 RESET and Initialization Sequence with Stable Power
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4.4 Initialization Sequence For Use Of IEEE 1500 Instruction Including Lane Repairs and
Channel Disable

All IEEE 1500 port instructions are allowed after tts without completing the full initialization sequence.

NOTE 1 After EXTEST operations, another RESET n toggle may be required.
NOTE 2 R[9:0] and C[7:0] mean logical pin name because those pin's physical location will be changed after soft or hard lane
repair.

Figure 6 illustrates usage of the EXTEST and SOFT_LANE REPAIR instructions and Figure 7 the usage
of the CHANNEL DISABLE instruction within the initialization sequence. These sequence may be
applied as part of the power-up or stable-power initialization sequence to check for and correct failed
connections on the row and column command buses, which must be correctly driven to RNOP and CNOP
as part of this initialization sequence. It may also be used to disable a channel before normal operation
mode is entered. DWORD lane repairs are also allowed.

1. Attime Ts, RESET nand WRST n must be driven LOW.

2. After a minimum time tivri (if during an initial power-up sequence) or after tpw reser (if during a
stable power initialization sequence) RESET n shall be driven HIGH. tinit> must also be met.

3. After tinirs, WRST n is driven HIGH. IEEE 1500 port instructions may now be used. (Note that the
WRST n low pulse width twrstr is met since twrstr is less than the tivri or tew reser). Refer to
IEEE1500 Test Port AC Timing Parameters for timing requirements for operating the IEEE 1500
port, including tswrst. At this point, a defective channel may be disabled; also, defective lane
detection and soft lane repair may be executed. EXTEST operations may be applied to identify lanes
needing repair. If soft lane repair is needed, SOFT_LANE REPAIR and HARD LANE REPAIR
operations can be applied after another RESET n toggle, which is required after EXTEST instruction
operation. An IEEE 1500 port BYPASS instruction should be applied to return all HBM3 signals to
their normal functional mode after SOFT LANE REPAIR operations. Alternately, WRST n may be
driven LOW.

4. The initialization sequence may then continue per steps 4 to 6 of HBM3 Power-up and Initialization
Sequence, as needed.

During the tirs period before WRST n is driven HIGH, the HBM3 device executes various internal
configuration operations, including applying hard lane repairs based on previously fused data. Executing
soft lane repair instructions after tivrs overwrites any previously programmed hard lane repair data. It is
suggested that the hard lane repair data is read from the HBM3 device and merged in any new lane repairs
before applying the new soft lane repair operations. Any applicable IEEE 1500 port instructions timings
must be met before continuing to time point Ty, such as tsirep if a SOFT_LANE REPAIR instruction has
been applied.

The EXTEST instructions are not required before applying the soft lane repair(s). Previously determined
needed lane repairs may be applied as part of each initialization event.

A time tinim2 before RESET n is pulled HIGH, CK_t and CK_c must be driven to static LOW and HIGH
levels, respectively. See step 3 of the HBM3 Power-up and Initialization Sequence.

R[3:0] must be driven PDE state and C[2:0] must be driven CNOP state for a tmiry time.

Samsung Electronics Co., Ltd.
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4.4 Initialization Sequence For Use Of IEEE 1500 Instruction Including Lane Repairs and Channel Disable (cont’d)
TO Ta Tb Te Td Te Tf Tg Th Ti Ti Tk
‘_ lT.\”Jri | NIT3 _ LPWJ{LSF.T | aNIT3 ‘ {INITS
N 1, _ M n h ) 1 n it _
RESET n gNim2 F\_\ gz (N7 ] UNITS HT’
R[9:0] )(Ri}‘:l)i—}’i)lj—llu IL
| |
C[7:0] )( C[2:0]=CNOP=HHH
CKe P T —~——-—7 ~T T ""-_'I_--—'_ o r=r=-=1 -"-_1-_-_---\ i\
[ /
- ‘ — f m— I fom | . bl
0 g [y
Ilrizil::g , 1 BYPASS ! J EXJ:[“EST BY:II"ASS J I 1 ’ f L ’ { so&rpﬁl;ﬂs ’ ' BYPASS ’ /
_({_ _{( UNIT6 ; FA L
RDQS e | || ™1 _ _ _ _ _ - I | o I | I e — [ | SRR PEDIIDIIN R | SR | A
RDQS 1, AERR,
DERR
CATTRIP
WDQS ¢ e | Rt |
WDQS_t ~ \ J \; ‘ \
! i | U U U | i | U

D Don't Care

NOTE 1 After EXTEST operations, another RESET n toggle may be required.
NOTE 2 R[9:0] and C[7:0] mean logical pin name because those pin's physical location will be changed after soft or hard lane repair.

Figure 6 — Initialization Sequence with Lane Repair or Channel Disable

Samsung Electronics Co., Ltd.
Ex. 1084, p. 54

G-T JuBwnNd0g  ZSS00-A3-G¢:¢ 8se)d

GZ/6T/S0 pajld

69 # qlebed T/ 0 62 abed



Case 2:25-cv-00552 Document 1-5 Filed 05/19/25 Page 30 of 271 PagelD #: 70

JEDEC Standard No. 238A
Page 15

4.4 Initialization Sequence For Use Of IEEE 1500 Instruction Including Lane Repairs and
Channel Disable (cont’d)

T Tz Th T
|

RESET n n ‘
R[5:0] -
C[7-0q Z'//|//x
CK_c
cKt Zf7|/// 0070000000000
RDOS ¢ -4 ———————
;ERR.‘E:E%.R%F/ A r

tIN [T tCHOIS

F"' 5
WDOS ¢ b
woos t (4
WR E__I'I Z .-?:;?-"J, AWINIT 1 }Q_'
I[EEE1500 -
Instruction ZJ/} 'Lafp,nss DEMCE_ID | cHANNEL_DISABLE

m Don't Cars

NOTE 1 A disabled channel will turn off all AWORD and DWORD input and output buffers including CK t/CK c and
WDQS t/WDQS _c inputs, thus allowing all external signals to float. The CK clock is allowed to be High-Z
throughput this initialization sequence.

Figure 7 — Initialization Sequence with Channel Disable
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5 Mode Registers

The Mode Registers define the specific mode of operation for the HBM3 DRAM. Sixteen 8-bit wide
Mode Registers (MRO to MR 15) are defined as in Table 11 through Table 27. MR10 and MR12 are
special mode register and reserved for vendor specific features. Mode Registers are common to both
pseudo channels (PCO and PC1). Reprogramming the Mode Registers does not alter the contents of the
memory array.

Mode Registers are programmed via the MODE REGISTER SET (MRS) command and retain the stored
information until they are reprogrammed, chip reset, or until the device loses power. Mode Register can
also be programmed via the [EEE1500 instruction MODE REGISTER DUMP_SET; this instruction can
also be used to retrieve the Mode Register content.

Mode Registers must be loaded when all banks are idle and the time trRpmRrs from a preceding READ
command has elapsed. The controller must wait the specified time tMop before initiating any subsequent
operations. Violating either of these requirements will result in unspecified operation.

No default states are defined for Mode Registers except when otherwise noted. Users therefore must fully
initialize all Mode Registers to the desired values upon power-up or after a subsequent chip reset.

When an entire Mode Register is marked as RFU (“Reserved for future use”), then it is considered as not
supported by the HBM3 DRAM, and its content is Don’t Care. Reserved states should not be used, as
unknown operation or incompatibility with future versions may result. RFU bits in these registers must be
programmed to 0.
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5 Mode Registers (cont’d)
Table 10 — HBM3 Mode Register Overview
Mode Register OP7 OP6 OPS OP4 OP3 OoP2 OP1 OP0
MA[4:0]!
MRO 00000 Test CA Parity Write Read RFU TCSR Write Read DBI
(Table 11) Mode (CAPAR) Parity Parity DBI (RDBI)
(T™M) (WPAR) | (RPAR) (WDBI)
MRI1 00001 Parity Latency (PL) Write Latency (WL)
(Table 12)
MR2 00010 Read Latency (RL)
(Table 13)
MR3 00011 Write Recovery for Auto Pre-charge (WR)
(Table 14)
MR4 00100 Activate to Precharge (RAS)
(Table 15)
MRS 00101 RFU Read to Auto Precharge (RTP)
(Table 16)
MR6 00110 RFU Pullup Driver Strength Pulldown Driver Strength
(Table 17)
MR?7 00111 CATTRIP RFU DWORD MISR Control RFU DWORD | DWORD
(Table 18) Read Loopback
Mux
Control
MR8 01000 RFU RFM Levels WDQS- ECS error Duty DA Port
(Table 20) (RFML) to-CK log auto Cycle Lockout
Training reset Monitor
(WDQS2CK) | (ECSLOG) | (DCM)
MR9 01001 ECS error ECS Auto Auto Error Error Severity | Meta Data
(Table 21) Type and | Multi-bit ECS ECS Vector Vector | Reporting (MD)
Address Error during via Pattern Input (SEVR)
Reset Correction Self REFab (ECCVECQC) Mode
(ECSRES) | (ECSCEM) | Refresh | (ECSREF) (ECCT™)
(ECSSRF)
MR10 01010 Reserved for Vendor Specific Features
(Table 22)
MRI11 01011 DCA code for WDQS1 (PC1) DCA code for WDQS0 (PCO0)
(Table 23)
MR12 01100 Reserved for Vendor Specific Features
(Table 24)
MRI13 01101 RFU
(Table 25)
MR14 01110 RFU Reference Voltage for AWORD inputs (VREFCA) RFU
(Table 26)
MRI15 01111 RFU Reference Voltage for DWORD inputs (VREFD) RFU
(Table 27)
NOTE 1 MAA4 is a valid mode register address bit that must be set to 0 for the mode registers defined in this table.
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5 Mode Registers (cont’d)
Table 11 — Mode Register 0 (MR0)
Field Bits Description Notes
Test Mode (TM) OP7 0 — Normal Operation (Default)
1 — Test Mode (Vendor specific): only to be used by the
DRAM manufacturer. No functional operation is specified
with test mode enabled.
Command Address Parity OP6 0 — Disabled (Default) 1
(CAPAR) 1 — Enabled
Write Parity (WPAR) OP5 0 — Disabled 2
1 — Enabled
Read Parity (RPAR) OP4 0 — Disabled 2
1 — Enabled
RFU OP3 0
Temperature Compensated OopP2 0 — Disabled
Self Refresh (TCSR) 1 — Enabled (Default)
Write DBI (WDBI) OP1 0 — Disabled 3
1 — Enabled
Read DBI (RDBI) OPO 0 — Disabled 3
1 — Enabled

NOTE 1 Refer to the Command/Address Parity clause for details regarding CA Parity.
NOTE 2 Refer to the Data Parity clause for details regarding Write Parity and Read Parity.
NOTE 3 Refer to the Data Bus Inversion (DBIlac) clause for details regarding WDBI and RDBI.

Table 12 — Mode Register 1 (MR1)
Field Bits Description Notes

Parity Latency (PL) OP[7:5] | 000 -0 nCK 1,2
001 — 1 nCK
010 -2 nCK
011 -3 nCK
100 — 4 nCK
All others — Reserved
Write Latency (WL) OP[4:0] | 00100 —4 nCK 1,3
00101 — 5 nCK
00110 — 6 nCK

01111 —15nCK
10000 — 16 nCK
All Others - Reserved

NOTE 1 All PL and WL values are optional, however the supported min-to-max ranges must be contiguous.

NOTE 2 Refer to the Data Parity clause for details regarding Parity Latency (PL) definition and use with write and read
operations.

NOTE 3 Refer to the WRITE command clause for details regarding the Write Latency (WL) definitions and use.
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5 Mode Registers (cont’d)
Table 13 — Mode Register 2 (MR2)
Field Bits Description Notes
Read Latency (RL) OP[7:0] | 00000100 — 4 nCK 1,2
00000101 — 5 nCK
00000110 — 6 nCK
00111110 - 62 nCK
00111111 -63 nCK
All others — Reserved
NOTE 1 All RL values are optional, however the supported min-to-max ranges must be contiguous.
NOTE 2 Refer to the READ command clause for details regarding the Read Latency (RL) definitions and use.
Table 14 — Mode Register 3 (MR3)
Field Bits Description Notes
Write Recovery to Auto OP[7:0] | 00000100 —4 nCK 1,2

Precharge (WR) 00000101 — 5 nCK
00000110 — 6 nCK

00111110 - 62 nCK
00111111 - 63 nCK
All others — Reserved

NOTE 1 All WR values are optional, however the supported min-to-max range must be contiguous.

NOTE 2 WR must be programmed with a value greater than or equal to RU {twr/tck}, where RU stands for round up,
twr is the analog value from the vendor datasheet and tck is the operating clock cycle time. If an HBM3 DRAM
does not support the mode register definition of twr in clock cycles, the WR mode register settings will be ignored.

Table 15 — Mode Register 4 (MR4)

Field Bits Description Notes

Activate to Precharge OP[7:0] | 00000100 —4 nCK 1,2
(RAS) 00000101 — 5 nCK
00000110 — 6 nCK

00111110 —-62 nCK
00111111 —63 nCK
All others — Reserved

NOTE 1 All RAS values are optional, however the supported min-to-max range must be contiguous.

NOTE 2 RAS must be programmed with a value greater than or equal to RU {tras/tck}, where RU stands for round up,
tras is the analog value from the vendor datasheet and tck is the operating clock cycle time. If an HBM3 DRAM
does not support the mode register definition of tras in clock cycles, the RAS mode register settings will be
ignored.
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5 Mode Registers (cont’d)
Table 16 — Mode Register 5 (MRS5)
Field Bits Description Notes
RFU OP[7:4] | 0000
Read to Auto Pre-charge OP[3:0] | 0010 -2 nCK 1,2

(RTP)

0011 -3 nCK
0100 -4 nCK

1110 — 14 nCK
1111 - 15 nCK
All others — Reserved

NOTE 1 All RTP values are optional, however the supported min-to-max range must be contiguous.

NOTE 2 RTP must be programmed with a value greater than or equal to RU {trTp/tck }, where RU stands for round up,

trTp is the analog value from the vendor datasheet and tck is the operating clock cycle time. If an HBM3 DRAM
does not support the mode register definition of trTp in clock cycles, the RTP mode register settings will be

ignored.
Table 17 — Mode Register 6 (MR6)
Field Bits Description Notes
RFU OP[7:6] | 00
Pullup Driver Strength OP[5:3] | 000 —8 mA 1
001 — 10 mA
010 — 12 mA (Default)
011 - 14 mA

All others — Reserved

Pulldown Driver Strength

OP[2:0] | 000— 8 mA

001 — 10 mA
010 — 12 mA (Default)
011-14 mA

All others — Reserved

NOTE 1 Refer to the Transmit Driver Current table for the details.
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5 Mode Registers (cont’d)

Table 18 — Mode Register 7 (MR7)

Field Bits Description Notes

CATTRIP OP7 0 — CATTRIP pin drives a LOW or HIGH depending on 1
CATTRIP sensor output (Default)
1 — CATTRIP pin drives a static HIGH

RFU OP6 0

DWORD MISR Control OP[5:3] | The bits are only evaluated if DWORD Loop-back is 2,3

enabled in OPO

000 — Preset: the DWORD MISR is preset as described in
the HBM3 Loopback Test Modes clause, and all
DWORD LFSR_COMPARE_STICKY bits are reset
to 0.

001 — LFSR mode (READ direction)

010 — Register mode (WRITE and READ directions):
DWORD writes are captured directly into the MISR
without compression. The MISR will contain the most
recent write data.

011 — MISR mode (WRITE direction)

100 — LFSR Compare mode (WRITE direction)

All others - Reserved

RFU Oop2 0

DWORD Read Mux OP1 The bit is only evaluated with READ commands and if 2,3

Control DWORD Loopback is enabled in OP0

0 — Return data from DWORD MISR (see OP[5:3])

1 — Return LFSR_ COMPARE_STICKY bits (OP[5:3] is
ignored)

DWORD Loopback OPO 0 — Disabled (Default) 2
1 — Enabled: all Writes and Reads will be to/from the MISR.

Notes:

a) does not require any row activation

b) column addresses associated with WRITE and READ
commands are ignored

NOTE 1 The CATTRIP pin can be asserted to “HIGH” from any of the channels [a:p] MR7 OP7 bit (logic OR).
NOTE 2 See HBM3 Loopback Test Modes for DWORD MISR mode features and use.
NOTE 3 Refer to Table 19 for details on DWORD MISR operation with WRITE and READ commands.
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5 Mode Registers (cont’d)
Table 19 — DWORD MISR Read and Write Operations in Loopback Test Mode (MR7 OP0=1)
MR7 MR7 DWORD MISR Operation! Comments
OP1 OP[5:3] WRITE READ
0 000 Write data are ignored Read the Preset value Neither Writes nor Reads alter
(Preset) (clock-like pattern) the MISR content
001 Write data are ignored Generate read data from | Writes do not alter the MISR
(LFSR) LFSR content
010 MISR stores the second | Read the MISR content Reads do not alter the MISR
(Register) | half (UI 4 to 7) or all (UI 0 to 3 and repeated content
data (UI 0 to 7) of the for Ul 4 to 7, or all data
most recent Write from (UI 0 to 7) of the most
register mode, with only | recent Write (see note 2))
(UI 4 to 7) readable via
WDR (see note 2)
011 Write data are
(MISR) accumulated in the MISR
100 Write data are compared
(LFSR against data generated by
Compare) | the LFSR
1 XXX Write data are ignored Read sticky error bits Neither Writes nor Reads alter
the MISR content

NOTE 1 See Loopback Test Modes for DWORD MISR and LFSR features and use.

NOTE 2 Depending on implementation, the MISR either stores the second half (UI 4 to 7) or all data (UI 0 to 7) to the most
recent Write, and subsequent Reads return either the second half (UI 4 to 7) or all data (UI 0 to 7) to that most
recent Write. If a Read shall send identical data regardless of the actual implementation, users should send the
same write data on UI 0 to 3 and Ul 4 to 7 of the most recent write.

Table 20 — Mode Register 8§ (MRS8)
Field Bits Description Notes

RFU OP[7:6] | 00

RFM Levels OP[5:4] | 00 — Default Level (RFM may be required or not) 1

(RFML) 01 —Level A (RFM is required)

10 — Level B (RFM is required)
11 — Level C (RFM is required)

WDQS-to-CK Training OP3 0 — Disabled (Default) 2

(WDQS2CK) 1 — Enabled

ECS error log auto reset OP2 0 — Disabled (Default)

(ECSLOG) 1 — Enabled

Duty Cycle Monitor OP1 0 — Disabled (Default)

(DCM) 1 — Enabled

DA Port Lockout OP0 0 — Access to DA port is enabled (Default) 3

1 — Access to DA port is locked
NOTE 1 The support of Adaptive Refresh Management (ARFM) is optional for the DRAM vendor. HBM3 DRAMs not

supporting (ARFM) will define these bits as RFU. RAAIMT, RAAMMT and RAADEC values for default RFM
level and RFM levels A to C are set by DRAM vendor and can be read via the IEEE1500 DEVICE_ID WDR.
Refer to the WDQS-to-CK Alignment Training clause for details.

DA Port Lockout bit is defined for channels a and e only. The bit is RFU for all other channels. Once enabled, the
bit can only be cleared by powering off the device. The IEEE1500 MODE_REGISTER DUMP_SET instruction
cannot be used to set or clear the bit, but allows reading the bit.

NOTE 2
NOTE 3
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Table 21 — Mode Register 9 (MR9)
Field Bits Description Notes
ECS Error Type and OP7 0 — Maintain the ECS error type and address log (Default) 1
Address Reset (ECSRES) 1 — Reset the ECS error type and address log (self-clearing)
ECS multi-bit error OP6 0 — Correction of multi-bit errors during ECS cycles is
correction (ECSCEM) disabled
1 — Correction of multi-bit errors during ECS cycles is
enabled
Auto ECS during Self OP5 0 — Auto ECS during self refresh mode is disabled (Default) | 2
Refresh (ECSSRF) 1 — Auto ECS during self refresh mode is Enabled
Auto ECS via REFab OP4 0 — Auto ECS via REFab command is disabled (Default) 2,3
(ECSREF) 1 — Auto ECS via REFab command is enabled
Error Vector Pattern OP3 The bit is only evaluated when ECC Vector Input Mode is
(ECCVEC) enabled in OP2
0 — Codeword 0 (CWO0): Data ‘1’ means error bit and data
‘0’ means non-error bit
1 — Codeword 1 (CW1): Data ‘0’ means error bit and data
‘1’ means non-error bit
Error Vector Input Mode OP2 0 — ECC Engine Test Mode is disabled (default)
(ECCTM) 1 — ECC Engine Test Mode is enabled
Severity Reporting OP1 0 — Error severity reporting is disabled and the SEV signals 4
(SEVR) are High-Z
1 — Error severity reporting is enabled. The SEV signals
drive error severity information during Reads and other-
wise are High-Z.
Meta Data (MD) OPO 0 — ECC signals are disabled. Read and write operations do
not include meta data
1 — ECC signals are enabled. Read and write operations
include meta data transmitted via ECC pins
NOTE 1 The bit is self-clearing meaning that it automatically returns back to 0 after the reset function has been issued.
NOTE 2 For ECS operation either ECSSRF or ECSREF (or both) must be enabled.
NOTE 3 When ECS during REFab is enabled, the host must issue REFab commands at an average rate of tecsint.
NOTE 4 Input data on SEV signals during write operations will be ignored regardless of the SEVR setting.
Table 22 — Mode Register 10 (MR10)
Field Bits Description Notes
Vendor Specific OP[7:0] | Vendor Specific 1
NOTE 1 MRI10 is reserved for vendor specific features. Refer to the vendor’s datasheet for details.

Samsung Electronics Co., Ltd.
Ex. 1084, p. 63



Case 2:25-cv-00552 Document 1-5 Filed 05/19/25 Page 39 of 271 PagelD #: 79

JEDEC Standard No. 238A
Page 24

5 Mode Registers (cont’d)

Table 23 — Mode Register 11 (MR11)
Field Bits Description Notes

DCA code for WDQSI1 OP[7:4] | 0000 — 0 steps (Default; no correction) 1,2
(PC1) 0001 — -1 step
0010 — -2 steps

0110 — -6 steps
0111 —-7 steps
1000 — Reserved
1001 — +1 step
1010 — +2 steps

1110 — +6 steps
1111 —+7 steps
DCA code for WDQS0 OP[3:0] | 0000 — 0O steps (Default; no correction) 1,2

(PCO) 0001 — -1 step
0010 — -2 steps

0110 — -6 steps
0111 —-7 steps
1000 — Reserved
1001 —+1 step
1010 — +2 steps

1110 — +6 steps
1111 —+7 steps

NOTE 1 Values of 0001 to 0111 decrease the internal WDQS duty cycle, and values of 1001 to 1111 increase the internal
WDQS duty cycle.
NOTE 2 The step size (in ps) is vendor specific and may be non-linear.

Table 24 — Mode Register 12 (MR12)

Field Bits Description Notes
Reserved for Vendor OP[7:0] | 00000000 1
Specific Features

NOTE 1 MRI2 is reserved for vendor specific features. Refer to the vendor’s datasheet for details.

Table 25 — Mode Register 13 (MR13)

Field Bits Description Notes

RFU OP[7:0] | 00000000
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Table 26 — Mode Register 14 (MR14)
Field Bits Description Notes

RFU OP7 0

Reference voltage for OP[6:1] | 000000 —0.18 x VppaL

AWORD inputs 000001 —0.19 x VppaL

(VREFCA)

011111 -0.49 x VppaoL
100000 — 0.50 x Vppor (Default)
100001 — 051 X VDDQL

111110*0.80XVDDQL
111111 -0.81 X VppaL

RFU OPO 0

NOTE 1 Refer to the DC and AC Operating Conditions clause for the AWORD input receiver voltage level specification.

Table 27 — Mode Register 15 (MR15)

Field Bits Description Notes
RFU OP7 0
Reference voltage for OP[6:1] | 000000 —0.18 x VppaoL
DWORD inputs 000001 —0.19 x Vbpaor
(VREFD)
011111 -0.49 x VbpoL
100000 — 0.50 x Vppar (Default)
100001 — 0.51 x VDDQL
111110 - 0.80 x VDDQL
111111 -0.81 x VpporL
RFU OPO 0

NOTE 1 Refer to the DC and AC Operating Conditions clause for the DWORD input receiver voltage level specification.
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6.1 HBM3 Clocking Overview

The HBM device captures commands and addresses on the row and column buses using a differential
clock CK t/CK c. Both buses operate at double data rate (DDR).

The HBM device has uni-directional differential Write strobes (WDQS t/WDQS c) and Read strobes
(RDQS_t/RDQS_c) per 32DQ(DWORD). The data bus operates at double data rate (DDR).

HBM3 utilizes two types of clock with different frequencies. The strobe frequency is twice the frequency
of the command clock, requiring an HBM3 to have reset-type clock-divider in the WDQS clock tree
(Figure 10). By dividing the WDQS, the operation speed of DRAM internal circuits in WDQS domain is
reduced to half. The direction of the internal WDQS/2 transition may vary depending on vendor’s choice.
Command clock and WDQS are generated from the same PLL and RDQS clock is generated from
WDQS. WDQS internal divider is initialized to be a pre-defined internal divider state after Self Refresh
exit or Power-up or Power down exit sequence. The sum of preamble and postamble for both READ and
WRITE operation is required to be an even number so that the internal divider’s state, phase of internal
WDQS/2, is maintained. Therefore, HBM3 WDQS does not require a specific sync operation before
READ and WRITE operations. WDQS starts toggling before starting WRITE or READ operations for
reducing ISI. During inactivity, WDQS/ RDQS are required to be static (WDQS/RDQS tis Low,
WDQS/RDQS _c is High). When WRITE training for unmatched DQ/DQS path, DQ should be shifted to
align phase to the point where CK and WDQS are in sync.

The following nomenclature is being used throughout this standard:

e arising CK (or WDQS, RDQS) edge is defined as the crossing of the positive edge of CK t (or
WDQS t, RDQS t) and the negative edge of CK_c (or WDQS ¢, RDQS c);

e afalling CK (or WDQS, RDQS) edge is defined as the crossing of the negative edge of CK t (or
WDQS t, RDQS t) and the positive edge of CK ¢ (or WDQS ¢, RDQS ¢).

CK t - — - -
SEaEREet
B R e A,
WDQS_c— ——

[0

WDQS t

ne

)
Internal o0 ——/_
WDQ§/2 T

18D \

~ 5 J i
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f
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/|

Figure 8 — Aligned WDQS Internal Divider Example
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6.1 HBM3 Clocking Overview (cont’d)
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NOTE 1 tWPREI : Write preamble of WDQS, tWPST1 : Write postamble of WDQS
NOTE 2 tWPRE?2 : Read preamble of WDQS, tWPST2 : Read postamble of WDQS
NOTE 3 tRPRE : Read preamble of RDQS, tRPST : Read postamble of RDQS

Figure 9 — Clocking and Interface Relationship Write to Read Timing
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Figure 10 — High Level Block Diagram Example of Clocking Scheme
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6.1.1 WDQS-to-CK Alignment Training

WDQS-to-CK alignment training allows the host to observe the phase offset between the WDQS strobes
in both PCs and the CK clock to aid in keeping the phase relationship within the limits given by the tpgss
specification. The WDQS2CK bit in MR8 OP3 is associated with this training mode.

WDQS-to-CK alignment training is required to be performed at least once after device initialization if
adherence to the tpgss timing cannot be guaranteed without performing this alignment training. WDQS-
to-CK alignment training is not required if the tpgss timing is met. An effort to further narrow the WDQS-
to-CK phase offset by using this training mode will not improve the stable device operation.

Steps 1 through 7 are required for WDQS-to-CK alignment training;:

1. Enter WDQS-to-CK alignment training mode by setting the WDQS2CK bit to 1 and wait tmop
Commands allowed while in this mode are REFab, REFpb, RFMab, RFMpb, RNOP, CNOP and
MRS to exit WDQS-to-CK alignment training. Internal current spikes generated by the use of
REFab, REFpb, RFMab and RFMpb commands in this mode may negatively impact the training
result. Controllers that cannot account for this impact should avoid use of REFab, REFpb, RFMab
and RFMpb commands in this mode.

2. Enable both WDQS0 and WDQSTI strobes; keep both strobes constantly running in order to generate
a valid read-out at both phase detectors with each CK clock cycle;

3. Slowly sweep the WDQS0 and WDQS|1 phases with respect to the CK clock, and monitor both
DERRO and DERRUI signals for the phase detector's result as shown in Table 28 and Figure 11; each
phase detector latches the 0° phase of the internally divided WDQS strobe (0° phase) with each rising
CK clock edge and provides the result on the DERRO signal for WDQSO0 and the DERR1 signal for
WDQST1 after twpgs2rp;

4. After a minimum of 8 WDQS pulses have been received, the strobes may be halted at any time while
WDQS-to-CK alignment training mode is enabled; the phase detector does not provide a valid read-
out in this case and it’s result on the DERR signals should be ignored;

5. The ideal alignment is indicated by the phase detector output transitioning from "early" to "late"
when the delay of the WDQS phase is continuously increased;

6. When the phase relationship between WDQS and CK meets the tpgss specification, stop both WDQS
strobes; ensure that the number of WDQS pulses issued while in this training mode is an even
number such that the internal WDQS state is back at its reset state once the training has finished.
With that, no specific synchronization between CK and WDQS is required for correct write and read
operation;

7. Exit WDQS-to-CK alignment training mode by setting the WDQS2CK bit to 0 and wait tmop.

Table 28 — Phase Detector and DERR Signal Behavior

Internal WDQS/2 (0° Phase) WDQS Phase | DERRO Recommended Action
Sampled By CK DERR1

HIGH Early HIGH Increase delay on WDQS
LOW Late LOW Decrease delay on WDQS
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6.1.1 WDQS-to-CK Alignment Training (cont’d)
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Figure 11 — DERR Signal Behavior in WDQS-to-CK Alignment Training
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6.2 HBM3 Data Bus Inversion (DBlac)

6.2.1 Data Bus

Inversion (DBIlac)

HBM3 DRAMSs supports a byte granular Data Bus Inversion (DBIlac). The corresponding DBI signal is a
DDR I/O and driven or sampled along with the DQs for read and write operations.

The word DBI refers to the internal state of the device unless explicitly noted as DBI signal. The DBIac
function can be enabled or disabled independently for writes per MRO OP1 (WDBI) and for reads per

MRO OPO (RDBI).

The DBI input is a Don't care and the DBI input receivers are disabled when WDBI is disabled. The DBI
output buffers are turned off when RDBI is disabled.

S —
Transmitter ( Logical output data
\_ (DQs+DBD)

—

Determine change count
In data byte (8 DQs)

DQ change count = 4
and DBI = HIGH ?

r
l h

Set DBI=LOW Set DBI = HIGH
Don't invert data Invert data

DBI=LOW DBI = HIGH

|

|

: Don't invert data Invert data
|

| e |

| - B N

I 7 ™

| | Logical input data

| . N

. Receiver SR

|

g g g g Vg g g Vg I S S ———— 4

Figure 12 — DBIlac Algorithm

Write operation: the HBM3 DRAM inverts write data received on the DQ inputs in case DBI is sampled
HIGH, or leaves the write data non-inverted in case DBI is sampled LOW. Note that the ECC inputs are
not affected by the DBIac function.

Read operation: the HBM3 DRAM counts the number of DQ signals that are transitioning from the
previous state. Note that the ECC and SEV outputs are not affected by DBlac. See Internal DBlac States
with Read for bus pre-conditioning. The HBM3 DRAM inverts read data and sets DBI HIGH when the
number of transitioning data bits within a byte is greater than 4, or when the number of transitioning data
bits within a byte equals 4 and DBI was HIGH; otherwise the HBM3 DRAM does not invert the read data

and sets DBI LOW.
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6.2.1 Data Bus Inversion (DBlIac) (cont’d)
Table 29 — DBI(ac) Truth Table
DQ Charge Count Previous DBI State New DBI State New DQ State
0to3 X LOW Not inverted
4 LOW
HIGH HIGH Inverted
5to 8 X
8
8 '
DQ D+> E§QR1
DBlac Write DBl
Mode Register-
enable/disable
DRAM 0 8
core \Lgh J = P00
Comparator
DBlac Read >
i diﬁgrgr;tce —» DBl
Mode Register:
Reset on enable/disable
first Read
Figure 13 — Example DBIac Logic for Write and Read
6.2.1.1 Internal DBIac State with Read

The HBM3 DRAM resets the internal DBlac state to LOW whenever any of the following events occur:

RESET n signal de-assertion;

a MODE REGISTER SET (MRS) command is received;
a write-to-read bus turnaround;

Self Refresh exit

For all other events or commands, the internal DBIlac state is not reset to LOW and the HBM3 DRAM
will use its previous state for DBIac calculation.

First Read Command:

When a first READ command is registered after a DBI reset, the HBM3 DRAM preconditions the bus to
LOW prior to read data regardless whether RDBI is enabled or disabled in the mode register, as shown in
Figure 14 in case of a write-to-read bus turnaround. The internal state D7 corresponding to the last UI of
the read burst is internally stored as a seed value for a subsequent read burst.

The DPAR signal is not included in the DBI calculation and not preconditioned to LOW; its initial state is
undefined (LOW or HIGH).
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6.2.1.1 Internal DBIlac State with Read (cont’d)

Tal0 TaHll  TeHl2  Tetl3

J_'_\e 1= r"‘\f [ |

WDQS ¢

WDQS t
RDQS ¢

RDQS t

Odd Bytes
Data

Even Bytes
Data

Internal :
DBlac \ p|p[p[p[p[D]D[D

State u U U

Don't Care
Figure 14 — Internal DBlac State Reset for Write to Read
6.2.1.2 Internal DBIac State with Consecutive Read Commands (Seamless and non-seamless)

Once the Read burst is complete, the HBM3 DRAM tri-states all DQ, DBI and ECC output drivers. However, the HBM3 DRAM internally stores
the last data-out of the DQ, DBI, ECC and SEV outputs to pre-condition the bus prior to a subsequent read; it also uses the last data-out of the DQ
and DBI outputs for DBIac calculation for any subsequent read operation barring a condition to DBI reset. For non-gapless read operations, the
HBM3 DRAM pre-conditions all data outputs to the last data-out of the previous burst nominally two WDQS cycles (odd bytes) and one WDQS
cycle (even bytes) prior to the first valid data bit as shown in Figure 15.
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6.2.1.2 Internal DBlac State with Consecutive Read Commands (Seamless and non-seamless) (cont’d) 8
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6.3 Commands
The HBM3 DRAM features DDR commands entered on both rising and falling CK clock edges. Row
Activate commands require one-and-a-half-cycle and other row commands require only a half-cycle

except for PDE and SRE with one cycle. Column commands require only one cycle.

The command interface includes a reserved DDR input signal ARFU which is omitted from subsequent
truth tables but required to be driven to a valid signal level along with the other AWORD inputs.
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6.3.1 Command Truth Tables
Table 30 — Row Commands Truth Table
Command * | Symbol | Clock RO | R1 | R2 R3 R4 RS R6 R7 RS R9 Notes
Cycle

Row No RNOP RorF H H H H v \Y% v v v \Y% 1,2,3

Operation

Activate ACT R L H H PC SIDO | SID1 BAO BA1 BA2 BA3 | 1,2,3,

/V /V 5,6
F H H | RA8 | RA9 | RA10 | RAIl | RAI2 | RAI3 | RAl4 \Y%
/V /'V
R H H | RAO | RA1 | RA2 | RA3 RA4 RAS5 RA6 RA7
Precharge PREpb RorF H L L PC SIDO | SID1 BAO BA1 BA2 BA3 | 1,2,3,
/'V /V 5,6

Precharge PREab RorF H L H PC A\ A% A\ A\ \% A% 1,2, 3,

All 5

Per-Bank REFpb R L L L PC | SIDO | SIDI BAO BAI BA2 BA3 | 1,2,3,

Refresh /V /V 5,6

All-Bank REFab R H H L PC A% \Y% A% v IL, v 1,2,3,

Refresh 5

Per-Bank RFMpb R L L H PC | SIDO | SIDI BAO BAl BA2 BA3 | 1,2,3,

Refresh /'V /'V 5,6,7

Management

All-Bank RFMab R H H L PC v \Y% v v H \Y% 1,2,3,

Refresh 5,7

Management

Power- PDE R L H L H A% \Y% v v v \Y% 1,2,3

Down Entry

F L H L H v v v v v \Y%
Self Refresh | SRE R L H L L A% v A% v v \Y% 1,2,3
Entry

F L H L L \Y Vv \Y \Y \% \Y

Power- PDX/ R H H H H v \Y% v A% \% \Y% 1,2,8

Down and SRX

Self Refresh

Exit

NOTE 1 BA = Bank Address; RA = Row Address; PC = Pseudo Channel 0 or 1; SID = Stack ID; V = Valid Signal (either H
or L, but not floating);

NOTE 2 R[9:0] must be driven to a valid signal level even if a stack ID address (SID) or row address (RA) is not defined for a
specific density. APAR must be driven to a valid signal level even if CA parity is disabled in MRO OP6.

NOTE 3 Parity is evaluated on all pins if CA parity is enabled in MRO OP6.

NOTE 4 All other command encodings not shown in the table are reserved for future use.

NOTE 5 PC =0 selects pseudo channel 0 (PC0), and PC = 1 selects pseudo channel 1 (PC1). The pseudo channel not
selected by PC performs a RNOP.

NOTE 6 The SID bits act as bank address bits in conjunction with ACT, PREpb, REFpb and RFMpb commands, and related
timing diagrams shall be interpreted accordingly. All other row commands do not use SID. Refer to the channel
addressing table for HBM3 configurations using SID.

NOTE 7 An HBM3 DRAM not requiring refresh management (RFM) will execute an RNOP command instead of RFMab
or RFMpb.

NOTE 8 No Parity checking at Power-Down Exit or Self Refresh Exit command. The HBM3 device requires RNOP and
CNOP commands on Row and Column bus respectively with valid parity if CA parity is enabled during the power-
down exit period (txp) and self refresh exit period (txs).

NOTE9 ACTisa 1.5 cycle command and another command is not allowed during ACT command.
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6.3.1 Command Truth Tables (cont’d)

Table 31 — Column Commands Truth Table

Command * Symbol | Clock Co0 C1 C2 C3 C4 C5 C6 C7 Notes
Cycle
Column No CNOP R H H H A% A% \% \% v 1,2,3
Operation
F A% v \% \" \% \% \" v
Read RD R H L H L PC SIDO SID1 BAO | 1,2,3,5,
/V /V 6,7
F BAl BA2 BA3 CA0 CAl CA2 CA3 CA4
Read w/ AP RDA R H L H H PC SIDO SID1 BAO 1,2,3,5,
/V /V 6,7
F BA1 BA2 BA3 CA0 CAl CA2 CA3 CA4
Write WR R H L L L PC SIDO SID1 BAO | 1,2,3,5,
/V /V 6
F BAl BA2 BA3 CA0 CAl CA2 CA3 CA4
Write w/ AP WRA R H L IL H PC SIDO SID1 BAO | 1,2,3,5,
/V /V 6
F BAl BA2 BA3 CA0 CAl CA2 CA3 CA4
Mode Register | MRS R L L IL MA4 OP5 OP6 OP7 MAO | 1,3,8,9
Set
F MAL1 MA2 MA3 OPO OP1 OP2 OP3 OP4

NOTE 1 BA =Bank Address; CA = Column Address; PC = Pseudo Channel 0 or 1; SID = Stack ID; MA = Mode Register
Address; V = Valid Signal (either H or L, but not floating).

NOTE 2 C[7:0] must be driven to a valid signal level even if a stack ID address (SID) is not defined for a specific density, or
if parity is disabled in the mode register. APAR must be driven to a valid signal level even if CA parity is disabled
in MRO OP6. C[7:0] are Don’t Care when the device is in power-down or self refresh.

NOTE 3 Parity is evaluated on all pins if CA parity is enabled in MRO OP6.

NOTE 4 All other command encodings not shown in the table are reserved for future use.

NOTE 5 PC =0 selects pseudo channel 0 (PCO0), and PC = 1 selects pseudo channel 1 (PC1). The pseudo channel not
selected by PC performs a CNOP.

NOTE 6 The SID bits act as bank address bits in conjunction with READ and WRITE commands, and related timing
diagrams shall be interpreted accordingly. All other column commands do not use SID. Refer to the channel
addressing table for HBM3 configurations using SID.

NOTE 7 HBMS3 configurations using the SID specify a timing parameter tccpr for consecutive READs to different SID.
Vendor datasheets should be consulted for details.

NOTE 8 All mode registers are write-only by default using the MRS command.

NOTE 9 Refer to the HBM3 Mode Register Overview table for MA4 of MRS.
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6.3.1 Command Truth Tables (cont’d)
Table 32 — Options for Issuing PREab and PREpb Commands
Command on Allowed PREab/PREpb Command(s) on Falling Clock Edge (Same Cycle)

Rising

Clock Edge Same PC, Same Bank Same PC, Different Bank Different PC, Any Bank
RNOP PREab, PREpb PREab, PREpb

ACT - PREpb PREab, PREpb

PREab - - PREab, PREpb
PREpb - PREpb PREab, PREpb
REFab -- -- PREab, PREpb
REFpb - PREpb PREab, PREpb
RFMab - - PREab, PREpb
RFMpb - PREpb PREab, PREpb

PDE, SRE --

PDX, SRX --

6.3.2 Row Commands
6.3.2.1 Row No Operation (RNOP) Command

The ROW NO OPERATION (RNOP) command is a half-cycle command received on the row command
inputs R[9:0] and latched either with the rising or with the falling CK clock edge (or both edges) as
shown in Figure 16. RNOP is used to instruct the HBM3 device to perform a NOP as row command; this
prevents unwanted row commands from being registered during idle or wait states. Operations already in
progress are not affected.

Row commands other than RNOP are defined either as half-cycle or as one-and-a-half-cycle commands
that begin and end on a rising CK clock edge. These commands must be padded with RNOP on the
falling CK clock edge of the same cycle. As an alternative, some row commands may be paired with
PRECHARGE or PRECHARGE ALL commands on the falling CK clock edge instead of RNOP, with
the specific conditions for these commands being explicitly described for each row command.

Parity is evaluated with the RNOP command when the parity calculation is enabled in the Mode Register.

RNOP is assumed for the R[9:0] inputs on subsequent timing diagrams unless other row commands are
explicitly shown.
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6.3.2.1 Row No Operation (RNOP) Command (cont’d)

V=Valid(HorL) [[]Don't Care

Figure 16 — RNOP command

6.3.2.2 ACTIVATE (ACT) Command

Before a READ or WRITE command can be issued to a bank, a row in that bank must be opened. This is
accomplished via the ACTIVATE command, which selects both the bank and the row to be activated.
Once a row is open, a READ or WRITE command could be issued to that row, subject to the trep
specification.

The ACTIVATE command is a one-and-a-half-cycle command received on the row command inputs
R[9:0] and latched with the rising and falling CK clock edges as shown in Figure 17. The command must
be followed either by RNOP, PRECHARGE or PRECHARGE ALL on the falling CK clock edge of the
second clock cycle. Note that a PRECHARGE ALL in that case must be for the other pseudo channel. A
PRECHARGE command could be to any bank in the other pseudo channel as well as to a different bank
in the same pseudo channel. In all cases the timing requirements for issuing these commands must be met.

The actual bank and row activation is initiated with the second rising CK clock edge of the ACTIVATE
command; therefore all relevant timing parameters refer to this second rising CK clock edge as shown in
Figures 17 and 18.
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6.3.22 ACTIVATE (ACT) Command (cont’d)

NOTE 1 BA = Bank Address; PC = Pseudo Channel 0 or 1; RA = Row Address; SID = Stack ID; V = Valid (H or L)
Figure 17 — ACTIVATE Command
Parity is evaluated with the ACTIVATE command when the parity calculation is enabled in MRO OP6.

A subsequent ACTIVATE command to another row in the same bank can only be issued after the
previous row has been closed (precharged). The minimum time interval between successive ACTIVATE
commands to the same bank is defined by trc, as shown in Figure 18. A minimum time tras must have

elapsed between opening and closing a row. The figure also shows two cases of trRas timings and
command slots of the PRECHARGE command

A subsequent ACTIVATE command to another bank can be issued while the first bank is being accessed,
which results in a reduction of total row access overhead. The minimum time interval between successive

ACTIVATE commands to different banks is defined by tRrp. The row remains active until a
PRECHARGE command (or READ or WRITE command with Auto Precharge) is issued to the bank.
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6.3.2.2 ACTIVATE (ACT) Command (cont’d)

Casel : tRAS timing met at rising CK clock edge

; H ; ; :
CK C | A } A 1= T 1= B 1= =TT i 1 1777y =
- \ \ \ \ \ \

CK t v L HI [ o _ (N o _ v [ o [
R[9:0] (:X:XECHVATE: ‘ PRE ACTIVATE
: BAx RAy BAx BAX,RAZ x x ’
. ' RD/WR
B IO

XS | {REC .| {RCD

XP , tMODz tRAS tRP
ime

Case2 : tRAS timing met at falling CK clock edge

CKc 1= = [ttt [l = 17y - it Ty [ [l [
— \ ! v

CK t v o _ o _ ! o _ ! _ ! v v ! vt !
R[9:0] ACTIVATE ' PRE ACTIVATE
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. ' RD/WR '
crrol B Cha | BERE

X8 ‘ tRFC ‘ tRCD ‘ ‘ ‘

] L

XP_,} MOD,, RAS yie RP )

tRC

1
-

A

NOTE 1 BAx = bank address x; RAy,z = row addresses y,z; CAn = column address n.

NOTE 2 The PRECHARGE command shown could also be a PRECHARGE ALL command.

NOTE 3  trcp = trReDRD OF tReDWR, depending on command; trrc = trrcab OF tRECpb, depending on command.

NOTE 4 The reference for txp and txs timings is the first clock cycle of an ACTIVATE command, and the reference for trrc
and tmop timing is the second clock cycle of an ACTIVATE command.

Figure 18 — Bank and Row Activation Command Cycle
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6.3.2.2.1 Bank Restrictions

There is a need to limit the number of bank activations in a rolling window to ensure that the
instantaneous current supplying capability of the device is not exceeded. To reflect the short term current
supply capability, the parameter traw (four activate window) is defined: no more than 4 banks may be
activated in a rolling traw window. Converting to clocks is done by dividing traw (ns) by tck (ns) and

rounding up to next integer value. As an example of the rolling window, if (trFAw/tck) rounds up to 25
clocks, and an ACTIVATE command is issued at clock TO, no more than three further ACTIVATE
commands may be issued at clocks T1 through T24 as illustrated in Figure 19.

CKe -

CK_t

R[Q:O]( ( ( ACT

NOTE 1 trrD = trrDS Or trrDL, depending on accessed banks.
NOTE 2 Refer to the “REFRESH and PER-BANK REFRESH Command Scheduling Requirements” table for timing
restrictions between all combinations of ACTIVATE and PER-BANK REFRESH commands.

Figure 19 — Multiple Bank Activations

6.3.2.3 PRECHARGE (PREpb) and PRECHARGE ALL (PREab) Commands

The PRECHARGE (PREpb) and PRECHARGE ALL (PREab) commands are half-cycle commands
received on the row command inputs R[9:0] and latched either with the rising or with the falling CK clock
edge as shown in Figure 20 and Figure 21. The commands are used to deactivate the open row in a
particular bank (PREpb) or the open rows in all banks (PREab). The bank(s) will be in idle state and
available for a subsequent row access a specified time trp after the PRECHARGE command is issued.

The fact that both are half-cycle commands and defined on both the rising and the falling CK clock edges
allows to issue one PREpb or PREab command on the rising CK clock edge and a second PREpb or
PREab command on the falling CK clock edge of the same cycle and thus deactivate the open row in two
different banks or even all banks in both pseudo channels within a single clock cycle, provided the tppp
timing has been met. It is pointed out that the tgp timing is always referenced from the CK clock edge on
which the PREpb or PREab command is issued.

Parity is evaluated with the PRECHARGE and PRECHARGE ALL commands when the parity
calculation is enabled in MRO OP6.
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6.3.2.3 PRECHARGE (PREpb) and PRECHARGE ALL (PREab) Commands (cont’d)

NOTE 1 BA =Bank Address; PC = Pseudo Channel 0 or 1; SID = Stack ID; V = Valid (H or L)
Figure 20 — PRECHARGE (PREpb) Command

R3 PC R3 PC

R[9:4] R[9:4]

NOTE 1 BA = Bank Address; PC = Pseudo Channel 0 or 1; SID = Stack ID; V = Valid (H or L)
Figure 21 — PRECHARGE ALL (PREab) Command

Input R2 determines whether one or all banks are to be precharged. In case where only one bank is to be
precharged, bank addresses {SID[1:0], BA[3:0]} select the bank. Otherwise the bank addresses are
treated as “Don’t Care”.

Once a bank has been precharged, it is in the idle state and must be activated prior to any READ or
WRITE command being issued to that bank. A PRECHARGE command is allowed if there is no open
row in that bank (idle state), or if the previously open row is already in the process of precharging.
However, the precharge period shall be determined by the most recent PRECHARGE command issued to
the bank.
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6.3.2.3.1 AUTO PRECHARGE

Auto Precharge is a feature which performs the same individual-bank precharge function described in
Figures 20 and 21, but without requiring an explicit PRECHARGE command. Auto Precharge is
nonpersistent meaning that it is enabled or disabled along for each individual READ or WRITE
command.

For read bursts an auto precharge of the bank and row that is addressed with the READ command begins
RTP clock cycles after the READ command was issued or after RAS has been met, with RTP as
programmed in clock cycles in MR6 OP[3:0] and RAS as programmed in clock cycles in the RAS field of
Mode Register MR4 OP[7:0].

For write bursts an auto precharge of the bank and row that is addressed with the WRITE command
begins (WL + 2 + WR) clock cycles after the WRITE command was issued or after RAS has been met,
with WR as programmed in clock cycles in MR3 OP[7:0] and RAS as programmed in clock cycles in
MR4 OP[7:0].

Auto Precharge ensures that the precharge is initiated at the earliest valid stage within a burst. The user
must not issue another command to the same bank until the precharge (trp) is completed. This is
determined as if an explicit PRECHARGE command was issued at the earliest possible time, as described
for READ or WRITE commands. A precharge resulting from a READ or WRITE with Auto Precharge
may occur in parallel with an explicit PRECHARGE (or PRECHARGE ALL) command. It is pointed out
that an auto precharge is internally always issued with a rising CK clock edge, while explicit
PRECHARGE (or PRECHARGE ALL) commands are supported on both clock edges.
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6.3.2.3.1 AUTO PRECHARGE (cont’d)

Filed 05/19/25

Table 33 — Precharge and Auto Precharge Timings

Page 59 of 271 PagelD #: 99

From To Command Minimum Delay Between Unit Note
Command “From Command”
to “To Command”
READ PRECHARGE (same bank) trRTP nCK
PRECHARGE (different bank) 0 nCK | 4
PRECHARGE ALL trRTP nCK
WRITE or WRITE w/ AP (any bank) tRTW ns
READ or READ w/ AP (any bank) tcep nCK |5
READ with AP | PRECHARGE ALL trRTP nCK
PRECHARGE (different bank) 0 nCK | 4
ACTIVATE or PER BANK REFRESH RTP + RU(trp/tck) nCK | 2,8
(same bank)
WRITE or WRITE w/ AP (same bank) Tllegal
WRITE or WRITE w/ AP (different bank) tRTW ns
READ or READ w/ AP (same bank) Illegal
READ or READ w/ AP (different bank) tcep nCK |5
WRITE PRECHARGE (same bank) WL + 2 + RU(twr/tck) nCK | 2,6
PRECHARGE (different bank) 0 nCK | 4
PRECHARGE ALL WL + 2 + RU(twr/tck) nCK | 2,6
WRITE or WRITE w/ AP (any bank) tcep nCK |5
READ w/ AP (same bank) WL + 2 + MAX[RU(twr/tck) — trTp, nCK | 2,6,7
twTR]
READ (same bank) WL + 2 + twrr nCK | 6,7
READ or READ w/ AP (different bank) WL + 2 + twrr nCK | 6,7
WRITE with PRECHARGE ALL WL + 2 + RU(twr/tck) nCK | 2,6
AP PRECHARGE (different bank) 0 nCK | 4
ACTIVATE or PER BANK REFRESH WL + 2 + WR + RU(tre/tck) nCK | 2,6,8
(same bank)
WRITE or WRITE w/ AP (same bank) Illegal
WRITE or WRITE w/ AP (different bank) tcep nCK |5
READ or READ w/ AP (same bank) Illegal
READ or READ w/ AP (different bank) WL + 2 + twrr nCK | 6,7
PRECHARGE PRECHARGE (any bank) tpPD nCK
PRECHARGE ALL tpPD nCK

PRECHARGE PRECHARGE or PRECHARGE ALL tpPD nCK

ALL

NOTE 1 A command issued during the minimum delay time is illegal.

NOTE 2 RU = round up to next integer.

NOTE 3 A PRECHARGE command is allowed if there is no open row in that bank (idle state), or if the previously open row is
already in the process of precharging. However, the precharge period shall be determined by the most recent
PRECHARGE command issued to the bank.

NOTE 4 READ or WRITE and PRECHARGE commands may be issued simultaneously.

NOTE 5 tcep could either be tceps or teepr; for READs, tcep could also be tcepr.

NOTE 6 WL = write latency.

NOTE 7 twrr could either be twrrs or twTrL.

NOTE 8 Even if trp is satisfied from PREab command, trp generated from previous WRA or RDA (Write or Read with Auto-

precharge) should also be satisfied.
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6.3.2.4 Rounding Rules for Row Access Timings

The HBM3 DRAM allows the PRECHARGE (PREpb) and PRECHARGE ALL (PREab) commands to
be issued on both rising and falling CK clock edges, as e.g., illustrated in the Bank and Row Activation
Command Cycle figure. To let a system take advantage of this flexibility in command scheduling, it is
required to adapt the rounding rules for related row access timings

Traditionally, basic row access timings are converted into clock cycles using the formula NXX =
RU(XX/tCK), with XX representing either RAS, RTP, WR or RP parameters. This formula rounds the
analog timings up to the next integer such that the subsequent command can be issued on the next rising
clock edge that meets the analog value.

For HBM3 DRAM, this formula is replaced by NXX = 0.5 x RU(2 x tXX/tCK), which rounds analog
timings to the next rising or following clock edge that meets the analog value. The result may be the same
as with the traditional formula, or 0.5nCK less. The formula may be applied to row timings tRAS, tRTP,
tWR and tRP, only. If rounding the tRP timing results in a falling edge as the command slot for a
subsequent row access command, it is required to add 0.5nCK to the result because all such row
commands following a row precharge can be issued on a rising clock edge only.

Examples:

* tRAS =33 ns, tCK =0.7 ns; NRAS = 0.5 x RU(2 x tRAS/tCK) = 0.5 x RU(2 x 33/0.7) = 0.5 x
RU(94.29) = 47.5. Conclusion: When the ACTIVATE command was issued at T0, the earliest
possible slot for a PRECHARGE command is at T47.5 (falling clock edge).

* tRP=15ns, tCK=0.7 ns; NRP = 0.5 x RU(2 x tRP/tCK) = 0.5 x RU(2 x 15/0.7) = 0.5 x RU(42.85)
=21.5. Conclusion: When the PRECHARGE command was issued at TO (rising edge), the earliest
possible slot for a subsequent ACTIVATE command is at T22, because the falling edge at T21.5 is
not supported for an ACTIVATE command and 0.5nCK must be added to the result. However, when
the PRECHARGE command was issued at T0.5 (falling edge), the earliest possible slot for a
subsequent ACTIVATE command is again at T2.
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6.3.2.5 REFRESH Command (REFab)

The (all-bank) REFRESH command is used during normal operation of the HBM3 device. The command
is a half-cycle command received on the row command inputs R[9:0] and latched with the rising CK
clock edge as shown in Figure 22. The command must be followed either by RNOP, PRECHARGE or
PRECHARGE ALL on the falling CK clock edge of the same cycle. Note that PRECHARGE and
PRECHARGE ALL commands in this case must be for the other pseudo channel and the timing
requirements for issuing these commands must be met. The REFRESH command also requires a CNOP
command on the column command inputs C[7:0], unless the column command is for the other pseudo
channel.

Parity is evaluated with the REFRESH command when the parity calculation is enabled in the Mode
Register.

NOTE 1 PC =Pseudo Channel 0 or 1; V = Valid (Hor L)
Figure 22 — REFRESH Command (REFab)

The REFRESH command is nonpersistent, so it must be issued each time a refresh is required. A
minimum time trrcas is required between two REFRESH commands or a REFRESH command and any
subsequent access command after the refresh operation. All banks must be precharged with trp-satisfied
prior to the REFRESH command. The banks are in idle state after completion of the REFRESH
command.

The refresh addressing is generated by an internal refresh controller. This makes the address bits “Don’t
Care” during a REFRESH command.
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6.3.2.5 REFRESH Command (REFab) (cont’d)

tRFCab tRFCab RP

tREFI (max. 9 x tREFI)

&

NOTE I Only RNOP and CNOP commands are allowed after a REFRESH command until trrcab has expired.
NOTE 2 The maximum time interval between two REFRESH commands is 9 X trer1.

Figure 23 — REFRESH Cycle

The HBM3 DRAM requires REFab cycles at an average periodic interval of treri(MAX). To allow for
improved efficiency in scheduling and switching between tasks, some flexibility in the absolute refresh
interval is provided. A maximum of eight REFRESH commands can be postponed during operation of the
device, meaning that at no point in time more than a total of eight REFRESH commands are allowed to be
postponed. In case that eight REFRESH commands are postponed in a row, the resulting maximum
interval between the surrounding REFRESH commands is limited to 9 X trgrr (see Figure 24). At any
given time, a maximum of 9 REFRESH commands can be issued within trgr.

This flexibility to postpone refresh commands also extends to REFpb commands (see REFpb). The
maximum interval between refreshes to a particular bank is limited to 9 X trerr. At any given time, a
maximum of 9 REFpb commands to a particular bank can be issued within trgr.

— | | ||||||||| | | |
-t

3 postponad R_EFR_ESH comma.td;

a
L J

Figure 24 — Postponing Refresh Commands (Example)

Self refresh mode may be entered with a maximum of eight REFRESH commands being postponed. After
exiting self refresh mode with one or more REFRESH commands postponed, additional REFRESH
commands may be postponed to the extent that the total number of postponed REFRESH commands
(before and after the self refresh) will never exceed eight. During self refresh mode, the number of
postponed REFRESH commands does not change.
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6.3.2.6 PER-BANK REFRESH Command (REFpb)

The PER-BANK REFRESH command (REFpb) provides an alternative solution for the refresh of the
HBM3 device. The command initiates a refresh cycle on a single bank while accesses to other banks
including writes and reads are not affected. PER-BANK REFRESH is a half-cycle command received on
the row command inputs R[9:0] and latched with the rising CK clock edge as shown in Figure 25. The
command must be followed either by RNOP, PRECHARGE or PRECHARGE ALL on the falling CK
clock edge of the same cycle. Note that a PRECHARGE ALL must be for the other pseudo channel. A
PRECHARGE command could be to any bank in the other pseudo channel as well as to a different bank
in the same pseudo channel. In all cases the timing requirements for issuing these commands must be met.

Parity is evaluated with the PER-BANK REFRESH command when the parity calculation is enabled in
the Mode Register.

CK ¢ e [ ——
CKt — M

NOTE 1 BA = Bank Address; PC = Pseudo Channel 0 or 1; SID = Stack ID; V = Valid (H or L)

Figure 25 — Per-Bank Refresh Command (REFpb)

The PER-BANK REFRESH command is nonpersistent, so it must be issued each time a refresh is
required. A minimum time trrp is required between an ACTIVATE command and a PER-BANK
REFRESH command to a different bank. A minimum time trrerp is required between any two PER-
BANK REFRESH commands (see below for an exception requiring trrcpb), and between a PER-BANK
REFRESH command and an ACTIVATE command to a different bank as shown in Figure 26. A
minimum time trrcpy 1s required between a PER-BANK REFRESH command and an access command to
the same bank that follows. The bank to be refreshed must be precharged with trp satisfied prior to the
PER-BANK REFRESH command. The bank is in idle state after completion of the PER-BANK
REFRESH command.
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6.3.2.6 PER-BANK REFRESH Command (REFpb) (cont’d)

CK_ .: - -
C K ' - X@ —_ RE—
R[o: 0](ACTIVATE BAx. RAaX J EF E ﬁsz U_XACTWME BAs RAb{
* o

ACTIVATE BAz, RA;:}{:

[

|ﬁ. #RD e BREED {RREFD > ‘
=), < RECpb >

NOTE 1 BAnX,y,z=bank address n,x,y,z; RAa,b,c = row address a,b,c.
NOTE 2  trrp timing must be met between ACTIVATE commands and REFpb commands to different banks.
NOTE 3 trrerp timing must be met between consecutive REFpb commands to different banks, and between a
REFpb command followed by an ACTIVATE command to the different bank.
NOTE 4  trrcpb timing must be met between a REFpb command followed by an ACTIVATE command to the same bank.

Figure 26 — Per-Bank Refresh Command Cycle

The row address for each bank is provided by internal refresh counters. This makes the row address bits
“Don’t Care” during PER-BANK REFRESH commands.

Rules for issuing PER-BANK REFRESH commands to the banks apply to each SID individually. A PER-
BANK REFRESH command to one of the 16 banks per SID can be issued in any order. After all banks
within an SID have been refreshed using the PER-BANK REFRESH command and after waiting for at
least tRFCpb, the controller can issue another set of PER-BANK REFRESH commands in the same or
different order. However, it is illegal to send another PER-BANK REFRESH command to a bank unless
all banks within an SID have been refreshed using the PER-BANK REFRESH command. The controller
must track the bank being refreshed by the PER-BANK REFRESH command.

A PER-BANK REFRESH command and/or REFRESH MANAGEMENT command must not be issued
during trrcps succeeding the last PER-BANK REFRESH (REFpb #N) of a single cycle as shown in Figure
27.

The bank count is synchronized between the controller and the HBM3 DRAM by resetting the bank count
to zero. Synchronization can occur upon exit from reset state or by issuing a REFRESH or SELF
REFRESH ENTRY command. Both commands may be issued at any time even if a preceding sequence
of PER-BANK REFRESH commands has not completed cycling through all banks.

_( REpr REpr 2 REFpb 22 RFVph N REFpb )] REFpb| )| [REFpbl )
Bagk x Bapk v Bapk x N ( a w2 g (
. tRREFD {RREFD _,' {RREFD tRREFD tRFCpb tRREFD |
{RFCpb
L A A
Y Y Y
First set of N REFpb ¢ ds w/ RFMpb c d(s) REFpb/RFMpb commands must not be issued Nest set of N REFph commands

Figure 27 — Sets of Per-Bank Refresh Commands
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6.3.2.6 PER-BANK REFRESH Command (REFpb) (cont’d)

The average rate of PER-BANK REFRESH commands tREFIpb depends on the bank count N and can be
calculated by the following formula:

tREFIpb = tREFI/N

The example in Table 34 (for HBM3 configurations with 16 banks) shows two full sets of REFpb
commands with the bank counter reset to 0 and the refresh counter incremented after 16 REFpb
commands each. The third set of REFpb commands is interrupted by the REFab command which resets
the bank counter to 0 and performs refreshes to all banks indicated by the refresh counter.

Table 34 — Refresh Counter Increments (Example for HBM3 Configurations with 16 Banks)

Count Sub- Command Bank Address Refresh Bank Refresh
Count Bank Counter Counter

0 0 Reset REFRESH or SELF REFRESH ENTRY command To 0

1 1 REFpb 000 0 Otol n
2 2 REFpb 0001 1 1to2

3 3 REFpb 0010 2 2t03

4 4 REFpb 0011 3 3to4

15 15 REFpb 1110 14 14to 15

16 16 REFpb 1111 15 15t0 0

17 1 REFpb 0100 4 Otol n+1
18 2 REFpb 0111 7 1to2

19 3 REFpb 1011 11 2t03

20 4 REFpb 0110 6 3t04

31 15 REFpb 1100 12 14to 15

32 16 REFpb 0001 1 15t0 0

33 1 REFpb 0010 2 Oto1 n+2
34 2 REFpb 1001 9 1to2

35 3 REFpb 0000 0 2t03

36 0 REFab A% all To 0 n+2
37 1 REFpb 1010 10 Otol n+3
38 2 REFpb 0101 5 1to2
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6.3.2.6 PER-BANK REFRESH Command (REFpb) (cont’d)
Table 35 — Refresh and Per-Bank Refresh Command Scheduling Requirements
From Command To Command Minimum Delay Between “From Note
Command” to “To Command”
REFRESH REFRESH tRFCab
PER-BANK REFRESH (any bank) tRFCab
REFRESH MANAGEMENT tRFCab
PER-BANK REFRESH MANAGEMENT tRFCab
(any bank)
ACTIVATE tRFCab
PER-BANK REFRESH tRECpb
REFRESH PER-BANK REFRESH (different bank) tRREFD
PER-BANK REFRESH (any bank) tRECpb 3
REFRESH MANAGEMENT tRECpb
PER-BANK REFRESH MANAGEMENT tRREFD
(different bank)
PER-BANK REFRESH MANAGEMENT trRFCpb 4
(any bank)
ACTIVATE (same bank) tRECPb
ACTIVATE (different bank) tRREFD 1
REFRESH REFRESH tRFCab
MANAGEMENT | PER-BANK REFRESH (any bank) tRFCab
REFRESH MANAGEMENT tRFCab
PER-BANK REFRESH MANAGEMENT tRFCab
(any bank)
ACTIVATE tRFCab
PER-BANK REFRESH tRECpb
REFRESH PER-BANK REFRESH (same bank) tRECpb
MANAGEMENT | PER-BANK REFRESH (different bank) tRREFD
REFRESH MANAGEMENT tRECpb
PER-BANK REFRESH MANAGEMENT tRECpb
(same bank)
PER-BANK REFRESH MANAGEMENT tRREFD
(different bank)
ACTIVATE (same bank) tRFCpb
ACTIVEATE (different bank) tRREFD 1
ACTIVATE REFRESH tre 2
PER-BANK REFRESH (same bank) trc 2
PER-BANK REFRESH (different bank) tRRD 1
REFRESH MANAGEMENT tre 2
PER-BANK REFRESH MANAGEMENT tre 2
(same bank)
PER-BANK REFRESH MANAGEMENT trRRD 1

(different bank)

NOTE 1 traw parameter must be observed as well.

NOTE 2 A bank must be in the idle state with tRP satisfied before it is refreshed.

NOTE 3 trrcpb parameter must be observed when the first REFpb command completes a set of 16 per-bank refresh
operations within an SID and the second REFpb command initiates the next set of 16 per-bank refresh operations
within an SID.

NOTE 4 trrcpb parameter must be observed when the REFpb command completes a set of 16 per-bank refresh operations

within an SID and the following RFMpb command operations.
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6.3.2.7 Refresh Management (RFM)

Periods of high DRAM activity may require additional refresh commands to protect the integrity of the
stored data. The requirement for additional Refresh Management (RFM) is indicated in the RFM field of
the DEVICE ID WDR (see Table 120): RFM = 0 indicates that no additional refresh is needed beyond
the refreshes specified in the REFRESH clause of the standard; RFM = 1 indicates additional DRAM
refresh management is required.

A suggested implementation of refresh management by the controller monitors ACTIVATE commands
issued per bank to the device. This activity can be monitored as a rolling accumulated ACTIVATE
(RAA) count. Each ACTIVATE command will increment the RAA count by 1 for the individual bank
receiving the ACTIVATE command.

When the RAA count reaches a DRAM vendor specified Initial Management Threshold (RAAIMT),
which is indicated by the HBM3 DRAM in the RAAIMT field of the DEVICE ID WDR (see Table 120),
additional refresh management is needed. Executing a refresh management command allows additional
time for the HBM3 DRAM to manage refresh internally. The RFM operation can be initiated to all banks
with the (all-bank) REFRESH MANAGEMENT (RFMab) command, or to a single bank with the PER-
BANK REFRESH MANAGEMENT (RFMpb) command.

The encoding of RFM related commands RFMab and RFMpb is shown in Figure 28. Both half-cycle
commands are received on the R[9:0] inputs and latched with the rising CK clock edge. They must be
followed either by RNOP, PRECHARGE or PRECHARGE ALL on the falling CK clock edge of the
same cycle. Note that a PRECHARGE ALL must be for the other pseudo channel. In case of a PER-
BANK REFRESH MANAGEMENT command a PRECHARGE command could be to any bank in the
other pseudo channel as well as to a different bank in the same pseudo channel. In all cases the timing
requirements for issuing these commands must be met.

An HBM3 DRAM not requiring refresh management will ignore RFMab and RFMpb commands and
execute an RNOP command instead.

CKc ———\——
CK t -——
R[1:0] 7 \Z
R2 7 425:
R3 77X PC X7
R[74] 7KV X7
RS /@f/ \{//;
s i
RO v v //'

RFMab Command RFMpb Command

NOTE 1 BA = Bank Address; PC = Pseudo Channel 0 or 1; SID = Stack ID; V = Valid (H or L)

Figure 28 — Refresh Management (RFMab) and Per-Bank Refresh Management (RFMpb)
Commands
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6.3.2.7 Refresh Management (RFM) (cont’d)

The RFMab and RFMpb command scheduling shall meet the same minimum separation requirements as
those for the REFab and REFpb commands, respectively (see REFRESH Command (REFab) and PER-
BANK REFERSH Command (REFpb) clause). The RFMab command period is the same as the REFab
command period (trrcan), and the REMpb command period is the same as the REFpb command period
(trrcpb)- The requirement for REFpb commands to be issued to all banks in a rolling fashion does not
apply to RFMpb commands.

A PER-BANK REFRESH command and/or REFRESH MANAGEMENT command must not be issued
during trrcps succeeding the last PER-BANK REFRESH (REFpb #N) of a single cycle as shown in Figure
26.

When an RFM command is issued to the HBM3 DRAM, the RAA counter in any bank receiving the
command can be decremented by the RAAIMT value, down to a minimum RAA value of 0 (no negative
or “pull-in” of RFM commands is allowed). Issuing an RFMab command allows the RAA count in all
banks to be decremented by the RAAIMT value. Issuing an RFMpb command allows the RAA count
only in the bank selected by {SID[1:0], BA[3:0]} to be decremented by the RAAIMT value.

RFM commands are allowed to accumulate or “postpone”, but the RAA counter shall never exceed a
vendor specified RAA Maximum Management Threshold (RAAMMT), which is indicated by the HBM3
DRAM in the RAAMMT field of the DEVICE ID WDR (see Table 120). If the RAA counter reaches
RAAMMT, no additional ACTIVATE commands are allowed to the bank until one or more REF or RFM
commands have been issued to reduce the RAA counter below the maximum value.

An RFM command does not replace the requirement for the controller to issue periodic REF commands
to the HBM3 DRAM, nor does an RFM command affect internal refresh counters. The RFM commands
are bonus time for the HBM3 DRAM to manage refresh internally. However, issuing a REF command
also allows decrementing the RAA counter by a value indicated the RAA_CNT_DEC field of the
DEVICE ID WDR (see Table 120). Hence, any periodic REF command issued to the HBM3 DRAM
allows the RAA counter of the banks being refreshed to be decremented by that value. Issuing an REFab
command allows the RAA count in all banks to be decremented by that value. Issuing an REFpb
command allows the RAA count only in the bank selected by {SID[1:0], BA[3:0]} to be decremented by
that value.

The per-bank RAA count values may be reset to 0 when the HBM3 DRAM is held in self refresh for at
least traasrr time. No decrement to the per-bank RAA count values is allowed for entering or exiting self
refresh and when the HBM3 DRAM is held in self refresh for less than traasrr time.

Samsung Electronics Co., Ltd.
Ex. 1084, p. 93



Case 2:25-cv-00552 Document 1-5 Filed 05/19/25 Page 69 of 271 PagelD #: 109

JEDEC Standard No. 238A
Page 54

6.3.2.8 Adaptive Refresh Management (ARFM)

HBM3 DRAMs optionally support a refresh management mode called Adaptive Refresh Management
(ARFM). The HBM3 DRAM indicates the support of ARFM via the ARFM bit in the [IEEE1500
DEVICE _ID WDR. Since RFM related parameters RAAIMT, RAAMMT and RAADEC are read-only,
the ARFM mode allows the controller flexibility to choose additional (lower) RFM threshold settings
called “RFM Levels”. The RFM levels permit alignment of the controller-issued RFM commands with
the DRAM internal management of these commands. MR8 OP[5:4] select the RFM level as shown in
Table 36.

Table 36 — Mode Register Definition for Adaptive RFM Levels

MRS RFM RFM RAAIMT RAAMMT RAA Decrement per Notes
OP[5:4] Level Requirement REF Command
00 Default Default RAAIMT RAAMMT RAADEC 1
01 Level A | RFMisrequired | RAAIMT A | RAAMMT A RAADEC A
10 Level B | RFM isrequired | RAAIMT B | RAAMMT B RAADEC B
11 Level C | RFM isrequired | RAAIMT C | RAAMMT C RAADEC C

NOTE1 RAAIMT, RAAMMT and RAADEC values are set by DRAM vendor in the [EEE1500 DEVICE ID WDR.

The Adaptive RFM mode inherits the RAA counting and decrement attributes of the standard RFM mode,
while using the alternate RAAIMT, RAAMMT and RAADEC values for the selected RFM level.
Increasing the RFM level results in increased need for RFM commands. Level C is highest RFM level.
The alternate RAAIMT, RAAMMT and RAADEC values for RFM level A to C can be retrieved from the
corresponding fields of the IEEE1500 DEVICE ID WDR.

Setting the bits in MR8 OP[5:4] to something other than the default "00" will select one of the RFM
levels A, B or C. The host shall decrement the Rolling Accumulated ACT (RAA) count to 0, either with
RFM or pending REF commands, prior to making a change to the ARFM level.

It is required to set the same RFM level on all channels of the HBM3 DRAM.

Adaptive RFM also allows an HBM3 DRAM shipped with 'RFM not required' (RFM bit in IEEE1500
DEVICE ID WDR = 0) to override that initial setting and enable RFM by programming a non-default
ARFM level. The HBM3 DRAM internally manages the change to treat the RFM command as an RFM
command in this special override case as shown in Table 37.
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6.3.2.7 Adaptive Refresh Management (ARFM) (cont’d)
Table 37 — RFM Commands Perceived by HBM3 DRAM
Command Bit in DEVICE_ID WDR RFM Level Command Perceived | Notes
RFM ARFM MRS OP[5:4] by HBM3 DRAM
RFMab / 0 0 00 RNOP
RFMpb RFM not required ARFM not supported
P ( a a pp ) 01,10 0r 11 Illegal |
1 (ARFM supported) 00 RNOP
01,10 0r 11 RFMab / RFMpb 2
1 (RFM required) 0 00 RFMab / RFMpb
(ARFM not supported)
01,10 0r 11 [llegal 1
1 (ARFM supported) 00,01, 10 or 11 RFMab / RFMpb

NOTE 1 These cases are marked as ‘Illegal’ because HBM3 DRAMSs not supporting Adaptive RFM do not support the
selection of an ARFM level via MR8 OP[:4] and therefore define these bits as RFU which implies that the only
supported setting for these bits is 00.

NOTE 2 Adaptive RFM enables an HBM3 DRAM shipped with RFM = 0 (RFM not required) to override the initial setting
and enable Adaptive RFM by programming a non-default RFM level.
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6.3.3 Column Commands

The column commands consist of CNOP, Read, Read with Auto Precharge, Write, Write with Auto
Precharge, MRS. The column commands utilize C[7:0] inputs. All column commands are transmitted in a
single clock cycle.

6.3.3.1 Column No Operation (CNOP)

The COLUMN NO OPERATION (CNOP) command is a 1-cycle command as shown in Figure 29 and is
used to instruct the HBM3 DRAM to perform a NOP as the column command; this prevents unwanted
column commands from being registered during idle or wait states. Operations already in progress are not
affected.

Parity is evaluated with the CNOP command when the parity calculation is enabled in the Mode Register.

CNOP is assumed for the C[7:0] inputs on subsequent timing diagrams unless other column commands
are explicitly shown.

V=Valid(HorL) [[]Don't Care

Figure 29 — CNOP Command
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6.3.3.2 Read Command (RD, RDA)

A read burst is initiated with a READ command; READ is an one-cycle command received on the
column command inputs C[7:0] and latched with the rising and falling CK clock edges as shown in
Figure 30. The bank, PC, SID and column addresses are provided with the READ command and auto

precharge is either enabled or disabled for that access.

Parity is evaluated with the READ command when CA parity is enabled in the Mode Register.

High

Z
%
ig

ST

S
slele
elelale

DIS

0
=

C[5:6]

c7

NOTE 1 BA =Bank Address; CA = Column Address; SID = Stack ID; PC = Pseudo Channel 0 or 1;
NOTE 2 EN AP = Enable Auto Precharge; DIS AP = Disable Auto Precharge

Figure 30 — READ Command

The length of the burst initiated with a READ command is eight. The column address is unique for the
burst eight. There is no interruption nor truncation of read bursts.

The read latency (RL) is defined from the rising CK edge on which the READ command is issued to the
rising CK edge from which the tposs delay is measured, and the RL field of MR2 OP[7:0] (see Table 13).
The first valid data is available RL X tck + tposs + twpes2pg o + tbesq after the rising CK edge when the
READ command was issued.

The write strobe(WDQS) is the source to trigger read data (DQ, DBI, ECC, SEV) and the read data
strobe. The output drivers are enabled and begin driving either HIGH or LOW nominally two RDQS
pulses (odd bytes) and one RDQS pulses (even bytes) prior to the first valid data bit. Bus pre-condition is
Low regardless of RDBI enabled and disabled modes on a first READ command.

The output drivers will drive Hi-Z nominally one-half of RDQS pulse or less after the completion of the
burst provided no other READ command has been issued.
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6.3.3.2 Read Command (RD, RDA) (cont’d)

The write data strobe should be provided with a fixed four-pulse preamble and fixed two-pulse postamble
before The read data strobe start to toggle because RDQS is generated from WDQS. The first WDQS
edge occurs (RL-2) X tck + tpgss. The read data strobe provides a fixed two-pulse preamble and fixed two-
pulse postamble; the first RDQS edge occurs (RL-1) x tck + tposs + twpgs2pg o after the rising CK edge
when the READ command was issued. The first data bit of the read burst is synchronized with the third
rising edge of the RDQS strobe. Each subsequent data-out is edge-aligned with the data strobe. Timings
for the data strobe are measured relative to the cross point of RDQS t and its complement, RDQS c.

6.3.3.2.1 Clock to Write Data Strobe Timings
The Write Data Strobe(WDQS) to Clock(CK) relationship is shown in Figure 31. Related parameters:

*  tposs(min/max) describes the allowed range for rising or falling WDQS edge relative to CK.
*  tpgss is the actual position of a WDQS edge relative to CK.

*  twosu describes the WDQS HIGH pulse width

*  twost describes the WDQS LOW pulse width

6.3.3.2.2 Write Data Strobe and Data Out Timings

The Write Data Strobe to Read Data Strobe(RDQS) relationship is shown in Figure 31. Related
parameters:

*  twpos2po o(min/max) describes the allowed range for a rising or falling RDQS edge relative to
WDQS.

*  twpos2po o is the actual position of a RDQS edge relative to WDQS.

*  tosu describes the RDQS HIGH pulse width.

*  tos describes the RDQS LOW pulse width.

* trz(min/max) describe the allowed range for the data output Hi-Z to low impedance transition relative
to WDQS.

*  tuz(min/max) describe the allowed range for the data output low impedance to Hi-Z transition relative
to WDQS.

6.3.3.2.3 Read Data Strobe and Data Out Timings

The Read Data Strobe(RDQS) to Data Out(DQ, ECC, SEV, DBI) relationship is shown in Figure 31.
Related parameters:

¢ tDQSQ describes the latest valid transition of any associated DQ or ECC or SEV or DBI pin for both
rising and falling RDQS edges.

*  tQH describes the earliest invalid transition of any associated DQ or ECC or SEV or DBI pin for both
rising and falling RDQS edges.

*  tQW describes the valid data output window of any associated DQ or ECC or SEV or DBI pin for
both rising and falling RDQS edges.

*  tDQ2DQ describes Read DQ to DQ skew of any associated DQ or ECC or SEV or DBI pin for both
rising and falling RDQS edges.
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6.3.3.2.3 Read Data Strobe and Data Out Timings (cont’d)
'I'_GJ T1 '[:4 Ts 'I'_ﬁ T7 'I'_H 'I'If? I'1a
CK ¢ - P oo PR gmmm P : e
ol G G G G 0 G/ B U0 /0 U U 4 O 0 8

(-Ummand( ;{EAD ): ):j(

O

RLZO  tWDQS2DQ O
| tWPRE2 i tWPST2
WDQS ¢ ========mmmmmmm ] ;
(mominal tDOSS)
WDQS t ; ; :
{RPRE i i IRPST
(WDQS2DQ O e— RCLLBL |
RDQS ¢ ========s=mrmrmsmefinmemdm e T d I . L
RDQS t : \_: E1_ ri
- (DQSQ —»; = i
‘M’ H i i v HlHZ(max‘J
DATA LEALLING QO R - = (HZ(min)
(Ddd Bytes) i D - ™ g

{last data valid)

(first data no
longer valid)
{all ouiputs
collectively in
DWORD)
DATA
(Even Bytes)
(last data valid)
{first data no
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DWORD)

NOTE 1
NOTE 2
NOTE 3
NOTE 4

NOTE 5
NOTE 6

[E] Don't Care

twpQs2pQ_o may span multiple clock periods.

A burst length of 8 is shown.

Early/late data transition of a DQ or SEV or ECC or DBI can vary within a burst.

Da...a+7 = data-out for READ command a.

D = last data-out from previous READ command (not if first READ after reset, MRS, self refresh or write-to-read).
twere2 = Read preamble for WDQS, twest2 = Read postamble for WDQS

trere = Read preamble for RDQS, trest = Read postamble for RDQS

Figure 31 — Clock to RDQS and Data Out Timings
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6.3.3.2.4 Read Operation

Single read bursts are shown in Figure 32 for BL=S.

CK ¢ -
CK t

Column
Command

Column
Address

WDQS ¢
WDQS t

RDQS ¢
RDQS t

0Odd Bytes
Data

Even Bytes
Data

NOTE 1 BAXx = bank address x; CAa = column address a.
NOTE 2 RL = 6 is shown as an example.
NOTE 3 DATA =DQJ[31:0]. DBI[3:0], ECC[1:0]. SEV[1:0] for P C0, and DQ[63:32], DBI[7:4],ECC[3:2]. SEV[3:2] for PC1.
WDQS t/ ¢ is WDQSO0_t/ ¢ for PCO, and WDQS1_t/_c for PC1.
RDQS t/ ¢ is RDQSO0_t/_c for PCO, and RDQS1 _t/ ¢ for PC1.
NOTE 4 Da...a+7 = data-out for READ command a.
D = last data-out from previous READ command (not if first REA D after reset, MRS, self refresh or write-to-read).
NOTE 5 twpgs2pq o = 0 and nominal tow is shown for illustration purposes.
NOTE 6 RDBI could be on or off and is controlled with MRO OPO.

Figure 32 — Single Read Burst with BL=8
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6.3.3.2.4 Read Operation (cont’d)

Data from any read burst may be concatenated with data from a subsequent READ command. A
continuous flow of data can be maintained as shown in Figure 33. The first data element from the new
burst follows the last element of a completed burst. The new READ command should be issued after the
previous READ command according to the tcep timing. If that READ command is to another idle bank
then an ACTIVATE command must precede the READ command and trcprp also must be met.

CK ¢ i
CK t

e []DEXT ] mﬂﬂ T

TO T1 T2 T3 T4 T5 To6 T7 T8 T2 T10 TI11

il IIIIIIIIII L J(:X HEREE
Address |CAaj .. CabfCAD -
WDQS ¢ :
WDQS t
RDQS ¢
RDQS t
Odd Bytes b
Data
Even Bytes [ D
Data i i H \
NOTE 1 BAXx = bank address x; CAa,b = column address a,b.
NOTE 2 RL = 6 is shown as an example.
NOTE 3 DATA =DQ[31:0]. DBI[3:0], ECC[1:0]. SEV[1:0] for PC0, and DQ[63:32], DBI[7:4],ECC[3:2]. SEV[3:2] for PCI.
WDQS t/ c¢is WDQSO0 t/ ¢ for PC0O, and WDQS1 t/ ¢ for PCI.
RDQS t/ ¢ is RDQSO0_t/_c for PCO, and RDQS1 _t/ ¢ for PC1.
NOTE 4 Da,Da+1..Da+7,Db,Db+1..Db+7 = output data for READ commands a,b.
D = last data-out from previous READ command (not if first READ after reset, MRS, self refresh or write-to-read).
NOTE 5 twbpqgs2pq o = 0 and nominal tqw is shown for illustration purposes.
NOTE 6 RDBI could be on or off and is controlled with MR0O OPO.

Figure 33 — Seamless Read Bursts with BL=8
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6.3.3.2.4 Read Operation (cont’d)

Examples of non-seamless read bursts are shown in Figure 34 for tccp=3 and Figure 35 for tccp=4. The
RDQS pulse at clock edge T8 in Figure 34 represents the read postamble of the first read burst as well as
the read preamble of the second read burst. The chosen tccp value leads to a continuous series of RDQS
pulses over both read bursts, and the data bus does not return to Hi-Z between the read bursts (for odd
bytes), and the last data out of the first read burst (Da+7) is re-driven at the RDQS at clock edge T8+a
half (for even bytes) preceding the second read burst.

With tccp=4 as shown in Figure 35 the timing of each of the two read bursts is identical to a single read
burst as shown in Figure 32. The data bus returns to Hi-Z between the read bursts, and the last data out of
the first read burst (Da+7) is re-driven at the RDQS pulse at clock edge T9 (for odd bytes) and T9+a half
(for even bytes) preceding the second read burst.

T0 Tl T2 T3 T4 TS T6 7 T8 o T10 Til T12
CK o i i i i

CK_t

Column
Command

Column
Address

WDQS_c
WDQS_t

RDQS ¢
RDQS t

Odd Bytes
Data

Even Bytes R (DD DafDalfDa, :
Data § i 123140 15| 647

NOTE 1 BAx = bank address x; CAa,b = column address a,b.
NOTE 2 RL =6, tccp = 3 are shown as an example.
NOTE 3 DATA =DQ[31:0]. DBI[3:0], ECC[1:0]. SEV[1:0] for P CO0, and DQ[63:32], DBI[7:4],ECC[3:2]. SEV[3:2] for P C1.
WDQS t/ ¢ is WDQSO0 t/ ¢ for PCO, and WDQS1 t/ ¢ for PCI.
RDQS t/ ¢is RDQSO t/ ¢ for PCO, and RDQS1 t/ ¢ for PCI.
NOTE 4 Da,Da+1..Da+7,Db,Db+1..Db+7 = output data for READ commands a,b.
D = last data-out from previous READ command (not if first READ after reset, MRS, self refresh or write-to-read).
NOTE 5 twpgs2pq o = 0 and nominal tqw is shown for illustration purposes.
NOTE 6 RDBI could be on or off and is controlled with MRO OPO.

Figure 34 — Non-Seamless Read Bursts with tccp=3 and BL=8
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6.3.3.2.4 Read Operation (cont’d)
T'O T1 T2 T3 T4 T5 T_6 T7 T8 T9 T10 T11 Ti2
CK ¢ -y ;
CK_t
Column
Command

Column
Address

WDQS ¢ -
WDQS_t
RDQS ¢ -
RDQS t

Odd Bytes
Data

NOTE 1
NOTE 2
NOTE 3

NOTE 4

NOTE 5
NOTE 6

chkEEEl

Even Bytes [ D Ipa i [Da ]
Data \ R | \ 7 123\ 456 7

BAx = bank address x; CAa,b = column address a,b.

RL = 6, tccp =4 are shown as an example.

DATA = DQJ31:0]. DBI[3:0], ECC[1:0]. SEV[1:0] for PCO0, and DQ[63:32], DBI[7:4],ECC[3:2]. SEV[3:2] for PC1.
WDQS t/ ¢ is WDQSO0 _t/ ¢ for PCO, and WDQS1 t/ ¢ for PC1.

RDQS t/ ¢is RDQSO _t/ c for PCO, and RDQS1 t/ ¢ for PC1.

Da,Da+1..Da+7,Db,Db+1..Db+7 = output data for READ commands a,b.

D = last data-out from previous READ command (not if first READ after reset, MRS, self refresh or write-to-read).
twpes2pQ o = 0 and nominal tow is shown for illustration purposes.

RDBI could be on or off and is controlled with MR0O OPO.

Figure 35 — Non-Seamless Read Burst with tccp=4 and BL=8
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6.3.3.2.4 Read Operation (cont’d)

A WRITE can be issued any time after a READ command as long as the bus turnaround time trrw is met
as shown in Figure 36. If that WRITE command is to another idle bank, then an ACTIVATE command
must precede the WRITE command and trcpwr also must be met.

Column
Command

Column
Address

WDQS ¢
WDQS _t
RDQS ¢
RDQS ¢

Odd Bytes
Data

Even Bytes
Data

NOTE 1
NOTE 2
NOTE 3

NOTE 4

NOTE 5
NOTE 6
NOTE 7
NOTE 8

 WL=5

1) 12\ 3h+ah+5) 6] +7E

=]

D Don't Care

BAX = bank address x; CAa = column address a.

RL=6 and WL=S5 are shown as examples.

DATA = DQJ31:0]. DBI[3:0], ECC[1:0]. SEV[1:0] for PC0, and DQ[63:32], DBI[7:4],ECC[3:2]. SEV[3:2] for PCI.
WDQS t/ c¢is WDQSO0 t/ ¢ for PCO, and WDQS1 t/ ¢ for PCI.

RDQS t/ c¢is RDQSO t/ ¢ for PCO, and RDQS1 t/ ¢ for PCI.

Da...a+7 = data-out for READ command a.

D = last data-out from previous READ command (not if first READ after re set, MRS, self refresh or write-to-read).
Db...b+7 = data-in for WRITE command b.

twpes2pQ o = 0 and nominal tow is shown for illustration purposes.

trTw is not a device limit but determined by the system bus turnaround time.

RDBI and WDBI could be on or off. RDBI is controlled with MRO OP0O, and WDBI is controlled with MRO OP1.

Figure 36 — Read to Write
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6.3.3.2.4 Read Operation (cont’d)

A PRECHARGE can be issued trrp after the READ command as shown in Figure 37. After the

PRECHARGE command, a subsequent ACTIVATE command to the same bank cannot be issued until trp
is met.

T0 T1 T2 T3 T4 15 T6 T7 T8 T9 T10

CK ¢

CK t
Row
Command

Row
Address

Column
Command

Column
Address

WDQS ¢
WDQS t

RDQS_c

RDQS_t

Odd Bytes
Data

=33
~
—

Even Bytes
Data

o
]
S

NOTE 1 BAx = bank address x; CAa = column address a.

NOTE 2 RL = 6 is shown as an example.

NOTE 3 DATA =DQ[31:0]. DBI[3:0], ECC[1:0]. SEV[1:0] for P C0, and DQ[63:32], DBI[7:4],ECC[3:2]. SEV[3:2] for P Cl1.
WDQS t/ c¢is WDQSO0 t/ ¢ for PCO, and WDQS1 t/ ¢ for PCI.
RDQS t/ ¢is RDQSO t/ ¢ for PCO, and RDQS1 t/ ¢ for PCI.

NOTE 4 Da...a+7 = data-out for READ command a.
D = last data-out from previous READ command (not if first READ after reset, MRS, self refresh or write-to-read).

NOTE 5 twbpgs2pq o = 0 and nominal tqw is shown for illustration purposes.

NOTE 6 trrp =1 nCK is shown as an example. trrp = trrpL When bank groups are enabled and the PRECHARGE command
accesses the same bank; otherwise trTp = trTpS.

NOTE 7 RDBI could be on or off and is controlled with MRO OPO.

Figure 37 — Read to Precharge
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6.3.3.2.5 Per-Signal-Group for Read De-Skew

The internal WDQS clock tree is optimized for lowest signal skew among signals within a group as
outlined in Table 38 . The grouping is aligned with the physical location of signals in a DWORD (see
HBM3 Ballout) with no lane being repaired.

Each group contains 6 to 8 signals. The internal WDQS clock tree however compensates the different
loading by e.g., adding dummy loads. The per-group de-skew is also deterministic and not frequency
dependent. A larger signal skew should be expected between different groups. A per-group de-skew is

recommended to achieve the largest signaling margin for read data.

In this context, RDQS t and RDQS c are treated as regular out signals within group T4.

Table 38 — Signal Groups for Read Data De-Skew

Group Signal List (DWORDO0) Signal List (DWORD1)

TO DQO, DQ1, DQ2, DQB8, DQY, DQ10, DQ32, DQ33, DQ34, DQ40, DQ41, DQ42,
ECCO0, ECC1 ECC2, ECC3

T1 DQ3, DQ4, DQI11, DQI12, DQ35, DQ36, DQ43, DQ44,
RDO, DPARO RD2, DPARI

T2 DQ5, DQ6, DQ7, DQ13, DQ14, DQIS5, DQ37, DQ38, DQ39, DQ45, DQ46, DQ47
DBIO, DBI1 DBI4, DBI5

T3 DQIl16, DQ17, DQ18, DQ24, DQ25, DQ26, DQ48, DQ49, DQ50, DQ56, DQ57, DQSS,
SEV0, SEV1 SEV2, SEV3

T4 DQ19, DQ20, DQ27, DQ28, DQ51, DQ52, DQS9, DQ6O,
RDI1, RDQSO0 t, RDQSO0 ¢ RD3, RDQS1 t, RDQSI1 ¢

T5 DQ21, DQ22, DQ23, DQ29, DQ30, DQ31, DQ53, DQ54, DQS55, DQ61, DQ62, DQ63,
DBI2, DBI3 DBI6, DBI7
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6.3.3.3 Write Command (WR, WRA)

A Write burst is initiated with a WRITE command. WRITE is a one-cycle command received on the
column command inputs C[7:0] and latched with the rising and falling CK clock edges as shown in
Figure 38. The bank, PC, SID and column addresses are provided with the WRITE command and auto

precharge is either enabled or disabled for that access.

Parity is evaluated with the WRITE command when CA parity is enabled in MRO (Table 11).

CK ¢
CK t

RO High
Co Y
Cl A

C[5:6]

c7

|:| Don't Care

NOTE 1 BA =Bank Address; CA = Column Address; SID = Stack ID; PC = Pseudo Channel 0 or 1;
NOTE 2 EN AP = Enable Auto Precharge; DIS AP = Disable Auto Precharge

Figure 38 — Write Command

The length of the burst initiated with a WRITE command is eight. The column address is unique for this
burst of eight. There is no interruption nor truncation of write bursts.

The write latency (WL) is defined from the rising CK edge on which the WRITE command is issued to
the rising CK edge from which the tpgss delay is measured, and the WL field of MR1 OP[4:0]. The first
valid data must be driven WL X tck + tpgss after the rising CK edge when the WRITE command was
issued.

The write data strobe provides a fixed two-pulse preamble and two-pulse postamble; the first WDQS edge
must be driven (WL-1) X tck + tpgss after the rising CK edge when the WRITE command was issued.

The HBM3 uses an un-matched WDQS-DQ path, so WDQS must stay within tpgss and the DQ can be
trained to stay center aligned to the WDQS with satisfying tpivw. The DQ-data must be held for tprvw
(data input valid window) and the WDQS can be periodically trained to stay center aligned to DQ in the
torvw window to compensate for timing changes due to temperature and voltage variation. Burst data is
captured by the HBM on successive edges of WDQS until the burst length is complete. Pin timings for
the data strobe are measured relative to the cross point of WDQS t and its complement, WDQS c.

Samsung Electronics Co., Ltd.
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6.3.3.3.1 Clock to Write Data Strobe Timings

The clock to write data strobe (WDQS) relationship is shown in Figure 39. Related parameters:

*  tposs(min/max) describes the allowed range for a rising or falling WDQS edge relative to CK.
*  tposs is the actual position of a WDQS edge relative to CK.

*  twosu describes the WDQS HIGH pulse width.

*  twosL describes the WDQS LOW pulse width.

6.3.3.3.2 Write Data Strobe and Data In Timings

The write data strobe (WDQS) to data in relationship is shown in Figure 39. Related parameters:

*  twpos2pq 1 describes the allowed range for a DQ to a rising or falling WDQS edge.
* tpvw describes allowed range for receiver minimum setup/hold time for sampling at DQ.
*  Vpivw describes allowed range for receiver voltage peak to peak size.

CK t

Command( WRITE X

—

Wi
' . tWPRE1 |
>
WDQS ¢ -=-==-=--------mme
(nominal tDQSS)
WDQS _t
DATA
. tWPREl . tpgss
twosH twosL twéQSH_: twQsL
WDQS ¢ -=--=-=---=-----—q o Y ; ;
(min. tDQSS)
WwDQS B W O W O

tWDQS2DQ I

tWDQS2DQ I

D Don't Care
NOTE 1 DATA =DQ[63:0], DBI[3:0]
NOTE 2 Da, ..., Dat7 = data-in for WRITE command a
NOTE 3 tWPRE1 = Write preamble for WDQS
NOTE 4 tWPSTI1 = Write postamble for WDQS

Figure 39 — Clock to WDQS and Data Input Timings
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6.3.3.3.3 Write Operation

Single write bursts are shown in Figure 40.

CK ¢
CK t

Column
Command

Column
Address

WDQS_c
WDQS t

DATA

|:| Don't Care

NOTE 1 BAx = bank address x; CAa = column address a.

NOTE 2 WL =4 is shown as an example.

NOTE 3 DATA =DQ[31:0]. DBI[3:0], ECC[1:0] for PC0, and DQ[63:32], DBI[7:4],ECC[3:2] for PCI.
DPAR = DPAR 0 for PC0O and DPARI1 for PC1 (if applicable).
WDQS t/ ¢is WDQSO0 t/ ¢ for PC0O, and WDQS1 t/ ¢ for PCI..

NOTE 4 Da...Da+7 = data-in for WRITE command a.

NOTE 5 tpgss = 0 is shown for illustration purposes.

NOTE 6 WDBI could be on or off and is controlled with MRO OP1.

Figure 40 — Single Write Burst with BL=8
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6.3.3.3.3 Write Operation (cont’d)

Data from any write burst may be concatenated with data from a subsequent WRITE command. A
continuous flow of data can be maintained as shown in Figure 41. The first data element from the new
burst follows the last element of a completed burst. The new WRITE command should be issued after the
previous WRITE command according to the tcep timing. If that WRITE command is to another idle bank
then an ACTIVE command must precede the WRITE command and trcpwr also must be met.

CK ¢
CK t

Column
Command

Column
Address

WDQS _c¢
WDQS t

DATA

|:| Don't Care

NOTE 1 BAXx = bank address x; CAa = column address a.
NOTE 2 WL =4 is shown as an example.
NOTE 3  tcep = tceps when bank groups is disabled or the second WRITE is to a different bank group, otherwise tcco=tccpr.
NOTE 4 DATA =DQ[31:0], DBI[3:0], ECC[1:0] for PCO and DQ[63:32], DBI[7:4], ECC[3:2] for PC1.
DPAR = DPARO for PCO and DPARI for PCl1 (if applicable).
WDQS t/ ¢ is WDQSO0 t/ ¢ for PCO and WDQS1 t/ ¢ for PC1.
NOTE 5 Da...Da+7 = data-in for WRITE command a, Db...Db+7 = data-in for WRITE command b
NOTE 6 tpgss =0 And tceps = 2 are shown for illustration purposes.
NOTE 7 WDBI could be on or off and is controlled with MRO OP1.

Figure 41 — Seamless Write Bursts with BL=8
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6.3.3.3.3 Write Operation (cont’d)

Examples of non-seamless write bursts are shown in Figure 42.

CK ¢
CK t

Column
Command

Column
Address

WDQS ¢
WDQS_t

DATA

D Don't Care

NOTE 1 BAx = bank address x; CAa = column address a.
NOTE 2 WL =4 is shown as an example.
NOTE 3  tcep = tceps when bank groups is disabled or the second WRITE is to a different bank group, otherwise tcco=tccpt.
NOTE 4 DATA =DQ[31:0], DBI[3:0], ECC[1:0] for PCO and DQ[63:32], DBI[7:4], ECC[3:2] for PC1.
DPAR = DPARO for PCO and DPARI1 for PC1 (if applicable).
WDQS t/ ¢ is WDQSO0_t/ ¢ for PCO, and WDQS1_t/_c for PC1.
NOTE 5 Da...Da+7 = data-in for WRITE command a, Db...Db+7 = data-in for WRITE command b.
NOTE 6 tpgss =0 And tccps = 3 are shown for illustration purposes.
NOTE 7 WDBI could be on or off and is controlled with MRO OP1.

Figure 42 — Non-Seamless Write Bursts
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6.3.3.3.3 Write Operation (cont’d)

A READ can be issued any time after a WRITE command as long as the bus turnaround time twrr is met
as shown in Figure 43. If that READ command is to another idle bank, then an ACTIVATE command
must precede the READ command and trcprp also must be met. The bus is preconditioned for the first
read burst by being driven LOW two RDQS pulses (Odd bytes) and one RDQS pulse (Even bytes) prior
to the first valid data element of the read burst regardless whether RDBI is enabled in MRO or not.

CK ¢ -
CK_t

o Efea 10T 1) O |
Address Caa) A

WDQS ¢ --

Column
Command

WDQS t

RDQS ¢ --
RDQS t

Odd Bytes
Data

Even Bytes ]
Data +1)2) 3|4\ 5h 647

D Don't Care

NOTE 1 BAx = bank address x; CAa,b = column address a,b.

NOTE 2 WL =4 and RL = 6 are shown as examples.

NOTE 3 DATA =DQ[31:0], DBI[3:0], ECC[1:0], SEV[1:0] for PC0, and DQ[63:32], DBI[7:4], ECC[3:2], SEV[3:2] for PC1.
DPAR = DPARO for PCO and DPARI1 for PC1 (if applicable).
WDQS t/ c¢is WDQSO0 t/ ¢ for PCO and WDQS1 t/ ¢ for PCI.
RDQS t/ c¢is RDQSO t/ ¢ for PCO and RDQS1 t/ ¢ for PC1.

NOTE 4 Da...Da+7 = data-in for WRITE command b. Db...Db+7 = data-out for READ command a.

NOTE 5 twpqs2pq 0, tpess = 0 and nominal tow is shown for illustration purposes.

NOTE 6 twrr = twrrL When bank groups is enabled and both WRITE and READ access banks in the same bank group,
otherwise twTr = twTrs.

NOTE 7 WDBI could be on or off and is controlled with MRO OP1.

NOTE 8 READ operation shown with RDBI enabled. RDBI is enabled/disabled with MR0O OPO.

Figure 43 — Write to Read
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6.3.3.3.3 Write Operation (cont’d)

The write recovery time twr must have elapsed before a PRECHARGE command can be issued to that
bank as shown in Figure 44; the twr interval begins with the completion of the write burst at WL + BL/4
clock cycles after the WRITE command was issued. Also, tras must be met when the PRECHARGE is
issued. After the PRECHARGE command, a subsequent ACTIVATE command to the same bank cannot
be issued until trp is met.

T0 T1 T2 13 T4 T5 To T7 Ta Tatl Tat2

: ; ; :
CK C H 1= 7 =7 17770\ A 1 =T 1= 7 1= =
- \J \, \ \y \y \ \f \

CK t \_ o o v é\_ o é\_ o v \_ o v

Row : : : . ’
command U L4 L0 0L e
s IIIIIIIIIIIIIIII =
Address

sminand IIIIIIIIIIIIII
Command

Column

e %IIIIIIIIIIIIII

WDQS_c

WDQS t

DATA

|:| Don't Care

NOTE 1 BAx = bank address x; CAa = column address a.

NOTE 2 WL =4 is shown as an example.

NOTE 3 DATA =DQJ[31:0], DBI[3:0], ECC[1:0] for PCO0, and DQ[63:32], DBI[7:4], ECC[3:2] for PCI.
DPAR = DPARO for PCO and DPARI1 for PC1 (if applicable).
WDQS t/ c¢is WDQSO0 t/ ¢ for PCO and WDQS1 t/ ¢ for PC1

NOTE 4 Da...Da+7 = data-in for WRITE command a.

NOTE 5 tpgss = 0 is shown for illustration purposes.

NOTE 6 WDBI could be on or off and is controlled with MRO OP1.

Figure 44 — Write to Pre-charge
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6.3.3.3.4 Per-Signal-Group for Write De-Skew
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The internal WDQS clock tree is optimized for lowest signal skew among signals within a group as
outlined in Table 39. The grouping is aligned with the physical location of signals in a DWORD (see
HBM3 Ballout) with no lane being repaired.

Each group contains 5 to 8 signals. The internal WDQS clock tree however compensates the different
loading by e.g., adding dummy loads. The per-group de-skew is also deterministic and not frequency
dependent. A larger signal skew should be expected between different groups. A per-group de-skew is
recommended to achieve the largest signaling margin for write data.

Table 39 — Signal Groups for Write Data De-Skew

Group Signal List (DWORDO0) Signal List (DWORD1)

TO DQO, DQI1, DQ2, DQS, DQY, DQ10, DQ32, DQ33, DQ34, DQ40, DQ41, DQ42,
ECCO0, ECCl1 ECC2, ECC3

T1 DQ3, DQ4, DQI11, DQI2, DQ35, DQ36, DQ43, DQ44,
RDO, DPARO RD2, DPARI

T2 DQ5, DQ6, DQ7, DQ13, DQ14, DQI5, DQ37, DQ38, DQ39, DQ45, DQ46, DQ47
DBIO, DBI1 DBI4, DBI5

T3 DQ16, DQ17, DQ18, DQ24, DQ25, DQ26 DQ48, DQ49, DQ50, DQ56, DQ57, DQS58

T4 DQI19, DQ20, DQ27, DQ28, DQ51, DQ52, DQS9, DQ60,
RDI RD3

T5 DQ21, DQ22, DQ23, DQ29, DQ30, DQ31, DQ53, DQ54, DQSS5, DQ61, DQ62, DQ63,
DBI2, DBI3 DBI6, DBI7
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6.3.3.4 Mode Register Set (MRS) Command
The MODE REGISTER SET (MRS) command is a 1-cycle command as shown in Figure 45 and is used
to load the Mode Registers of the HBM3 DRAM. The command is received on the column command

inputs C[7:0] and requires an RNOP command on the row command inputs R[9:0].

Inputs MA[4:0] select one of the sixteen Mode Registers, and inputs OP[7:0] determine the opcode to be
loaded. Refer to the Mode Registers clause for the register definition.

S
CK t R /
o T\ vl
o DA
o 7\ o
e+ DX e
o XEOEC
s XX Do)
D CDOCDE
e DO

I
|:| Don't Care

NOTE 1 MA = Mode Register Address; OP = Opcode; V = Valid (H or L)
Figure 45 — Mode Register Set Command (MRS)

The MODE REGISTER SET (MRS) command can only be issued when all banks are idle, the time
tromrs from a preceding READ command has elapsed, and the time twrmrs from a preceding WRITE
command has elapsed. The MRS command cycle time turp is required to complete the write operation to
the Mode Register and is the minimum time required between two MRS commands. The MRS command
to Non-MRS command delay, tvop, is required by the HBM3 DRAM to update the features, and is the
minimum time required from an MRS command to a non-MRS command excluding RNOP and CNOP.

Parity is evaluated with the MODE REGISTER SET command when CA parity has already been enabled
in the Mode Register prior to this MODE REGISTER SET command. When CA parity is enabled by a
MODE REGISTER SET command, the HBM3 DRAM requires all subsequent commands including
RNOP and CNOP to be issued with correct parity until tymop has expired for the MODE REGISTER SET
command that disables CA parity.
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6.3.3.4 Mode Register Set (MRS) Command (cont’d)

TO
CK ¢ -
CK t

R[9:0] | I

C[7:0] ( I:{EAD X

tMOD

tRDMRS § :
< > —>

M

Old Setting Updating Setting X New Setting
- I I

Valid = Any row command allowed in bank idle state

U

Figure 46 — Mode Register Set Timings
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6.3.4 Power-Mode Commands
6.3.4.1 Power-Down (PDE, PDX)

HBM3 devices enter Power-down with a Power-down Entry command as shown in Figure 47.

R1

R[9:4]

V=Valid (Hor L) [[] Don't Care

Figure 47 — Power-Down Entry Command

Power-down Entry must not be issued when read or write operations are in progress on either PC. A read
operation is completed when the last data element including parity (when enabled) and RDQS postamble
has been transmitted on the outputs. A write operation is completed when the last data element including
parity (when enabled) has been written to the memory array with twr satisfied; for writes with auto-
precharge, the number of clock cycles programmed in the mode register for WR must have elapsed
instead.

Power-down Entry can be issued while any other operations such as row activation, precharge, auto
precharge, or refresh are in progress, but the power-down IDD specification will not apply until such
operations are complete.

If power-down occurs when all banks are idle, this mode is referred to as precharge power-down; if
power-down occurs when there is a row active in any bank, this mode is referred to as active power-
down.

To ensure that there is enough time to internally process the power-down entry, POWER DOWN ENTRY
and CNOP commands have to be maintained for tcppep period. Also, the CK clock must be held stable for
tckepe cycle.
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6.3.4.1 Power-Down (PDE, PDX) (cont’d)

Once tcppep and tekepe have been met, the pins shall have the following states (see Table 40):

* The RESET n and RO receiver remains active; RESET n=HIGH and RO = LOW must be
maintained to keep the HBM3 DRAM in power-down;

* The CK clock receiver remains active. The clock may be stopped with CK t and CK c being driven
to static LOW and HIGH levels, respectively; in that case the clock must be stable again with
tcu(min) and tcr (min) satisfied at least tckepx cycles prior to power-down exit;

¢  WDQS t=static LOW and WDQS c = static HIGH levels must be maintained, respectively;
* RDQS tand RDQS c continue driving static LOW and HIGH levels, respectively;

* AERR, DERR continue driving static LOW levels;

*  TEMP and CATTRIP continue driving valid HIGH or LOW levels;

*  All other input and output buffers are deactivated.

No refresh operations are performed in power-down mode. The maximum duration in power-down mode
is limited by the refresh requirements of the device.

While in power-down the device will maintain the internal DBI state for the DBI(ac) calculation when
DBI is enabled in the Mode Register. The device will also continue driving RDQS t and RDQS c to
LOW and HIGH static levels, respectively, and TEMP and CATTRIP to valid HIGH or LOW levels.

Power-down is synchronously exited when RO is registered HIGH (in conjunction with CNOP
commands). A valid executable command may be applied txp cycles later. The minimum power-down
duration is specified by tpp.

If CA parity is enabled, parity is evaluated for the POWER-DOWN ENTRY command. The HBM3
device requires PDE and CNOP commands with valid parity for the entire tcppep period, while it will
suspend parity checking after power-down entry and drive AERR to a static LOW. DERR remains LOW
as there are no data bursts in progress at this time.

Parity is not evaluated for the POWER-DOWN EXIT command. The HBM3 device requires RNOP and
CNOP commands with valid parity for the entire txp period, while within txp period it will resume parity
checking and indicating parity errors on AERR. DERR remains LOW as there are no data bursts in
progress at this time.

Power-down is entered when R[3:0] are registered HIGH, LOW, HIGH, LOW along with CNOP
commands as shown in Figure 48. PDE and CNOP commands are required for tcppep period after power-
down entry.
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Case 2:25-cv-00552

6.3.4.1 Power-Down (PDE, PDX) (cont’d)

CK_c
CK t

tCKPDX

fWRPDE (or tWRAPDE) | {CKPDE

-+

{RDPDE | (CPDED

+

Row : .
Command EDEDE X o

_Ib Lus

| mlpl_pqﬁlwl L1

o |

—
RO | < | ”
[l
= | I |
Column e g v b | Valid
commnd || 0P [ |1 cvor [engp TG | ]
AERR, AT, e ‘ 7 II:
Valid Valid (* Valid
DERR | | 1
H UJ _\.I i
Enter Power-Down Exit Power-Down (*) Valid or Low
[] Don't Care

NOTE 1 Only PDE and CNOP commands are allowed during tcppep period. PDX, RNOP and CNOP commands are allowed

during txp periods.
NOTE 2 Write bursts must have been completed with twrepk (or twrappe in the case of write with auto pre-charge) satisfied
prior to power-down entry.
NOTE 3 Read bursts must have been completed with troprpe satisfied prior to power-down entry.
NOTE 4 Address inputs are "Don't Care" for power-down entry and exit.
NOTE 5 AERR, DERR are driven LOW when parity check is suspended during power-down. Signals are shown with tparac=0
and tparpo=0 for illustration purpose.
NOTE 6 The CK clock may be stopped during power-down as shown, or toggling.
NOTE 7 tckepe means valid CK clocks required after first power-down entry.

NOTE 8 tckepx means valid CK clocks required before power-down exit.
NOTE 9 Second PDE and third PDE after first PDE are treated as a RNOP and does not issue a power down entry.

Figure 48 — Power-Down Entry and Exit
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6.3.4.1

Column
Command

RO

RDQS o
RDQS _t

Odd Bytes
Data

Even Bytes
Data

PAR

Power-Down (PDE, PDX) (cont’d)
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Table 40 — Pin State Description in Power Down

Pin Group Pin State
RESET n H
CK t,CK ¢ L/H or Toggling
RO L
R[9:1]
C[7:0] X
APAR, ARFU X
AERR L
DQ, DBI, ECC, SEV, DPAR X
WDQS t, WDQS ¢ L/H
RDQS t, RDQS ¢ L/H
DERR L
TEMP, CATTRIP A%
NOTE 1 For the pin state description, the following definitions apply:
a) “L” is defined as “LOW?”, and “H” is defined as “HIGH”
b) “X” is defined as “Don’t Care”, and “V” is defined as “Valid”

' \ i \ 1 \ 1 \

RE

ADNPRE(*)N l N N N N “" u

Py

1 \ ’ \ i

=y

NOTE 1

PRE indicates the internal auto-precharge for RDA commands.
NOTE 2 BL=8,RL=6and PL =1 are shown as examples.
NOTE 3 RO must be used for command except for PDE or address until the end of the read burst operation.

Figure 49 — READ or READ with Auto Precharge to Power-Down Entry Timing
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CK ¢ -
CK t

Column
Command

WDQS _c
WDQS t

DATA

PAR

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5

RO
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Power-Down (PDE, PDX) (cont’d)

[[] Don't Care

PRE indicates the internal auto-precharge for WRA commands.

BL =8, WL =4 and PL = 1 are shown as examples.

RO must be used for address until the end of the write burst operation.
twr is the analog value used with WR commands.

nWR is the number of clock cycles programmed for WR in the Mode Register and used with WRA commands.

Figure 50 — WRITE or WRITE with Auto Precharge to Power-Down Entry Timing

CK_t

Row
Command

Column
Command

tMOD

Figure 51 — MODE REGISTER SET to Power-Down Entry Timing
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6.3.4.1 Power-Down (PDE, PDX) (cont’d)

Row
Command

ERCEEORES

H H
§ g

tACTPDE

NOTE 1 Upon power-down entry the clock must be kept active for the number of clock cycles programmed for RAS in the
Mode Register.

Figure 52 — ACTIVATE to Power-Down Entry Timing

et OO0 ety B0

tREFPDE {REFPBPDE

Figure 53 — REFRESH or PER-BANK REFRESH to Power-Down Entry Timing

CK ¢ -
CK t
Row ; : Row : :
Command ( X XPREK X _PDE x x ) Command ( X X ]PREK x x 'PDE )
tPRPDER tPRPDEF

Figure 54 — PRECHARGE to Power-Down Entry Timing
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6.3.4.2 Self Refresh (SRE, SRX)

Self refresh can be used to retain data in the HBM3 device, even if the rest of the system is powered
down. When in the self refresh mode, the HBM3 device retains data without external clocking. The
command is received on the row command inputs R[9:0] as shown in Figure 55 and requires a CNOP
command on the column command inputs C[7:0].

SRR

A%
V=Valid (HorL) [] Don't Care

Figure 55 — Self-Refresh Entry Command

Self refresh entry is only allowed when all banks in both pseudo channels are precharged with tRP
satisfied, the last data elements from a preceding READ command have been pushed out (trpsrg), Or tmop
from a preceding MODE REGISTER SET command is met. PDE and CNOP commands are required
after entering self refresh mode until tcppep is met.

Once the SELF REFRESH-ENTRY command is registered, RO must be held LOW to keep the device in
self refresh mode. For proper self refresh operation, all power supply pins (VDDC, VDDQ, VPP,
VDDQL) must be at valid levels. The HBM3 device initiates a minimum of one internal refresh within
tcksr period once it enters self refresh mode.

The clocks are internally disabled during self refresh operation to save power. The minimum time that the
HBM3 device must remain in self refresh mode is tcksk. The user may halt the external clock or change
the external clock frequency tcksre after self refresh entry is registered. However, the clock must be
restarted and stable tcksrx before the device can exit self refresh operation.

To ensure that there is enough time to internally process the self refresh entry, POWER DOWN ENTRY

and CNOP commands have to be maintained for tcppep period following the SELF REFRESH ENTRY
command. Also, the CK clock must be held stable for tcksre cycle.

Once tcppep and teksre have been met, the pins shall have the following states (see Table 41):
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6.3.42  Self Refresh (SRE, SRX) (cont’d)

* The RESET n and RO receiver remains active; RESET n = HIGH and RO = LOW must be
maintained to keep the HBM3 DRAM in self refresh;

* The CK clock receiver is disabled; the clock may be stopped, or the clock frequency may be
changed; MRS required to set after txsmrsr in case of frequency changed; the clock must be stable
again with tcy(min) and tcr(min) satisfied at least tcksrx cycles prior to self refresh exit;

¢  WDQS t=static LOW and WDQS c = static HIGH levels must be maintained, respectively;
e RDQS_tand RDQS c continue driving static LOW and HIGH levels, respectively;

* AERR, DERR continue driving static LOW levels;

¢ TEMP and CATTRIP continue driving valid HIGH or LOW levels;

*  All other input and output buffers are deactivated.

If CA parity is enabled, parity is evaluated for the SELF REFRESH ENTRY command. The HBM3
device requires PDE and CNOP commands with valid parity for the entire tcppep period, while it will
suspend parity checking after self refresh entry and drive AERR to a static LOW. DERR remains LOW as
there are no data bursts in progress at this time.

Parity is not evaluated for the SELF REFRESH EXIT command. The HBM3 device requires RNOP and
CNOP commands with valid parity for the entire txs period, while within txs period it will resume parity
checking and indicating parity errors on AERR. DERR remains LOW as there are no data bursts in
progress at this time.

The procedure for exiting self refresh requires a sequence of events. First, the CK clock must be stable
prior to RO going back HIGH. A delay of at least txs must be satisfied before a valid command can be
issued to the device to allow for completion of any internal refresh in progress.

Upon exit from self refresh, the HBM3 device can be put back into self refresh mode after waiting at least
txs period.
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6.3.42  Self Refresh (SRE, SRX) (cont’d)

CK c - il
CK t JI---

tCKSRE

fRDSRE i tCPDED

Row o
Command (:X:X:ERE FDE

RO |
Column cenor | ex
Command .

DERR. Valid Valid

T T (*) Valid or Low
[] Don't Care

F 3

Enter Self-Refresh Exit Self-Refresh

NOTE 1 Only PDE and CNOP commands are allowed during tcepep period. Only RNOP and CNOP commands are allowed
during txs periods, except for MRS commands which are allowed txsmrs(or txsmrsr when in case of frequency
changed, txsmrsr can be required longer than txs) after self-refresh exit.

NOTE 2 Write bursts must have been completed with trp satisfied prior to self-refresh entry.

NOTE 3 Read bursts must have been completed with trpsre satisfied prior to self-refresh entry.

NOTE 4 Address inputs are "Don't Care" for self-refresh entry and exit.

NOTE 5 AERR, DERR are driven LOW when parity check is suspended during self-refresh. Signals are shown with tparac=0
and tparpQ=0 for illustration purpose.

NOTE 6 PDE commands after SRE are treated as a RNOP and does not issue a power down entry.

Figure 56 — Self-Refresh Entry and Exit
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6.3.42  Self Refresh (SRE, SRX) (cont’d)

Table 41 — Pin State Description in Self Refresh

Pin Group Pin State

RESET n H
CK t,CK ¢ X
RO L
R[9:1] X
C[7:0] X
APAR, ARFU X
AERR L
DQ, DBI, ECC, SEV, DPAR X
WDQS t, WDQS ¢ L/H
RDQS t, RDQS ¢ L/H
DERR L
TEMP, CATTRIP v
NOTE 1 For the pin state description, the following definitions apply:

a) “L” is defined as “LOW”, and “H” is defined as “HIGH”

b) “X” is defined as “Don’t Care”, and “V” is defined as “Valid”
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6.4 Parity
6.4.1 Command/Address Parity

The HBM3 DRAM includes a command/address parity checking function controlled by the CAPAR bit
in MRO OP6. The function is disabled by default. The APAR input and AERR output are associated with
the function. APAR is enabled only when the function is enabled.

If enabled, the parity is calculated every CK clock cycle separately on both the rising and falling CK
clock edges over input signals R[9:0], C[7:0], ARFU and APAR as summarized in Table 42. The AERR
output indicates whether a parity error has occurred or not on either the rising or falling CK clock edge
(or both edges). The HBM3 DRAM executes commands regardless of command/address parity errors.

Table 42 — Command/Address Parity Function Table

INPUTS Sum of Inputs Received HIGH AERR
R[9:0], C[7:0], ARFU, APAR Even LOW
Odd HIGH

NOTE 1 See Command Truth Tables for command and device state exceptions.

The HBM3 DRAM may begin to check parity on the next clock cycle following the MODE REGISTER
SET command that enables the parity checking function; it will have the parity check enabled latest when
tmop has expired after that MODE REGISTER SET command. The HBM3 DRAM therefore requires all
subsequent commands including RNOP and CNOP to be issued with correct parity until when tmop has
expired for the MODE REGISTER SET command that disables the parity calculation. See also the
Power-Down and Self Refresh clauses. AERR is driven LOW by the HBM3 DRAM at reset.

For every parity error, AERR is driven HIGH for 1 tck, trarac after the corresponding cycle of the error
inputs. In the case of consecutive errors, the AERR signal will stay HIGH during the next cycle. The
parity function should not be disabled within tparac after an access command.

tMOD

AERR A *) X_‘ | valid K Valid X Vlid | valid X *) X *)
CA Parity Off Enabling CA Parity CA Parity On Disabling CA Parity CA Parity Off
U U u
1‘ 1‘ (*) Valid or Low
MRO OP6 = | MRO OP6 = 0

NOTE 1 For illustration purpose, tearac is shown with 0 tck digital and 0 ns analog output delay.
NOTE 2 See Power-Down and Self Refresh clauses for details on disabling and enabling parity check in conjunction with
power-down and self refresh entry and exit.

Figure 57 — Enabling and Disabling Command/Address Parity
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6.4.1 Command/Address Parity (cont’d)

Figure 58 illustrates a single parity error occurrence on the R inputs. In this case, the error occurs at the
rising edge of the first cycle of the ACTIVATE command at time TO. After tparac, AERR is driven HIGH
for 1 tck and then LOW since no subsequent errors occur.

NOTE 1 For illustration purpose, tearac is shown with 2 tck digital and 0 ns analog output delay.
NOTE 2 MRO OP6 shall be maintained as 1 for at least tparac after the access command.

Figure 58 — Single Command/Address Parity Error

Figure 59 illustrates parity error occurrences on the R and the C inputs. In this case, the error occurs at the
falling edge of the first cycle of the ACTIVATE command at time T0. After tparac, AERR is driven
HIGH for 1 tck and then LOW for 1 tck. Since an error also occurs in T2 at both the rising and the falling
edges of the READ or WRITE command, the AERR is again driven HIGH for 1 tck and then LOW since
no subsequent errors occur.

NOTE 1 For illustration purpose, trarac is shown with 2 tck digital and 0 ns analog output delay.
NOTE 2 MRO OP6 shall be maintained as 1 for at least tparac after the access command.

Figure 59 — Separated Command/Address Parity Errors
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6.4.1 Command/Address Parity (cont’d)

Figure 60 illustrates consecutive parity error occurrences on the R and the C inputs during the TO, T1, and
T2 cycles and either the rising, the falling or both clock edges. Due to the common AERR output, parity
error occurrences on both interfaces are indistinguishable.

tPARAC
AERR
fPARAC

tPARAC

NOTE 1 For illustration purpose, tearac is shown with 2 tck digital and 0 ns analog output delay.
NOTE 2 MRO OP6 shall be maintained as 1 for at least tparac after the access command.

Figure 60 — Consecutive Command/Address Parity Errors
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6.4.2 Data Parity

The HBM3 DRAM includes a data parity checking function for writes controlled by the WPAR bit in
MRO OPS5, and a data parity generation function for reads controlled by the RPAR bit in MR0O OP4. Both
WPAR and RPAR functions are disabled by default. There is one DPAR bidirectional DDR 1/O and one
DERR output signal per DWORD associated with the function. The DPAR input is enabled with WPAR
during writes, and the DPAR output is enabled with RPAR during reads, otherwise DPAR is disabled.

The data parity function includes a programmable parity latency PL between the corresponding data and
the DPAR signal. PL is programmed in MR1 OP[7:5], and is the same for writes and reads. The
corresponding DPAR signal will be received and sent PL cycles later. The WDQS and RDQS strobes will
have additional strobe cycles with the same preamble and postambles to accommodate the latching of the
delayed DPAR signal at both ends. Examples of reads and writes with DQ parity enabled can be found in
the Write Command and Read Command clauses. The DRAM vendor’s datasheet shall be consulted for
the range of supported PL values.

On read transactions, the HBM3 DRAM generates parity and transmits the parity on the DPAR signal
along with the corresponding data on DQ, DBI, and ECC.

On write transactions, the HBM3 DRAM compares the DPAR input with the corresponding data received
on DQ, DBI and ECC inputs as summarized in Table 43. The parity calculation is performed separately
for each Ul of a write burst.

If an error occurs in any single or in multiple Uls within one clock cycle of a write burst (DO ... D3 or

D4 ... D7), DERR is driven HIGH for 1 tck, trarnq after the corresponding cycle of error inputs. The
tparpq interval for errors occurring during the first clock cycle of a write burst begins (WL + PL) clock
cycles after the WRITE command was issued. In case of errors within the first and the second clock cycle
of a write burst, DERR will stay HIGH during the next cycle. DERR is driven LOW by the HBM3
DRAM at reset.

When an error occurs, the HBM3 DRAM does not block the write data. The HBM3 DRAM completes the
write transaction to the array as normal.

WPAR should not be disabled within (WL + PL + tparpq + 2 tck) after the WRITE command in order to
not create a conflict with any ongoing parity operation. For the same reason RPAR should not be disabled
within trpmrs after the READ command.

As outlined in Table 43, meta data received and sent via the ECC signals are included in the parity check
and parity generation only when these signals are enabled by the MD bit in MR9 OPO0. Similarly, the DBI
signals are included in the parity check and parity generation only when these signals are enabled by the
WDBI and RDBI bits in MR0O OP[1:0]. The SEV signals are not included in the parity check or parity
generation.
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6.4.2 Data Parity (cont’d)
Table 43 — Data Parity Function Table
CONFIGURATION INPUTS Sum of Inputs | DERR
MD | WDBI or RDBI DWORDO DWORDI Beceies

(MR9 OP0) (MRO OP[1:0]) HIGH
Enabled Enabled DQJ31:0], ECC[1:0], DQJ[63:32], ECC[3:2], Even LOW
DBI[3:0], DPARO DBI[7:4], DPARI1 Odd HIGH
Disabled DQJ31:0], ECC[1:0], DQJ[63:32], ECC[3:2], Even LOW
DPARO DPARI1 Odd HIGH
Disabled Enabled DQ[31:0], DBI[3:0], DQ[63:32], DBI[7:4], Even LOW
DPARO DPARI1 Odd HIGH
Disabled DQJ31:0], DPARO DQJ[63:32], DPAR1 Even LOW
Odd HIGH

NOTE 1 The DBI inputs are disabled and excluded from the parity check when WDBI is disabled in MRO OP1.

The DBI outputs are disabled and excluded from the parity generation when RDBI is disabled in MRO OPO. The
ECC I/Os are disabled and excluded from the parity check and parity generation when MD is disabled in MRO
OP3.

Figure 61 illustrates data parity error occurrences on two seamless write bursts. In this example errors
occur in the second (D1), third (D2), sixth (D5) and seventh (D6) UI of the first write burst, and in the
fifth (P4) and sixth (P5) Ul of the DPAR input of the second write burst. After tparpg, DERR is driven
HIGH for 2 tck at TS and T6, then driven LOW for 1 tck and again driven HIGH for 1 tck at TS.

TO T5 T6 T7 T8 T9
CE.t - =\ —\ \ - TNV T Ve V' -
e DO NS N
WDQS ¢ —— _,———————
DATA 7777777 k:j B //////|// 77
oesr TR aaaawaa Y
I
! < PL plgPARDO
DERR i
NOTE1 DO ... D7 = data-in for WRITE command (BL8 burst). PO ... P7 = parity-in for WRITE command.
NOTE 2 DATA =DQI[31:0], DBI[3:0], ECC[1:0] for PCO, and DQ[63:32], DBI[7:4], ECC[3:2] for PC1. WDQS_t/_cis
WDQSO0_t/_c for PCO, and WDQS1 t/ ¢ for PC1.
NOTE 3 Two seamless bursts are shown, with parity errors in the second (D1), third (D2), sixth (D5) and seventh (D6) UI of
the first write burst, and in the fifth (P4) and sixth (P5) UI of the DPAR input of the second write burst.
NOTE 4 PL=2 is assumed.
NOTE 5 The parity check is performed separately for the first clock cycle (ULl = DO ... D3) and the second clock cycle (Ul =
D4 ... D7) of a BLS8 burst.
NOTE 6 tPARDQ is shown with 2 tCK digital and 0 ns analog output delay.
NOTE 7 WDBI could be on or off and is controlled with MRO OP1. WDBI shall be maintained enabled for at least tPARDQ

after the access command.

Figure 61 — Write Parity Errors with PL =2

Samsung Electronics Co., Ltd.
Ex. 1084, p. 131



Case 2:25-cv-00552

JEDEC Standard No. 238A

Page 92

6.4.2 Data Parity (cont’d)
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Examples of single write bursts with write data parity enabled are shown in Figure 62 — Write Parity
Alignment with PL = 2 and Figure 63 — Write Parity Alignment with PL = 4. With PL= 2, four
additional WDQS pulses are received at cycles T8 and T9 to latch the DPAR input.

WDQS ¢
WDQS _t

DATA 00 Al

EE‘&E‘)EEEEE 2

DPAR

J ODEEESe

NOTE 1 DO ... D7 = data-in for WRITE command (BL8 burst). PO ... P7 = parity-in for WRITE command.

NOTE 2 DATA =DQJ[31:0], DBI[3:0], ECC[1:0] for PCO, and DQ[63:32], DBI[7:4], ECC[3:2] for PC1. WDQS_t/_cis
WDQSO0_t/ ¢ for PCO, and WDQS1 t/ ¢ for PCI.

NOTE 3 WL =6 and PL=2 is assumed.

NOTE 4 WDBI could be on or off and is controlled with MRO OP1.

Figure 62 — Write Parity Alignment with PL =2

With PL = 4, the WDQS postamble for the write data at cycle T8 is immediately followed by the WDQS
preamble for the write parity data at cycle T9, resulting in continuous WDQS pulses over the write data
and data parity bursts.

CK_t
CK ¢
C[7:0]

WDQS t

DATA

DPAR

___________ ‘~ - X%RE" _J,‘\\’PST]E“\\-T’RE% qﬁi\ﬁ- L
IAPAAIAS, AL, | PAISAS.
WA AAIID VPP IPP PP IPPPPPPIPIPPIIR, 1 0 6 6 0 6 ¥ G AAAAA AP

NOTE 1 DO ... D7 = data-in for WRITE command (BLS burst). PO ... P7 = parity-in for WRITE command.

NOTE 2 DATA =DQI31:0], DBI[3:0], ECC[1:0] for PCO, and DQ[63:32], DBI[7:4], ECC[3:2] for PC1. WDQS t/ cis
WDQSO0_t/_c for PCO, and WDQS1 t/ ¢ for PC1.

NOTE 3 WL =6 and PL=4 is assumed.

NOTE 4 WDBI could be on or off and is controlled with MRO OP1.

Figure 63 — Write Parity Alignment with PL =4

Examples of single read bursts with read data parity enabled are shown in Figure 64 — Read Parity
Alignment with PL =2 and Figure 65 — Read Parity Alignment with PL = 4. The DPAR output is
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Data Parity (cont’d)

preconditioned over half a clock cycle like for the even data bytes. With PL = 2 four additional WDQS
and RDQS pulses for DPAR are received and returned at cycles T12 and T13.

NOTE 1
NOTE 2

NOTE 3
NOTE 4

TO T8 T9 T10 T12 T14
CK t 7=\ -

CK ¢ -/

C[7:0]

WDQS_c——————— ——
WDQS_t JD( JG JD
RDQS ¢ m—mm e m e e m e —

[0
RDQS t F.X]CD
oupyrs b PEEERe

DATA

Even Bytes D @E@a )
PP “ QEEEE

DO ... D7 = data-out for READ command (BLS burst). PO ... P7 = parity-out for READ command.

DATA =DQI[31:0], DBI[3:0], ECC[1:0] for PCO0, and DQ[63:32], DBI[7:4], ECC[3:2] for PC1. RDQS t/ cis
RDQSO0_t/_c for PCO, and RDQS1 _t/ ¢ for PC1. WDQS t/ cis WDQSO0 t/ ¢ for PC0O, and WDQS1 t/ ¢ for PCI.
RL =10 and PL=2 is assumed.

RDBI could be on or off and is controlled with MRO OPO.

Figure 64 — Read Parity Alignment with PL = 2

With PL = 4, the WDQS postamble for the read data at cycle T12 overlaps with the WDQS preamble for
the read parity data. The RDQS postamble for the read data at cycle T12 is immediately followed by the
RDQS preamble for the read parity data at cycle T13, both resulting in continuous WDQS and RDQS
pulses over the read data and data parity bursts.

NOTE 1
NOTE 2

NOTE 3
NOTE 4

CK_t
CK_c¢
C[7:0]
>« >
_ {WPRE2| . WPST. | ‘
WDQS ¢ > ‘ = {VPSTy)
RE, _{RPST_|

< >

- >
T OO0 —
oy Bpn g
RDQS_t J J 2 4 J aed
Odd Bytes
DATA
Even Bytes 3

BBV B BB B

DPAR P XEDEEEEEE: —

DO ... D7 = data-out for READ command (BLS burst). PO ... P7 = parity-out for READ command.

DATA =DQ[31:0], DBI[3:0], ECC[1:0] for PCO0, and DQ[63:32], DBI[7:4], ECC[3:2] for PC1. RDQS t/ cis
RDQSO0_t/ ¢ for PCO, and RDQS1 _t/ ¢ for PC1. WDQS t/ ¢ is WDQSO0 t/ ¢ for PC0O, and WDQS1 t/ ¢ for PCI.
RL = 10 and PL=4 is assumed.

RDBI could be on or off and is controlled with MRO OPO.

Figure 65 — Read Parity Alignment with PL =4
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6.5 Clock Frequency Change Sequence

Clock Frequency changes can occur during self refresh mode only. When the CK clock is stopped after
self refresh entry, it can be restarted at a different frequency. If the change in clock-rate requires changes
to configuration parameters, MRS commands immediately prior to or after self refresh mode may be
required.

6.6 Temperature Compensated Refresh Reporting
6.6.1 Temperature Compensated Refresh Trip Points

The HBM3 DRAM provides temperature compensated refresh related information to the controller via an
encoding on the TEMP[1:0] pins. The gray-coded encoding as in Table 44 defines the required refresh
rate as determined by the hottest device in the stack to maintain data integrity. The reported refresh rate is
updated when the junction temperature exceeds the vendor specific trip-point levels appropriate for each
refresh rate. Vendor datasheets should be consulted for the absolute temperature trip points for each
encoding.

Table 44 — Temperature Compensated Refresh Trip Points

TEMP[1:0] Refresh Rate Temperature Trip Point
00 1 X trerr Vendor Specific
01 0.5 X trep1
11 0.25 X trerr
10 Reserved
6.6.2 Catastrophic Temperature Sensor

The CATTRIP sensor logic detects if the junction temperature of any die in the HBM3 stack exceeds a
catastrophic trip-point level. The level is set by the DRAM vendor to a value below the temperature that
would result in permanent damage of the device. If the junction temperature anywhere in the stack
exceeds that catastrophic trip-point level, the HBM3 device will drive the CATTRIP pin to HIGH.

The CATTRIP output is sticky in that device power-off is required to clear the CATTRIP output to LOW.
Sufficient time should be allowed for the device to cool after a CATTRIP event. See HBM3 Power-Up
and Initialization Sequence for the initialization of the CATTRIP pin.

The circuits associated with the CATTRIP pin will operate correctly even if the catastrophic trip-point
level has been exceeded, and regardless of whether the external or internal clocks have stopped. The
functionality of CATTRIP can be verified by writing a “1” to MR7 OP7 to force CATTRIP to HIGH, and
“0” to set CATTRIP back to LOW.
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6.7 Interconnect Redundancy Remapping

The HBM3 DRAM supports interconnect lane remapping to help improve SIP assembly yield and
recover functionality of the HBM3 stack. The SOFT_LANE REPAIR and HARD LANE REPAIR
instructions are used to perform lane remapping. Lane remapping is independent for each channel.

SOFT_LANE REPAIR and HARD LANE REPAIR instructions can only be issued as part of the device
initialization and before normal memory operation has commenced, e.g., before the CK clock has started
to toggle.

The HBM DRAM can be programmed to retain the remapped lane information even when power is
completely removed from the HBM stack.

6.7.1 AWORD Remapping

There is one redundant AWORD lane per channel to either repair one lane in the row command bus or
one lane in the column command bus. APAR and ARFU are associated with the column command bus
repair as shown in Table 46. CK c, CK t, and AERR signals cannot be remapped. After a lane is
remapped, the input buffer associated with the broken lane is turned off and the input buffer associated
with the redundant bump (RA) is turned on. All functionalities are preserved with row or column bus lane
remapping.

6.7.1.1 Row Command Bus — Remapping Table

Table 45 — AWORD - Row Command Bus Remapping
Description Register R1 R2 R3 RO | R4 | RS | R6 | R7 R8 R9 RA
Encoding
Repair Lane 0 0001 XX R1 R2 R3 RO | R4 RS R6 R7 R8 R9
Repair Lane 1 0010 R1 XX | R2 R3 | RO | R4 | RS R6 R7 R8 R9
Repair Lane 2 0011 R1 R2 XX R3 RO R4 RS R6 R7 RS8 R9
Repair Lane 3 0000 R1 R2 R3 | XX | RO | R4 | RS R6 R7 R8 R9
Repair Lane 4 0100 R1 R2 R3 RO | XX | R4 | RS R6 R7 RS R9
Repair Lane 5 0101 R1 R2 R3 RO | R4 | XX | RS R6 R7 RS R9
Repair Lane 6 0110 R1 R2 R3 RO | R4 | RS | XX | R6 R7 R8 R9
Repair Lane 7 0111 R1 R2 R3 RO | R4 | RS R6 | XX | R7 R8 R9
Repair Lane 8 1000 R1 R2 R3 RO R4 RS R6 R7 XX R8 R9
Repair Lane 9 1001 R1 R2 R3 RO | R4 | RS R6 R7 R8 XX R9
Reserved 1010 R1 R2 R3 RO | R4 | RS R6 R7 R8 R9 RA
to
1110

Default — 1111 R1 R2 R3 RO | R4 | RS R6 R7 R8 R9 RA
No Repair
NOTE 1 XX = Lane is remapped
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6.7.1.2 Column Command Bus — Remapping Table

Table 46 — AWORD - Column Command Bus Remapping
Description Register | C0 | C1 C2 C3 | C4 | C5 Cé6 C7 | APAR | ARFU RA
Encoding
Repair Lane 0 0000 XX | Co | Cl C2 | C3 | C4 | C5 ] Co C7 APAR | ARFU

Repair Lane 1 0001 Co | XX | C1 Cc2 | C3 C4 C5 C6 C7 APAR | ARFU

Repair Lane 2 0010 Co| Cl | XX | C2 C3 C4 C5 C6 C7 APAR | ARFU

Repair Lane 3 0011 Co | C1 C2 | XX | C3 C4 C5 C6 C7 APAR | ARFU

Repair Lane 4 0100 Co | C1 C2 C3 | XX | C4 (O] C6 C7 APAR | ARFU

Repair Lane 5 0101 co | C1 C2 C3 C4 | XX | C5 C6 C7 APAR | ARFU

Repair Lane 6 0110 co | C1 C2 C3 C4 C5 | XX | Co C7 APAR | ARFU

Repair Lane 7 0111 Co | C1 C2 C3 C4 | C5 C6 | XX C7 APAR | ARFU

Repair Lane 8 1000 Co | C1 C2 C3 C4 | C5 Co6 C7 XX APAR | ARFU

Repair Lane 9 1001 Co | C1 C2 C3 | C4 | Cs C6 C7 | APAR XX | ARFU

Reserved 1010 Co | C1 C2 | C3 | C4 | C5 C6 | C7 | APAR | ARFU | RA
to
1110
Default — 1111 Co | C1 C2 | C3 | C4 | C5 C6 | C7 | APAR | ARFU | RA
No Repair

NOTE 1 XX = Lane is remapped

6.7.1.3 AWORD Remapping Examples

As an example, Ca4 is the broken lane in the Column Command bus with no broken lanes on the Row
Command bus. The lane is remapped by programming Channel a’s LANE REPAIR WDR bits
AWORD_CA[3:0] to 4h and AWORD_RA[3:0] to Fh.

Table 47 — Original Lane Assignment - Channel a - AWORD Column Repair
ARFUa Ca7 Cas a4 Ca2 Ca0

RAa APARa Cab CKa t Ca3 Cal
Ra9 Ra7 CKa ¢ Ra4 Ra3 Ral
AERRa Ra8 Ra6 Ra$ Ra0 Ra2

Table 48 — Remapped Lane Assignment - Channel a - AWORD Column Repair

APARa Ca6 Cad Ca2 Ca0

ARFUa Ca7 Ca5 CKa t Ca3 Cal
Ra9 Ra7 CKa c Ra4 Ra3 Ral

AERRa Rag Ra6 Ra5 Ra0 Ra2
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6.7.1.3 AWORD Remapping Examples (cont’d)

In a second example, Ra0 is the broken lane in the Row Command bus with no broken lanes on the
Column Command bus. The lane is remapped by programming Channel a’s LANE REPAIR WDR bits
AWORD_ RA[3:0] to Oh and AWORD_CA[3:0] to Fh.

Table 49 — Original Lane Assignment - Channel a - AWORD Row Repair
ARFUa Ca7 Cas Ca4 Ca2 Ca0

RAa APARa Cab CKa t Ca3 Cal
Ra9 Ra7 CKa ¢ Ra4 Ra3 Ral
AERRa Ra8 Ra6 Ras Ra0 Ra2

Table S0 — Remapped Lane Assignment - Channel a - AWORD Row Repair

ARFUa Ca7 Cas Ca4 Ca2 Ca0

RA9 APARa Cab CKa t Ca3 Cal
Ra8 Ra6 CKa ¢ Ra0 Ra3 Ral

AERRa Ra7 Ra5 Ra4 Ra2

6.7.2 DWORD Remapping

HBM3 supports remapping of one broken data bus lane per double byte. Two adjacent bytes (e.g.,
DQ[15:0], DQ[31:16], DQ[47:32], DQ[63:48]) are treated as a pair (double byte), but each double byte is
treated independently.

After a lane is remapped, the input buffer associated with the broken lane is turned off and the output
driver is tri-stated; the input buffer associated with the redundant lane (RD) is additionally turned on and
the output driver is activated.

It is required to program “1111b” for the intact byte within the double byte while the remapping for the
broken lane in the other byte is encoded according to the table.

DBI functionality is preserved as long as the Mode Register setting for DBI function is enabled. There is
no impact on the Data Parity function. WDQS ¢, WDQS t, RDQS ¢, RDQS t, PAR and DERR signals
cannot be remapped.

During Reads, the RD output drivers are enabled along with the DQ, DBI and ECC/SEV lanes of the
physical byte the lane is located in: RD0O and RD2 are located within even bytes and thus enabled one
clock cycle prior to the first valid data bit, and RD1 and RD3 are located within odd bytes and thus
enabled two clock cycles prior to the first valid data bit.
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6.7.2.1 DWORD Remapping Table

Table 51 — DWORD Remapping (1 Byte)

Description Register | ECC0 | DQO DQ1 DQ2 DQ3 DQ4 DQS | DQ6 | DQ7 | DBIO | RDO
Encoding (ECC1/ | (DQS8/ DQY/ | (DQ10/ | (DQ11/ | (DQ12/ | (DQ13/ | (DQ14/ | (DQIS/ | (DBI1/ | (RDO/
SEV0/ | DQIl6/ | DQ17/ | DQI8/ | DQ19/ | DQ20/ | DQ21/ | DQ22/ | DQ23/ | DBI2/ RD1/
SEVI) | DQ24) | DQ25) | DQ26) | DQ27) | DQ28) | DQ29) | DQ30) | DQ31) | DBI3) | RDI)
Repair Lane 0 0000 XX ECCO | DQO DQ1 DQ2 DQ3 DQ4 DQ5 DQ6 | DQ7 | DBIO
Repair Lane 1 0001 ECCO XX DQO DQ1 DQ2 DQ3 DQ4 DQ5 DQ6 | DQ7 | DBIO
Repair Lane 2 0010 ECCO | DQO XX DQI1 DQ2 DQ3 DQ4 DQ5 DQ6 | DQ7 | DBIO
Repair Lane 3 0011 ECCO | DQO DQ1 XX DQ2 DQ3 DQ4 DQ5 DQ6 | DQ7 | DBIO
Repair Lane 4 0100 ECCO | DQO DQI1 DQ2 XX DQ3 DQ4 DQ5 DQ6 | DQ7 | DBIO
Repair Lane 5 0101 ECCO | DQO DQ1 DQ2 DQ3 XX DQ4 DQ5 DQ6 | DQ7 | DBIO
Repair Lane 6 0110 ECCO | DQO DQI1 DQ2 DQ3 DQ4 XX DQ5 DQ6 | DQ7 | DBIO
Repair Lane 7 0111 ECCO | DQO DQI1 DQ2 DQ3 DQ4 DQS5 XX DQ6 | DQ7 | DBIO
Repair Lane 8 1000 ECCO | DQO DQ1 DQ2 DQ3 DQ4 DQ5 DQ6 XX DQ7 | DBIO
Repair Lane 9 1001 ECCO | DQO DQI1 DQ2 DQ3 DQ4 DQS5 DQ6 DQ7 XX DBIO
Reserved 1010 ECCO | DQO DQ1 DQ2 DQ3 DQ4 DQ5 DQ6 DQ7 | DBIO | RDO
to
1110

Default — 1111 ECCO | DQO DQI1 DQ2 DQ3 DQ4 DQS5 DQ6 DQ7 | DBIO | RDO

No Repair

NOTE 1 XX = Lane is remapped

NOTE2 DWORDO and DWORDO BYTEI are shown as an example

NOTE 3 ECC is associated with DWORDO_BYTEO, DWORDO BYTE1, DWORD1_BYTEO and DWORD1_BYTEI
NOTE 4 SEV is associated with DWORDO0 _BYTE2, DWORDO BYTE3, DWORD1 BYTE2 and DWORD1 BYTE3
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6.7.2.2 DWORD Remapping Example
As an example, ECCa0 is a broken lane for byte 0 while all lanes for byte 1 are intact. The lane is
remapped as illustrated in Table 53 by programming channel a’s LANE REPAIR WDR bits
DWORDO BYTEO[3:0] to Oh and bits DWORDO BYTEI1[3:0] to Fh.
Table 52 — Original DWORD Lane Assignment - Channel a — Byte [1:0]
DQa7 DQas RDad DQa3 DQal ECCa0
DBI0 DQa6 DQa4 PARa0 DQa2 DQa0
VDDQL VDDQL VDDQL VDDQL VDDQL VDDQL
DBlal DQal4 DQal2 WDQSa DQal0 DQa8
0t
DQal5 DQal3 WDQS0 DQall DQa9 ECCal
ac

Table 53 — Remapped DWORD Lane Assignment - Channel a — Byte [1:0]
DQe6 DQe DBI:0 DQ:2 DQ:0 n
DQa7 DQas DQa3 PARz0 DQal ECCa0
VDDQL VDDQL VDDQL VDDQL VDDQL VDDQL
DBIal DQal4 DQal2 W]gQSa DQal0 DQa8
DQal5 DQal3 WDQS0 - DQall DQa9 ECCal
ac

The circuit diagram in Figure 66 illustrates the DQ lane remapping in more detail. Physical micro-bump
DQ3 will be connected to internal logical DQ3 input and output paths when the DQ3 lane is not
remapped; with remapping the internal DQ3 input and output paths would be routed to the physical DQ4
micro-bump.
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6.7.2.2 DWORD Remapping Example (cont’d)
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Figure 66 — Example Signal Paths with Lane Repair
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6.8 HBM3 Loopback Test Modes

A Multiple-input Shift Register (MISR) / Linear Feedback Shift Register (LFSR) circuit is defined within
the HBM3 AWORD and DWORD I/O blocks. These circuits are intended for testing and training the link
between the Host and the HBM3 device. Referring to Figure 67, each byte within a DWORD implements
a 40-bit MISR/LFSR circuit, comprised of WDQS 2-cycles Rise and Fall 4-bits for each of the eight DQs
plus DBI and ECC/SEV signals. Respective QO0, Q1, Q2, Q3 indicate half WDQS cycle for each one
signal within each byte of a DWORD implement. The BLO to BL3 of HBM3 are matched with the QO to
Q3 in the front two WDQS cycles and the BL4 to BL7 of HBM3 are matched with the QO to Q3 in the
next two WDQS cycles. In operation, the MISR/LFSR circuits operate independently across the bytes.
The AWORD implements a 38-bit MISR/LFSR circuit comprised of CK DDR Rise and Fall bits for the
18 row and column command bits, plus ARFU. When the MISR registers are read via the IEEE 1500 port
DWORD_MISR instruction, the four bytes per DWORD (160-bits) for the two DWORDs within a
channel are serially shifted out, for a total of 320-bits. The 38-bit AWORD MISR content is read via the
AWORD_MISR instruction. See

Table 116 and Table 117 for the bit-orders for these MISR registers.

The term MISR modes collectively refers to all of the modes - LFSR mode, Register mode, MISR mode,

and LFSR Compare mode. AWORD MISR modes and DWORD MISR modes refer to all of the modes
defined for the specific bus.

MISR Block diagram

AWORD MISR CONFIG settings DWORDO
AWORD Enable
AWORD MODE DWORD1
Related IEEE 1500 instructions | ByteO MISR/LFSR
AWORD_MISR
MISR_MASK | Bytel MISR/LFSR
READ _LFSR_COMPARE_STICKY | Byte2 MISR/LFSR
AWORD MISR/LFSR Byte3 MISR/LFSR
DQ DQ  ECC
R1 «» R3 RO R4 «———» RIARFUCT « » CO DBl yop ¢ > ISB . [SEV
R|F R‘F r|f|rr R‘F r|e|r|F R‘F R‘F r|e R|F R‘F r|F[r]F R‘F Rl F|r]F R‘F R‘F Qo‘m‘o2|aaou|m‘qz‘aauu|m‘oz03uo‘m‘ozlaaudm‘uz‘oaou|m‘oma00‘01‘@11&300‘01oz‘c.souhw‘qz‘oauo‘m‘oma [
cK MRY7 settings DQ WDQS RDQS
DWORD MISR Control DBI
DWORD Read Mux Control ECC/SEV
DWORD Loopback Enable
Host AWORD
Related IEEE 1500 instructions Host DWORDs
DWORD_MISR
MISR_MASK

READ_LFSR_COMPARE_STICKY

Figure 67 — MISR Features Block Diagram of HBM3
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6.8.1 HBM3 Polynomial Structure

Figure 68 provides an example of a 4-bit Galois type MISR/LFSR structure that implements the following
polynomial:

fx)=X'+X+1

The example circuit and function table are for illustration only, and this circuit's modes are not fully
representative of the actual DWORD and AWORD MISR definitions as outlined below. For example, the
circuit shown in Figure 68 implements a reset function, while the AWORD and DWORD MISRs instead
implement a preset function, where specific bits are set to logic 1.

Cul3 Qutz Ol Ot
')

o 8o T8o

CLKE
hi 1
A0

In3 In2 Ini In

Figure 68 — Example of 4 bit MISR-LFSR Implementing f(x) = X* + X3 + 1

Table 54 — MISR Function Table

M1 Mo Function
0 0 Reset
0 1 LFSR
1 0 Register
1 1 MISR

6.8.1.1 AWORD MISR Polynomial
The HBM3 AWORD MISR structure is a 38-bit MISR/LFSR with the following polynomial:
f(x) =X+ X+ X+ X+ 1

The AWORD MISR may be serially accessed via the AWORD_MISR IEEE 1500 port instruction. See
Table 117 for the AWORD MISR wrapper data register bit order.
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6.8.1.2 DWORD MISR Polynomial
The DWORD MISR structure is a 40-bit MISR/LFSR per byte with the following polynomial:
fx) =X +X¥+ X'+ X9+ 1

Note that when the DWORD MISRs are accessed via the DWORD_ MISR IEEE 1500 port instructions
that all of the individual byte MISRs within a channel are concatenated into a 320-bit wrapper data
register. See

Table 116 for the DWORD MISR bit order.

6.8.2 General Loopback Modes Features and Behavior
This clause addresses features and behaviors that generally apply to all of the MISR modes.

a) Entering the MISR modes — MISR modes may be enabled after tINIT3 within the initialization
sequence; they may also be entered any time after completing the initialization (see Initialization).
DWORD MISR modes are controlled via Mode Register 7 (see Table 18), while AWORD MISR
modes are controlled via the IEEE 1500 port AWORD MISR CONFIG instruction. AWORD and
DWORD MISR modes cannot be used simultaneously since the DWORD MISR modes are driven
via READ and WRITE commands on the AWORD bus.

b) Entering and exiting AWORD MISR modes — HBM3 allows the AWORD MISR modes to be
utilized on one or more channels while the other channels continue to operate normally. After normal
initialization, to enter the AWORD MISR modes on a given channel the host must put the HBM3
channel into either precharge power-down or self refresh modes. Self refresh mode may be used in
order to retain memory content while using the AWORD MISR modes, as needed. AWORD MISR
modes may also be enabled after tINIT4 within the initialization sequence. Enabling the AWORD
MISR modes re-enables the AWORD I/O buffers that are normally disabled in power-down and self
refresh modes, which may result in increased current draw over the IDD2P, IDD2P0 and IDD6x
specifications. If returning to normal operation is not required, the host may assert an initialization
sequence per clause Initialization after operating the AWORD MISR modes. The sequence for
entering AWORD MISR modes, and then exiting back to normal operation is as follows:

1) Atany time after initializing the HBM3 enter the all banks idle state.

2) Enter either the precharge power-down state or the self refresh state. RO = LOW while in these
states.

3) Stop toggling CK (CK_t=LOW, CK c =HIGH).

4) Enable/enter and operate the AWORD MISR modes (AWORD MISR CONFIG Enable =1 -
On). Finish these operations with CK stopped (CK_t=LOW, CK_c =HIGH) and RO =LOW.

5) Disable the AWORD MISR modes and follow the Power-Down (PDE, PDX) or Self Refresh
(SRE, SRX) exit procedures.

6) When using the AWORD MISR modes after tinirs within the initialization sequence, power-
down or self refresh entry and exit does not apply.

If the DRAM is not required to continue with mission mode operation after AWORD MISR test,
there is no requirement on row/column command bus and the precharge power-down state or the self
refresh state after loopback test. The AWORD MISR modes (AWORD_ MISR CONFIG Enable bit)
can be reset by WRST n during a subsequent initialization sequence.
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6.8.2 General Loopback Modes Features and Behavior (cont’d)

¢) Entering and exiting DWORD MISR modes — HBM3 allows the DWORD MISR modes to be
utilized on one or more channels while the other channels continue to operate normally. After normal
initialization (see Initialization), to enter the DWORD MISR modes on a given channel the host must
put the HBM3 channel into the all banks idle, enable the DWORD MISR modes (MR7 Loopback
Enable = 1 - Enable; see Table 18), and then enter precharge power-down or self refresh. Self refresh
may be used in order to retain memory content while using the DWORD MISR modes, as needed.
Enabling the DWORD MISR modes before entering precharge power-down or self refresh keeps the
AWORD and DWORD I/O buffers enabled, and may result in increased current draw over the
IDD2P, IDD2P0 and IDD6x specifications. DWORD MISR modes may also be enabled after tiirs
within the initialization sequence. Also see items f) and h) for related DWORD MISR modes
configuration setting. On the column command bus only READ (RD), WRITE (WR), and Column
No Operation (CNOP) commands may be issued which operate the DWORD MISR modes, MR15
MRS commands may be issued to set the DWORD VREF (VREFD), and MR7 MRS commands may
be issued to select the DWORD MISR modes. On the row command bus only RO = static LOW may
be issued. The sequence for entering DWORD MISR modes, and then exiting back to normal
operation is as follows:

1) At any time after initializing the HBM3, enter the all banks idle state.

2) Set all configuration mode registers as needed for use in the DWORD MISR modes (see items h),
k), and n)).

3) Set MR7 DWORD Loopback Enable = 1 - Enable, and then wait tymop.

4) Enter either precharge power-down or self refresh. RO = LOW while in these states.

5) Select and operate the DWORD MISR modes via MR7 settings (Row command input requires
RNOP with RO=L to keep power-down or self refresh status during MR7 setting) and sending
RD, WR, and CNOP commands. After completing DWORD MISR operations, send CNOP
commands.

6) Follow the power-down exit (PDX) or self refresh exit (SRX) procedures.

7) Set MR7 DWORD Loopback Enable = 0 - Disable, and then wait tyop before continuing normal
operation.

MRS commands are not supported until after tvirs in the initialization sequences; therefore, to
configure and control the mode registers for DWORD MISR modes usage after tivirs the
MODE_REGISTER DUMP_SET instruction must be used. The sequence for entering and operating
the DWORD MISR modes after tmvrs in the initialization sequence is as follows:

1) Start CK with PD and CNOP on the command busses.

2) Using MODE REGISTER DUMP_ SET sets all configuration mode registers as needed for use in
the DWORD MISR modes (see items f) and h)), set MR7 DWORD Loopback Enable =1 -
Enable, and then wait tyop.

3) Select and operate the DWORD MISR modes via MR7 settings (using MODE_REGISTER -
DUMP_SET) and sending RD, WR, and CNOP commands.

4) After completing DWORD MISR operations, send CNOP commands, set MR7 DWORD
Loopback Enable = 0 - Disable using MODE REGISTER DUMP_SET, then wait tmop.

5) CK clocking may be stopped if desired.
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6.8.2 General Loopback Modes Features and Behavior (cont’d)

6) Proceed to other IEEE 1500 instructions, or proceed with the initialization sequence from Figure
6, time Td.

If the DRAM is not required to continue with mission mode operation after DWORD MISR test,
there is no requirement to follow the power-down or self refresh procedures and set MR7 DWORD
Loopback Enable = 0 - Disable. The Loopback Enable bit can be reset by a subsequent initialization
sequence with RESET n=LOW.

d) Command decode is disabled in AWORD MISR modes - When AWORD MISR modes are
enabled the traffic sent on the AWORD bus is not limited to valid commands. To prevent undefined
states and operations, when AWORD MISR modes are enabled (AWORD MISR CONFIG Enable =
1 - On), command decoding is disabled.

e) With lane repairs the MISR bit positions remain with their logical signals - The MISR bits are
associated with their logic signals, not the physical microbumps (see Figure 66). For example, if DQ3
has been repaired (which routes the DQ3 data to the DQ4 microbump) the data received on the DQ4
microbump is routed to the DQ3 MISR bits. Effectively, the behaviors for all MISR modes are
unchanged - all 10 bits of the byte are captured in the MISR in the same bit locations, as if no lane
repair were active.

f) HBM3 DBI, and ECC/SEYV logic circuits are not functional in the DWORD MISR modes - The
DBI and ECC/SEYV signals are treated as pure data signals. Their raw values are captured, compared,
or sent without regard to their normal bus inversion or ECC functional meaning.

e [tis required to enable Write DBIac and Read DBIlac in MRO in order to enable the I/O buffers on
the DBI signals. A value of 0 is internally assumed for all DBI write data in case WDBI is
disabled.

e Regardless whether meta data and severity reporting are is enabled in MR9 or not, setting MR7
DWORD Loopback Enable = 1 will enable the ECC/SEV signal’s I/O buffers. Note that the SEV
signals are bidirectional I/Os in loopback test mode only.

e The host may write DBI encoded or non-encoded data to the HBM3. In MISR mode or Register
mode, the raw data received from the host well be directly captured (not DBI decoded) to the
MISR register.

e For LFSR Compare mode to match, the host must send the LFSR generated raw data on all 10
signals of the byte without write DBI encoding. The HBM3 will not DBI decode the received
data, and thus the host must send the raw LFSR data in order for LFSR Compare to match.

e For LFSR mode, the HBM3 will generate non-DBI encoded read data.
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6.8.2 General Loopback Modes Features and Behavior (cont’d)

g) DWORD read path parity traffic generation - In DWORD LFSR mode (Read direction) and Read
Register mode, the HBM3 parity logic is not active and the MR0O DQ Bus Read Parity settings has no
effect. To generate traffic on the DWORD parity signal a copy of a nearby DQ signal is produced on
the Parity signal. Logical signals DQ2, DQ34 are sent on the respective DWORD block parity
DPARO, DPARI1 signals, irrespective of any lane repairs. The parity signals are driven with the DQ
data without any additional cycle delay - effectively with Parity Latency = 0. A suggested host-side
implementation is to use signature register circuits for checking the validity of the received parity
signal. When reading back the LFSR_ COMPARE STICKY error bits, the parity signal output is
unspecified.

h) AWORD and DWORD write parity checking - In AWORD and DWORD Register mode, MISR
mode, and LFSR Compare mode the HBM3 parity evaluation logic is active and outputs results on
AERR after tparac and DERR after tparpo, respectively (if enabled in MRO, see Table 11). The MR1
Parity Latency setting (see Table 12) must be set to a vendor implementation-specific supported PL
value, which may be interface speed specific. The HBM3 device will process write parity per the PL
setting and protocol, including any required additional WDQS cycles. A suggested host-side
implementation is to use signature register circuits for checking the correctness of the AERR and
DERR signals. It is also suggested that the host generate data on the DWORD Parity signals in order
to exercise these signal paths and logic.

1) Preset state AAAAAAAAAAh and 2AAAAAAAAAM - The Preset state for the DWORD MISR
registers is AAAAAAAAAAh, which initializes the Rise bit for each signal to 1'b1 and the Fall bit to
1'b0. This is a useful state for producing an alternating 0/1/0/1/0/1/0/1 pattern on all 10 bits associated
with a DWORD byte when put into DWORD read Register mode (burst length 8). This basic pattern
may be used by the host for RDQS eye centering. READ commands from the DWORD MISR are
supported in Preset state. WRITE and READ commands to and from the DWORD_MISR do not
change the DWORD_MISR content in this mode. The AWORD MISR register is also preset to the
same 0/1 pattern (0x2AAAAAAAAA for the 38-bit polynomial) for implementation consistency;
although the AWORD cannot be enabled to drive this data pattern back to the host. Any non-zero
initialization pattern is sufficient for all of the MISR modes; however, an initial pattern of all zeroes is
a stuck-at-zero state for the DWORD LFSR mode. The Preset state may be overridden using the
Write Register modes (see AWORD and DWORD Write Register Modes).

j) DWORD MISR registers are writeable via IEEE 1500 - The normal intended method for writing
the DWORD MISR registers are through the functional interface (see Test Method for DWORD
Write MISR mode). The values of the DWORD MISR registers may also be written using the
DWORD_MISR IEEE 1500 port instruction. This feature enables setting alternate seed values.

k) DWORD read and write latencies must be set properly - READ and WRITE commands are used
to generate DWORD MISR modes traffic. Normal mode DWORD read and write protocol is
followed using the latency settings, as supported by the operating frequency being used.

1) DWORD Write preamble and post-amble clocks adhere to the normal protocol - For DWORD
write MISR modes (Register mode, MISR mode, and LFSR Compare mode), the host is expected to
send WDQS preamble and postamble clocks, and the HBM3 samples the DWORD data, consistent
with the write protocols defined in the clause entitled Write Command (WR, WRA).
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6.8.2 General Loopback Modes Features and Behavior (cont’d)

m) DWORD Read preamble and post-amble clocks adhere to the normal protocol - For DWORD

Read Register mode, LFSR mode (Read direction), and when returning the LFSR_ COMPARE
STICKY bits, the HBM3 will produce RDQS preamble and postamble clocks, and send DWORD
data, consistent with the read protocols defined in the clause entitled Read Command (RD, RDA).

AWORD MISR modes preamble clock filter - In the AWORD MISR modes, the host is expected
to stop CK toggling, enable the desired AWORD MISR mode, and then start sending CK toggles and
AWORD data. To avoid timing impairment on the CK startup cycle, the HBM3 will treat the first
received CK cycle as a preamble clock cycle and not process the data on the AWORD signals in
MISR or Register mode, nor compare them in LFSR Compare mode. The MISR block will keep its
state unchanged during filter cycle. The first clock cycle filter circuit is enabled by setting
AWORD_MISR CONFIG MODE = 2’b00 - Preset. The first data sampled by the HBM3 is on the
second CK clock cycle. Only the very first CK clock cycle will be filtered - if the host were to stop
and restart CK clocking while remaining in an AWORD MISR mode (without applying another
Preset), the AWORD data will be sampled on the startup clock cycle, with possible CK edge timing
impairment.

Host sends preamble clock. Discarded by HEM.
CK ﬂ‘“- : 1?{' WI; L N L ™ [ ) . il e _\(lﬁ,\l_

First data consumed by-HBM AWORD MISR modes
RIC command, ARFU e 0 0 0 0 0 0 0 0 O B 8 O O

Figure 69 — AWORD MISR Modes Preamble Clock Filter Behavior

Cycles processed in the MISR modes - AWORD MISR modes rely on stopping CK clocks before
and after the test sequence. All AWORD cycles sent to the HBM3 after the filtered preamble clock
cycle are processed into the MISR (MISR mode and Register mode) or compared (LFSR Compare
mode), including the last cycle before CK is stopped. An even number of AWORD cycles — not
counting the filtered preamble cycle — provides that the test results is the same regardless of the
specific AWORD MISR implementation. For DWORD MISR modes, all valid data cycles written to
the HBM3 are processed into the MISR (MISR mode and Register mode) or compared (LFSR
Compare mode) while the DWORD MISR modes are enabled, consistent with the DWORD write
protocol and write latency setting. Data pin signal states during preamble and post-amble cycles are
not processed into the MISR. For example, if 10 non-seamless Burst Length = 8 write operations are
sent to the HBM3 in DWORD MISR mode a total of 80 data bit times (UI) will be processed into the
MISR.
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6.8.3

AWORD and DWORD Write MISR Modes

When the AWORD or DWORD MISR modes are active, the data on the AWORD or DWORD data
signals is received based on the CK or WDQS clocks respectively, and compressed in the MISR circuits.
The host is in complete control of the number of data cycles that are sent, and if successfully received by
the HBM3 the values captured in the respective MISRs will be repeatable and deterministic. Figure 70
illustrates the behavior for DWORD MISR mode (Write direction).

b)

d)

Figure 70 — DWORD Write MISR Modes Behavior

Test Method for AWORD (Write) MISR Mode

After the required HBM3 initialization, the host issues either precharge power-down or self
refresh mode (RO = LOW) and stops sending CK clocks to the HBM3 (CK _t=LOW, CK c¢=
HIGH).

Initialize the AWORD MISR by setting the AWORD MISR_CONFIG Enable = 1'b1 - On and
AWORD_ MISR CONFIG MODE = 2’b00 - Preset. The Preset operation also enables the
preamble clock filter circuit.

Enable the AWORD MISR mode by setting AWORD_ MISR_CONFIG Mode =2'b11 - MISR
mode.

The host sends three or more CK clock cycles and data on the AWORD signals. The first
received CK clock cycle is discarded as a preamble clock by the HBM3 and shall be followed by
an even number of clock cycles. The HBM3 clocks the received data into the AWORD MISR
and evaluates parity, if enabled. The ending clock state applied by the host is CK _t =LOW,
CK _c¢=HIGH.

The host reads the MISR content via the IEEE 1500 AWORD_ MISR instruction.
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6.8.3.2 Test Method for DWORD Write MISR Mode

a) Initialize the test sequence by setting MR7 DWORD Loopback Enable = 1'b1 - Enable and
presetting the MISR registers by setting the DWORD MISR Control = 3'b000 - Preset. The
controller can load the DWORD MISR registers with an alternate seed value via the functional
interface or IEEE 1500 (see AWORD and DWORD Write Register Modes and DWORD MISR
IEEE1500 port instruction).

b) Enable DWORD MISR mode by setting MR7 DWORD MISR Control = 35011 - MISR mode.

c) The host sends one or more DWORD write cycles following the write latency and burst length
setting and following the normal write protocol. The HBM3 clocks the received data into the
DWORD MISRs and evaluates parity, if enabled.

d) The host reads the MISR content via the IEEE 1500 DWORD_MISR instruction. The MISR
content is also readable via the functional interface (see DWORD Read Register Mode).

6.8.4 AWORD and DWORD Write Register Modes

When the AWORD or DWORD Register modes are active, the data on the AWORD or DWORD data
signals are received based on the CK or WDQS clocks respectively, and stored directly into the respective
MISR registers without compression. Effectively the MISR register operates as a 2-bit storage register for
AWORD and as a 4-bit storage register for DWORD. On rising CK or WDQS edges the signal states on
the AWORD or DWORD bus respectively are stored in the Rising bits within the MISR registers, and on
falling CK or WDQS edges the bus signal states are stored in the Falling bits within the MISR registers. If
the host sends multiple DDR cycles to the HBM3, the MISRs will contain the last 2-bit per AWORD
MISR cycle and 4-bit per DWORD MISR cycle, if successfully received by the HBM3.

The Register modes are intended for basic, quick link testing and training, and for initializing the
DWORD MISR seed values.

6.8.4.1 Test Method for AWORD (Write) Register Mode

a) After the required HBM3 initialization, the host issues either precharge power-down or self
refresh mode (RO = LOW) and stops sending CK clocks to the HBM3 (CK _t=LOW, CK ¢ =
HIGH).

b) Initialize the AWORD MISR by setting the AWORD MISR CONFIG Enable = 1'b1 - On and
AWORD_MISR CONFIG MODE = 2’b00 - Preset. The Preset operation enables the preamble
clock filter circuit.

c) Enable the AWORD Register mode by setting AWORD_MISR _CONFIG MODE =2’b10 —
Register mode.

d) The host sends two or more CK clock cycles and data on the AWORD signals. The first received
CK clock cycle is discarded as a preamble clock by the HBM3. The HBM3 clocks the raw
received data into the AWORD MISR register without MISR compression and evaluates parity,
if enabled. The ending clock state applied by the host is CK_t = LOW, CK_c = HIGH. The last
clocked DDR cycle data is retained in the AWORD MISR register.

e) The host reads the MISR content via the IEEE 1500 AWORD_MISR instruction.
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6.8.4.1 Test Method for AWORD (Write) Register Mode (cont’d)

Note that the AWORD write register mode cannot practically be used to apply an alternate seed value into
the AWORD MISR register. In clause 6.8.4.1 step d, the preamble clock filter circuit is exercised and
cleared. At this point while it is allowed for the host to then stop sending AWORD cycles, set the
AWORD_ MISR CONFIG MODE to MISR mode or LFSR Compare mode, and then send additional
AWORD cycles, there may be timing impairment for the beginning of the second set of AWORD cycles.

The preamble clock filter circuit cannot be re-enabled for these additional AWORD cycles without
applying the AWORD MISR Preset function, which would also overwrite the alternate seed value applied
by the AWORD write register operation. There is no expected application value for using an alternate
MISR seed value for the AWORD MISR functions since the AWORD bus is receive-only.

6.8.4.2 Test Method for DWORD Write Register Mode

a) Enable DWORD Register mode by setting MR7 DWORD Loopback Enable = 1'bl - Enable and
DWORD MISR Control = 3'b010 - Register mode. A Preset is not required prior to using
Register mode.

b) The host sends one or more DWORD write cycles following the write latency and burst length
setting and following the normal write protocol. The HBM3 clocks the raw received data into the
DWORD MISR registers without MISR compression and evaluates parity, if enabled. The last
clocked DDR cycle data is retained in the DWORD MISR registers.

c) The host reads the MISR content via the IEEE 1500 DWORD_MISR instruction. The MISR
content is also readable via the functional interface (see DWORD Read Register Mode).
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6.8.5 DWORD Read Register Mode

The content of various DWORD MISR mode related registers may be read over the functional interface,
assuming that the read path with the host is properly trained (or used for read path training). The MR7
DWORD Read Mux Control bit field is used to select the data source. The host issues read commands
and the HBM3 responds following the read command protocol (such as read latency and burst length) and
timing (such as pre and post-amble clocks) per clause Read Command (RD, RDA).

Intended uses for the various read data sources include the following:

Reading the sticky error bits after an LFSR Compare mode test sequence (DWORD Read Mux
Control = 1'b1 - Return LFSR_COMPARE_STICKY) - Sticky error data is a single data bit per signal
and is output as static values on the interface for the full read burst length.

NOTE: When using the LFSR mode (see DWORD Read LFSR Mode) set the DWORD Read Mux
Control = 1'b0 - Return data from DWORD MISR registers.

Reading a basic clock pattern on all or select signals for DWORD read link training (DWORD Read
Mux Control = 1'b0 - Return data from DWORD MISR registers) - Which signals toggle may be set
with the Preset mode or a DWORD Register write (see AWORD and DWORD Write Register
Modes).

Reading the MISR registers final values at the end of a MISR mode test sequence (DWORD Read
Mux Control = 1'b0 - Return data from DWORD MISR registers) - The results of a MISR mode test
sequence may be read back on the functional interface, or via the IEEE 1500 port DWORD_ MISR
instruction. The MISR content is sent on UI O - 3 and then repeated on UI 4 — 7, or all data(UI O to 7)
of the most recent Write depending on vendor’s implementation (see Table 18 DWORD MISR Read
and Write Operations in Loopback Test Mode).

6.8.5.1 Test Method for DWORD Read Register Mode

a) Enable the test mode and select the desired read-back register by setting MR7 DWORD
Loopback Enable = 1'bl - Enable, DWORD MISR Control = 3'b010 - Register mode, and
DWORD Read Mux Control = 0.

b) The host sends one or more DWORD read commands. The HBM3 responds following the read
latency and burst length setting and following the normal read protocol.
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6.8.6

DWORD LFSR Mode (Read direction)

When in DWORD LFSR mode (Read direction), the HBM3 generates DWORD data from the LFSR in
response to read commands issued by the host. LFSR data is generated consistent with only the valid Uls
of the read protocol. Read Preamble and post-amble RDQS clocks are generated consistent with the read
protocol. The first data cycle generated will be the LFSR initial state, based on Preset or an alternate seed
value if loaded. Figure 71 illustrates the behavior for DWORD LFSR mode (Read direction).

NOTE

6.8.6.1

b)

: There is no AWORD LFSR mode since the AWORD bus cannot source data to the host.

MISR ] ] ]
clock
Dx_Q0 QO i X Qo X Q2 X Q3 >

Dx Q1 Ql i X Q1 X Q2 X Q3 >

Figure 71 — DWORD Read LFSR Modes Behavior

Test Method for DWORD LFSR Mode (Read direction)

Initialize the test sequence by setting MR7 DWORD Loopback Enable = 1'b1 - Enable and
presetting the MISR registers by setting the DWORD MISR Control = 3'b000 - Preset. The
controller can load the DWORD MISR registers with an alternate seed value via the functional
interface or IEEE 1500 (see AWORD and DWORD Write Register Modes and DWORD_ MISR
IEEE 1500 port instruction).

Enable DWORD LFSR mode by setting MR7 DWORD MISR Control = 3'b001 - LFSR mode
and DWORD Read Mux Control = 1'b0 - Return data from DWORD MISR registers.

The host sends one or more DWORD read commands. The HBM3 responds following the read
latency and burst length setting and following the normal read protocol, with data produced from
the LFSR. A suggested host-side implementation is to use signature register circuits for checking
the validity of the received data.
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6.8.7 AWORD and DWORD Write LFSR Compare Modes

The LFSR Compare modes enable direct identification of failing signal connections between the Host and
HBMS3. It is assumed that the Host implements LFSR data generators that match the lengths and
polynomials of the HBM3 LFSRs, and that the Host and HBM3 LFSRs start and run in synch. The
LFSRs generate data on each signal, and the compare circuitry checks for matching data for each data unit
interval (UI). Any mismatch between the data received at the HBM3 inputs (based on the respective CK
or WDQS clocking) and the data predicted by the HBM3 LFSR will set the sticky error bit for the
respective signals. The first data cycle expected from the host and compared by the HBM3 will be the
LFSR initial state, based on Preset or an alternate seed value if loaded.

Once a miscompare is found on a signal, its sticky error bit is set (1'b1) for the remainder of the test
sequence. The sticky error bits may be read via the IEEE 1500 port READ LFSR_COMPARE_STICKY
instruction or via the functional interface (see DWORD Read Register Mode). AWORD sticky error bits
are only readable via the IEEE 1500 port. The sticky error bits are reset (1'b0) via the MR7 DWORD
MISR Control = 3'b000 - Preset, or IEEE 1500 AWORD MISR CONFIG MODE = 2'b00 - Preset.

Figure 72 illustrates the system-level configuration for LFSR Compare mode.

HBM3 DRAM — each DWORD
140
Each bit within DWORD Host
1
~ ,
,
Interface s .
7 [redundang| <Y Matching
path
Sticky Error per bit.
Total 40 per DWORD |
~~ 40 bits per DWCORD
Parity < DPAR <} Parity data
logic P DERR D_ Response
- evaluation
logic

Figure 72 — LFSR Compare Mode Block Diagram

Note that data produced on the DWORD Parity signals from the host to the HBM3 is an implementation
suggestion for exercising the parity signal paths and HBM3 input timing and logic. The host-side
implementation for parity signal generation is not specified. This figure also illustrates that a host-driven
logical signal is compared with the matching logical signal data by the HBM3 compare circuit, regardless
of any active lane repairs which may shift the physical signal routing. The AWORD LFSR Compare
circuit matches the DWORD circuit except for the non-existent Parity signals.
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6.8.7.1

a)

b)

d)

b)

d)

Test method for AWORD (Write) LFSR Compare Mode

After the required HBM3 initialization, the host issues either precharge power-down or self
refresh mode (RO = LOW) and stops sending CK clocks to the HBM3 (CK t=LOW, CK c¢c=
HIGH).

Initialize the AWORD MISR (LFSR) register by setting the AWORD_ MISR CONFIG Enable =
I'b1 - On and AWORD_MISR_CONFIG MODE = 2'b00 - Preset. The Preset operation also
clears the AWORD per-signal sticky error bits and enables the preamble clock filter circuit. The
host-side LFSR data generator should also be initialized to the same value.

Enable the AWORD LFSR Compare mode by setting AWORD_ MISR CONFIG MODE =
2'b01 - LFSR Compare mode.

The host sends two or more CK clock cycles with LFSR-generated data on the AWORD signals.
The first received CK clock cycle is discarded as a preamble clock by the HBM3. The HBM3
LFSR predicts expected AWORD data per cycle from the host, based on matching LFSR
polynomials and starting seeds in the host and HBM3. Any mismatches set sticky error for the
respective signal. Parity is evaluated, if enabled. The ending clock state applied by the host is
CK t=LOW, CK c=HIGH.

The host reads the Sticky error bits to determine which signals failed. The bits are readable via
the IEEE 1500 port READ LFSR COMPARE STICKY instruction.

Test Method for DWORD Write LFSR Compare mode

Initialize the DWORD LFSR (MISR) registers by setting MR7 DWORD Loopback Enable =
1'b1 - Enable and DWORD MISR Control = 3'b000 - Preset. The Preset operation also clears the
DWORD per-signal sticky error bits. The controller can load the DWORD MISR registers with
an alternate seed value via the functional interface or IEEE 1500 (see AWORD and DWORD
Write Register Modes and DWORD_MISR IEEE1500 port instruction). The host-side LFSR
data generator should also be preset/initialized to the same value.

Enable DWORD LFSR Compare mode by setting MR7 DWORD MISR Control = 3'b100 —
LFSR Compare mode.

The host sends one or more DWORD write cycles with LFSR-generated data on the DWORD
signals following the write latency and burst length setting and following the normal write
protocol. The HBM3 LFSRs predict expected DWORD data per cycle from the host, based on
matching LFSR polynomials and starting seeds in the host and HBM3. Any mismatches set
sticky error for the respective signal. Parity is evaluated, if enabled.

The host reads the sticky error bits to determine which signals failed. The bits are readable via
the IEEE 1500 port READ LFSR_COMPARE _STICKY instruction. The sticky error bits are
also readable via the functional interface (see DWORD Read Register Mode).
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6.9 On-die DRAM ECC
6.9.1 ECC Overview

The HBM3 device uses a symbol-based on-die ECC, read/write meta-data (MD) bits, an error scrubbing
mechanism, an error transparency protocol, interface transmission parity, and fault isolation limits to
achieve a high level of system RAS.

HBM3 ECC features:

e  Minimum 304b codeword
256b+16b user data access size
Symbol-based on-die ECC
Symbol size is implementation specific

e On-die ECC real-time transparency
Two pins per PC transmit error severity
SBE signaled only after SBE threshold exceeded

e Automated on-die error scrubbing mechanism
+ Auto-ECS during REFab operation has MR for enable/disable
Auto-ECS during SRF has MR for enable/disable
MR bit to enable correction of CEm during ECS
Errors are only logged during ECS

e Single bit READ and WRITE data interface parity
DQ, DBI, and ECC bits included in parity calculation

SEV transparency bits not included in parity calculation

An overview of an example HBM3 on-die ECC engine is shown in Figure 73.

Data to Memory >
Codeword(s)
to memory
::> Check Bit
Generator
Severity Syndrome Syndrome Syndrome Codeword(s)
Decode Generator | from memory
Data from Memory |
Error Location, R
Error Magnitude
¢ Corrected Data | Error Correction (

Figure 73 — On-die ECC Overview Diagram Example
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6.9.2 HBM3 On-die ECC Requirements
On-die ECC Engine:
HBM3 devices shall implement on-die symbol-based ECC.

HBM3 on-die ECC has a codeword size dependent on symbol size error correction capability. The data-
word and example check-bits of the codeword are as follows:

e Data-word: 272b (256b data per PC + 16b meta data per PC)
e On-die ECC check-bits: Implementation specific (e.g., 32b assuming 16b single symbol correction)

The 272b user data consists of 256b transmitted over 32 DQ pins x BL8 and 16b transmitted over 2 ECC
pins x BLS.

On reads the DRAM corrects all errors that are less than or equal to a single symbol size and within the
symbol boundary before returning the data to the memory controller. The DRAM shall not write the
corrected data back to the array during a read cycle.

On writes the DRAM computes the check bits and writes the data and check bits to the array.

In the case of interface MD bits being disabled via MR9 OP0, the DRAM may assume any value for the
16D of the ECC data-word corresponding to the MD bits. The DRAM can only guarantee valid array MD
bits if written while interface MD function is enabled. The ECC engine treatment of the MD bits is not
affected by the disabling of the interface MD setting.

The specific ECC H-matrix used, the symbol size, and the number of codewords are implementation
specific.

6.9.3 DRAM Fault Isolation Requirements

Fault isolation is the management of errors caused by various faults to be isolated within certain
boundaries regardless of the od-ECC operation.

The fault isolation boundaries will be chosen in accordance with the ECC symbol size to maximize the
correction capability of multi-bit faults. The design must guarantee that the most common multi-bit fault
modes will create errors constrained to a correctable symbol-size or fewer bits.

6.9.4 Error Check and Scrub (ECS)

The HBM3 device will implement an Auto ECS function. Auto ECS will use on-die ECC and operate in
the background during REFab and SRF periods. The ECS mode allows the DRAM to internally read,
detect errors, correct errors, and write back corrected data bits to the array (scrub errors) while providing
transparency. Any errors corrected by on-die ECC during Auto ECS must be logged in the transparency
registers according to the rules described in this clause.
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6.9.4 Error Check and Scrub (ECS) (cont’d)
During Auto ECS, the internal Read-Modify-Write cycle will:

1. Read the entire code-word(s) from the DRAM array.

2. Ifthe ECC engine detects a single-bit error, the error will be corrected, and code-word(s) will be
written back to DRAM.

3. Ifthe ECC engine detects a correctable multi-bit error, the error will be corrected, and code-word(s)
will be written back to DRAM. CEm during ECS can be enabled/disabled by MR9 OP6.

4. Ifan error is detected in the code-word(s) and is uncorrectable, the bits in the code-word(s) will not
be modified. The code-word(s) must not be written back to DRAM.

5. Ifthe ECC engine detects no error, the DRAM may choose to write the resultant code-word(s) back
to DRAM or not.

ECS related MR control:

Table 55 — ECS Modes

ECS Mode Mode Register Value (Default All Disabled)
Auto ECS via REFab MR9 OP4, 1 = Enabled, 0 = Disabled
Auto ECS during Self Refresh MR9 OPS5, 1 = Enabled, 0 = Disabled
CEm during ECS MR9 OP6, 1 = Enabled, 0 = Disabled
ECS Error Type and Address Reset MR9 OP7, 1 = Reset (Self Clearing), 0 = Maintain
ECS Error Log Reset with Log Read-out MR8 OP2 1 = Enabled, 0 = Disabled
NOTE 1 REFab used for ECS will count toward refresh credit.
NOTE 2 When ECS during REFab is enabled, the host must issue REFab commands at an average rate of tecsint.

The internal Error Check and Scrub Log status for error type and address is initialized either by a device
RESET or by manually writing a “1” to MR9 OP7.

ECS modes MR9 OP[6:4] defined in Table 55 shall be programmed during DRAM initialization and
shall not be changed once the first ECS operation occurs unless followed by an ECS reset, otherwise an
unknown operation could result during subsequent ECS operations.

The DRAM can only guarantee valid ECS operations if array bits are written to prior to executing ECS
operations, thus enabling DRAM to calculate the proper parity bits.
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6.9.4 Error Check and Scrub (ECS) (cont’d)

ECS related timing parameters:

The ECS operation timing is shown in Figure 74.

— <«—tECSC
F A ~ -~ A F A
ECS
» Time
<+ tECSint - (AutoECS interval)
< tECS \k L tECS
(AutoECS period) (AutoECS period)

Figure 74 — ECS Operation Timing

tecsc: Max time for HBM3 to complete ECS operation

tecsine: Average ECS interval to cover all codewords in a specified period of tecs (e.g., 24h)

tecs: Period of time to complete ECS on all codeword

ERRTH: Vendor specific filter threshold of ERRCNT used for transparency. No CEs will be logged
or transmitted on SEV pins until ERRCNT > ERRTH

In order to complete a full Error Check and Scrub within the recommended tecs (e.g., 24 hours), the
average periodic interval of ECS operations (tecsin) 1s 86,400 seconds divided by the total number of
codewords as described in Table 56. The number if ECS operations is configuration dependent.

Table 56 — tgcsine per Stack (ECS Independent of SID)

Configuration 16 Gb x 4/ 8/ 12/ 16 24 Gb x4/ 8/ 12/ 16 32Gbx4/8/12/ 16
GB per device 8/16/24/32 GB 12/ 24/ 36/ 48 GB 16/ 32/ 48/ 64 GB
Gb per PC 2 Gb 3Gb 4 Gb
304b code-words per PC 2723 2723*1.5 2724
per SID
tecsine [ms] per PC 10.300 6.866 5.150

In order for the HBM3 to perform ECS operations when in ECS Mode, the host needs to issue periodic
REFab commands. The maximum average spacing between REFab commands for the DRAM to

complete the automatic scrub within the recommended tgcs(e.g., 24 hours) is tecsini. Meeting this REFab
requirement allows the DRAM to perform the ECS operations without placing additional restrictions on
refresh mode usage, i.e., all bank/per-bank refresh or normal mode refresh, while in ECS mode. REFab
commands issued in excess of required by the DRAM for ECS operations (one per tecsini) may be used by
the DRAM for normal refresh operation.
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6.9.4 Error Check and Scrub (ECS) (cont’d)

ECS related logging: The registers are allocated per PC and SID accessible via the IEEE 1500 interface.

1. When the on-die ECC detects an error, the DRAM address of the error must be logged in the form of
Bank, Row, Column, Error Type Severity

2. The error is logged within tgcsc and accessible via IEEE 1500

The priority of error logging is defined in Table 57.

Table 57 — Error Overwrite Priority Rules to Handle Multiple Error Logging

Previous Error Current Error
NE CEs CEm UE
NE (No error) None Update Update Update
CEs (Corrected single-bit error) Maintain Update Update Update
CEm (Corrected multi-bit error) Maintain Maintain Update Update
UE (Uncorrectable error) Maintain Maintain Maintain Update

NOTE 1 Logging of newest error may be lost in case of a simultaneous reset and new ECS error
NOTE 2 In the case of MR8 OP2 = 1, reset of ECS error log can only be guaranteed when captured WDR of ECS error
log is valid

Reset of ECS Error Log:

A reset of the ECS error log clears all VALID bits of the ECS ERROR_LOG WDR to Ob and the error
priority log to “NE” (no error). There are three independent methods for clearing the error log:

e The host may issue device RESET

e The host may issue a log reset according to MR9 OP7

e The host may configure MR8 OP2 ECS error log auto-reset, in which case the error log will be reset
upon read of the error log

Error Counting:

The number of CEs are counted during ECS in order to control whether the severity information of CEs is
conveyed on the SEV pins during READ operations. Error counting assumes one codeword covering each
access.

ERRCNT == number of error events accumulated during ECS

ERRCNT is independently maintained per PC and SID

CEs count as one event toward ERRCNT

CEm and UE do not count toward ERRCNT

If more than one codeword is used, a CEs in both codewords counts as a CEm
ERRCNT will be incremented a maximum of one for any codeword size

Reset of ERRCNT:
Automatic reset internally by HBM3 after each tgcs
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6.9.5 On-die ECC Transparency Protocol

An HBM3 device must provide transparency of actions by the on-die ECC engine. The specific
information to be conveyed and the method of conveyance is given in Table 58.

Table 58 — Transparency Attributes and their Access/Control Mechanism

Attribute Operation Transparency Mechanism
Real-time severity metadata RD/RDA Two SEV pins per PC
Logging address and severity of an error ECS IEEE1500 register

Severity Metadata: The severity of an error denotes the outcome of the on-die ECC processing over a
codeword(s) during a READ operation. The severity information is conveyed on the SEV pins together
with the data transfer on the DQ pins. Severity transmission will use the encoding shown in the Table 59
for each BL8 transaction.

Table 59 — Severity Encodings on the SEV Pins

Severity Pin Burst Position
0 1 2 3 4 5 6 7
NE SEV[0] 0 0 0 0 0 0 0 0
SEV[1] 0 0 0 0 0 0 0 0
CEs SEV[0] 0 0 0 0 1 1 1 1
SEV[1] 0 0 0 0 0 0 0 0
CEm SEV[0] 0 0 0 0 1 1 1 1
SEV[1] 0 0 0 0 1 1 1 1
UE SEV[0] 0 0 0 0 0 0 0 0
SEV[1] 0 0 0 0 1 1 1 1

Severity Metadata Signaling Control: The HBM3 device includes a mode register MR9 OP1 to enable
or disable the severity metadata signaling by the HBM3 device.

Table 60 — Severity Transmission on READ

On-die ECC Severity NE CEs CEm UE
Severity on SEV[1:0] NE NE if ERRCNT <= ERRTH CEm UE
CEs if previous or current
ERRCNT > ERRTH
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6.9.5 On-die ECC Transparency Protocol (cont’d)
The CEs output enable timing for SEV is shown in Figure 75.
ECSL,; o
— tECS »le {ECS >l {ECS >

— (e.g. Dayl) (e.g. Day2) (e.g. Day3)

0 1 2 WK-3 K2 Kl 0 1 2¥K3 K2 K1 0 1 2 MK3 K2 K1 0 1

#ERRE(g > #ERRpp )) ——| )
(ECS Error Counter) ( (
#ERRTH + 1 H#ERRTE1 + 1

"~ The output enable is maintained

Severity Signaling(via BL[7:4] of SEV[:0]) until the next ECS cycle.

CEs Output Enable )) )
(internal signal) ( {
«——— CEy, UE » CEs, CEpp, UE — > «— CEy, UE —»«—— CEg, CEy, UE ——

Figure 75 — ECS CEs Output Enable Timing for SEV Signaling

6.9.6 ECC Engine Test Mode

HBM3 devices provide ECC engine testing method of the on-die ECC engine only, not error access into
the core. The outcome of the error injection is reported according to the transparency protocol.

Table 61 — ECC Engine Test Modes

Selection by MRS ECC Engine Test Mode
ECC Engine Test Mode 0 — Normal Operation (Default)
(MR9 OP2) 1 — ECC Engine Test Mode
0 — CWO0 (Codeword0)
Error Vector Patterns Data ‘1’ means error bit and Data ‘0’ means non-error bit
(MR9 OP3) 1 — CW1 (Codewordl)

Data ‘0’ means error bit and Data ‘1’ means non-error bit

While in the ECC engine test mode in Table 61,

1. WR will function as an error injection command, Write DQ data is error injection pattern (CWO or
CW1 by MR9 OP3)

2. RD will function as an outcome output command, Read DQ/ECC/SEV data is the outcome of ECC
engine test
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6.9.6 ECC Engine Test Mode (cont’d)

The following sequence must be satisfied to perform a functional On-die ECC engine test mode of HBM3
DRAM. See Figure 76 and Table 62.

1. The HBM3 device registers Mode Register Set command (MRS) by MR9 OP[3:2] for the entry of
On-die ECC engine test mode in Table 61. Error severity reporting must be enabled via the SEVR bit
in MR9 OP1. The MD bit in MR9 OP0 must be set according to the user’s desire to include the ECC
signals in this test or not.

2. Asan example in Table 62 — Example of Error Vectors and Corresponding Severity for the engine
test, write “1” as Error and “0” as NE(No Error) in the case of CW0 mode. The symbol boundary is
vendor specific, and output and severity information are determined according to the error type
injected by the host.

3. To check the result of engine test, read the output after twrr.
A. The DQs will show the correction data as ALL “0” when the DATA is CEs or CEm in the case
of CWO0. Also, the output will show the values as written data when the DATA is UE case.
B. The BL[7:4] of SEV[1:0] pins will indicate NE, CEs, CEm and UE. CEs severity information
can be real-time signaling via SEV[1:0]. During ECC engine test, #ERRTH value is ignored.

4. Repeat the 2, 3, 4 sequence and the operation for the engine test after trrw.
A. E.g) Mode entry - WR-RD - WR-RD - WR-RD - ...
In this case, a single WR must be followed by a single RD.

The mapping between DQ/ECC and DATA[271:0] is vendor specific. When the MRS bit is enabled, the
core is not accessed, and the data pattern is interpreted as an error vector. When HBM3 is in the ECC
Engine Test Mode, it does not guarantee data retention and the only allowed commands are CNOP, WR,
RD, and MRS to disable this test mode.

Array Array
(message) (parity)
D D
MRS
4 DRAM internal parity
. veciors for CW0, CW1
ECC Englne 4 Syndrome (Parity) a - Circuitries are fully verified
Test Mode ] lat Syndrome (or Parity) under ECC Engine Test Mode
calcutaior -
Corrector é | Error locator & | Syndrome SEV
far both CW0, CW1) rror maghitide ecoder output
(fe ] ) L £ itude | Decod P
Corrected data  Error vector input SEV ouiput

Figure 76 — The Block Diagram of On-die ECC Engine and Path for ECC Engine Test Mode
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6.9.6 ECC Engine Test Mode (cont’d)
Table 62 — Example of Error Vectors and Corresponding Severity
Severity Error Vector Pattern Error Vector Error Vector Severity Note
(MR9 OP3) Input[271:0] Output[271:0] (SEV[1:0])
(Write data) (Read data)
NE CWo 0000...00000000 0000...00000000 NE 1
CWl1 1111...11111111 1111...11111111 2
CEs CWo 1000...00000000 0000...00000000 CEs 1
0000...00000001 0000...00000000
CwWl1 Ol11...11111111 I1111...11111111 2
1111...11111110 1111...11111111
CEm CWo0 0000...00001111 0000...00000000 CEm 1,3
1111...00000000 0000...00000000
CwWl1 1111...11110000 1111, 11111111 2,3
0000...11111111 1111...11111111
UE CWOorl None of the above Not specified UE
NOTE 1 CWO indicates that 1 means the error bit and 0 means normal bit.
NOTE 2 CW1 indicates that 0 means the error bit and 1 means normal bit.
NOTE 3 CEm is limited to a symbol.
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6.9.6

ECC Engine Test Mode (cont’d)

CK t

Column
Command

WDQS ¢
WDQS_t
RDQS ¢
RDQS t

Odd Bytes oD 5
DATA ~4+5)+60+7] i T
Even Bytes o\ Da : : 3 X A
DATA 4451601+ y 4 s)\+7i
U i [ODontCare
Set MR9 OP2=1 Set MRO OP2=0
Enable ECC Engine Test Mode Disable ECC Engine Test Mode

NOTE 1
NOTE 2
NOTE 3
NOTE 4
NOTE 5

NOTE 6
NOTE 7
NOTE 8
NOTE 9
NOTE 10
NOTE 11
NOTE 12
NOTE 13

Set MROOP3=0o0r1
Select CW0 or CW1

WRITE and READ address must be the same for ECC Engine Test Mode.
WRITE and READ commands don’t require a preceding ACT command for ECC Engine Test Mode.
No other commands are allowed except CNOP and MRS to disable ECC Engine Test mode.
WL =4 and RL = 6 are shown as an example.
DATA =DQ[31:0], DBI[3:0], ECC[1:0], SEV[1:0] for PCO and DATA = DQ[63:32], DBI[7:4], ECC[3:2], SEV[3:2] for PCI.
WDQS t/ ¢=WDQSO0 _t/ ¢ for PCO and WDQS1 t/ ¢ for PCI.
RDQS t/ ¢=RDQSO0 t/ ¢ for PCO and RDQS1 t/ ¢ for PCI1.
Da, ..., Da+7 = data-in for WRITE command. Db, ..., Db+7 = data-out for READ command.
twDQs2DQ 0, tpgss = 0 and nominal tow are shown for illustration purposes.
twrr should be twrrL by both WRITE and READ access banks in the same bank group for ECC Engine Test Mode.
WDBI and RDBI could be on or off. WDBI is controlled with MR0O OP1 and RDBI is controlled with MRO OPO.
WDBI and RDBI off are recommend for output of ECC Engine Test Mode. (see Table 62 — Example of Error Vectors and Corresponding Severity)
SEVR on is mandatory to verify on-die ECC transparency.
It is recommended that the MD bit is evaluated and the ECC signals are not included with MD on.
The WRITE and READ commands do not require a preceding ACT command in this test mode.

Figure 77 — Timing Diagram of ECC Engine Test Mode
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6.10 WOSC
6.10.1 WDQS Interval Oscillator

As voltage and temperature change on the HBM3 DRAM, the WDQS clock tree delay will shift and may
require re-training. The HBM3 DRAM includes an internal WDQS clock-tree oscillators to measure the
amount of delay over a given time interval (determined by the controller), allowing the controller to
compare the trained delay value to the delay value seen at a later time. The WDQS Interval Oscillator
(“oscillator”’) will provide the controller with important information regarding the need to re-train, and the
magnitude of potential error. The oscillator is not associated with any channel and operates fully
independent of any channel’s operating frequency or state (e.g., bank active, bank idle, power-down, or
self refresh). Also, no CK, WDQS or WRCK clock is required while the oscillator is counting. The
oscillator is disabled by default upon power-up.

The IEEE1500 instructions WOSC_RUN and WOSC_COUNT are associated with the oscillator. Setting
the WOSC _START STOP bit in the WOSC_RUN Wrapper Data Register to 1 will start an internal ring
oscillator that counts the number of times a signal propagates through a copy of the WDQS clock tree.
The oscillator is stopped by setting the WOSC_START_STOP bit back to 0. The maximum count is 2% -
1, and the longest run time for the oscillator to not overflow the counter can be calculated as follows:

Longest Run Time Interval = 2% * tgx_pos2po(min)

The validity of the clock count is indicated by the WOSC COUNT_VALID bit in the WOSC _COUNT
Wrapper Data Register. The default state of 0 indicates an invalid count. The state is also set to 0 when
the oscillator is started. When the oscillator stops, the WOSC_COUNT_VALID bit is set to 1 to indicate
a valid count, and the result of the counter is stored in the WOSC_COUNT_VALUE field of the

WOSC _COUNT WDR. The WOSC_COUNT_ VALID bit will remain 0 (invalid) if the counter
overflows (22* or more cycles) or if the oscillator is interrupted by pulling RESET n to LOW. On the
other hand, pulling WRST n to LOW does not impact the oscillator's operation. After the oscillator stops
the host may issue the WOSC_COUNT instruction to read out the count.

The controller may adjust the accuracy of the result by running the oscillator for shorter (less accurate) or
longer (more accurate) duration. The accuracy of the result for a given temperature and voltage is
determined by the following equation:

WDQS Oscillator Granularity Error =2 * (WDQS delay)
Run Time

Where:

*  Run Time = total time between the oscillator starting and automatically stopping
*  WDQS delay = the value of the WDQS clock tree delay [trx pos2po(min/max)]

Additional matching error must be included, which is the difference between WDQS training circuit and
the actual WDQS clock tree across voltage and temperature. The matching error is vendor specific.

Therefore, the total accuracy of the WDQS Oscillator counter is given by:

WDQS Oscillator Accuracy =1 - Granularity Error - Matching Error

Samsung Electronics Co., Ltd.
Ex. 1084, p. 165



Case 2:25-cv-00552 Document 1-5 Filed 05/19/25 Page 141 of 271 PagelD #: 181

JEDEC Standard No. 238A
Page 126

6.10.1 WDQS Interval Oscillator (cont’d)

Example: If the total time between start and stop is 100 ns, and the maximum WDQS clock tree delay is
400 ps [trx_pos2pg(max)], then the WDQS Oscillator Granularity Error is:

WDQS Oscillator Granularity Error =2 * (0.4 ns) = 0.8%
100 ns

This equates to a granularity timing error of 3.2ps.

Assuming a circuit Matching Error of 5.5 ps across voltage and temperature, then the accuracy is:

WDQS Oscillator Accuracy =1-3.2 +5.5=97.8%
400

Example: Running the WDQS Oscillator for a longer period improves the accuracy. If the total time
between start and stop is 250 ns, and the maximum WDQS clock tree delay is 400ps [trx pos2pg(max)],
then the WDQS Oscillator Granularity Error is:

WDQS Oscillator Granularity Error =2 * (0.4 ns) = 0.32%
250 ns

This equates to a granularity timing error of 1.28ps.

Assuming a circuit Matching Error of 5.5 ps across voltage and temperature, then the accuracy is:

WDQS Oscillator Accuracy =1 -1.28 +5.5 =98.3%
400
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6.10.1 WDQS Interval Oscillator (cont’d)

The WDQS Interval Oscillator matching error is defined as the difference between the WDQS training
circuit (interval oscillator) and the actual WDQS clock tree across voltage and temperature.

Parameters:

*  trx pos2pQ: Actual WDQS clock tree delay

*  twpgsese: Training circuit (interval oscillator) delay

*  WOSCorrer(v): Average delay difference over voltage

*  WOSCorseyt): Average delay difference over temp

*  WOSCwatehvy: WDQS oscillator matching error over voltage
*  WOSCwmarchty: WDQS oscillator matching error over temp

‘[leed temp.] g
'.-" Offset2 volt
".
|
Time o o
(ps) 'o" . "u“
.-“' ,"' ® tWI)QSt:ﬂsc(‘\r‘)
'." ."'
B trx posano(v)
g o
e, A
'." o".
,o"‘ ,-"‘ WOSCoszseiriy = avg (Offset]_volt, Offset2 volt)
d ..". u Offset1_volt (at end point) = twpgsoq 1w = tWDGSes(V)
Offset]_volt ] o Offset2_volt (at end point) = twpgsma 1w - tWDQSese(V)
[ |
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Figure 78 — Oscillator Offset (WOSCofrset(v))

WOSChwatch(vy:

WOSCwmateh(v) = [trRx_pQs20Qv) = twpsoesc(v) = WOSCoftset(v))

tDQSosc(V):

tWDQSosc(V) = Runtime
2 * Count
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6.10.1 WDQS Interval Oscillator (cont’d)
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Figure 79 — Oscillator Offset (WOSCostset(T))

WOSChwateh(ty:

WOSChwatch(ry = [trRX_D0s20Q(T) = twpQSsose(r) = WOSCofiser(r)]

tWDQSosc(T):

twpQsosety = Runtime
2 * Count
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6.10.1 WDQS Interval Oscillator (cont’d)
Table 63 — WDQS Oscillator Matching Error Specification
Parameter Symbol Min Max Unit Notes
WDQS Oscillator Matching Error: WOSChuiatch(vy ps 1,2,3,5
voltage variation
WDQS Oscillator Matching Error: WOSChatch(T) ps 1,2,3,5
temperature variation
WDQS Oscillator Offset for voltage WOSCofset(v) ps 2,5
variation
WDQS Oscillator Offset for temperature WOSCosgser(T) ps 2,5
variation

NOTE 1 The WOSChwateh is the matching error per between the actual WDQS and WDQS interval oscillator over voltage or
temp.

NOTE 2 This parameter will be characterized or guaranteed by design.

NOTE 3 The input stimulus for trx_pos2nq will be consistent over voltage and temp conditions.

NOTE 4 trx Dpos2pQ(v, or T) delay will be the average of WDQS to DQ delay over the runtime period.

NOTE 5 The matching error and offset of the oscillator came from WDQS Interval oscillator.

NOTE 6 These parameters are defined per device.

6.10.2 tWDQS2DQ_I Offset Due to Temperature and Voltage Variation

As temperature and voltage change on the HBM3 DRAM, the WDQS clock tree will shift and may
require retraining. The oscillator is usually used to measure the amount of delay over a given time interval
(determined by the controller), allowing the controller to compare the trained delay value to the delay
value seen at a later time. The twpgs2pg_10ffset due to temperature and voltage variation specification can
be used for instances when the oscillator cannot be used to control the twpgs2pg_1.
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6.11 DCA and DCM
6.11.1 Duty Cycle Adjuster (DCA)

HBM3 DRAMs support a Duty Cycle Adjuster (DCA) that allows the memory controller to adjust the
DRAM internally generated WDQS to compensate for a systemic duty cycle error on WDQS. The DCA
is located before the WDQS divider or equivalent (see High Level Block Diagram Example of Clocking
Scheme Figure 10). The DCA will affect the WDQS duty cycle for both Write and Read operations.

A separate DCA is provided for each WDQS (See Table 23):

* the DCA for WDQSO0 (PCO0) is controlled via MR11 OP[3:0];
e the DCA for WDQS1 (PC1) is controlled via MR11 OP[7:4];

A range of -7 steps to +7 steps is supported as shown in Figure 80 and changes the effective internal
WDQS duty cycle as follows:

* apositive value increases the effective twqsu time and decreases the effective twost time;
* anegative value decreases the effective twqsu time and increases the effective twose time.

The use of the DCA is optional for the memory controller and is not supported at CK clock frequencies
lower than fckpca; at those frequencies it is required to disable the DCA by setting the DCA code to the
default value (0000).

A duty cycle adjustment, with or without a duty cycle monitor sequence, shall be performed prior to
WDQS-to-CK Alignment Training.

An example of the effect of a DCA code change to the WDQS duty cycle is shown in Figure 81. The
maximum offset and step are given in Table 64.

Step 0 Step3 Step 7

e e e e e e e e e e e e e ey

DCA Range

Figure 80 — Duty Cycle Adjuster Range

Table 64 — DCA Maximum Offset and Step Size

Parameter Min Max Unit Notes
Duty cycle adjuster maximum offset 15 35 ps 1,2
Duty cycle adjuster single step size 2 5 ps 1,3

Note 1 The values are guaranteed by design.

Note 2 The parameter describes the absolute maximum offset from step 0 to step +7 or from step 0 to step -7.
Note 3 The single step size reflects the non-linearity of each step.

Samsung Electronics Co., Ltd.
Ex. 1084, p. 170




Case 2:25-cv-00552 Document 1-5 Filed 05/19/25 Page 146 of 271 PagelD #: 186

JEDEC Standard No. 238A
Page 131

6.11.1 Duty Cycle Aligner (DCA) (cont’d)

WDQS_CE - !
\ / \I/
Reference ). !
N /.
WDQS t2 A e

—»—<+—DCA Code Increase

WDQs CE‘W /—\\/‘————\

Increase

Decrease

NOTE 1 Refer to the AC Timings clause for the definition of twqsh, twostL and twbpas.

Figure 81 — Relationship between WDQS Waveform and DCA Code Change (Example)
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6.11.2  Duty Cycle Monitor (DCM)

The HBM3 DRAM includes a Duty Cycle Monitor (DCM) that allows the memory controller to observe
the DRAM internal WDQS clock tree duty cycle distortion.

The DCM is controlled via MR8 OP1 (see Table 20). Once DCM is enabled by setting MR8 OP1 to 1, the
DCM will start the WDQS duty cycle distortion measurement and provide the result on DERRO for
DWORDO (PCO0) and on DERR1 for DWORD1 (PC1) after waiting at least tpcmm time. An even number
of continuous WDQS pulses will be required for the complete duration of the measurement cycle, from
the MRS command that initiates the measurement until the tpcmm timing has been met. The result will
remain valid until the DCM is disabled by setting MR8 OP1 back to 0. The DERR outputs will then
return to their default state latest after tmop has elapsed.

Commands allowed while in this mode are REFab, REFpb, RFMab, RFMpb, RNOP, CNOP, and MRS to
disable the duty cycle monitor. Internal current spikes generated by the use of REFab, REFpb, RFMab
and RFMpb commands in this mode may negatively impact the training result. Controllers that cannot
account for this impact should avoid use of REFab, REFpb, RFMab and RFMpb commands in this mode.

The DCM is not supported at CK clock frequencies lower than fCKDCA, as in the case of DCA.

Table 65 — DCM Measurement Result

WDQS Duty Cycle Result (DERRO, DERR1) Notes
<50% LOW 1
>50% HIGH

NOTE 1 The result is valid a time tpcmm after enabling DCM

The following example command sequence may be used for WDQS duty cycle adjustment (see also
Figure 82):

Enable both WDQS strobes;

Enable DCM and wait for tpemu;

Observe the measurement result via DERRO and DERR1 outputs;

Disable DCM and wait for tmop; DERRO and DERR1 outputs return to their default state;

Issue an MRS command to set an appropriate DCA codes for both WDQS strobes and wait for tymop;
Repeat steps 2 to 5 as needed;

Perform WDQS-to-CK alignment training.

Nk W=

Samsung Electronics Co., Ltd.
Ex. 1084, p. 172



Case 2:25-cv-00552 Document 1-5 Filed 05/19/25 Page 148 of 271 PagelD #: 188

JEDEC Standard No. 238A

Page 133
6.11.2  Duty Cycle Monitor (DCM) (cont’d)
CR_t - =\ - / =\ /A - /N - =\ - =\
C-K_C - =T —_ ! —_ —_ . - T —_ ! _
cr7:0] {__{ MRS vis X MES MRS MRS
| tMRD o | tDCMM fMRD fMRD (DCMM
, MOD -
WDQS ¢ = = | = == — - P == ——r—————— - —_—————— = -
WDQS _t SLA LN AN S I ANIA
DERR ;/ j/ j/ ;/]/E/ ; ” ;/ j/ j/ ;/ ; E;/ ! ;/ j/ ;/ ;/:
il I L Ll
A
t t t t t
Set DCA code Set MR8 OP1 =1 Set MR8 OP1 =0 Set new DCA Set MR8 OP1 =1
(optional) Start DCM Stop DCM code Start DCM

DCM result 1s valid

NOTE 1 The host may send continuous WDQS pulses throughout the whole duty cycle adjustment procedure, in addition to the
required WDQS pulses as shown in the figure.

Figure 82 — Example Sequence for WDQS Duty Cycle Correction
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6.12 Self Repair

The HBM3 DRAM supports self repair to help improve SIP assembly yield or to achieve a high level of
system reliability by scanning for and repairing failures in the DRAM during the initialization process.

The IEEE1500 instructions SELF_REP and SELF_REP_RESULTS are associated with the HBM3 self
repair functionality. Self repair is initiated by setting WIR [7:0] to ‘1Ah’ which loads the SELF REP
instruction. Since the instruction works on 8 channels at a time, WIR [12:8] must be set to ‘1Ch’ or ‘1Dh’
to select one half of the channels to run on. A parallel operation of Self Repair on both groups of 8
channels is not supported. SELF_REP clock source can be WRCK as a direct clock source or reference
clock source or an internal clocked mode independent of WRCK and independent of any 1/O functional
clocks.

Setting REP_TYPE field, bits[3:2], of the SELF_REP instruction to ‘11b’ will instruct the DRAM to start
the first phase of the self repair process which is ‘self-test’ to identify any hard failures. The SELF _REP
instruction works on one SID at a time and must be run on each SID separately by using the

SID SELECT field, bits [5:4]. The number of SELF_REP instructions required to check all channels and
SIDs is listed in Table 66. The SELFR REF RATE field, bits [7:6], must be set by the host to control
temperature compensated refresh rate.

Table 66 — SELF_REP Instruction vs Stack Height

Stack Height SID Min # SELF_REP Instructions
to Cover all 16 Channels
4H SIDO 2
8H SIDO, SID1 4
12H SIDO, SID1, SID2 6
16H SIDO, SID1, SID2, SID3 8

The ‘self-test” will use vendor specific pattern(s) that detect hard failures in the HBM3 DRAM. Once the
‘self-test’ phase is complete the DRAM will proceed to the ‘auto-repair’ phase. The ‘auto-repair’
automatically repairs failed address(es) from the ‘self-test” phase with the number of failed addresses
repaired vendor specific.

SELF _REP may be issued any time after the device has been properly initialized, specifically tiirs has
been met and the DRAM is in the all banks idle state. Since the SELF REP instruction operates on 8
channels at a time as selected by WIR[12:8], the 8 channels identified in 1Ch and 1Dh must be in the all
banks idle state. See the vendor specification for the mapping of channels for 1Ch and 1Dh.

During the self repair process the host can poll the DRAM for status using the SR_PROGRESS field of
the SELF_REP instruction. The DRAM will report whether the “self-test” is in progress, the “auto-repair”
is in progress or the self repair process has completed or not running. The SELF _REP instruction must be
kept in the WIR during this time.

Once the self repair process is complete, the SELF_REP_RESULTS instruction can be issued to read out
the results. The DRAM will report the results for each SID and will indicate whether; 1) fails remain, ii)
unrepairable fails remain; iii)) SELF_REP should be run again; or iv) Self Repair has not run since INIT or
no fails remain after most recent run.

Samsung Electronics Co., Ltd.
Ex. 1084, p. 174



Case 2:25-cv-00552 Document 1-5  Filed 05/19/25 Page 150 of 271 PagelD #: 190

JEDEC Standard No. 238A
Page 135

6.12 Self Repair (cont’d)

If after running both the ‘self-test’ and ‘auto-repair’ phases the results indicate that fails remain, the SELF
REP instruction can be issued to run only the ‘auto-repair’ phase to repair additional fails by setting the
REP_TYPE to ‘10b’. With REP_TYPE set to ‘10b’ the DRAM will repair additional row addresses from
the previous ‘self-test’. If additional fails remain, the host can continue to issue SELF_REP instructions
with REP_TYPE= ‘10b’, followed by SELF_REP_RESULTS, until the DRAM reports ‘00b’ to indicate
that there are no fails remaining. If the DRAM reports ‘11b’, this is an indication to the host to run

SELF REP again with either REP_TYPE set to ‘01b’ (‘self-test only) or ‘11b’ (self-test and auto-repair)
to load internal fail addresses from the ‘self -test’ phase.

With REP_TYPE set to ‘01b’, the SELF_REPAIR instruction will only run the ‘self-test’ phase and the
host can check the results after completion to decide next steps.

If the host runs the ‘auto-repair’ only without previously having run the ‘self-test’ phase, then the
SELF REP RESULTS instruction will report ‘00b’as there are no failing address(es).

If the DRAM reports “Unrepairable fails remain” on a channel, this indicates that there are not enough
repair elements remaining to repair failed addresses latched during the ‘self-test’ phase. The host can
decide whether to run self repair again to repair other channels or complete the repair process.

Once the self repair process is complete, the host must issue a reset of the DRAM by driving RESET n to
low and then following the Initialization Sequence with Stable power.

The host is able to cancel the self repair in progress by using the SELF REP instruction with REP_TYPE
set to ‘00b’, however only the “self-test” phase can be cancelled. The SR PROGRESS field of the
SELF_REP will be set to ‘00b’ and the host must wait tserr_cancer before any additional SELF repair. If
no further repair is needed, the host must reset the DRAM.

If the host does not use the polling to determine completion then the following timing parameters will
indicate the completion of the REP_TYPE.

Table 67 — SELF_REPAIR Timings

Parameter REP_TYPE Phase Min/Max Unit
tSELF_HEAL 11b Self-test and Auto-repair Max S
{SELF_REP 10b Auto-repair Max s
tSELF_NR 01b Self-test Max S
{SELF_CANCEL 00b Self-test cancel time Max us

Self repair resources are vendor specific. The Self repair resources can be shared with the hard/soft repair
resources if the DRAM supports two or more resources per bank. The SHARED REP_RES field of the
DEVICE ID indicates whether the DRAM supports separate or shared resources. If the DRAM shares the
resources the host can use the HS REP_CAP instruction to tell how many resources are available for self
repair. When resources shared, any repairs done by self repair will update the resources per bank. The
number of repair done by the DRAM per SELF REP instruction is vendor specific.
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If the DRAM shares resources with self repair, the DRAM must not use all the available resources in a
bank. One resource per bank must be left for the host to perform soft repair. If the host desires to allow
self repair to use all of the shared resources then the SHARED OVERRIDE field can be set to “1b’. If the
resources are not shared the SHARED OVERRIDE field will be ignored. Before any self repair, the host
is recommended to clear any soft repairs using the undo function on the channels the host plans to run self
repair, or a chip reset. Failure to do so could result in the DRAM using the shared resources and operation
is then not guaranteed, including loss of data. After the self repair is complete the host can perform soft
repairs after checking if resources are available. Table 68 illustrates the expected behavior of the DRAM
and the expected SEL_ REP_ RESULTS when SHARED OVERRIDE is set to ‘0’ and ‘1°.

Table 68 — SELF_REP — Expected DRAM Behavior When Resources Shared

Case | Resource Examples
Vs : :
Fails Resource(s) | Fails | Override DRAM Results Resource(s) | Subsequent
before (0 = default) | behavior after Hard/ Soft
SELF REP SELF REP repair
1 Resources 1 2 0 (No) No Unrepairable 1 Yes
< Fails repair fails
remain
1 (Yes) Auto- Unrepairable 0 No
repair fails
remain
2 Resources 2 2 0 (No) No Unrepairable 2 Yes
= Fails repair fails
remain
1 (Yes) Auto- No fails 0 (1) No (Yes)?
repair(s)’ remain
(Fails remain)?
3 Resources 3 2 0 (No) Auto- No fails 12)* Yes
> Fails repair(s)! remain
(Fails remain)?
1 (Yes) Auto- No fails 1(2)¢* Yes
repair(s)! remain
(Fails remain)?

NOTE 1 The number of repairs per SELF_REP instruction is vendor specific.

NOTE 2 If the DRAM does 1 repair per SELF _REP then after the initial SELF REP the DRAM will report 'fails remain' and
the host will need to issue a second SELF_REP to repair the other fail so that the results are 'no fails remain'. If the
DRAM repairs both fails in one SELF_REP instruction then the results will be 'no fails remain.

NOTE 3 If the DRAM only does 1 repair per SELF_REP, the host has the option to do no further repair and leave the
remaining resource for soft repair or use up the one remaining resource with an additional SELF_REP. If the DRAM
does more than 1 repair per SELF_REP then the host cannot do subsequent soft repair.

NOTE 4 For Case 3, the number of resources repaired depends on whether the initial SELF_REP repairs 1 fail or both.
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Figure 83 provides a flow chart showing the 3 flows for REP_TYPE field of the SELF_REP instruction.

( Initialization >

!

B ShifftWR 10b = repair in progress
SR PROGRESS
~ SELF |

01b=test in progress
or

Yes (Only if resources shared)
Check
Resources ?
No
] Self-Test and
Auto-Repair Start
CaptureWR
SR PROGRESS
tSELF_HEAL
> 11bcomplete
SELF_REP_RESULTS
WIR
01b =fails remam
11b=run again

10b =unrepairable remain
SIDx RESULTS
WDR

00b=no fails remain
10b = unrepairable remain

00b=not nm

01b=fails remain
11b=run again

10b = unrepairable remamn

Figure 83 — Self Repair Flowchart

SELF REP RESULTS
WIR

00b =no fails remain
10b = unrepairable remain

HS REP CAP WIR . Yes (Only if resources shared)
(only if resources shared)
L Check
Resources ?
'y
Self-Test Only Start ‘47
4{ Auto-Repair Only Start ‘ CaptureWR
7 SR PROGRESS
CaptureWR O1b=test in progress
SR PROGRESS
10b = repair in progress tSELF_NR
ShiftWR 11b complete «—
SR_PROGRESS ¢
SELF_REP_RESULTS
L 11bcomplete WIR
01b = fails remain
11b=run again

10b=unrepairable remain

SIDx RESULTS
WDR
00b=no fails remain

10b= unrepairable remain
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7 Operating Conditions

7.1 Absolute Maximum DC Rating

Table 69 — Absolute Maximum DC Ratings
Parameter Symbol Rating Unit Notes

Voltage on Vppc relative to Vs Vobe -03to 1.4 A% 1,2
Voltage on Vppg relative to Vs Vobo -03to 1.4 v 1,2
Voltage on Vppgr relative to Vss VoboL -0.3t0 0.8 v 1,2
Voltage on Vpp relative to Vss Vrp -0.3t0 2.1 v 1,2
Voltage on any signal pin relative to Vs Vi, Vour -03to 1.4 v 1,2
Storage Temperature TsTORAGE °C 1,2

NOTE 1 Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the device at these or any other conditions above those
indicated in the operational clauses of this standard is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect reliability.

NOTE 2 See HBM3 Power-up and Initialization Sequence for the relationship between the power supplies.

NOTE 3 Storage temperature is the case surface temperature on the center/top side of the HBM3 device. For the
Measurement conditions, please refer to JESD51-2 standard.

7.2 Recommended DC Operating Condition

Table 70 — Recommended DC Operating Condition

Parameter Symbol Minimum Typical Maximum | Unit Notes
Core Supply Voltage Vbbpc 1.067 1.1 1.177 v 1,2
I/O Supply Voltage Vbbo 1.067 1.1 1.177 \% 1,2
Supply Voltage for Vbbor 0.38 0.4 0.44 v 2
TX Driver Output Stage
Pump Voltage Vrp 1.746 1.8 1.95 \% 2
NOTE 1 Vbpc and Vbbpq supplies are independent of each other and must not be tied together internally on the HBM3
DRAM
NOTE 2 The voltage ranges are defined at the HBM3 DRAM micropillars. DC bandwidth is limited to 20 MHz.
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7.3 Operating Temperature
Table 71 — Operating Temperature
Parameter Symbol | Minimum Maximum | Unit Notes
Operating Temperature Standard TN °C 1
Operating Temperature (Optional) Extended Tk °C 1,2

NOTE 1 The operating temperature refers to the junction temperature of all memory die(s) and the optional logic die of the
HBM3 DRAM. The host is required to monitor the operating temperature via the IEEE1500 test port instructions
TEMPERATURE and CHANNEL TEMPERATURE. The host is also required to monitor the CATTRIP output
that signals if the junction temperature of any die in the HBM3 DRAM exceeds a catastrophic trip-point level that
could result in permanent damage of the device.

NOTE 2 HBM DRAM may require additional Refresh cycle. Refer to vendor datasheet.
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8 Electrical Characteristics and DQ/CA Rx
8.1 Leakage Current
Table 72 — Input Leakage Current
Parameter Symbol | Minimum Max Unit | Notes
Input leakage current for AWORD and DWORD inputs I -5 5 LA 1
Input leakage current for AWORD and DWORD outputs Io -15 15 pA 1
and I/O signals
NOTE 1 Any input 0V < Vix < VbpaL. (All inputs pins including IEEE1500 not under test = 0V)

8.2 Capacitance
Table 73 — Input/Output Capacitance
Parameter Symbol Min Max Unit | Notes
Input/Output Capacitance — DQs, DBI, DPAR, ECC, SEV Cio 0.5 pF |1
Input Capacitance — Row and pF Cappr 0.5 pF |1
Column Address

Input/Output Capacitance — Read Strobe Crpos 0.5 pF |1
Input Capacitance — Write Strobe Cwpas 0.5 pF |1
Input Capacitance — Clock Cex 0.5 pF |1
Input/Output Capacitance — DERR, AERR CERRrOR 0.5 pF |1
NOTE 1 This parameter is not subject to production test.
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8.3 DQ Rx Voltage and Timing
«— lIpywy —®
Rx Mask

4

AN | NVeen po@inmiey | 7

8
>

L

Figure 84 — DQ Receiver Mask

The DQ input receiver mask for voltage and timing is shown in Figure 84 is applied per pin. The DQ Rx
mask (Vpivw, torvw) defines the area the input signal must not encroach in order for the DQ input receiver
to successfully capture an input signal with a BER of lower than TBD. The mask is a receiver property.

Veent_DQepin_midy 18 defined as the midpoint between the largest Veen_pg voltage level and the smallest
Veent_pg Voltage level across all DQ pins for a given DRAM TBD (Determined by DRAM Vrggrp training
granularity, i.e., component/channel/  DWORD) level. Each DQ V.. is defined by the center, i.e., widest
opening, of the cumulative data input eye as depicted in Figure 85. This clarifies that any DRAM TBD
level variation must be accounted for within the DQ Rx mask.

DQx

DQz

Vref variation
(TBD Level)

(I R LSRR SRR A LR R R Y T
RS R I X2 22 TR 2 X2 2 R R Yty

Figure 85 — Across Pin Vrerp Voltage Variation
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8.3 DQ Rx Voltage and Timing (cont’d)

Table 74 — Input Receiver Voltage Level Specification

Parameter Symbol Speed Bin Unit Notes
4.8 Gbps 5.2 Gbps 5.6 Gbps 6.0 Gbps 6.4 Gbps
Min Max Min Max Min Max Min Max Min Max
DQ Rx Mask voltage Vbrvw 120 120 120 120 120 mV 1,2
p-p
Input Slew Rate over SRiN prvw 1 7 1 7 1 7 1 7 1 V/ns 3
Vbrvw
Rx single pulse ViHLDQ AC 190 190 190 190 190 mV 4
amplitude

NOTE 1 DQ Rx mask voltage and timing parameters are applied per pin and includes DRAM DQ to WDQS voltage AC noise impact for frequencies > 20 MHz at a fixed
temperature on a die.

NOTE 2 DQ Rx mask voltage Vbivw has to be centered around Veent DQ(pin_mid).
NOTE 3 Input slew rate over Vprvw mask centered at Veent DQ(pin_mid)-

NOTE 4 DQ single input pulse amplitude into the receiver has to meet or exceed ViHLDQ ac at any point over the total Ul. No timing requirement above level. ViHLDQ ac is the peak
to peak voltage centered around Veent DQ(pin_mid) such that VinL ac/2 min has to be met both above and below Veent pQ(pin_mid)-
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8.3

DQ Rx Voltage and Timing (cont’d)

Center aligned to WDQS inter De-skew group

WDQS ¢ ——~ /_

\
_
L S

Center aligned to WDQS in De-skew group

WDQS ¢ ==~ ’/—
\
)
WDQS_t -

WDQS_t
Ta:
Tn DOx
= | “—tngnoira 1
Th

All DQ signal groups center aligned
to the strobe at the DRAM internal laich

NOTE 1
NOTE 2
NOTE 3

NOTE 4
NOTE 5

NOTE 6

D200 MAY remain
after per-group de-skew
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W] S Data-i Pi
WDQS ¢ ==+ WDQS ¢ ==+«
1 \
[ '
A i
WDQS_t - WDQS _t L—-
twpospox 1 twpgsipoa 1
-
Ta: Rx Mask ; Ta Rx Mask ;
DQx DRAM Ball j DRAM Ball f
—lbQ20Qira_t twWDQs2DOh I
H [——
Ta: Rx Mask T Rx Mask :
DQy DRAM Ball DRAM Ball j
o J
twnosznoy 1 tWDQs200e_I
T Rx Mask £
s DRAM Ball £

DQx and DQy are in the same data de-skewing group (Ta) in a DWORD.
DQx represents the max twpgs2pox 1 in group Ta, and DQy represents the min twpqs2pqy 1 in group Ta, in this example.

twpQs2pQc 1 represents the max twpqs2pq 1 and twpqs2pgb 1 represents the min twpszpq 1in a DWORD, where Ta, Tb, and Tc are signals in
each de-skewing group in this example. twpgs2pqa_1 represents the reference of twpos2pq 1 for comparison in this example.

Timing different between twpos2pox_1 and twpgs2pqy 1 represents the max tpeapara 1, in this example.
Timing different between twpos2poyb_1 and twps2pqzc_1 represents the max tpeanqer 1, in this example.

Refer to Table 38 for the signals that belong to each signal group.

: :
tpoinoter_t

twigs2ng 1 is measured at the center (midpoint) of the tppyw window.

Figure 86 — DQ to WDQS Timings (twpos2pQ 15 tpQ2p0tra_1, and tp2pgeer 1) at DRAM Pins Referenced from the Internal Latch
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8.3 DQ Rx Voltage and Timing (cont’d)

All of the timing terms in DQ to WDQS t are measured from the WDQS t/WDQS ¢ to the center
midpoint of the tprvw window taken at the Vprvw voltage levels centered around Veent poepin_mid). In Figure
87, the timings at the pins are referenced with respect to all DQ signal groups center aligned to the
DRAM internal latch. The data to data offset in write de-skew group, tbq2pqua 1, 1S defined as the
difference between the min and max twpgs2pq 1 for a given de-skew group. The data to data offset in
different write de-skew group, tpqapqeer 1, 1S defined as the difference between the min and max twpgs2pq 1
for a given DWORD. twpgs2pg o is defined as the WDQS to read data and RDQS offset.

WDQSs_t

...........

tWDQS52DQx_0

58

— » «— tbQzDQtra0

— «—— tDQ2DQter O

tWDQS2DQy_ 0

tpQ2pQira_o and tpQ2pgter_o

RINOS ¢

RDOS 1

LR — <« |

s

in de-skew group T4

tpQsQtra_o

NOTE 1 tpqepota o is defined at the same input pattern for all DQ in the same de-skew group signals.

NOTE 2 tpapqeer o is defined at the skew between de-skew group signals (Ta, To in this example) at the latest valid transition of
the associated DQ pins. twpgs2px_o represents the min twpgs2pQ_o and twpsangy_o represents the max twpes2nq_o, in
this example.

NOTE 3  tpsqtra_o is defined at the skew between RDQS to the last valid transition of the DQ pins in de-skew group T4.

Figure 87 — Read Data Timing Definitions of tpg2pqira_0, tpQ2pgter_0, and tpgsgira_o
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8.4 AWORD Signaling
Table 75 — AWORD Receiver Voltage Level Specification
Parameter Symbol Min Max Unit | Notes
Input HIGH Voltage Vinca Vrerca + 0.1 v 1,3
Input LOW Voltage ViLca Vrerca — 0.1 Vv 1,3
Command/Address Rx single pulse amplitude ViHLCA AC 240 mV 2,3

NOTE 1 Vrerca based input receiver enabled (see MR14). For C, R, ARFU and APAR inputs.

NOTE 2 CA single input pulse amplitude into the receiver has to meet or exceed ViHL ac at any point over the total UL
No timing requirement above level. VinLca_ac is the peak to peak voltage centered around VppoL/2 such that
ViHLca_ac/2 min has to be met both above and below Vppqr/2.

NOTE 3 Parameter is applied to all speed bins.

VIHL_Ac(min)/2

—————————————————————————————— - — "DDQL”E

tCIpw
VIHL_AC(min)/2

Figure 88 — CA Single Pulse Amplitude and Pulse Width

8.5 CK and WDQS Input Signaling
Table 76 — CK and WDQS Input Voltage Level Specification
Parameter Symbol Min Max Unit | Notes
CK clock Input Differential Input Vibck 160 mV 1,7
Voltage
CK clock Differential Input Vixck Vopor/2 —40mV Vopor/2 + 40mV A% 2,7
Cross-point Voltage
WDQS Differential Input Vibwbos 150 mV 3,7
Voltage
WDQS Differential Input Vixwpos VDDQL/ 2 -30mV VDDQL/ 2 +30mV Vv 4,7
Cross-point Voltage
RDQS Differential Output Voxrbgs Vopor/2 — TBD Vopar/2 + TBD \% 5,6,7
Cross-point Voltage
WDQS Differential Input SR _WDQS TBD TBD V/ns 7
Slew Rate
NOTE 1 Vipck is the magnitude of the difference between the input level on CK t and the input level on CK c.
NOTE 2 The input reference level for timings referenced to CK is the point at which CK_t and CK_c cross.
NOTE 3 Vbwbgs is the magnitude of the difference between the input level on WDQS _t and the input level on WDQS_c.
NOTE 4 The input reference level for timings referenced to WDQS is the point at which WDQS t and WDQS _c cross.
NOTE 5 Includes VDDQL, VDDQ AC noise impact of TBD mV (pk-pk) at the DRAM supply microbumps; AC noise
includes system PDN impact.
NOTE 6 This parameter is guaranteed by design at the DRAM micropillars with Output Timing reference load and Read
DBI enabled.
NOTE 7 Parameter is applied to all speed bins.

Samsung Electronics Co., Ltd.
Ex. 1084, p. 185



Case 2:25-cv-00552 Document 1-5 Filed 05/19/25 Page 161 of 271 PagelD #: 201

JEDEC Standard No. 238A

Page 146
8.5 CK and WDQS Input Signaling (cont’d)
9]
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Figure 89 — CK Single Pulse
Table 77 — Differential Input Level for WDQS _t, WDQS c¢
Parameter Symbol Min Unit Notes
WDQS Differential Input High V1Hdift WDQS TBD mV
WDQS Differential Input Low ViLdifr wpQs TBD mV
Table 78 — Differential Input Slew Rate Definition for WDQS t, WDQS ¢
Description From To Defined by
WDQS Differential Input Slew Rate for ViLdiff wDQs ViHdiff WDQS [ViLditt wpos — Vindift wpqs|
Rising Edge (WDQS t - WDQS c¢) / Traite
WDQS Differential Input Slew Rate for Vinditt wpQs ViLdiff wDQs [ViLditt wpos — Vindift wpqs|
Falling Edge (WDQS_t—WDQS c¢) / Tradite
g' WDQS_t - WDQS_¢
a /
= LT 1 S O, S
g 0.0

VILdiff WDQS -

> 3
Traifr Traitr

Differential Input Voltage: f(t)

Figure 90 — Differential Input Slew Rate Definition for WDQS_t, WDQS ¢
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8.6 Midstack Signaling
Table 79 — Midstack Parameter Specification
Parameter Symbol Min Max Unit | Notes
Input HIGH Voltage for RESET n and WRST n, Viur 0.7 x Vbpg A% 1
WRCK, SELECTWIR, SHIFTWR,
CAPTUREWR, UPDATEWR and WSI inputs
Input LOW Voltage for RESET n and WRST n, Vir 0.2 x Vbpo v 1
WRCK, SELECTWIR, SHIFTWR,
CAPTUREWR, UPDATEWR and WSI inputs
Output HIGH Voltage for CATTRIP, TEMP and Vour 0.7 x Vbpo \"
WSO outputs
Output LOW Voltage for CATTRIP, TEMP and Vorr 0.3 x Vbno v
WSO outputs
NOTE 1 CMOS input receivers. For RESET n, WRST n, WRCK, SELECTWIR, SHIFTWR, CAPTUREWR,
UPDATEWR, and WSI inputs.

8.7 Transmit Driver Currents

HBM3 drivers have programmable current settings with 20% accuracy. Driver targets, in mA, are shown
in Table 80.

Table 80 — Transmit Driver Current Specification

Nominal (mA) Min (mA) Max (mA) Notes
8.0 6.4 9.6 2
10.0 8.0 12.0 2
12.0 9.6 14.4 2
14.0 11.2 16.8 1,2
NOTE 1 Implementation optional for devices not supporting 6.4 Gbps.
NOTE 2 Transmit driver current is based on measurement of 0.5 x VDDQL

8.8 Output Timing Reference Load

/O @

C——

I

NOTE C = CroraL — Cio; where CroraL = 2.50 pF

Figure 91 — Timing Reference Load
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8.9 Output Voltage Level
Table 81 — Output Voltage Level
Parameter Symbol Min Max Unit Notes
Output HIGH Voltage Vou Vppor/ 2 + 60 mV v
Output LOW Voltage VoL VDDQL/ 2 -60 mV \Y%

8.10 Output Rise and Fall Time

VopoL —\ ﬁ
) R RIS

—» Tp |[«— —» TR [+—

NOTE Tr={Crorar X (Vou—Vor) } /L; Tr= { Crorar X ( Vou—Vor ) } /' ;
Where I = Transmit Drive Current in mA.

Figure 92 — Output Rise and Fall Definition
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8.11 Overshoot/Undershoot

Table 82 — Overshoot/Undershoot Specification for AWORD and DWORD Signals

Parameter 4.8 Gbps | 5.2 Gbps | 5.6 Gbps | 6.0 Gbps | 6.4 Gbps Unit | Notes
Maximum peak amplitude 0.12 0.12 0.12 0.12 0.12 v
allowed for overshoot area
Maximum peak amplitude 0.12 0.12 0.12 0.12 0.12 v
allowed for undershoot area
Maximum overshoot area 13 12 11 10 9 mV-ns
above VDDQL
Maximum undershoot area 13 12 11 10 9 mV-ns
below Vss

Maximum Amplitude
Overshoot Area

AN

vDDQL

VSS

/

Undershoot Area
Maximum Amplitude

Time (ns)

Figure 93 — Overshoot, Undershoot Definition
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9 IDD Specification
9.1 IDD and IPP Specification Parameters and Test Conditions

This clause defines operating current measurement conditions and loop pattern.

e Ipp currents are measured as time-averaged currents with all Vppc microbumps of the HBM3 device
under test tied together.

e Ipp currents use the same definitions as Ipp except that the current on the Vpp supply is measured. All
Vpp microbumps of the HBM3 device under test are tied together for Ipp current measurements.

e Ippg currents are measured as time-averaged currents with all Vppq microbumps of the HBM3 device
under test tied together are not included in the measurements. Instead, DRAM vendors shall provide
simulated values using the Ippsr measurement-loop pattern as defined in Table 83.

e IppqL currents are measured as time-averaged currents with all Vppor microbumps of the HBM3
device under test tied together. Output reference load Crorar is 2.5 pF, and the simulated load driving
current can be added to the IDDQL if vendor uses no load for this measurement.

e Ipp, Ippo, Ippqr, and Ipp measurements are taken with all channels of the HBM3 device simultaneously
executing the same pattern. However, values in the vendor’s datasheet shall be given per channel.

For IDD measurements, the following definitions apply:

“0” and “LOW?” are defined as Vin < Vi(max);

e “1”and “HIGH” are defined as Vi > Viu(min);

e WL, RL, RAS, and RTP are programmed to appropriate values;

e DBIac is enabled for Reads and Writes;

e SEV and parity are disabled;

e MD is enabled in MRY;

e CNOP/RNOP commands and all address inputs are stable during idle command cycles;

e Some Ipp Measurement-Loop pattern use high order address bits RA14 and RA13 which are not
defined for all densities. In those cases the respective undefined address bit(s) shall be kept LOW.

e Basic Ipp Measurement Conditions are described in Table 83.

e Ipp Measurements are done after properly initializing the HBM3 device. This includes the pre-load of
the memory array with data pattern used with Ippsr measurements.

e The Ipp Measurement-Loop patterns shall be executed at least once before actual Ipp measurement is
started.

e For timing parameters used with Ipp Measurement-Loop pattern: nRC = tRC/tck; nRAS = tras/tck,
nRP = trp/tck, and nRFC = trrc/tek. If not already an integer, round up to the next integer.
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9.1 IDD and IPP Specification Parameters and Test Conditions (cont’d)

Inp IDDQ Iep IDDQL

Vopc VDDQ Vep VDDQL
o—|CK t,CK ¢
o0—{R[9:0]
O— C[7:0] DQ, DBI, ECC/SEV—O

HBM3
o— WDQS_t, WDQS ¢ RDQS_t, RDQS_c|—o0
O—RESET_n Ves
Figure 94 — Measurement Setup for IDD and IPP Measurements
Table 83 — Basic IDD/IDDQ/IPP/IDDQL Measurement Conditions
Parameter/Condition Symbol
One Bank Activate Precharge Current: Ippo, Ippgo,

tek = tex(min); tre, tras and trp as defined in Table 84; R and C inputs are HIGH between valid
commands; DQ, ECC and DBI inputs are LOW; bank and row addresses with ACT and PRE
commands as defined in Table 85.

Irpo, IpDQLO

Precharge Power-down Current:
Device in Precharge Power-Down is issued; tck = tck(min); all banks are idle; RO input is LOW;
R[9:1] and C inputs are HIGH; DQ, ECC and DBI inputs are LOW

Ipp2p, IppQ2p,
Ipp2p, IpDQL2P

Precharge Power-down Current with clock stop: Ipp2ro,
Device in Precharge Power-Down is issued; CK tis LOW; CK c is HIGH; all banks are idle; RO Ibpq2ro,
input is LOW; R[9:1] and C inputs are HIGH; DQ, ECC and DBI inputs are LOW Ipp2po,
Ipporaro
Precharge Standby Current: Ippon,
tck = tek(min); all banks are idle; R and C inputs are HIGH; DQ, ECC and DBI inputs are LOW Ibpoan, Iepon,
Ipporan

Active Power-down Current:
Device in Active Power-Down is issued; tck = tck(min); one bank is active; RO input is LOW;
R[9:1] and C inputs are HIGH; DQ, ECC and DBI inputs are LOW

Ippsp, Ipposp,
Ippsp, IppQL3P

Active Power-down Current with clock stop: Ibpspo,
Device in Active Power-Down is issued; CK tis LOW; CK c is HIGH; one bank is active; R0 Ibpgsro,
input is LOW; R[9:1] and C inputs are HIGH; DQ, ECC and DBI inputs are LOW Ipp3po,
Ipporsro
Active Standby Current: Ippsw,
tck = tex(min); one bank is active; R and C inputs are HIGH; DQ, ECC and DBI inputs are LOW | Ippgsw, Ipean,
IbpoLan
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Table 83 — Basic IDD/IDDQ/IPP/IDDQL Measurement Conditions (cont’d)
Parameter/Condition Symbol
Read Burst Current: Ippar,
tck = tex(min); all banks activated; continuous read burst across bank groups as defined in Table IbpQ4r,
86; IOUT = 0mA; Ctotal = 2.5 pF Ippag,
Ippgrar
Write Burst Current: Ippaw,
tck = tck(min); all banks activated; continuous write burst across bank groups as defined in Table IppQaw,
87. Ippaw,
Ibporaw
All-bank Refresh Burst Current: Ibpss,
tck = tex(min); trrcay as defined Table 84; R and C inputs are HIGH between valid commands; DQ, Ibposs,
ECC and DBI inputs are LOW Ippss,
IppoLss
Per-bank Refresh Burst Current: Ippsp,
tck = tek(min); Use tRFCpb and tRREFD as defined in Table 84; R and C inputs are HIGH Ipposp,
between valid commands; DQ, ECC and DBI inputs are LOW; The order of bank is sequential Ippsp,
from BKO to BK15 with sequential SID. IppoLse
Self Refresh Current: Ibps, Ippgs,
RO input is LOW; R[9:1] and C inputs are LOW; DQ, ECC and DBI inputs are LOW Ipps, IpDQLS
All-Bank Interleave Read Current: Ipp7, Ippo7,
One bank in each of the 4 bank groups activated and precharged at trc(min) as defined in Table 89; | Ipp7, IppoL7
continuous read burst across bank groups; Ctotal=2.5 pF
Reset Low Current: Ibps, Ippgs,
RESET nis LOW; CK t, CK ¢, WDQS t, WDQS c are LOW; R and C inputs are LOW; DQ, Ipps, IpDOQLS
ECC and DBI inputs are LOW; Note: Reset low current reading is valid once power is stable and
RESET n has been LOW for at least 1ms

Samsung Electronics Co., Ltd.
Ex. 1084, p. 192



Case 2:25-cv-00552 Document 1-5 Filed 05/19/25 Page 168 of 271 PagelD #: 208

JEDEC Standard No. 238A

Page 153
9.1 IDD and IPP Specification Parameters and Test Conditions (cont’d)
Table 84 — Example of Timings Used for IDD Measurement-Loop Pattern
Parameter Value Unit
tre 48 ns
trAS 33 ns
trp 15 ns
tRREFD 8 ns
tRFCpb 200 ns
tRFCab 8 Gb/die 8-High 4 Gb / channel 260 ns
12-High 6 Gb / channel 310 ns
16-High 8 Gb / channel 350 ns
16 Gb/die 4-High 4 Gb / channel 260 ns
8-High 8 Gb / channel 350 ns
12-High 12 Gb / channel 410 ns
16-High 16 Gb / channel 450 ns
NOTE 1 DRAM vendors may decide to use different values for tras and trp; however, nRAS + nRP = nRC
must be achieved. nRAS = RU(tRAS/tCK), nRP = RU(tRP/tCK), nRFCpb = RU(tRFCpb/tCK),
nRREFD = RU(tRREFD/tCK). If not already an integer, round up to the next integer.
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IDD and IPP Specification Parameters and Test Conditions (cont’d)

Table 85 — IDD0 Measurement-Loop Pattern

Sub- Cycle Row Column Bank Row Col.
Loop Number Command Command Address Address Address
(BA[3:0]) (RA[14:0)) (CA[4:0)])
0 0 ACT -PCO CNOP 00h 05555h 0Ah
1 CNOP 0Ah
2 ACT - PC1 CNOP 00h 05555h 0Ah
3 CNOP 0Ah
4 RNOP CNOP 00h 05555h 0Ah
Repeat pattern until cycle (nRAS)
nRAS +1 PRE - PCO CNOP 00h 05555h 0Ah
nRAS +2 RNOP CNOP 00h 05555h 0Ah
nRAS +3 PRE - PC1 CNOP 00h 05555h 0Ah
nRAS +4 RNOP CNOP 00h 05555h 0Ah
Repeat pattern until cycle (nRC — 1)
1 nRC repeat sub-loop 0 pattern until cycle (2 x nRC - 1); use BA = 05h and RA = 02AAAh
instead
2 2 xnRC | repeat sub-loop O pattern until cycle (3 X nRC - 1); use BA = 02h and RA = 05555h
instead
3 3xnRC | repeat sub-loop 0 pattern until cycle (4 x nRC - 1); use BA =07h and RA = 02AAAh
instead
4 4 xnRC | repeat sub-loop 0 pattern until cycle (5§ X nRC - 1); use BA =01h and RA = 05555h
instead
5 5xnRC | repeat sub-loop 0 pattern until cycle (6 x nRC - 1); use BA = 06h and RA = 02AAAh
instead
6 6 x nRC | repeat sub-loop 0 pattern until cycle (7 x nRC - 1); use BA = 03h and RA = 05555h
instead
7 7xnRC | repeat sub-loop 0 pattern until cycle (8 x nRC - 1); use BA = 04h and RA = 02AAAh
instead
8 to 15 | for 16-bank devices: repeat sub-loops 0 to 7 pattern; use BA3 = 1 instead, maintain SID[1:0] = 00
16 to 31 | for 8-High,12-High and 16-High devices: repeat sub-loops 0,1 and 2 pattern; use SID[1:0] =01
instead
32 to 47 | for 12-High and 16-High devices: repeat sub-loops 0,1 and 2 pattern; use SID[1:0] = 10 instead
48 to 63 | for 16-High devices: repeat sub-loops 0,1 and 2 pattern; use SID[1:0] = 11 instead
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9.1 IDD and IPP Specification Parameters and Test Conditions (cont’d)
Table 86 — IDD4R Measurement-Loop Pattern
Sub- Cycle Row Column Row Bank Col. Row Col. Data
Loop | Number Command Command Address Bank Address Address Pattern
(BA[3:0]) Address (RA[14:0]) (CA[4:0]) (1 Byte)
(BA[3:0])
0 0 RNOP READ - PCO 02h 00h 05555h 0Ah Pattern A
1 RNOP READ - PCl1 02h 00h 05555h 0Ah Pattern A
2 RNOP READ - PC0 02h 04h 05555h 15h Pattern B
3 RNOP READ - PCl1 02h 04h 05555h 15h Pattern B
4 RNOP READ - PC0 02h 08h 05555h 1Ah Pattern A
5 RNOP READ - PCl1 02h 08h 05555h 1Ah Pattern A
6 RNOP READ - PCO0 02h 0Ch 05555h 05h Pattern B
7 RNOP READ - PCl1 02h 0Ch 05555h 05h Pattern B
8 RNOP READ - PCO0 06h 04h 02AAAh 0Ah Pattern A
9 RNOP READ - PCl1 06h 04h 02AAAh 0Ah Pattern A
10 RNOP READ - PCO 06h 08h 02AAAh 15h Pattern B
11 RNOP READ - PCl1 06h 08h 02AAAh 15h Pattern B
12 RNOP READ - PCO0 06h 0Ch 02AAAh 1Ah Pattern A
13 RNOP READ - PCl1 06h 0Ch 02AAAh 1Ah Pattern A
14 RNOP READ - PC0 06h 00h 02AAAh 05h Pattern B
15 RNOP READ - PCl1 06h 00h 02AAAh 05h Pattern B
16 RNOP READ - PCO0 0Ah 08h 05555h 0Ah Pattern A
17 RNOP READ - PCl1 0Ah 08h 05555h 0Ah Pattern A
18 RNOP READ - PCO 0Ah 0Ch 05555h 15h Pattern B
19 RNOP READ - PCl1 0Ah 0Ch 05555h 15h Pattern B
20 RNOP READ - PCO 0Ah 00h 05555h 1Ah Pattern A
21 RNOP READ - PCl1 0Ah 00h 05555h 1Ah Pattern A
22 RNOP READ - PC0 0Ah 04h 05555h 05h Pattern B
23 RNOP READ - PCl1 0Ah 04h 05555h 05h Pattern B
24 RNOP READ - PCO OEh 0Ch 02AAAh 0Ah Pattern A
25 RNOP READ - PC1 OEh 0Ch 02AAAh 0Ah Pattern A
26 RNOP READ - PC0 OEh 00h 02AAAh 15h Pattern B
27 RNOP READ - PCl1 OEh 00h 02AAAh 15h Pattern B
28 RNOP READ - PC0 OEh 04h 02AAAh 1Ah Pattern A
29 RNOP READ - PCl OEh 04h 02AAAh 1Ah Pattern A
30 RNOP READ - PC0 OEh 08h 02AAAh 05h Pattern B
31 RNOP READ - PCl1 OEh 08h 02AAAh 05h Pattern B
1 repeat sub-loop 0 pattern; use RBAO = 1 and CBAO = 1 instead, maintain SID[1:0]=00
2 repeat sub-loop 0 and 1 pattern; use RBA1 =0 and CBA1 = 1 instead, maintain SID[1:0]=00
RNOP, CNOP 2-cycle before SID change to meet tCCDR
3 for 8-High,12-High and 16-High devices: repeat sub-loops 0,1 and 2 pattern; use SID[1:0] = 01 instead
4 for 12-High and 16-High devices: repeat sub-loops 0,1 and 2 pattern; use SID[1:0] = 10 instead
5 for 16-High devices: repeat sub-loops 0,1 and 2 pattern; use SID[1:0] = 11 instead

Note 1 Pattern A for a Byte (BLO to BL7) : 00h, 3Ch, FOh, 69h, AAh, FFh, C3h, 55h
Note 2 Pattern B for a Byte (BLO to BL7) : FOh, A5h, 96h, OFh, C3h, 55h, CCh, SAh
Note 3 Vendors may provide IDD4/7 values based on worse toggle patterns reflecting internal bus architecture
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9.1 IDD and IPP Specification Parameters and Test Conditions (cont’d)
Table 87 — IDD4W Measurement-Loop Pattern
Sub- Cycle Row Column Row Bank Col. Row Col. Data
Loop Number Command Command Address Bank Address Address Pattern
(BA[3:0]) Address (RA[14:0]) (CAJ[4:0]) (1 Byte)
(BA[3:0])
0 0 RNOP WRITE - PCO 02h 00h 05555h 0Ah Pattern A
1 RNOP WRITE - PC1 02h 00h 05555h 0Ah Pattern A
2 RNOP WRITE - PCO 02h 04h 05555h 15h Pattern B
3 RNOP WRITE - PC1 02h 04h 05555h 15h Pattern B
4 RNOP WRITE - PCO 02h 08h 05555h 1Ah Pattern A
5 RNOP WRITE - PCl1 02h 08h 05555h 1Ah Pattern A
6 RNOP WRITE - PCO 02h 0Ch 05555h 05h Pattern B
7 RNOP WRITE - PCl 02h 0Ch 05555h 05h Pattern B
8 RNOP WRITE - PCO 06h 04h 02AAAh 0Ah Pattern A
9 RNOP WRITE - PC1 06h 04h 02AAAh 0Ah Pattern A
10 RNOP WRITE - PCO 06h 08h 02AAAh 15h Pattern B
11 RNOP WRITE - PC1 06h 08h 02AAAh 15h Pattern B
12 RNOP WRITE - PCO 06h 0Ch 02AAAh 1Ah Pattern A
13 RNOP WRITE - PC1 06h 0Ch 02AAAh 1Ah Pattern A
14 RNOP WRITE - PCO 06h 00h 02AAAh 05h Pattern B
15 RNOP WRITE - PC1 06h 00h 02AAAh 05h Pattern B
16 RNOP WRITE - PCO 0Ah 08h 05555h 0Ah Pattern A
17 RNOP WRITE — PCl1 0Ah 08h 05555h 0Ah Pattern A
18 RNOP WRITE - PCO 0Ah 0Ch 05555h 15h Pattern B
19 RNOP WRITE - PC1 0Ah 0Ch 05555h 15h Pattern B
20 RNOP WRITE - PCO 0Ah 00h 05555h 1Ah Pattern A
21 RNOP WRITE - PC1 0Ah 00h 05555h 1Ah Pattern A
22 RNOP WRITE - PCO 0Ah 04h 05555h 05h Pattern B
23 RNOP WRITE - PC1 0Ah 04h 05555h 05h Pattern B
24 RNOP WRITE - PCO0 OEh 0Ch 02AAAQ 0Ah Pattern A
25 RNOP WRITE - PC1 OEh 0Ch 02AAAh 0Ah Pattern A
26 RNOP WRITE - PCO OEh 00h 02AAAh 15h Pattern B
27 RNOP WRITE - PC1 OEh 00h 02AAAh 15h Pattern B
28 RNOP WRITE - PCO OEh 04h 02AAAh 1Ah Pattern A
29 RNOP WRITE - PC1 OEh 04h 02AAAQ 1Ah Pattern A
30 RNOP WRITE - PCO OEh 08h 02AAAh 05h Pattern B
31 RNOP WRITE - PC1 OEh 08h 02AAAQ 05h Pattern B
1 repeat sub-loop 0 pattern; use RBAO = 1 and CBAO = 1 instead, maintain SID[1:0]=00
2 repeat sub-loop 0 and 1 pattern; use RBA1 =0 and CBA1 = 1 instead, maintain SID[1:0]=00
3 for 8-High,12-High and 16-High devices: repeat sub-loops 0,1 and 2 pattern; use SID[1:0] = 01 instead
4 for 12-High and 16-High devices: repeat sub-loops 0,1 and 2 pattern; use SID[1:0] = 10 instead
5 for 16-High devices: repeat sub-loops 0,1 and 2 pattern; use SID[1:0] = 11 instead

Note 1  Pattern A for a Byte (BLO to BL7) : 00h, 3Ch, FOh, 69h, AAh, FFh, C3h, 55h
Note 2 Pattern B for a Byte (BLO to BL7) : FOh, A5h, 96h, OFh, C3h, 55h, CCh, 5Ah
Note 3 Vendors may provide IDD4/7 values based on worse toggle patterns reflecting internal bus architecture
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9.1 IDD and IPP Specification Parameters and Test Conditions (cont’d)
Table 88 — IDD5P Measurement-Loop Pattern
Sub- Cycle Row Command Column Command Row Bank Address
Loop Number (SID[1:0], BA[3:0])
0 0 PER-BANK REFRESH - PCO0 CNOP 00h, 00h
1 RNOP CNOP N/A
2 PER-BANK REFRESH - PC1 CNOP 00h, 00h
3 RNOP CNOP N/A
repeat RNOP until cycle (nRREFD-1)
1 nRREFD repeat sub-loop 0 pattern until cycle (2 x nRREFD-1); use BA=05h instead
2 2 x nRREFD | repeat sub-loop 0 pattern until cycle (3 x nRREFD-1); use BA=02h instead
3 3 x nRREFD | repeat sub-loop 0 pattern until cycle (4 x nRREFD-1); use BA=07h instead
4 4 x nRREFD | repeat sub-loop 0 pattern until cycle (5 x nRREFD-1); use BA=01h instead
5 5 x nRREFD | repeat sub-loop 0 pattern until cycle (6 x nRREFD-1); use BA=06h instead
6 6 x nRREFD | repeat sub-loop 0 pattern until cycle (7 x nRREFD-1); use BA=03h instead
7 7 x nRREFD | repeat sub-loop 0 pattern until cycle (8 x nRREFD-1); use BA=04h instead
repeat sub-loops 0 to 7 pattern; use BA3=1 instead
for 4-High devices: wait for (nRFCpb - 15 x nRREFD)
for all other devices: repeat sub-loops 0 to 15 pattern; use SID[1:0] = 01h instead
for 12-High and 16-High devices: repeat sub-loops 0 to 15 pattern; use SID[1:0] = 02h instead
for 16-High devices: repeat sub-loops 0 to 15 pattern; use SID[1:0] = 03h instead
NOTE 1 nRFCpb = RU(tRFCpb/tCK), nRREFD = RU(tRREFD/tCK). If not already an integer, round up to the next integer.
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9.1 IDD and IPP Specification Parameters and Test Conditions (cont’d)

Table 89 — IDD7 Measurement-Loop Pattern

Sub- Cycle Row Column Row Bank Col. Bank Row Col. Data
Loop | Number Command Command Address Address Address Address Pattern
(BA[3:0]) (BA[3:0]) (RA[14:0]) | (CA[4:0]) (1 Byte)
0 0 READ - PCO 00h 0Ah Pattern A
1 ACT —PCO READ - PCl 02h 00h 03555h 0Ah Pattern A
2 READ - PCO0 04h 15h Pattern B
3 ACT -PCl READ - PCl1 02h 04h 03555h 15h Pattern B
4 RNOP READ - PCO0 02h 08h 05555h 1Ah Pattern A
5 RNOP READ - PCl1 02h 08h 05555h 1Ah Pattern A
6 RNOP READ - PCO0 02h 0Ch 05555h 05h Pattern B
7 RNOP READ - PCl1 02h 0Ch 05555h 05h Pattern B
8 READ - PCO 04h 0Ah Pattern A
9 ACT —PCO READ - PCl1 06h 04h 02AAAR 0Ah Pattern A
10 READ - PCO0 08h 15h Pattern B
11 ACT -PCl READ - PC1 06h 08h 02AAAR 15h Pattern B
12 RNOP READ - PCO0 06h 0Ch 02AAAh 1Ah Pattern A
13 RNOP READ - PCl1 06h 0Ch 02AAAh 1Ah Pattern A
14 RNOP READ - PCO0 06h 00h 02AAAh 05h Pattern B
15 RNOP READ - PCl1 06h 00h 02AAAh 05h Pattern B
16 READ - PCO 08h 0Ah Pattern A
17 ACT —PCO READ - PCl1 0Ah 08h 05555h 0Ah Pattern A
18 READ - PCO0 0Ch 15h Pattern B
19 ACT -PCl READ - PCl1 0Ah 0Ch 05555h 15h Pattern B
20 RNOP READ - PCO 0Ah 00h 05555h 1Ah Pattern A
21 RNOP READ - PCl1 0Ah 00h 05555h 1Ah Pattern A
22 RNOP READ - PCO0 0Ah 04h 05555h 05h Pattern B
23 RNOP READ - PCl1 0Ah 04h 05555h 05h Pattern B
24 READA - PCO 0Ch 0Ah Pattern A
25 ACT=PCO ™ READA —PCI OEh 0Ch 02AAAR 0Ah Pattern A
26 READA - PCO 00h 15h Pattern B
27 ACT —PCl READA - PC1 OEh 00h 02AAAR 15h Pattern B
28 RNOP READA - PCO OEh 04h 02AAAh 1Ah Pattern A
29 RNOP READA - PCl OEh 04h 02AAAh 1Ah Pattern A
30 RNOP READA - PCO OEh 08h 02AAAh 05h Pattern B
31 RNOP READA - PCl OEh 08h 02AAAh 05h Pattern B
1 repeat sub-loop 0 pattern; use RBAO = 1 and CBAO = 1 instead, maintain SID[1:0]=00
2 repeat sub-loop 0 and 1 pattern; use RBA1 =0 and CBA1 =1 instead, maintain SID[1:0]=00
RNOP, CNOP 2-cycle before SID change to meet tCCDR
3 for 8-High,12-High and 16-High devices: repeat sub-loops 0,1 and 2 pattern; use SID[1:0] = 01 instead
4 for 12-High and 16-High devices: repeat sub-loops 0,1 and 2 pattern; use SID[1:0] = 10 instead
5 for 16-High devices: repeat sub-loops 0,1 and 2 pattern; use SID[1:0] = 11 instead

NOTE 1 Pattern A for a Byte (BLO to BL7) : 00h, 3Ch, FOh, 69h, AAh, FFh, C3h, 55h
NOTE 2 Pattern B for a Byte (BLO to BL7) : FOh, ASh, 96h, OFh, C3h, 55h, CCh, 5Ah
NOTE 3 Vendors may provide IDD4/7 values based on worse toggle patterns reflecting internal bus architecture

Samsung Electronics Co., Ltd.
Ex. 1084, p. 198




Case 2:25-cv-00552 Document 1-5 Filed 05/19/25 Page 174 of 271 PagelD #:. 214

JEDEC Standard No. 238A
Page 159

9.2 IDD and IPP Specifications

IDD and IPP values are valid for the full operating range of voltage and temperature unless otherwise
noted.

Table 90 — IDD and IPP Specification Example

Symbol Speed Bin Unit Notes
IDD (Max) IPP (Max)

IDDO mA

IDD2P mA

IDD2P0 mA

IDD2N mA

IDD3P mA

IDD3P0 mA

IDD3N mA

IDD4R mA

IDD4W mA

IDD5B mA

IDD5P mA

IDD6x See Separate Table mA

IDD7 mA

IDD8 mA

9.3 IDD6 Specification
Table 91 — IDD6 Specification
Symbol Temperature Range Value Unit Notes
IDD6N 0°C-Tn mA 2,3,7
IDD6E (Optional) 0°C - Tg mA 1,3,4,7
IDD6R (Optional) 0°C - Tr mA 3,57
IDD6A (Optional) 0°C-T, mA 3,5,6
Ty - Ty (optional) mA 3,5,6
T2 - TopPERmax mA 3,5,6,8

NOTE 1 Max. values for IDD currents considering worst case conditions of process, temperature and voltage.

NOTE 2 Applicable for MRO settings OP2=0.

NOTE 3 Supplier data sheets include a max value.

NOTE 4 IDDGE is only specified for devices which support the Extended Temperature Range feature.

NOTE 5 IDD6A is only specified for devices which support the Temperature Controlled Self Refresh feature enabled by
MRO with OP2=1.

NOTE 6 The number of discrete temperature ranges supported and the associated Ta - Tz, and TopErmax values are
supplier/design specific. Temperature ranges are intended to denote the nominal trip points for the internal
temperature sensor to bracket discrete self refresh rates internal to the DRAM. Refer to supplier datasheet for more
information.

NOTE 7 Tr represents the temperature used to reflect the current consumed in a typical room temperature environment.

NOTE 8 Topermax represents the max temperature supported by the DRAM when TCSR is enabled.
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10 AC Timings
Table 92 — Timings Parameters (Part 1)
Parameter Symbol Speed Bin® Unit | Notes
4.8 Gbps/pin ‘ 5.2 Gbps/pin 5.6 Gbps/pin 6.0 Gbps/pin 6.4 Gbps/pin
Min Max ‘ Min ‘ Max Min | Max Min Max Min Max
CK Timings
CK clock frequency fek 50 1200 50 1300 50 1400 50 1500 50 1600 MHz
CK clock period tek 0.833 20 0.769 20 0.714 20 0.667 20 0.625 20 ns 4
Absolute CK clock differential ten 0.45 0.55 0.45 0.55 0.45 0.55 0.45 0.55 0.45 0.55 tck 40
HIGH-level width
Absolute CK clock differential ter 0.45 0.55 0.45 0.55 0.45 0.55 0.45 0.55 0.45 0.55 tek 40
LOW-level width
Command and Address Input Timings
Command and address input setup tis 92 85 79 73 69 ps 5
time based on VIH/VIL
Command and address input hold tiH 92 85 79 73 69 ps 5
time based on VIH/VIL
Command and address single pulse tcrpw 292 269 250 233 219 ps 27
width
Data Input Timings
WDQS clock period twpQs 0.416 10 0.385 10 0.357 10 0.333 10 0.312 10 ns 41
Average WDQS differential input twQSH(ave) 0.47 0.53 0.47 0.53 0.47 0.53 0.47 0.53 0.47 0.53 twpos | 42
HIGH pulse width
Average WDQS differential input tWQSL(avg) 0.47 0.53 0.47 0.53 0.47 0.53 0.47 0.53 0.47 0.53 twpos | 42
LOW pulse width
Absolute WDQS differential input tWQSH(abs) 0.45 0.55 0.45 0.55 0.45 0.55 0.45 0.55 0.45 0.55 twpes | 43
HIGH pulse width
Absolute WDQS differential input tWQSL(abs) 0.45 0.55 0.45 0.55 0.45 0.55 0.45 0.55 0.45 0.55 twpes | 43
LOW pulse width
Rx single pulse width toiPw 0.55 0.55 0.55 0.55 0.55 Ul 27
Rx Timing Window with PSIJ torvw 0.30 0.30 0.30 0.30 0.30 Ul
WDQS to write data offset twDQs2pQ_I 300 900 300 900 300 900 300 900 300 900 ps 33,34,
45

WDQS to write data offset voltage twpQs2pQ 1 0.8 0.8 0.8 0.8 0.8 ps/ 34,46
variation for write _VOLT mV
WDQS to write data offset twDQS2DQ 1 0.4 0.4 0.4 0.4 0.4 ps/C 34,46,
temperature variation for write _TEMP 47
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Table 92 — Timings Parameters (Part 1) (cont’d)
Parameter Symbol Speed Bin? Unit | Notes
4.8 Gbps/pin 5.2 Gbps/pin 5.6 Gbps/pin 6.0 Gbps/pin ’ 6.4 Gbps/pin
Min Max Min Max Min ‘ Max Min | Max | Min ‘ Max
Data Input Timings (cont’d)
DQ to DQ skew (intra-byte) for tDQ2DQtra 1 10 10 10 10 10 ps
write
DQ to DQ skew (inter-byte) for tDQ2DQter 1 30 30 30 30 30 ps
write
Data Output Timings
RDQS differential output HIGH tosH tWQSH(abs) tWQSH(abs) tWQSH(abs) tWQSH(abs) tWQSH(abs) twpos | 6,38
-0.08 -0.08 -0.08 -0.08 -0.08
RDQS differential output LOW tosL tWQSL(abs) tWQSL(abs) tWQSL(abs) tWQSL(abs) tWQSL(abs) twpos | 6,39
-0.08 -0.08 -0.08 -0.08 -0.08
DQ output hold time from DQS tQH Min(tosu Min(tosu Min(tosH Min(tosu Min(tosu twpos | 6
, tQsL) , tQsL) , tQsL) , tasL) , tQsL)
DQ output window per pin tow Min(tosu Min(tosH Min(tosH Min(tosH Min(tosH Ul 6
, tost) - , tost) - , tQst) - , tost) - , tQst) -
0.07 0.07 0.07 0.07 0.07
RDQS to DQ skew in Byte T4 tDQsQtra 20 20 20 20 20 ps 6
DQ to DQ skew (intra-byte) for read tpQ2DQtra_0 10 10 10 10 10 ps 6
DQ to DQ skew (inter-byte) for read tDQ2DQter O 30 30 30 30 30 ps 6
WDQS to read data and RDQS twDQS2DQ_0 0.6 2.5 0.6 2.5 0.6 2.5 0.6 2.5 0.6 2.5 ns 6,33,3
offset 5
WDQS to read data offset voltage twpQs2pQ_o 2.5 2.5 2.5 2.5 2.5 ps/ 35,46
variation for read _VOLT mV
WDQS to read data offset twDQs2DQ 0 1.0 1.0 1.0 1.0 1.0 ps/C | 35,46,
temperature variation for read _TEMP 47
DQ, DBI high impedance to low tLz Min: twpgs2pq o(min) — tou(min) ns 6
impedance time from WDQS Max: twpes2pQ_o(max) + tpsQra(max)
DQ, DBI low impedance to high tHz Min: twpgs2pQ_o(min) ns 6
impedance time from WDQS Max: twpos2pQ_o(max) + tposqua(max)
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10 AC Timings (cont’d)
Table 93 — Timings Parameters (Part 2)
Parameter!? Symbol Values Unit | Notes
MIN | MAX
Row Access Timings
ACTIVATE to ACTIVATE command period trC - ns
ACTIVATE to PRECHARGE command period trAs 9 X tREFI ns 7
ACTIVATE to READ command delay tRCDRD - ns
ACTIVATE to WRITE command delay tRCDWR - ns
ACTIVATE to ACTIVATE or PER BANK REFRESH bank tRRDL - ns |8
B command delay same bank group
ACTIVATE to ACTIVATE or PER BANK REFRESH bank tRRDS - ns |9
B command delay different bank group
Four bank activate window tFAW - ns 10
READ to PRECHARGE command delay same bank trTP - nCK | 11,32
PRECHARGE command period trp - ns
WRITE recovery time twr - ns 32
Auto precharge write recovery + precharge time tpaL - - nCK | 12
PRECHARGE to PRECHARGE delay same pseudo channel tppD 2 nCK
Rolling Accumulated ACTIVATE count RAA -
Column Access Timings
RD/WR bank A to RD/WR bank B command delay same tcepL Max - nCK | 13, 14
bank group (4, 2.5 ns/tck)
RD/WR bank A to RD/WR bank B command delay different tceps 2 - nCK | 15,16
bank group
RD SID A to RD SID B command delay tcepr - nCK | 17
Internal WRITE to READ command delay same bank group tWTRL - nCK | 13
Internal WRITE to READ command delay different bank tWTRS - nCK | 15
group
READ to WRITE command delay tRTW - ns 18
Power-Down Timings
POWER-DOWN ENTRY to EXIT time tpp tcppeD + 6 X tck 9 X tREFI ns
POWER-DOWN EXIT time txp MAX(10 X tck, - ns
7.5)
Valid CK clocks required after POWER-DOWN ENTRY tCKPDE RU(tcppeDp / tck) nCK
+1
Valid CK clocks required before POWER-DOWN EXIT tCKPDX 5 nCK
Command path disable delay tCPDED MAX(5 x tek, - ns
7.5)
ACTIVATE to POWER-DOWN ENTRY command delay tACTPDE 1 - nCK | 19
PRECHARGE(rising CK edge) to POWER-DOWN ENTRY tPRPDER 1 - nCK
command delay
PRECHARGE(falling CK edge) to POWER-DOWN tPRPDEF 1.5 - nCK
ENTRY command delay
REFRESH to POWER-DOWN ENTRY command delay {REFPDE 1 - nCK | 19
PER BANK REFRESH to POWER-DOWN ENTRY tREFPBPDE 1 - nCK | 19
command delay
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Table 93 — Timings Parameters (Part 2) (cont’d)
Parameter'? Symbol Values Unit | Notes
MIN | MAX
Power-Down Timings (cont’d)
MODE REGISTER SET to POWER-DOWN ENTRY tMRSPDE tmop(min) - nCK
command delay
READ or READ w/ AP to POWER-DOWN ENTRY tRDPDE RL+PL+2+ - nCK
command delay RU(tpgss(max)
+ twbpQs2pQ 0
(max) / tck)
WRITE to POWER-DOWN ENTRY command delay tWRPDE WL+PL+3 - nCK | 20
+ RU(twr / tck)
WRITE with AP to POWER-DOWN ENTRY command tWRAPDE WL +PL +3 - nCK | 21
delay + WR
Self Refresh Timings
SELF REFRESH ENTRY to EXIT time tCKsR teppep + 6 X tek - ns
Valid CK clocks required after SELF REFRESH ENTRY tCKSRE RU(tcppep / tck) nCK
+1
Valid CK clocks required before SELF REFRESH or tCKSRX 5 nCK
POWER-DOWN EXIT
READ or READ w/ AP to SELF REFRESH ENTRY fRDSRE RL+PL+3 - nCK
command delay
Exit self refresh command delay txs MAX(10 x tck, - ns
trrc(min) + 10)
Exit self refresh to MODE REGISTER SET command delay tXSMRS MAX(10 x tck, - ns
15)
Exit self refresh to MODE REGISTER SET command delay IXSMRSF - ns
after frequency change
Refresh Timings
Minimum time in self refresh for per-bank RAA count to be tRAASRF - ns 29
reset to 0
REFRESH 8 Gb/die 4-High 2 Gb / channel tRFCab TBD - ns 22
command period 8-High | 4 Gb/ channel 260 -
12-High 6 Gb / channel 310
16-High 8 Gb / channel 350 -
16 Gb/die 4-High 4 Gb / channel 260 -
8-High 8 Gb / channel 350 -
12-High | 12 Gb/ channel 410 -
16-High | 16 Gb/ channel 450 -
24 Gb/die 4-High 6 Gb / channel 310
8-High | 12 Gb/ channel 410 -
12-High | 18 Gb/ channel 450 -
16-High | 24 Gb / channel TBD -
32 Gb/die 4-High 8 Gb / channel TBD
8-High | 16 Gb/channel TBD -
12-High | 24 Gb/ channel TBD
16-High | 32 Gb/ channel TBD -
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Table 93 — Timings Parameters (Part 2) (cont’d)
Parameter'? Symbol Values Unit Notes
MIN | MAX
Refresh Timings (cont’d)
PER BANK REFRESH command period 8 Gb / die tRFCpb TBD - ns 28
(same bank) 16 Gb / die 200 -
24 Gb / die 240 -
32 Gb/die TBD -
PER BANK REFRESH command period (different bank) tRREFD MAX(3 x tck, 8) - ns
and PER BANK REFRESH to ACTIVATE (different
bank) command delay
Average periodic refresh interval for REFRESH command tREFI - 39 us 23
Average periodic refresh interval for 4-High tREFIpb - trer1 / 16 us 22,24
PER BANK REFRESH command 8-High N p— s
12-High - trerF1 / 48 us
16-High - trer1 / 64 us
WDQS-to-CK Timings
WDQS/2 (0° phase) rising edge to CK rising edge delay tbqss Max Min ps/
(-200ps, (200 ps, tCK
-0.2tCK) 0.2tCK)
WDQS-to-CK phase search range during WDQS-to-CK twpQs2ck -0.4 0.4 tCK
alignment training
CK clock to phase detector output delay in WDQS-to-CK twDQS2PD ns
alignment training mode
Miscellaneous Timings
MODE REGISTER SET command update delay tMoD - nCK
MODE REGISTER SET command cycle time tMRD - nCK
MODE REGISTER SET command from a preceding tRDMRS RL+PL+2+ nCK
READ command RU(tpgss(max) +
twDQs2pQ 0
(max)/tck)
Internal WRITE to MODE REGISTER SET command tWRMRS MAX(RU(twr + - nCK
delay treytck), (PL +
RU(trarRDQ/tCK), 6)
Interval VREFD offset single step settling time tVREFD - ns
Interval VREFD offset full range settling time tFVREFD - ns
ADD/CMD parity error output delay tPARAC ns 25
Write data parity error output delay tPARDQ ns 26
Write preamble for WDQS tWPREI 2 tWDQS
Read preamble for WDQS tWPRE2 4 tWDQS
Write postamble for WDQS twPSTI 2 tWDQS
Read postamble for WDQS twpsT2 2 tWDQS
Read preamble for RDQS tRPRE 2 tWDQS
Read postamble for RDQS tRPST 2 tWDQS
CK clock frequency with DCA enabled fekpea 1200 - MHz | 36
Duty Cycle Monitor Measurement time tbcMM 1 - us 37
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Table 93 — Timings Parameters (Part 2) (cont’d)
Parameter!? Symbol Values Unit | Notes
MIN | MAX

NOTE 1 AC timing parameters apply to each channel of the HBM3 device independently. No timing parameters are
specified across channels, and all channels operate independently of each other.

NOTE 2 Speed bins are shown as examples. Vendors may define different speed bins; in this case it is recommended to
scale the values for the related timing parameters.

NOTE 3  All parameters assume proper device initialization.

NOTE 4 Parameter tck is calculated as the average clock period across any consecutive 1,000 cycle window, where each
clock period is calculated both from rising CK edge to rising CK edge, and falling CK edge to falling CK edge.

NOTE 5§ Parameter is based on Vinca and ViLca.

NOTE 6 Parameter is measured with Output Timing reference load and Read DBI enabled.

NOTE 7 For Reads and Writes with auto precharge enabled, the device will hold off the internal precharge until trAS(min)
has been satisfied or the number of clock cycles as programmed for RAS in MR4 have elapsed.

NOTE 8 Parameter applies when consecutive commands access the same bank group.

NOTE 9 Parameter applies when consecutive commands access different bank groups.

NOTE 10 No more than 4 ACTIVATE or PER BANK REFRESH commands are allowed within traw period.

NOTE 11 Parameter applies when READ and PRECHARGE commands access the same bank.

NOTE 12  tpar = (twr/tck) + (tre/tck). For each of the terms, if not already an integer, round up to the next integer.

NOTE 13 Parameter applies consecutive commands access the same bank group.

NOTE 14 tccpL parameter is applied when seamless consecutive Write or Read commands access to the banks in the same
bank group.

NOTE 15 Parameter applies when consecutive commands access different bank groups.
NOTE 16 tccps is either for seamless consecutive READ or seamless consecutive WRITE commands.

NOTE 17 tccor is a parameter for 8,12,16-High HBM devices that is used for seamless consecutive READ commands
between different stack IDs (SID) instead of tccps. The tcepr(min) value is vendor specific and a range of tceps +
1 to 2nCK is supported. The tccpr(min) is dependent on the operation frequency. The vendor datasheet should be
consulted for details. For seamless WRITE commands the normal tceps parameter applies. tccor does not apply to
DWORD MISR operations when DWORD Loopback is enabled in MR7.

NOTE 18 trrw is not a DRAM device limit but determined by the system bus turnaround time. Avoid bus contention by

setting trrw (min) = (RL + BL/4 - WL + 0.5) X tck + twpes2pe_o(max) - twpgs2pq_1(min), and round up to the next
integer.

NOTE 19 Upon entering power-down the CK clock may be stopped after the number of clock cycles as programmed
for RAS in MR4.

NOTE 20 twr is defined in ns. For calculation of twrppe round up twr/tck to the next integer.

NOTE 21 WR in clock cycles as programmed in MR3.

NOTE 22 Density is given per channel.

NOTE 23 A maximum of 8 consecutive REFRESH commands can be posted to an HBM3 device, meaning that the
maximum absolute interval between any REFRESH command and the next REFRESH command is 9 X trgrr.

NOTE 24  trerieB = trer1 / N; N = no. of banks.

NOTE 25 tparac may be specified as an analog delay or as a combination of n clock cycles and an analog delay. The
nominal AERR HIGH time in case of a parity error is 1 nCK.

NOTE 26 trarpq may be specified as an analog delay or as a combination of n clock cycles and an analog delay. The
nominal DERR HIGH time in case of a parity error is 1 nCK.

NOTE 27 tciew is based on Vrerca level, and tpipw is based on Vrerpg level.
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Table 93 — Timings Parameters (Part 2) (cont’d)
Parameter!? Symbol Values Unit | Notes
MIN | MAX

NOTE 28 Density is given per die.

NOTE 29 Parameter applies only to HBM3 DRAMs that require the use of Refresh Management (RFM).

NOTE 32 PRECHARGE and PRECHARGE ALL commands can be issued on a rising or a falling CK edge. For
corresponds to the internal WR or RTP, add 0.5 tck to the number of clock cycles defined for RTP with
reference to trtp or the number of clock cycles calculated to WR using RU(twr/tck).

NOTE 33 PVT variation is included.

NOTE 34 The minimum-to-maximum range does not exceed 400 ps. The vendor’s datasheet shall be consulted for the
minimum and maximum values.

NOTE 35 The minimum-to-maximum range does not exceed 1.5 ns. The vendor’s datasheet shall be consulted for the
minimum and maximum values.

NOTE 36 Parameter fckpca applies when a duty correction code other than the default 0000 is programmed in the mode
register.

NOTE 37 tpcmwm is measured from the MRS command that enables the duty cycle measurement until the measurement result
in valid.

NOTE 38 tosu describes the instantaneous differential output high pulse width on RDQS_t — RDQS_c as it measures the
next falling edge from an arbitrary rising edge. tosu edge measurement is based on zero voltage.

NOTE 39 tqst describes the instantaneous differential output low pulse width on RDQS t — RDQS_c as it measures the next
rising edge from an arbitrary falling edge. tosL edge measurement is based on zero voltage.

RDOS_t - RDOQS ¢

_VDDQL

Differential Output Voltage: f{t)

NOTE 40 tchbs) is the absolute instantaneous clock high pulse width, as measured from one rising edge to the following
falling edge. tcLbs) is the absolute instantaneous clock low pulse width, as measured from one falling edge to the
following rising edge.

NOTE 41 Parameter twpgs is calculated as the average write clock period across any consecutive 200 cycle window, where
each clock period is calculated both from rising CK edge to rising CK edge, and falling CK edge to falling CK
edge.

NOTE 42  twqsH(vg) is defined as the average high pulse width, as calculated across any consecutive 200 high pulses.
twQsL(avg) is defined as the average low pulse width, as calculated across any consecutive 200 low pulses.

NOTE 43  twosH(bs) is the absolute instantaneous write clock high pulse width, as measured from one rising edge to the
following falling edge. twqsL(bs) is the absolute instantaneous write clock low pulse width, as measured from one
falling edge to the following rising edge.

NOTE 45  twpos2pq 1max delay variation as a function of the DC voltage variation for VDDQ. It includes VDDQ AC noise
impact for frequencies > 20 MHz and max voltage of TBDmVpk-pk from DC to 20 MHz at a fixed temperature
on the package.

NOTE 46 Actual values could be positive or negative numbers depending on design implementation and process.

NOTE 47 The parameter is referenced to IEEE1500 TEMPERATURE readout. See clause 13.5.12
TEMPERATURE.
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11 Package (Die) Specification

11.1 Signals

Table 94 — 1/0 Signal Description

Signals Type Description

CKJa:p] t, CK[a:p] ¢ Input | Clock: CK tand CK c are differential clock inputs. Row and column
command and address inputs are latched on the rising and falling edges
of CK.

Cla:p][7:0] Input | Column command and address: the command code, bank and column
address for Write and Read operations and the mode register address
and code to be loaded with MODE REGISTER SET commands are
received on the C[7:0] inputs.

R[a:p][9:0] Input | Row command and address: the command code, bank and row address
for Activate, Precharge and Refresh commands are received on the
R[9:0] inputs.

ARFUJa:p] Input | Reserved for future use: unused microbumps in AWORD.

APARJa:p] Input | Command / address parity: one parity signal per AWORD. APAR is
associated with C[7:0], R[9:0] and ARFU.

DQJa:p][63:0] 1/0 Data Input/Output: 64-bit data bus. DQ[31:0] represents the 32-bit data
bus of PCO and DQ[63:32] represents the 32-bit data bus of PC1.

DBI[a:p][7:0] /O Data Bus Inversion: DBIO is associated with DQ[7:0], DBII is
associated with DQ[15:8], ... , and DBI7 is associated with DQ[63:56].

ECCla:p][3:0] 1/0 ECC: ECCO0, ECCI are associated with DQ[31:0]. ECC2, ECC3 are
associated with DQ[63:32].

SEVJa:p][3:0] /O SEV: SEVO0, SEV1 are associated with DQ[31:0]. SEV2, SEV3 are
associated with DQ[63:32].

DPARJa:p][1:0] I/0 Data Parity: one data parity signal per DWORD. DPARQO is associated
with DQ[31:0] and DPARU is associated with DQ[63:32].

DERR[a:p][1:0] Output | Data parity error: one data parity error bit per DWORD. DERRO is
associated with DQ[31:0] and DERRI1 is associated with DQ[63:32].

AERRJa:p] Output | Address parity error. One address parity error bit for row and column
address and command per AWORD.

WDQSJa:p][1:0] t, Input | Write Data Strobe: WDQS t and WDQS c are differential strobe

WDQS[a:p][1:0] ¢ inputs. One WDQS pair per DWORD. WDQSO is associated with
DQJ31:0] and WDQSI is associated with DQ[63:32].

RDQS[a:p][1:0] t, Output | Read Data Strobe: RDQS tand RDQS c are differential strobe

RDQS[a:p][1:0] ¢ outputs. Read output data are sent on the rising and falling edges of
RDQS. One RDQS pair per DWORD. RDQSO is associated with
DQ[31:0] and RDQSI1 is associated with DQ[63:32].

DA[39:0] /0 Direct Access Input/Output: These pins are provided for direct access
test. They must be routed directly to an external package 1/O pin. The
function is defined by the memory vendor.
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Table 94 — I/0 Signal Description (cont’d)

Signals Type Description

RESET n Input | Reset: RESET n LOW asynchronously initiates a full chip reset of the

HBM3 device.

NC No connect pad: electrically isolated

WRCK Input | IEEE-1500 Wrapper Serial Port Clock

WRST n Input | IEEE-1500 Wrapper Serial Port Reset

SelectWIR Input | IEEE-1500 Wrapper Serial Port Instruction Register Select

ShiftWR Input | IEEE-1500 Wrapper Serial Port Shift

CaptureWR Input | IEEE-1500 Wrapper Serial Port Capture

UpdateWR Input | IEEE-1500 Wrapper Serial Port Update

WSI Input | IEEE-1500 Wrapper Serial Port Data

WSO[a:p] Output | IEEE-1500 Wrapper Serial Port Data Out

RD[a:p][3:0] 1/0 Redundant microbumps in DWORD

RA[a:p] Input | Redundant command and address microbump in AWORD

MRFUJ[1:0] Reserved for future use, unused microbumps in mid-stack region

NOBUMP Depopulated pad: reserved as test pad for probing

TEMP[1:0] Output | DRAM Temperature Report

CATTRIP Output | DRAM Catastrophic Temperature Report

VSS Supply | Ground

VDDC, VDDQ, VPP, Supply | Power supply

VDDQL

NOTE 1 Index [a:p] represents the channel indicator “a” to “p” of the HBM device. Signal names including the channel
indicators are used whenever more than one channel and/or pseudo channel is referenced, as e.g., with the
HBM3Ballout. The channel indicators is omitted whenever features and functions common to all channels and/or
all pseudo channels are described

NOTE 2 HBMS3 devices supporting less than 16 channels are allowed to have input/output buffers physically present at the
pins associated with the unavailable channels, however these input/output buffers will be disabled. The host shall
leave those pins floating. The availability of each channel [a:p] has to be coded in IEEE1500 DEVICE_ID Wrapper
Data Register bits [23:8].

NOTE 3  All power supply microbumps defined in Table 98 to Table 103 must be present and connected with their
respective power nets even if the related channel is not present or marked non-working.
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11.2 MicroBump Positions

The MicroBump array of the DRAM stack employs a staggered pattern as depicted in Figure 95, where a
‘staggered’ bump is located halfway between major row and column, hence its location is determined by
X/2 and Y/2. Table 95 shows geometric parameters of the Staggered MicroBump pattern. Parameter Pmin
is the minimum bump pitch anywhere in the MicroBump field; for chosen X and Y parameters.
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Figure 95 — Staggered MicroBump Pattern

Table 95 — Geometric Parameters of the Staggered MicroBump Pattern

Label Nominal Value Description
X 96 um Horizontal pitch of two adjacent MicroBumps
Y 110 um Vertical pitch of two adjacent MicroBumps

Puin 73 um Minimum pitch of the bump field
D 28 um MicroBump diameter
S Bump-to-bump air gap; S = Pmin - D

The HBM3 bump matrix is defined as shown in subsequent tables. Please refer to MO-349 for device
dimensions.

Figure 96 — MicroBump Pillar Diameter
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11.2
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MicroBump Positions (cont’d)
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Footprint consists of 161 rows with a pitch of Y/2 and 148 columns with a pitch of X/2. The overall array
size is (147 x X/2 + D) x (160 x Y/2 + D) = 7084.0 pm x 8828.0 um. The ball matrix is center aligned
with the die. The ball array center is the origin of the ball location coordinates. Ball A1 is located at the
top left at X =-3528.0 um, Y =+4400.0 pm.

11.3 HBM3 Stack Height
Table 96 — HBM3 Device Dimensions
Parameter Symbol Configuration Minimum Nominal | Maximum | Unit | Notes
Width X 10.975 mm 3
Length Y 10.975 mm
Height Z 4-High 695 720 745 pm 1,2
8-High 695 720 745 pm
12-High 695 720 745 pm
16-High TBD TBD TBD pm
NOTE 1 The configuration refers to the number of memory dies in the stack. The stack may include an additional base
(interface) die.
NOTE 2 Refer to MO-349 for related package drawings.
NOTE 3  Refer to MO-349 for X and Y dimension min/max tolerances and related package drawings.
114 HBM3 Bump Map

A geographical overview of the HBM3 bump matrices is provided in Table 98 for Footprint, and the
detailed bump matrices are provided in Table 99 thru Table 103

Due to space constraints these tables use abbreviations for specific functions as given in Table 97. The

orientation of the ballout shown is the bottom view looking at the microbumps.

HBM3 devices supporting less than 16 channels must have all microbumps physically present as shown
in the following tables.

Table 97 — Legend

VPP A VSS

NC B vVDDC

No Bump ! VDDQ
VDDQL
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Table 98 — HBM3 Bump Map Footprint — Geographical Overview (not to scale)
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Depopulated micropillar
area dedicated for (optional)
probe pads

Page 171
Upper Right
Power Supply Region
DWORDO Channel a
AWORD Channel a
DWORDI Channel a
DWORDO Channel b
AWORD Channel b
z
DWORDI Channel b | £
[aa]
Reset, IEEE1500 Port, Temperature, efc... B
DWORD1 Channel k DWORDI Channel ¢ §
AWORD Channel k AWORD Channel c
DWORDO Channel k DWORDO Channel

DWORD]1 Channel d

DWORD1 Channel 1
AWORD Channel 1
DWORDO0 Channel 1

Lower Right
Power Supply Region

AWORD Channel d

DWORDO Channel d

Samsung Electronics Co., Ltd.
Ex. 1084, p. 211

¢GS00-AJ-G¢:¢ 8se)

G-T JUBWNO0Q

GZ/6T/S0 pajld

9zz # Qlabed 1.2 Jo 98T abed



JEDEC Standard No. 238A

Page 172

Case 2:25-cv-00552 Document 1-5 Filed 05/19/25 Page 187 of 271 PagelD #:. 227

HBM3 Bump Map (cont’d)

11.4
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Table 99 — HBM3 Bump Map Footprint : Columns 1 to 36
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M---------

HBM3 Bump Map Footprint : Columns 1 to 36 (cont’d)

Table 99 —

BA
BB
BC
BD
BE
EBF
BG
BH
BJ
BK
BL
(BRL
BN
EP
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BT
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(B
BY
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CF
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L
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N
(=
CR
T
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Table 99 — HBM3 Bump Map Footprint : Columns 1to 36 (cont’d)
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Table 99 — HBM3 Bump Map Footprint : Columns 1to 36 (cont’d)
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Table 100 — HBM3 Bump Map Footprint : Columns 37 to 74
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Table 100 — HBM3 Bump Map Footprint : Columns 37 to 74 (cont’d)
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Table 100 — HBM3 Bump Map Footprint : Columns 37 to 74 (cont’d)
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Table 100 — HBM3 Bump Map Foot

print : Columns 37 to 74 (cont’d)
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Table 100 — HBM3 Bump Map Footprint : Columns 37 to 74 (cont’d)
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HBM3 Bump Map Footprint : Columns 75 to 90

Table 101 —

HBM3 Bump Map (cont’d)
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Table 101 — HBM3 Bump Map Footprint : Columns 75 to 90 (cont’d)
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Table 101 — HBM3 Bump Map Footprint : Columns 75 to 90 (cont’d)
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p Map Footprint : Columns 75 to 90 (cont’d)
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Table 101 — HBM3 Bump Map Footprint : Columns 75 to 90 (cont’d)
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Table 102 — HBM3 Bump Map Footprint : Columns 91 to 118
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Table 102 — HBM3 Bump Map Footprint : Columns 91 to 118 (cont’d)

12

108 109 11 1 112 113 14 115 116 ur 118

D D D D

DQi4 DRARiD DQi2 Qi

WDQSi0_t DQil0

WDQSi0_c DQill DQit ECCil

DQm20 RDQSm0_t DQm1§

. - - o - - I

SEVi0

SEVil

DQill DQif
] ]
DQi20 RDQSi0_t DQils DQils
I v
DQig DQiz4

D D D D
i Cis cid ci2 cio
ci6 CKi_t i3 cil
Ri7 CKi_c Rid Ri3 Ril
Rif Ris Ri0 Ri2
D D D D
DQi37 RDi2 DQi3s DQia3 ECCi2
DQi3s DBARil DQi3 DQis
D4 WDQSiL_t DQid2 DI
DQids WDQSil_c DQid3 DQidl ECCi3
D D D D D
DQis? RDQSil_t DQish DQids
DQis3 RDQSil_c DQisl DQid® SEVi2
DQifl R} DQis? DQis? SEVE3
DQifd DERRil DQiss DQiss
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Table 102 — HBM3 Bump Map Footprint : Columns 91 to 118 (cont’d)
n n 0 L] 95 o6 L L] w0 100 11 102 103 14 105 106 107 108 1 10 111 112 13 114 115 116 117 113
D D D D D D D D D D D
RDud DQu3 DQul ECCa0 Q7 DQjs RDj0 DQi3 DQjl ECCj0
DQud DPARu0 DQu2 DQuo DBIj0 DQjé QM DEAR]0 DQj2 DQjo
[ I I 1T 17 T 7 T
DQul2 WDQSu0_t DQuld DQu8 DQjl4 DQj12 WDQSjo_t DQjl0 Q8
WDQSu0_c DQull DQud DQj1§ DQjla WDQSj0_c DGl DQif ECCjl
I N N I N N N
D D D D D D D D D
DQu20 RDQSn0_t DQuls DQul6 QiR DQi20 RDQSj0_t DQjls DQjl6
RDQSud_c DQul# DQul? DQjz3 Qi1 RDQS0 ¢ DQile QLT SEV)0
EN EN BN ] EN EN BN
EDul DQu2? DQuls DQj31 DQj2e RDjL Qa7 DQj2s SEVjL
DQu2s DERRn0 DQu26 DQu4 DQj30 DQj28 DERRj0 DQji6 DQj4
v Tl Tul] Il N B N O .
D D D D D D D D D
Cus Cud Cu2 ARFUj o CjE o o cjo
Cué CEao_t Cu3 Cul APARj cj6 CEjt [=1] cjl
CKu ¢ Rud Rud Rj# Ry CKjc Rd Rj3 Rjl
Ruf Rud Rad Ru2 Rj§ Rjf RjE Rjo Rj2
[« [u] [u] N B B N O
D D D D D D D D D
RDu2 DQuis DQu33 DQi3® DQiA7 RDj2 DQias DQi3} ECCj
DQuis DPARn] DQui4 DQua2 i DQj38 DQi36 IPAR{L DQjM Qi
N I A 7 T T
DQui4 WDQsuL_t DQue2 DQuid j DQi46 DQj44 WDQSj1_t DQj#2 DQj40
WDQsnl_¢ DQuid DQuil DQT DQj4s WDQS]1_c Qi DQiL ECC3
I N N I N N O
D ] it} D D I D D ]
DQus2 EDQSnl t DQuso DQuds DQjE4 DQjs2 EDQS1_t DQjE0 DQj48
RDQSnl_¢ DQust DQuie DQjss DQjs3 RDQS{1_c DQisL DQi49 SEV2
N O N T T 7 1T T
RDud DQusd DQus? DQj63 DQi6l RDj3 DQise DQjET SEVR3
DQudd DERRul DQusd DQuse DQje2 DQjt0 DERRjL DQjs8 DQj56
[w] T[] [w] T[] [w] [w] [ul]
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Table 102 — HBM3 Bump Map Footprint : Columns 91 to 118 (cont’d)
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Table 102 — HBM3 Bump Map Footprint : Columns 91 to 118 (cont’d)

HHHHH_H

RDQS1_¢ DQIs1 DQL4Y SEVI2
RDQSI_t DQIS0 DQL4S

WDQSk_¢ DQL43 DQLAL ECCI3
WDQSLI_t DQL? DQLAD

DPARKL DQI34 DQIA2

DERRED DQI26 DQI24

RDid DQI27 DQIZS SEVIL

RDQSKD_¢ DQII9 DQILT SEVID
RDQSLO_t DQL18 DQLLS

WDQSKD_¢ DQill QI ECCIL
WDQSLD_t DQIL0 DQIS

DPARID DQI2 DQID

RDiD DQI3 DQEI ECCID
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Table 102 —

Columns 91 to 118 (cont’d)

HBM3 Bump Map Footprint :

HH’HHH

DEIp?

DERRp]

DQpsd

RDQSpL_c

RDQSpl_t

Iiﬂi

WDQSp]_<|

WDQSpl_t

DRARpL

Rpd Rp Rp# Rpt
Rpd Rp? Chp_c
APARp Cpé CEp_t i
ARFUp Cp7 G
D D D D
[w ] Twl T[]
DQp30 DQp28 DERRp0 DQpl6
DQpal DQp28 RDpl DQp27
El EN El EN ©E=
DQpl3 DQpll RDQSpl_ ¢ DQple DQplT
DQp22 DQp20 RDQspd_t DQpl8
D D D D D
I I N N e
DQpls DQpl3 WDQSp0_c DQpll DQpe
DQpld DQp12 WDQSpd_t DQpl0
El EN EN EN E=
DQpt Dopd DEARpD DQp2
DQp7 DQps RDp0 DQpd DQpl
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Table 102 — HBM3 Bump Map Footprint : Columns 91 to 118 (cont’d)
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Table 103 — HBM3 Bump Map Footprint : Columns 119 to 148
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Table 103 — HBM3 Bump Map Footprint : Columns 119 to 148 (cont’d)
19 10 m m 1m 14 125 126 7 18 129 130 131 13 13 JEXS 135 136 137 138 10 140 141 142 143 14 145 146 E 148
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Table 103 — HBM3 Bump Map Footprint : Columns 119 to 148 (cont’d)

119 120 m m 113 124 s 126 17 128 129 130 131 132 133 1M 135 136 137 138 139 40 41 JE) 143 14 145 146 47 148

D i D D D D D D D D D B
DA 0of RDbD DQh3 DL ECCH B

Q# DPARS) IRARbD Qb2 QLD B
EN_ &N EN &N -

DQfl2 WDQSH_t WDQShO_t DQBLD DQbs B
WDQSf0_c DQfl WDQS_c DQbIL DQLY ECCBL B

o o0 oo B O B O
D D D D D D B

DQaD RDQSA_t RDQSHi._t DQbIS DQbl6 B
RDQSA ¢ DoAY RDQSHD ¢ DQLLY QLT SEVBD B

EN EN KN EN &N |-
RDAL Qa7 RDbl DQR27 DQL2E SEVBL B

DS DERRA) DERRb DQh26 DG4 B
En RN B B O

D D D D D B
Cfs Cf4 Chs Chd Ch2 Ch0 B

o CEft Kbt o bl B
CEf ¢ R4 Kb ¢ Rbi Rb3 Rbl B

Rft Rfs Bb& RbD Rb2 B
R B O O e

D D D D D B
RDR2 DOfs EDb2 DQb3s QB33 ECCH2 B

DOf36 DPARA TPARBL QB34 DQB3L B
EN EN EN _EN BN EN |-

Qs WDQSHL_t Dghd WDQSbLt Qb2 Dghs B
WDQSfl_c DQf3 WDQShI ¢ DQba3 DQBbdL ECCH3 B

w [ Vs Tw - O N e |-
D D D D D D B

DQfsl RDQSA1_t DQbs2 RDQSb1_t DQbs0 DQbds B
RDQSA_c DOfL RDQShl_c DQbE1 DQb49 SEVE2 B

x|
DQBED
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Table 103 — HBM3 Bump Map Footprint : Columns 119 to 148 (cont’d)
11 120 1 12 1 M 125 126 127 128 bl 130 131 11 m 14 135 136 7 138 130 40 141 141 4 144 45 146 ur 148
oW D D D D D D D D D D D D D D B
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Table 103 — HBM3 Bump Map Footprint : Columns 119 to 148 (cont’d)

135 136 13 138 139 140 141 102 143 144 145 146 1 148

B
DERRcl DQcss DQcs6 B

RO DQc9 DQT SEVG B
EN BN EN |

RDQScl_¢ DQa1 DQu9 SEVQ B
RDQScl_t DQcs) DQcds B

D D D D B
N O

WDQScl_c DQci3 DQedl BCca B
WDQSL_t DQed? DQedd B

] EN ER -
TPARC] DO DQc3? B

RO DQus DQc3d Bcca B
D D ) B

O
R& Red R B

CEe ¢ Rod RA Rdl B
CEc t a3 ca B

5 Cod ca cd B
D D D B

B B O
DERR) DQc26 DQa4 B

Rkl DQu7 DQus SEVl B
EN EN EN |-

RDQSc)_¢ DQc19 DQl? SEVC) B
RDQSc_t DQcl8 DQcl6 B

D D D D B
N O

WDQSKD ¢ DQll DQcd ECCd B
WDQSKD_t DQcl0 DQc8 B

. BN Em
DPARCD DQe2 DQc B

R0 DQa DQel ECCA B
w| D D D D D D D D D D D D D B
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Table 103 — HBM3 Bump Map Footprint : Columns 119 to 148 (cont’d)

m

m

s

m

10

135

17

,h
=

141 43 145 47

TBILT

TERRh1

DERRd1 DQs6

1
DQue3

14
DQu6l

126
RDh3

18
DQhsy

DQLSS

RDQShL_¢

DQUsL

136
DQie3

138 130 140
DQdl RDI3

i) 144 i
DQase DQsT SEV3 B

DQiss

RDQSAL ¢

DQdsl DQd49 SEVd B

RDQSh_t

RDQSd_t Qs DQdis B

D

D

D

D

D

i
-

WDQSHl ¢

WDQsdl_t

DQui7 DQuis WDQshl.¢
DQu DQut4 WOQSkL_t QU2
El EN EB
DQus DQuS DRARAL DQuH
DQus DQu7 RO

M

DPARd]

DQL43
x|
DQU3s
vl [
Rid
Cod
KN

DQu0 DQu2 DERRAD DQu
DQuz1 DQue RIAL DQr2?
El El EN EB
DQu3 DQuL RDOSH0_¢ DQu1
Q2 DQu20 RDQSA0_t DQuls

D

N
RDQSH0_t Qa1 Qa1 B
[ ]
DQds

WDQSd0_t DQdl0

DPARdD DQdl DQd0 B

DQulF DQu13 WDQsho_c DQhll
DQhl4 DQuL2 WDQShO_t DQuLo
[ I I N B
DQut DQid DPARMD DQh2
DQRT DQbF RDu0 DQhd
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Table 103 — HBM3 Bump Map Footprint : Columns 119 to 148 (cont’d)

19

130

131

JEX)

135
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k)

ur 148
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12 HBM DRAM Assembly

The HBM3 DRAM assembly is not defined by this standard. The shape and materials of the die to die
interfaces between the die in the HBM3 DRAM are not defined in this standard and the shape (annular,
cone, cylinder, etc.) and materials (Cu, W) are not defined or restricted in this standard. However, these
interfaces must fit within the electrical requirements of the channel interface.

13 Test and Boundary Scan

HBM3 DRAMs provide two separate test interfaces as described below:

* adirect access(DA) test port intended for the vendor to access the HBM3 device independent of the
host;

* an IEEE 1500 Standard test port, to be controlled by the host.
13.1 Direct Access (DA) Test Port

A direct access (DA) test port is available via DA[39:0] for vendor specific test implementations. Two
microbumps are associated with each DA pin. A depopulated area for probing is located close to the DA
port region in columns 21 to 36 of the HBM3 bump matrix (see HBM3 Ballout).

Access to the DA test port is controlled via pin DAO. When DAO = LOW, DA[39:1] drivers are in Hi-Z
and input receivers are disabled allowing the bus to float. When DAO = HIGH, DA[39:1] are enabled for
vendor specific test features and the IEEE 1500 port is disabled. CATTRIP and TEMP[1:0] outputs
remain active but their state may not be valid and shall be ignored. The DAO input is equipped with an
internal pull-down resistor which ensures that DAO is held LOW and the test port remains inactive even if
the pin is left floating.

The DA test port may be enabled at any time after the power ramp has been completed and all supply
voltages are within their defined ranges (tinro), and after waiting for at least tiviri time. The level of the
RESET n pin shall be irrelevant for DA test port enabling.

The DA test port may be disabled at any time by pulling DAO to LOW. The HBM3 DRAM may then
resume normal operation after performing a device initialization as described in the Initialization
Sequence with Stable Power clause.

18 DA pins are designated to connect point-to-point to each HBM3 DRAM. 22 pins are designated to
connect in parallel to up to four HBM3 DRAM devices on a multi drop bus as shown in Figure 97. The
function of each of these pins is vendor specific. Table 104 defines which DA pins are allocated for point-
to-point and for multi drop.

Table 104 — Direct Access (DA) Pin Allocation

Pin Group DA Pin List Pin Count
Point to Point DA[17:0] 18
Multi Drop DA[39:18] 22
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13.1  Direct Access (DA) Test Port (cont’d)

HBM3 HBM3 HBM3 HBM3
DRAM DRAM DRAM DRAM
“ Multi Drop
| | | | Point to Point
18 18 22 18 18

Figure 97 — DA Port Connection Diagram For Multiple HBM3 DRAM Devices
13.1.1 DA Test Port Lockout

The DA test port can be disabled (locked) by setting MR8 OPO bit to 1. The bit is defined for channels a
or ¢ only. Once the bit is set to 1, the DA test port will remain disabled unless power is removed from the
HBM3 DRAM. Any chip reset through pulling RESET n LOW or via IEEE1500 HBM_RESET
instruction, or writing a 0 via an MRS command or IEEE1500 instruction
MODE_REGISTER_DUMP_SET will not clear the locked state.

13.2 IEEE Standard 1500

The IEEE Standard 1500 compliant test access port provides a direct test connection between a host and
the HBM3 DRAM. The HBM3 DRAM’s test port extends the standard specification and replicates the
WSO output per channel. This allows some instructions to be executed in parallel across channels, and
eliminates the need for cross-channel arbitration for WSO.

IEEE 1500 operations may be asserted at any time after device initialization and during normal memory
operation including when the HBM3 DRAM is in power-down or self refresh mode. See clause
Interaction with Mission Mode Operation for how the various instructions interact with normal operation,
and requirements for returning to normal operation. See also clause Initialization Sequence For Use Of
IEEE1500 Instruction Including Lane Repairs for a subset of operations that are allowed before the device
initialization has been completed.

Please refer to ieee.org for more details about the IEEE1500 standard

13.2.1 Interaction Between DA Test Port and IEEE1500 Test Access Port

DAO =LOW selects the IEEE1500 test access port and DAO = HIGH selects the DA test port. It is
possible to operate the HBM3 DRAM without using the test ports. In this case the internal pull-down

resistor on DAO or pulling DAO LOW in the system will keep the DA test port disabled, and pulling
WRST n LOW in the system will keep the [IEEE1500 test port disabled.
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13.2.1 Interaction Between DA Test Port and IEEE1500 Test Access Port (cont’d)
Table 105 summarizes the status of the test access port signals.
Table 105 — Test Access Port Signal Status
WRST _n DAO, MR8 OP0 Signal Name Type Status
LOW DAO=LOW or MRS OP0 =1 Other IEEE1500 inputs! Input X (Don’t Care)
WSO Output V (Valid)?
DAJ[39:1] 1/0 X (Don’t Care)
HIGH DAO=LOW or MR8 OP0 =1 Other IEEE1500 inputs! Input Active
WSO Output V (Valid)?
DA[39:1] /0 X (Don’t Care)
Don’t Care DAO = HIGH and MR8 OP0 =0 Other IEEE1500 inputs! Input X (Don’t Care)
WSO Output V (Valid)?
DA[39:1] /0 Vendor specific?
NOTE1 WRCK, SelectWIR, ShiftWR, CaptureWR, UpdateWR, WSL
NOTE 2 'V = Valid Signal (either HIGH or LOW, but not floating).
NOTE 3 Please refer to vendor’s datasheet.
13.2.2 IEEE1500 Test Access Port I/0 Signals
Table 106 — IEEE1500 Test Port Signal List and Description
Symbol Type Description
WRCK Input Dedicated clock used to operate IEEE Std 1500 functions.
WRST n Input When pulled LOW, WRST _n asynchronously puts the IEEE1500 test port into

its normal system mode. No WRCK clocks are required when WRST n is
LOW. See WDR Reset State

WSI Input IEEE1500 test port serial input
SelectWIR Input SelectWIR determines whether the instruction register (WIR) or a wrapper data
register is being accessed.
CaptureWR Input Controls a Capture operation in the selected wrapper register (WR)
ShiftWR Input Controls a Shift operation in the selected wrapper register (WR)
UpdateWR Input Controls an Update operation in the selected wrapper register (WR)
WSO[a:p] Output IEEE1500 test port per-channel serial output

13.2.3 1IEEE1500 Test Access Port Functional Description

Figure 98 shows the HBM3 DRAM’s IEEE1500 compliant architecture that uses an asymmetrical WSP
(Wrapper Serial Port) with a single WSI and sixteen per channel WSOs. The standard compliant register
stack is shown in the figure, including the Wrapper Bypass Register (WBY), Wrapper Boundary Register
(WBR), and Wrapper Data Registers (WDR). The C, S and U notation for the registers refer to Capture,
Shift and Update respectively, and indicate for each of the registers which functions are supported by that
register. For example, the WBY only provides a Shift stage, whereas the WDRs provide Shift/Capture
and Update stages.
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13.2.3 IEEE1500 Test Access Port Functional Description (cont’d)

—|-| WDR (5G]
> WER (5/C)
—» WEBY (3]
To WDRAs
| CH+ WIR (U]
WRCK O—» %}emﬂe P
WREST_n—» . } =] WS 0]a:p]
WEID———» WIR (5]
SELECTWIRE g
CHSELECT[ap)

CAPTUREWDR[a:p]
CAPTUREWR O— - SHIFTWOR[z0]

, LPDATEWDR[a:p]
SHIFTWRE———® [ e UREWIR '

UFDATWR O————® —* SHIFTWIR
. UPDATEWIR

Figure 98 — IEEE Std. 1500 Logic Diagram

The WSOJ[a:p] output drivers are permanently enabled, with their drive state being LOW, HIGH, or
undefined based on the current instruction loaded into the WIR. For example, if BYPASS is the current
instruction, then WSO output data is defined only after one or more WRCK clock cycles have been
applied. A WSO output will drive a LOW when a channel is disabled via the CHANNEL DISABLE
instruction or marked as “not present / not working” in the DEVICE ID WDR.

The Wrapper Instruction Register (WIR) logic is included in Figure 98, and Figure 99 shows further
details of the WIR implementation. The WIR and instruction opcodes are described in clause IEEE1500
Test Access Port Instruction Register, and the instructions supported by the HBM3 DRAM in clause Test
Instructions. The five channel select bits of the WIR shift stage in Figure 99 are decoded to generate the
CHSelect[a:p] outputs which control the per channel operation of the instructions. When a channel is not
selected for an active instruction, then the CaptureWDR[a:p], ShiftWDRJ[a:p] and UpdateWDR[a:p]
enables of the WSP are gated off. This will disable the WDRs of unselected channels for the decoded
instruction. This gating is shown by the logic AND gates at the output of the de-multiplexer in Figure 98.

CHSelect[a:p] To WDRs

- WRCK
CHIU) WIR(U) — SelectiVIR
— UpdateWR
?ﬁ] Deoﬂ_dj? cj_:T_ WIR Decode ‘f':)

WS — WIR(S) —» WSO[a:p]

Figure 99 — WIR Channel Select Logic Diagram
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13.2.3 IEEE1500 Test Access Port Functional Description (cont’d)

HBM3 DRAMs are allowed to support less than 16 channels. The availability of each channel is coded in
the DEVICE ID WDR bits [23:8]. Unavailable channels do not respond to IEEE1500 instructions.

Figure 100 illustrates an IEEE1500 port operation sequence with a minimum number of WRCK cycles:

*  Signal SelectWIR is set at clock edge T0. Control signals CaptureWR, ShiftWR and UpdateWR are
all inactive as they are not allowed to change coincident with SelectWIR. SelectWIR must be kept
stable until after completion of the complete sequence which spans until clock edge T4.

* A WDR capture operation is performed at clock edge T1 with CaptureWR sampled High at T1.

* A ssingle WDR shift operation is performed at clock edge T2 with ShiftWR sampled High at T2.

* A WDR update operation is performed at clock edge T3b with UpdateWR sampled High at T3b.
Please note that the update operation occurs on the falling WRCK clock edge.

* For some IEEE1500 port instructions a capture, shift or update event may not be specified; please
refer to the description of each instruction for details.

O Ti T2 T3 T3k T4
Y Y % !
WRCK \ \ \ L
SelectWIR 777 e
rararer I ' T P P
CapureWR .."'l 1"-,'
ShiftWR / 4
UpdateWR } J.-" Y
L% W4 L%

Figure 100 — IEEE1500 Port Operation
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133 Wrapper Data Register (WDR) Types

13.3.1 Read Only (R) Wrapper Data Registers

WDR bit fields that are specified as read-only capture data into the shift stage register when a CaptureWR
event is performed. The read-only WDRs keep their state during an UpdateWR event and do not have an
update stage register. Read-only WDRs shift out their content during a ShiftWR event. Data shifted into
WSI during the ShiftWR event is ignored.

13.3.2  Write Only (W) Wrapper Data Registers

WDR bit fields that are specified as write-only copy all data bits into the update stage register when an
UpdateWR event is performed. When a write-only WDR is connected between WSI and WSO, any
CaptureWR event has no effect on the WDR. Write-only WDRs shift out their content during the
ShiftWR event.

13.3.3 Read and Write (R/W) Wrapper Data Registers

R/W WDRs operate as merged function of write-only and read-only WDRs. They capture data bits into
the shift stage register during a CaptureWR event and copy bits from the shift stage into the update stage
simultaneously when the UpdateWR event is performed.

13.3.4 WDR Reset State

Asserting WRST n to LOW asynchronously asserts these states on the HBM3 DRAM’s IEEE1500 test
port logic:

* all WDRs place their update and / or shift stages (where applicable) into a state that ensures that the
HBM3 DRAM returns to mission mode operation and all test modes are disabled;

* the WIR is set to BYPASS, effectively clearing any prior EXTEST RX, EXTEST TX, or
CHANNEL _ID instruction, thus returning all functional pins to their normal functional mode.

Boundary scan chain content is undefined;

*  No change to any previously loaded SOFT_REPAIR, HARD REPAIR, SOFT LANE REPAIR, or
HARD_LANE REPAIR register content;

* the content of the DWORD_MISR and AWORD_MISR registers is undefined;
* the AWORD MISR is disabled by setting bit 2 in the AWORD_MISR CONFIG WDR to 0;

e the CHANNEL DISABLE WDR is reset (refer to the CHANNEL DISABLE instruction for
conditions to re-enable a disabled channel);

* any ongoing MBIST operation will be terminated.
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The HBM3 DRAM supports a 13-bit Wrapper Instruction Register (WIR). Bits WIR[12:8] select the
channel and bits WIR[7:0] encode the test instruction. When SelectWIR is asserted, the WIR will not
respond to the CaptureWR event and nothing will be captured into the WIR.

The WIR channel selection definition applies only to instructions defined in Table 108 (WIR[7:0] = 00h
to 1Fh). The definition does not apply to vendor specific instructions, and vendors may use bits

WIR[12:8] for different purposes.

Table 107 — WIR Channel Selection Definition

WIR[12:8] Channel Select WIR[12:8] Channel Select WIR[12:8] Channel Select
00h Channel a 08h Channel i 1Ch 8 channel
(1% group)
0lh Channel b 0% Channel j 1Dh 8 channel
(2™ group)
02h Channel ¢ 0Ah Channel k 1Fh All channels
03h Channel d 0Bh Channel | Xh Ignored
04h Channel e 0Ch Channel m (all channels
selected)
05h Channel f 0Dh Channel n
06h Channel g OEh Channel o All others Reserved
07h Channel h OFh Channel p
NOTE!1 See the vendor datasheets for the mapping of channels for 1Ch and 1Dh
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13.5 Test Instructions
Test instructions supported by the HBM3 DRAM are listed in Table 108 and subsequently described in
detail.
Table 108 — Instruction Register Encodings
WIR WIR Instruction Description Register WDR
[12:8] [7:0] Type Length
Xh 00h | BYPASS Bypass R/W 1
1Fh, 01h | EXTEST RX Microbump boundary scan Rx test R 122
0Fh-00h (open/ short)
1Fh, 02h | EXTEST TX Microbump boundary scan Tx test w 122
0Fh-00h (open/ short)
03h | RFU
04h | RFU
Xh 05h | HBM_RESET Functional reset excluding Wrapper w 1
Data Registers (WDRs) and any
IEEE1500 test port logic or I/Os
1Fh, 06h | MBIST HBM3 DRAM resident Memory BIST Vendor
0Fh-00h engine test specific
0Fh-00h 07h | SOFT REPAIR Soft repair of failing memory array bit 26
cell
0Fh-00h 08h | HARD REPAIR Hard repair of DRAM failing memory 26
array bit cell
1Fh, 0% | DWORD_ MISR Read back for DWORD MISR and R/W 320
0Fh-00h write of a seed value
1Fh, 0Ah | AWORD MISR Read back for AWORD MISR R 38
0Fh-00h
1Fh, 0Bh | CHANNEL ID All TX 1/0s go HIGH W 1
0Fh-00h (except I/Os in MIDSTACK region)
0Ch | RFU
1Fh, 0Dh | AWORD MISR Allows IEEE1500 test port access to W 8
0Fh-00h CONFIG configure the AWORD MISR test
feature
1Fh, OEh | DEVICE ID Returns the HBM3 DRAM’s unique R 160
0Fh-00h identification code
Xh OFh | TEMPERATURE Returns a 9-bit binary temperature code R 9
1Fh, 10h | MODE REGISTER Returns and set the HBM3 DRAM’s R/W 128
0Fh-00h DUMP_SET Mode Register values
1Fh, 11Th | READ LFSR Reads the sticky bit error for R 99
0Fh-00h COMPARE STICKY LFSR Compare feature
0Fh-00h 12h | SOFT LANE REPAIR | Soft Lane Remapping R/W 40
0Fh-00h 13h | HARD LANE REPAIR | Hard Lane Remapping R/W 40
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Table 108 — Instruction Register Encodings (cont’d)
WIR WIR | Instruction Description Register | WDR
[12:8] [7:0] Type Length
1Fh, OFh- 14h | CHANNEL DISABLE | Disables a channel W 1
00h (All-channel disable is optional)
1Fh, I15h | CHANNEL Returns a 9-bit binary channel R 36
0Fh-00h TEMPERATURE temperature code per SID
Xh 16h | WOSC RUN WDQS Interval Oscillator W 1
Xh 17h | WOSC COUNT WDQS Interval Oscillator Count R 25
0Fh-00h 18h | ECS ERROR LOG Error Check and Scrub (ECS) Error R 216
Log Information
0Fh-00h 19h | HS REP_CAP Returns whether banks have repair R 256
resources or not
1Ch, 1Dh* | 1Ah | SELF REP Self repair R/W 9
1Ch, 1Dh® | 1Bh | SELF_REP_RESULTS | Self repair results R 8
1Ch- | RFU
3Fh
Vendor 40h- | Vendor specific
specific FFh

NOTE 1 Unsupported instruction codes will default to the BYPASS instruction when the WIR is updated with the
unsupported encoding.

NOTE 2 Channels that are not selected by WIR[12:8] do not respond to the instruction and ignore any Update, Capture
and Shift events.

NOTE 3 WDRs shift out the least significant bit on the WSO port at the first WRCK of the shift sequence. WSO output
timing and valid data window are defined in Table .

NOTE 4 WIR[12:8] value is 1Ch for enabling self repair on 8 channels and 1Dh for the other 8 channels. The channels
associated with 1Ch and 1Dh are vendor specific.

NOTE 5 WIR[12:8] value is 1Ch for retrieving the self repair results on 8 channels and 1Dh for the other 8 channels.
The channels associated with 1Ch and 1Dh are vendor specific.

NOTE 6 Global test instructions (WIR[12:8] = Xh) drive the same data on the WSO outputs of all active channels
during ShiftWR events. Inactive channels (channels that are marked as “not present / not working” in the
DEVICE ID WDR and channels that have been disabled using the CHANNEL DISABLE instruction) drive a
static LOW on their WSO outputs.
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13.5.1 BYPASS

The BYPASS instruction places a single bit WDR between WSI and each channel’s WSO. Data is shifted
from WSI to WSO through the one bit WDR by WRCK.

BYPASS is the default instruction after asserting WRST n to LOW.

Wrapper Data Register

When BYPASS is the current instruction, the 1-bit shift register as shown in Table 109 is connected
between WSI and WSOJa:p], and the WSO outputs of all active channels drive the same data during
ShiftWR events.

CaptureWR

When BYPASS is the current instruction, the CaptureWR event will have no effect.

UpdateWR

When BYPASS is the current instruction, the UpdateWR event will have no effect.

Table 109 — BYPASS Wrapper Data Register

Bit Bit Field Type Description
Position
0 BYPASS - Single bit bypass shift register per IEEE1500 Standard
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13.5.2 EXTEST _RX and EXTEST _TX

EXTEST RX and EXTEST TX are both intended for DC I/O connectivity testing similar to board level
boundary scan. The receive notation in EXTEST RX designates that the HBM3 I/O will sample the logic
value and capture into the data register the value that is present at the micro bump interface. The transmit
notation in EXTEST TX designates that the HBM3 1/O will drive the logic value shifted into the data
register at the micro bump interface. All HBM3 bidirectional I/0O, inputs and outputs support both
instructions. Differential inputs and outputs (CK_t/CK_c, WDQS t/WDQS c and RDQS_t/RDQS c¢)
also support both instructions on both the true and complement pins.

While EXTEST RX is the current instruction, all functional pins of the selected channel(s) enter a High-
Z state, including the output-only pins AERR, DERR, RDQS t/RDQS ¢, TEMP[1:0] and CATTRIP. See
also clause 13.8 Boundary Scan.

I/O signals power up in input mode by default. The host will put all AWORD and DWORD drivers into
High-Z state prior to loading the EXTEST TX instruction into the WIR. As soon as EXTEST_TX
becomes the current instruction, all AWORD and DWORD signals will change to output mode and
remain in output mode until reset of the test logic or until a different instruction is updated on the channel.

A channel disabled either via the corresponding CHANNEL AVAILABLE bit in the DEVICE ID WDR
or via the CHANNEL DISABLE instruction will not respond to the EXTEST TX or EXTEST RX
instructions.

Wrapper Data Register

When EXTEST RX or EXTEST TX is the current instruction, the Wrapper Boundary Register (WBR)
as shown in Table 110 is connected between WSI and WSO.

CaptureWR

When EXTEST RX is the current instruction, the CaptureWR event will capture the input values into the
shift stage of the WDR. The captured data is shifted out on WSO during a subsequent ShiftWR event.
Inputs must be stable for the setup and hold times tsgxr and tuexr.

When EXTEST TX is the current instruction, the CaptureWR event will have no effect.

Shift WR

The Wrapper Boundary Register (WBR) does not provide an update stage. When EXTEST TX is the
current instruction, the value driven on the outputs is directly derived from the WDR’s shift stage and will
update with each ShiftWR event. The new data will be stable after tovexr time.

UpdateWR

When EXTEST RX or EXTEST_TX is the current instruction, the UpdateWR event will have no effect.
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13.5.2 EXTEST _RX and EXTEST_TX (cont’d)

Table 110 — Wrapper Boundary Register (WBR)

Bit Bit Field Type Description
Position

121 Signals in MIDSTACK region

TEMPO o - channel n only

0 I - channels a to m, o and p (reserved bit)

120 Signals in MIDSTACK region

TEMPI o - channel n only

CATTRIP 0] - channel o only
0 I - channels a to m and p (reserved bit)

119 DBI7 /0 DWORDI1 (PC1)
118 DQ63 /0
117 DQ62 /0
116 DQ61 /0
115 DQ60 /0
114 RD3 /0
113 DERRI1 /0
112 DQ59 /0
111 DQ58 /0
110 DQS57 /0
109 DQS56 /0
108 SEV3 /0
107 DBI6 /0
106 DQ55 /0
105 DQ54 /0
104 DQ53 /0
103 DQ52 /0
102 RDQSI1 ¢ /0
101 RDQSI t /0
100 DQ51 /0
99 DQS50 /0
98 DQ49 /0
97 DQ48 /0
96 SEV2 /0
95 DBIS /0
94 DQ47 /0
93 DQ46 /0
92 DQ45 /0
91 DQ44 /0
90 WDQSI1 ¢ /0
89 WDQSI t /0
88 DQ43 /0
87 DQ42 /0
86 DQ41 /0
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Table 110 — Wrapper Boundary Register (WBR) (cont’d)
Bit Bit Field Type Description
Position
85 DQ40 I/O DWORDI (PC1) (cont’d)
84 ECC3 /0
83 DBI4 I/O
82 DQ39 /0
81 DQ38 1’0
80 DQ37 I/O
79 DQ36 /0
78 RD2 /O
77 DPARI1 1/0
76 DQ35 I/O
75 DQ34 /0
74 DQ33 /O
73 DQ32 I/O
72 ECC2 /0
71 AERR /0 AWORD
70 R9 /0
69 R8 I/O
68 R7 /0
67 R6 /0
66 CK ¢ I/O
65 RS /O
64 R4 /0
63 RO /0
62 R3 /0
61 R2 1/0
60 R1 /0
59 RA I/O
58 ARFU /0
57 APAR 1/0
56 C7 I/O
55 C6 /0
54 Cs I/O
53 CK t /0
52 C4 I/O
51 C3 /0
50 C2 /0
49 C1 I/O
48 Co /0
47 DBI3 /0 DWORDO (PC0)
46 DQ31 1/0
45 DQ30 I/O
44 DQ29 1/0
43 DQ28 1/0
42 RD1 I/O
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Table 110 — Wrapper Boundary Register (WBR) (cont’d)
Bit Bit Field Type Description
Position
41 DERRO /O DWORDO (PCO) (cont’d)
40 DQ27 1/0
39 DQ26 /O
38 DQ25 /O
37 DQ24 /O
36 SEV1 /O
35 DBI2 /0
34 DQ23 1/0
33 DQ22 /O
32 DQ21 1/0
31 DQ20 1/0
30 RDQSO ¢ /O
29 RDQSO0 t 1/0
28 DQ19 1/0
27 DQ18 1/0
26 DQ17 1/0
25 DQ16 1/0
24 SEV0 /0
23 DBI1 /0
22 DQ15 1/0
21 DQ14 1/0
20 DQ13 1/0
19 DQI2 1/0
18 WDQSO0 ¢ I/0
17 WDQSO t I/O
16 DQI1 1/0
15 DQI10 1/0
14 DQY 1/0
13 DQS 1/0
12 ECCl1 /0
11 DBIO 1/0
10 DQ7 1/0
9 DQ6 /O
8 DQ5 /O
7 DQ4 1/0
6 RDO /O
5 DPARO 1/0
4 DQ3 1/0
3 DQ2 1/0
2 DQI 1/0
1 DQO 1/0
0 ECCO0 /O
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13.5.3 HBM_RESET

The HBM_RESET instruction initiates an asynchronous functional reset of the HBM3 DRAM, equivalent
to asserting RESET nto LOW.

The HBM_RESET condition is not self-clearing. Instead, the reset state must explicitly be set and cleared.
To accomplish an HBM3 reset, the HBM_RESET bit must be held as 1 for a minimum duration of trgs
which equals tpw reser (see Initialization Sequence with Stable Power).

It is pointed out that the Wrapper Serial Port (WSP) itself including the associated control logic and
WDRs is not reset by the HBM_RESET instruction. The DA port signal pins are also not affected by the
HBM_RESET instruction.

Wrapper Data Register

When HBM_RESET is the current instruction, the data register as shown in Table 111 is connected
between WSI and WSOJ[a:p], and the WSO outputs of all active channels drive the same data during
ShiftWR events.

CaptureWR

When HBM_RESET is the current instruction, the Capture WR event will have no effect.

UpdateWR

When HBM_RESET is the current instruction, the UpdateWR event will load the value from the shift
stage into the update stage and initiate or clear the functional reset.

Table 111 — HBM_RESET Wrapper Data Register

Bit Bit Field Type Description
Position
0 HBM_RESET W 0 - Clear the functional reset
1 - Initiate the functional reset

Internally, the RESET n pin and the HBM_RESET instruction are logically combined such that when
either is true then the internal reset state is true. During power-up it is required that WRST n be driven
LOW, thus ensuring that the uninitialized IEEE1500 test port logic does not interfere with the power-up
initialization sequence.

HEM RESET
{active HIGH)
oy

RESET npin ——— Internal reset state
(active LOW) — —

Figure 101 — RESET _n and HBM_RESET Logic
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13.5.3 HBM3_RESET (cont’d)

After the power-up initialization, the RESET n input is HIGH, and subsequent stable power resets may
be asserted by either driving the RESET n input LOW, or by using the HBM_RESET instruction. Note
that the HBM_RESET instruction does not bring the HBM3 DRAM out of reset while the external
RESET n input is driven LOW. Similarly, the HBM3 DRAM cannot be brought out of reset using the
RESET n input while reset is asserted using the HBM_RESET instruction.

Table 112 — RESET_n and HBM_RESET Truth Table

RESET n HBM_RESET Internal Reset State
LOW 0 Reset asserted by RESET n
LOW 1 Reset asserted by both RESET n pin and HBM_RESET instruction
HIGH 0 Exit reset state
HIGH 1 Reset asserted by HBM_RESET instruction

13.54 MBIST

The MBIST instruction is used for HBM3 DRAM hosted memory built in self-test. HBM devices must
support memory MBIST. This instruction format and data register field configuration is required for IEEE
Std 1500 access to the test feature. MBIST engine clock source can be WRCK as a direct clock source or
reference clock source or an internal clocked mode independent of WRCK and independent of any I/0O
functional clocks is also acceptable

Wrapper Data Register

When MBIST is the current instruction, the vendor specific data register as shown in Table 113 is
connected between WSI and WSO.

CaptureWR

When MBIST is the current instruction, the CaptureWR event will capture R or R/W bit fields into the
shift stage of the WDR.

UpdateWR
When MBIST is the current instruction, the UpdateWR event will load the W and R/W bit fields from the

shift stage to the update stage of the WDR simultaneously.

Table 113 — MBIST Wrapper Data Register

Bit Bit Field Type Description
Position
Vendor Vendor specific Vendor specific
specific
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13.5.5 SOFT_REPAIR

The SOFT_REPAIR instruction allows the user to temporarily repair bit cells in the HBM3 DRAM
without using permanent fusing mechanism to initiate the repair. This feature is intended to enable
validation that the intended repair works as expected. Once a soft repair is validated, the user may choose
to perform a fused hard repair via the HARD REPAIR instruction. If DRAM power is removed or the
DRAM is RESET, the SOFT_REPAIR will revert to the un-repaired state.

Repair resources (redundant rows) are provided per PC and per bank. The actual number of repair
resources are vendor specific. The number and availability of repair resources are provided via the

HS REP_CAP instruction. The use of SOFT _REPAIR will not decrement the HS REP CAP register so
the host controller must track the resources used. If there is no repair resource available in a certain bank
then the host controller should not issue a SOFT_REPAIR to that bank. However, if a SOFT_REPAIR
sequence is issued to a bank with no repair resource available, the DRAM will ignore the programming
sequence.

The SOFT_REPAIR granularity indicating the number of repaired rows per SOFT_REPAIR is vendor
specific. The address bits associated with the granularity are also vendor specific and indicated in the
PPR_RA[15:0] field of the DEVICE ID WDR. See Table 120 for more details.

The SOFT_REPAIR supports an Undo and Lock function. The SOFT_REPAIR Undo will restore a
previously used repair resource back to its unused state and the same time reactivate the original
(unrepaired) row instead. The complete address information comprising the PC, SID, bank and row
address must be provided with the SOFT REPAIR instruction as described in Table 114, and the
SOFT REPAIR UNDO and SOFT REPAIR START fields must set to “1”.

The host controller can lock down a used soft repair resource by issuing the SOFT_REPAIR instruction
with the SOFT REPAIR LOCK and SOFT REPAIR START bits as “1”. Each SOFT_REPAIR
resource supports the Lock feature. For both UNDO/LOCK cases, the HBM3 DRAM may ignore the row
address bit if it so chooses, as the SID, PC, BK are enough to uniquely identify the SOFT REPAIR
resource. The row address may be ignored if there is only single repair resource. If a host issues a
SOFT_REPAIR on an already repaired but unlocked row then HBM3 DRAM will allocate another repair
resource in response to a host request if an available resource exists. Support for the feature is vendor
specific. A locked repair resource cannot be used to replace another row or being set back to the unused
state using the Undo function. Only a chip reset (RESET n pulled LOW) or power-cycling can unlock a
locked repair resource.

When using soft repair specifically with the Undo function, the host controller must manage and schedule
the refresh operation properly on the valid data of a row address. If a row has been repaired, all refresh
commands will exclude the original row from being refreshed and refresh the repair row instead.
Similarly, unused repair resources will not be refreshed which includes those resources that had been
allocated but were then set back to the unused state using the Undo operation. Especially when switching
back and forth between an original and a repair row, regular refresh commands may not hit both rows
within the required refresh interval. A possible method to prevent a potential data loss is to explicitly
issue ACTIVATE and PRECHARGE commands to the mapped-out rows before and after the
SOFT_REPAIR operations.

The SOFT_REPAIR UNDO and LOCK are mutually exclusive. So, in the case of any SOFT_REPAIR
instruction issued, the SOFT_REPAIR UNDO and LOCK must not be set “1” at the same time.

A channel must be in bank idle state as long as the SOFT_REPAIR instruction is loaded in the WIR.
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13.5.5 SOFT_REPAIR (cont’d)

Wrapper Data Register

Document 1-5
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When the SOFT _REPAIR instruction is updated the data register as shown in Table 114 is connected
between WSI and WSO.

CaptureWR

When SOFT _REPAIR is the current instruction, the CaptureWR event will have no effect.

UpdateWR

When SOFT_REPAIR is the current instruction, the UpdateWR event will load the write only bit field
from the shift stage into the update stage simultaneously. Completion of the update event will initiate the
soft repair sequence.

Table 114 — SOFT_REPAIR Wrapper Data Register

Bit Bit Field Type Description
Position
[25] SOFT_REPAIR LOCK W Ob — SOFT_REPAIR is open
1b — SOFT_REPAIR is hard-locked
[24] SOFT_REPAIR _UNDO W Ob — Do SOFT_REPAIR (SOFT_REPAIR enabled)
1b — Undo SOFT_REPAIR (SOFT REPAIR not enabled)
[23] SOFT _PC W PC
[22:21] SOFT_SID w SID[1:0]
[20:17] SOFT BK w BA[3:0]
[16:1] SOFT _ROW W RFU, RA[14:0]!
[0] SOFT _REPAIR START W Ob — Disabled (Default)
1b — Enabled
NOTE 1 SOFT_ROW includes an additional bit to support future row addressing, i.e., RA15.
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13.5.6 HARD_REPAIR

The HARD REPAIR instruction is used to permanently repair failing bit cells detected in the HBM3
DRAM. A fuse rupture scheme is used to implement the repair. The repair sequence will be initiated on
update of the data register. After some vendor specified time period fuse rupture automatically completes
and repair is affected. Hard repair will be permanent. Completion of HARD REPAIR requires a
subsequent chip reset (RESET n pulled LOW) as described in Interaction with Mission Mode Operation.
The HBM vendor is required to specify the time to wait after updating the HARD REPAIR WDR as well
as any requirements for WRCK clocking if required to perform the repair.

All channels of the HBM3 DRAM must be in bank idle state as long as the HARD REPAIR instruction
is loaded in the WIR.

Wrapper Data Register

When HARD_ REPAIR is the current instruction, the data register as shown in Table 115 is connected
between WSI and WSO.

CaptureWR

When HARD_ REPAIR is the current instruction, the CaptureWR event will have no effect.

UpdateWR

When HARD REPAIR is the current instruction, the UpdateWR event will load the write-only bit fields

from the shift stage into the update stage and initiate the hard repair sequence. The hard repair is
completed after a waiting time of tirep.

Table 115 — HARD REPAIR Wrapper Data Register

Bit Bit Field Type Description
Position

[25:24] RESERVED

[23] HARD PC PC
[22:21] | HARD SID SID[1:0]
[20:17] | HARD BK BA[3:0]

[16:1] HARD ROW RFU, RA[14:0]

2 = = £ =

[0] HARD REPAIR START 0b: Disabled (default)

1b: Enabled

NOTE1 HARD_ROW includes an additional bit to support future row addressing, i.e., RA15.
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13.57 DWORD_MISR

This instruction captures and shifts out the DWORD MISR value on the WSO output. The instruction
may also be used to preload data for use in LFSR mode. The DWORD MISR is associated with the
DWORD IO test feature.

Note that the MISR content is not specified after shifting out the MISR content. The host should
reinitialize the MISR before continuing with additional testing, e.g., by using the MISR Preset function in
Mode Register 7 (MR7). See clause HBM3 Loopback Test Modes for DWORD MISR mode features and
usage.

Wrapper Data Register

When DWORD_MISR is the current instruction, the data register as shown in

Table 116 is connected between WSI and WSO. The notationis "..._ Q0" to "... Q3" for the 4 Ul per CK
clock cycle latched by WDQS in MISR mode or driven along with RDQS in LFSR mode.

CaptureWR

When DWORD_MISR is the current instruction, the CaptureWR event will load the respective MISR
values into the shift stage of the WDR. A minimum waiting time of tSMISR between the last data capture
into the DWORD MISR and this Capture WR event must be observed.

UpdateWR

When DWORD_MISR is the current instruction, the UpdateWR event will load the bits from the shift
stage of the WDR into the DWORD MISR.

Table 116 — DWORD_MISR Wrapper Data Register

Bit Bit Field Type Description
Position
[319:160] DWORDI1 R/W | DWORDI1: DQ[63:32], DBI[7:4], ECC[3:2] and SEV[3:2]
(Same bit ordering as DWORDO)
[159:120] DWORDO BYTE3 R/W | Byte 3 of DWORDO: DQ[31:24], DBI3 and SEV1
(Same ordering as Byte 0)
[119:80] DWORDO BYTE2 R/W | Byte 2 of DWORDO: DQ[23:16], DBI2 and SEVO0
(Same ordering as Byte 0)
[79:40] DWORDO BYTEI1 R/W | Byte 1 of DWORDO: DQ[15:8], DBII and ECC1
(Same ordering as Byte 0)
39 DWORDO DBIO Q0 R/W | Byte 0 of DWORDO
38 DWORDO DBIO Q1 R/W
37 DWORDO DBIO Q2 R/W
36 DWORDO DBIO Q3 R/W
35 DWORDO DQ7 Q0 R/W
34 DWORDO DQ7 Q1 R/W
33 DWORDO DQ7 Q2 R/W
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Table 116 — DWORD_MISR Wrapper Data Register (cont’d)
Bit Bit Field Type Description
Position
32 DWORDO_DQ7_Q3 R/W | Byte 0 of DWORDO (cont’d)
31 DWORDO_DQ6_Q0 R/W
30 DWORDO_DQ6_Ql1 R/W
29 DWORDO _DQ6_Q2 R/W
28 DWORDO DQ6 Q3 R/W
27 DWORDO_DQ5_Q0 R/W
26 DWORDO_DQ5_Ql1 R/W
25 DWORDO_DQ5_Q2 R/W
24 DWORDO _DQ5_Q3 R/W
23 DWORDO_DQ4_Q0 R/W
22 DWORDO _DQ4 Ql R/W
21 DWORDO_DQ4_Q2 R/W
20 DWORDO_DQ4_Q3 R/W
19 DWORDO_DQ3_Q0 R/W
18 DWORDO_DQ3 Q1 R/W
17 DWORDO DQ3_Q2 R/W
16 DWORDO DQ3 Q3 R/W
15 DWORDO_DQ2_QO0 R/W
14 DWORDO DQ2 QI R/W
13 DWORDO DQ2 Q2 R/W
12 DWORDO DQ2 Q3 R/W
11 DWORDO DQI_Q0 R/W
10 DWORDO DQ1_Ql R/W
9 DWORDO_DQ1_Q2 R/W
8 DWORDO_DQ1_Q3 R/W
7 DWORDO_DQO0_QO0 R/W
6 DWORDO DQO Q1 R/W
5 DWORDO DQO0 Q2 R/W
4 DWORDO DQO_Q3 R/W
3 DWORDO_ECC0_QO0 R/W
2 DWORDO_ECCO0_Ql R/W
1 DWORDO_ECCO0_Q2 R/W
0 DWORDO_ECC0_Q3 R/W
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13.58 AWORD_MISR

This instruction captures and shifts out the AWORD MISR value on the WSO output. The MISR in this
instruction is associated with the AWORD loopback test feature. The data register bit positions are
specified in Table 117.

Note that the content of the MISR is not specified after shifting out the MISR content. The host should
reinitialize the MISR using the AWORD_ MISR_CONFIG instruction before continuing with additional
testing. See HBM3 Loopback test Modes for MISR mode features and usage.

Wrapper Data Register

When AWORD_ MISR is the current instruction, the data register as shown in Table 117 is connected
between WSI and WSO. The notation is "..._R" for bits latched on the rising CK clock edge and "... F"
for bits latched on the falling CK clock edge.

CaptureWR

When AWORD_ MISR is the current instruction, the CaptureWR event will load the respective MISR
values into the shift stage of the WDR. A minimum waiting time of tSMISR between the last data capture
into the AWORD MISR and this CaptureWR event must be observed.

UpdateWR

When AWORD_MISR is the current instruction, the UpdateWR event will have no effect.
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13.5.8 AWORD_MISR (cont’d)

Table 117 — AWORD_MISR Wrapper Data Register

Bit Bit Field Type Description
Position
37 R1 R R AWORD
36 R1 F R
35 R2 R R
34 R2 F R
33 R3 R R
32 R3 F R
31 RO R R
30 RO F R
29 R4 R R
28 R4 F R
27 R5 R R
26 R5 F R
25 R6 R R
24 R6 F R AWORD (cont’d)
23 R7 R R
22 R7 F R
21 R8 R R
20 R8 F R
19 R9 R R
18 R9 F R
17 ARFU R R
16 ARFU F R
15 C7 R R
14 C7 F R
13 C6 R R
12 Co6 F R
11 C5 R R
10 C5 F R
9 C4 R R
8 C4 F R
7 C3 R R
6 C3 F R
5 C2 R R
4 C2 F R
3 Cl R R
2 Cl F R
1 C0 R R
0 CO F R
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13.59 CHANNEL_ID

This instruction enables the HBM3 channel identification by driving all bidirectional DWORD 1/Os to
HIGH, unless a channel is disabled either via the corresponding CHANNEL AVAILABLE bit in the
DEVICE ID WDR or via the CHANNEL DISABLE instruction. In these cases a channel will not
respond to the CHANNEL _ID instruction.

Wrapper Data Register

When CHANNEL ID is the current instruction, the data register as shown in Table 118 is connected
between WSI and WSO.

CaptureWR

When CHANNEL 1D is the current instruction, the CaptureWR event will have no effect.

UpdateWR

When CHANNEL ID is the current instruction, the UpdateWR event will load the enable bit from the
shift stage into the update stage of the WDR. All DWORD bidirectional I/Os (DQ, DBI, RD, ECC/SEV
and DPAR) will drive a HIGH latest after tovcun when the enable bit is 1, and return to their default state
latest after tozcun when the enable bit is 0 or a different instruction has been loaded in the WIR. Output

pins (RDQS_t/c, DERR) maintain the default state regardless of the CHANNEL ID instruction. DBI,
ECC and DPAR will drive a HIGH even if the respective function is disabled in the Mode Register.

Table 118 — CHANNEL _ID Wrapper Data Register

Bit Bit Field Type Description
Position
0 ENABLE w 0 - TX return to their default state
1 - TX drive a HIGH

13.5.10  AWORD_MISR_CONFIG

This instruction configures the AWORD MISR for subsequent tests. See HBM3 Loopback test Modes for
MISR mode features and usage.

Wrapper Data Register

When AWORD_ MISR CONFIG is the current instruction, the data register as shown in Table 119 is
connected between WSI and WSO.

CaptureWR

When AWORD_MISR_CONFIG is the current instruction, the Capture WR event will have no effect.
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13.5.10 AWORD_MISR_CONFIG (cont’d)
UpdateWR

When AWORD_ MISR CONFIG is the current instruction, the UpdateWR event will load the
configuration bits from the shift stage into the update stage of the WDR and configures the AWORD
MISR into the desired mode. The new configuration is valid for subsequent AWORD MISR operation
once the temisr timing has elapsed.

Table 119 — AWORD_MISR CONFIG Wrapper Data Register
Bit Bit Field Type Description
Position

[7:3] VENDOR_SPECIFIC w 00000 - No action (default)
All others - Reserved for vendor specific the AWORD MISR

Configuration
2 ENABLE Y 0 - Off
1-0On
[1:0] MODE[1:0] W 00 - Preset
a) The 38-bit AWORD MISR is preset to
0x2AAAAAAAAAD;

b) the AWORD LFSR_ COMPARE STICKY bits are all
cleared to 0;
c) the AWORD preamble clock filter circuit is enabled.
01 - LFSR Compare mode
10 - Register mode: AWORD transfers are captured directly to
the MISR register. Note that Register mode cannot be used
to set an alternate seed value (see Test method for AWORD
(Write) Register Mode)
11 - MISR mode

13.5.11 DEVICE_ID

This instruction allows shift out of the DEVICE _ID that provides various information about the HBM3
DRAM including a device specific unique serial number. The per channel ID data registers are intended
to support vendors who require additional resolution for identifying the device.

Wrapper Data Register

When the DEVICE _ID instruction is updated the data register as shown in Table 120 is connected
between WSI and WSO.

CaptureWR

When DEVICE 1D is the current instruction, the CaptureWR event will load the respective identification
field values into the shift stage of the WDR.

UpdateWR

When DEVICE _ID is the current instruction, the UpdateWR event will have no effect.

Samsung Electronics Co., Ltd.
Ex. 1084, p. 265



Case 2:25-cv-00552 Document 1-5 Filed 05/19/25 Page 241 of 271 PagelD #: 281

JEDEC Standard No. 238A
Page 226

13.5.11 DEVICE_ID (cont’d)

Table 120 — DEVICE_ID Wrapper Data Register
Bit Bit Field Type Description
Position

[159:155] | OPT FEATURES[4:0] R Reserved to indicate the support of optional features that may be
added in a future revision of this standard.
00000 - default

[154] SHARED REP RES R Sharing of HS REP_CAP with self repair
0: Self repair resources are separate from hard/soft resources
1: Self repair resources are shared with hard/soft resources

[153] PPR_RSVD? R Reserved row addresses associated with a single soft or hard
repair.
0 - default
[152:138] | PPR_RAJ14:0] R Row addresses associated with a single soft or hard repair.
Encoding:

0 - row address is evaluated
1 - row address is ignored
bit 0: RAO

bit 1: RA1

bit 14: RA14

137 RAADEC C R RAA Counter Decrement per REF Command for RFM level C
(MR8 OP[5:4]=11).

The field shall be ignored when the ARFM bit is 0

Same encoding as in RAADEC

[136:135] | RAAMMT C([1:0] R RAA Maximum Management Threshold (RAAMMT) for RFM
level C (MR8 OP[5:4]=11).

The field shall be ignored when the ARFM bit is 0

Same encoding as in RAAMMT

[134:132] | RAAIMT C[2:0] R RAA Initial Management Threshold (RAAIMT) for RFM level C
(MR8 OP[5:4]=11)

The field shall be ignored when the ARFM bit is 0.

Same encoding as in RAAIMT

131 RAADEC B R RAA Counter Decrement per REF Command for RFM level B
(MR8 OP[5:4] = 10).

The field shall be ignored when the ARFM bit is 0

Same encoding as in RAADEC

[130:129] | RAAMMT BJ[1:0] R RAA Maximum Management Threshold (RAAMMT) for RFM
level B (MR8 OP[5:4] = 10).

The field shall be ignored when the ARFM bit is 0

Same encoding as in RAAMMT

[128:126] | RAAIMT B[2:0] R RAA Initial Management Threshold (RAAIMT) for RFM level B
(MR8 OP[5:4] = 10).

The field shall be ignored when the ARFM bit is O

Same encoding as in RAAIMT

Samsung Electronics Co., Ltd.
Ex. 1084, p. 266



Case 2:25-cv-00552

Document 1-5

Filed 05/19/25 Page 242 of 271 PagelD #: 282

JEDEC Standard No. 238A
Page 227

Table 120 — DEVICE_ID Wrapper Data Register (cont’d)

Bit
Position

Bit Field

Type

Description

125

RAADEC_A

R

RAA Counter Decrement per REF Command for RFM level A
(MR8 OP[5:4]=01).

The field shall be ignored when the ARFM bit is 0

Same encoding as in RAADEC

[124:123]

RAAMMT A[1:0]

RAA Maximum Management Threshold (RAAMMT) for RFM
level A (MR8 OP[5:4] =01).

The field shall be ignored when the ARFM bit is 0

Same encoding as in RAAMMT

[122:120]

RAAIMT A[2:0]

RAA Initial Management Threshold (RAAIMT) for RFM level
A

(MR8 OP[5:4] = 01).

The field shall be ignored when the ARFM bit is 0

Same encoding as in RAAIMT

119

RAADEC

Default RAA Counter Decrement per REF Command.
The field shall be ignored when the RFM bit is 0.
0-1.0 x RAAIMT

1-0.5 x RAAIMT

[118:117]

RAAMMTI[1:0]

Default RAA Maximum Management Threshold (RAAMMT)
The field shall be ignored when the RFM bit is 0.

00 - 3 x RAAIMT

01 -4 x RAAIMT

10 - 5 x RAAIMT

11 -6 x RAAIMT

[116:114]

RAAIMTI[2:0]

Default RAA Initial Management Threshold (RAAIMT)
The field shall be ignored when the RFM bit is 0.

000 - 32

001 - 40

010 - 48

011-56

100 - 64

101-72

110 - 80

111 - Reserved

113

ARFM

Adaptive Refresh Management (ARFM)
0 — Adaptive Refresh Management is not supported
1 — Adaptive Refresh Management is supported

112

Refresh Management (RFM)
0 - Refresh Management not required
1 - Refresh Management required

[111:104]

MANUFACTURING
YEAR[7:0]

Binary encoded year:
2020 = 00000000; 2024 = 00000100

[103:96]

MANUFACTURING
WEEK[7:0]

Binary encoded week:
WW52=00110100
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Table 120 — DEVICE_ID Wrapper Data Register (cont’d)

Bit
Position

Bit Field

Type

Description

[95:32]

SERIAL NO[63:0]

Unique device ID

[31:28]

MANUFACTURER _
ID[3:0]

0001 - Samsung
0110 - SK Hynix
1100 - CXMT

1111 - Micron

All others - Reserved

[27:24]

DENSITY[3:0]

Memory density per channel (see HBM3 Channel Addressing)
0000 - 2 Gb

0001 - 4 Gb (8 Gb 8-High)
0010 - 6 Gb (8 Gb 12-High)
0011 - 8 Gb (8 Gb 16-High)
0100 - 4 Gb

0101 - 8 Gb (16 Gb 8-High)
0110 - 12 Gb (16 Gb 12-High)
0111 - 16 Gb (16 Gb 16-High)
1000 - 6 Gb

1001 - 12 Gb (24 Gb 8-High)
1010 - 18 Gb (24 Gb 12-High)
1011 - 24 Gb (24 Gb 16-High)
1100 - 8 Gb

1101 - 16 Gb (32 Gb 8-High)
1110 - 24 Gb (32 Gb 12-High)
1111 - 32 Gb (32 Gb 16-High)

[23:8]

CHANNEL _
AVAILABLE[15:0]'

Channel Available

0 - Channel not present / not working
1 - Channel present / working
Channel encoding (1 bit per channel):
bit 8: channel a

bit 9: channel b

bit 22: channel o
bit 23: channel p

MODEL _PART _
NUMBER([7:0]

R

Vendor reserved

NOTE 1

NOTE 2

NOTE 3

A channel marked as “not present / not working” keeps all AWORD and DWORD input and output buffers
permanently disabled and drives that channel’s WSO to LOW.

The PPR_RVSD field will only be used in the future if additions to the addressing table increase the row address to
include RA15. If future additions to the addressing table increase the bank, column, or pseudo channel address then
the PPR_RSVD will remain at the default.

HBM3 devices must output bits [159:155] even if the optional features are not used.
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13.5.12 TEMPERATURE

This instruction captures the HBM3 DRAM’s junction temperature. Temperature reporting is specified as
a 9-bit field: bit 0 or LSB indicates the validity of the temperature sensor read-out, and the remaining 8
bits indicate the temperature in degrees Celsius.

Wrapper Data Register

When TEMPERATURE is the current instruction, the data register as shown in Table 121 is connected
between WSI and WSOJa:p], and the WSO outputs of all active channels drive the same data during
ShiftWR events.

CaptureWR

When TEMPERATURE is the current instruction, the CaptureWR event will load the temperature field
values into the shift stage of the WDR.

UpdateWR

When TEMPERATURE is the current instruction, the UpdateWR event will have no effect.

Table 121 — TEMPERATURE Wrapper Data Register

Bit Bit Field Type Description
Position
[8:1] TEMP[7:0] R Temperature in degrees Celsius. Examples:

8’b 0000 0000 =— 40 °C

8°’b 0010 1000 =0 °C

8’b 0100 0001 =25 °C

8’b 10100111 =127 °C

[0] VALID R Temperature sensor output valid
0 — Invalid

1 — Valid

Samsung Electronics Co., Ltd.
Ex. 1084, p. 269



Case 2:25-cv-00552 Document 1-5 Filed 05/19/25 Page 245 of 271 PagelD #: 285

JEDEC Standard No. 238A
Page 230

13.5.13 MODE_REGISTER _DUMP_SET

The MODE REGISTER DUMP_SET instruction provides read (dump) and write (set) access to the
HBM3 Mode Registers.

Wrapper Data Register

When MODE REGISTER DUMP_SET is the current instruction, the data register as shown in Table
122 is connected between WSI and WSO.

CaptureWR

When MODE REGISTER DUMP_SET is the current instruction, the CaptureWR event will capture the
Mode Register content into the shift stage of the WDR. Reserved Mode Registers and bit fields marked as
“RFU” capture an ‘X’ value. The Mode Register content itself does not change with the CaptureWR
event. A minimum waiting time of tmrss = tmop must be observed between an MRS command and this
Capture WR event.

UpdateWR
When MODE REGISTER DUMP_SET is the current instruction, the UpdateWR event will
simultaneously load the bits from the shift stage to the mode registers. The updated mode register content

will be valid for subsequent mission mode operation after tuppmrs.

Table 122 — MODE_REGISTER_DUMP_SET Wrapper Data Register

Bit Bit Field Type Description
Position
[127:120] MRI15 R/W MR15[7:0]
[119:112] MR 14 R/W MR14[7:0]
[111:104] MR13 R/W MR13[7:0]
[103:96] MRI12 R/W MR12[7:0]
[95:88] MR11 R/W MR11[7:0]
[87:80] MR10 R/W MR10[7:0]
[79:72] MR9 R/W MR9I[7:0]
[71:64] MRS R/W MR§[7:0]
[63:56] MR7 R/W MR7[7:0]
[55:48] MR6 R/W MR6[7:0]
[47:40] MR35 R/W MRS5[7:0]
[39:32] MR4 R/W MRA4[7:0]
[31:24] MR3 R/W MR3[7:0]
[23:16] MR2 R/W MR2[7:0]
[15:8] MR1 R/W MR1[7:0]
[7:0] MRO R/W MRO[7:0]
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13.5.14 READ LFSR_COMPARE_STICKY

This instruction is used to capture the LFSR Compare Sticky error data to be shifted out on the WSO
output. The instruction is associated with the AWORD and DWORD 1/O loopback test features. Data
register bit positions are specified in the Data Register clause of this instruction in Table 123. Note that
the content of the MISR and LFSR Compare Sticky error data registers is not specified after shifting out
the sticky error content. The host should reinitialize the MISR registers (such as with MR7 Preset and
AWORD_MISR_CONFIG preset) before continuing with additional testing. See clause HBM3
Loopback Test Modes for MISR mode features and usage.

While both the AWORD and DWORD sticky error bits share a common WDR, the bits are set and
cleared only by their respective AWORD or DWORD Preset and LFSR Compare operations. For
example, an AWORD_MISR_CONFIG preset operation clears the AWORD sticky error bits, and the
state of the DWORD sticky error bits is undefined; therefore, the host should ignore the DWORD sticky
error bits when operating the AWORD LFSR Compare mode. Conversely, the

DWORD_MISR CONFIG preset operation clears the DWORD sticky error bits, and the state of the
AWORD sticky error bits is undefined; therefore, the host should ignore the AWORD sticky error bits
when operating the DWORD LFSR Compare mode.

Wrapper Data Register

When READ LFSR_COMPARE_STICKY is the current instruction, the data register as shown in Table
123 is connected between WSI and WSO.

CaptureWR

When READ LFSR_COMPARE_STICKY is the current instruction, the CaptureWR event will load the
sticky error values into the shift stage of the WDR.

UpdateWR

When READ LFSR_ COMPARE STICKY is the current instruction, the UpdateWR event will have no
effect.
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13.5.14 READ _LFSR_COMPARE_STICKY (cont’d)

Table 123 — READ_LFSR_COMPARE_STICKY Wrapper Data Register

Bit Bit Field Type Description
Position
[98:59] DWORD1 R DWORDI1: DQ[63:32], DBI[7:4], ECC[3:2] and SEV[3:2]
(same ordering as DWORDO)
58 AWORD R1 R AWORD
57 AWORD R2 R
56 AWORD R3 R
55 AWORD RO R
54 AWORD R4 R
53 AWORD RS R
52 AWORD R6 R
51 AWORD R7 R
50 AWORD RS R
49 AWORD R9 R
48 AWORD ARFU R
47 AWORD C7 R
46 AWORD C6 R
45 AWORD C5 R
44 AWORD C4 R
43 AWORD C3 R
42 AWORD C2 R
41 AWORD C1 R
40 AWORD_ CO0 R
[39:30] DWORDO BYTE 3 R Byte 3 of DWORDO: DQ[31:24], DBI3 and SEV1
(same ordering as Byte 0)
[29:20] DWORDO BYTE 2 R Byte 2 of DWORDO: DQ[23:16], DBI2 and SEV0
(same ordering as Byte 0)
[19:10] DWORDO BYTE 1 R Byte 1 of DWORDO: DQ[15:8], DBI1 and ECC1
(same ordering as Byte 0)
9 DWORDO DBIO R Byte 0 of DWORDO (PCO0)
8 DWORDO DQ7 R
7 DWORDO DQ6 R
6 DWORDO DQS5 R
5 DWORDO DQ4 R
4 DWORDO DQ3 R
3 DWORDO DQ2 R
2 DWORDO DQ1 R
1 DWORDO DQO R
0 DWORDO ECCO0 R
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13.5.15 SOFT_LANE_REPAIR and HARD_LANE_REPAIR

SOFT_LANE REPAIR and HARD_LANE REPAIR instructions can only be issued as part of the device
initialization and before normal memory operation has commenced, e.g., before the CK clock has started
to toggle.

Wrapper Data Register

When either SOFT_LANE REPAIR or HARD LANE REPAIR is the current instruction, the
LANE_REPAIR wrapper data register as shown in Table 124 is connected between WSI and WSO.

Figure 102 illustrates the interaction between SOFT_LANE REPAIR and HARD LANE REPAIR
instructions and the associated registers. It is pointed out that the actual I/O lane remapping is derived
from the content of the lane repair shadow register.

CaptureWR

When either SOFT_LANE REPAIR or HARD LANE REPAIR is the current instruction, the
CaptureWR event will load the lane remapping data from the lane repair shadow register into the shift
stage of the WDR. This internal lane repair shadow register is pre-loaded with the repair data from a
preceding HARD LANE REPAIR operation upon HBM3 DRAM initialization (RESET n pulled Low).
The memory controller may use these data to configure the lane repair accordingly at the host; it may also
use these data as a seed value for subsequent lane repair operations.

UpdateWR

When SOFT_LANE REPAIR is the current instruction, the UpdateWR event will load the lane
remapping data from the shift stage of the WDR into the lane repair shadow register and force the /O
lanes to be remapped accordingly. This remapping is non-persistent; it will be lost when RESET n is
pulled low or the device loses power. Pulling WRST n low does not reset the lane repair shadow register.

When HARD LANE REPAIR is the current instruction, the UpdateWR event will load the lane
remapping data from the shift stage of the WDR into the hard lane repair register. The controller must
wait tuLrep to allow the HBM3 DRAM to complete this operation and permanently store the repair vector.

Only a single broken lane can be repaired at a time, in order to limit the current constraint of the
associated circuits. If multiple lanes are to be repaired, it is required to shift in the repair vectors for each
broken lane sequentially, with all other lane repair setting = Fh, and initiate each actual lane repair with a
separate UpdateWR event.

The UpdateWR event itself does not lead to an actual re-mapping of the I/O lanes. For such re-mapping to
get effective it is required to initiate a chip reset by pulling RESET n LOW for at least tpw reset, which
copies the repair vector from the hard lane repair register into the lane repair shadow register as shown in
Figure 102.
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13.5.15 SOFT_LANE_REPAIR and HARD _LANE_REPAIR (cont’d)

Table 124 — LANE_REPAIR Wrapper Data Register

Bit Bit Field Type Description
Position
[39:36] DWORDI1 BYTE3[3:0] R/W | Lane remapping applied to DWORD1 byte 3
Oh: SEV3
1h - 8h: DQ56 - DQ63
%h: DBI7

Ah - Eh: Reserved
Fh: No lane remapping (default)

[35:32] DWORDI1_BYTE2[3:0] R/W | Lane remapping applied to DWORDI1 byte 2
Oh: SEV2

1h - 8h: DQ48 - DQS5S5

9h: DBI6

Ah - Eh: Reserved

Fh: No lane remapping (default)

[31:28] DWORDI1 _BYTEI1[3:0] R/W | Lane remapping applied to DWORDI byte 1
Oh: ECC3

1h - 8h: DQ40 - DQ47

9h: DBIS

Ah - Eh: Reserved

Fh: No lane remapping (default)

[27:24] DWORDI1_BYTEO[3:0] R/W | Lane remapping applied to DWORDI1 byte 0
Oh: ECC2

1h - 8h: DQ32 - DQ39

9h: DBI4

Ah - Eh: Reserved

Fh: No lane remapping (default)

[23:20] AWORD_RA[3:0] R/W | Lane remapping applied to AWORD.
Oh — 9h: RO—-R9

Ah — Eh: Reserved

Fh: No lane remapping (default)

[19:16] AWORD CA[3:0] R/W | Lane remapping applied to AWORD.
Oh — 7h: CO—C7

8h: APAR

9h: ARFU

Ah — Eh: Reserved

Fh: No lane remapping (default)

[15:12] DWORDO BYTE3[3:0] R/W | Lane remapping applied to DWORD 0 byte 3
Oh: SEV1

1h — 8h: DQ24 — DQ31

9h: DBI3

Ah — Eh: Reserved

Fh: No lane remapping (default)
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Table 124 — LANE_REPAIR Wrapper Data Register (cont’d)
Bit Bit Field Type Description
Position
[11:8] DWORDO BYTE2[3:0] R/W | Lane remapping applied to DWORDO byte 2
Oh: SEVO
1h - 8h: DQ16 - DQ23
9h: DBI2

Ah - Eh: Reserved
Fh: No lane remapping (default)

[7:4] DWORDO BYTE1[3:0] R/W | Lane remapping applied to DWORDO byte 1
Oh: ECC1

1h - 8h: DQS - DQ15

9h: DBI1

Ah - Eh: Reserved

Fh: No lane remapping (default)

[3:0] DWORDO BYTEO[3:0] R/W | Lane remapping applied to DWORDO byte 0
Oh: ECCO

1h - 8h: DQO - DQ7

9h: DBIO

Ah - Eh: Reserved

Fh: No lane remapping (default)

DWORD1 AWORD DWORDO
Byte 3 10s RA Inputs Byte 0 10s
Lane repair
decode logic ‘“‘*:L/ \ -/ \ -/ \
4 4 4
Lane Repair /| q

Shadow register

Hard Lane Repair ( \(
T

Hard Lane Repair register
( written to Lane Repair Shadow

register at HEM Reset
(RESET_n = Low])

register \
LAME_REPAIR WDR written to
-G-.._._____‘_‘_‘__‘ Hard Lane Repair register on
LANE_REPAIR WDR HARD_LANE_REPAIR instruction
DWORD1 DWORDD UpdateWR
— Byes AWORD RA \ A

Current contents of Lane Repair Shadow LANE_REPAIR WDR written to Lane

register read into LANE_REPAIR WDR on Repair Shadow register on

SOFT_LANE_REPAIR or HARD_LANE_REPAIR SOFT_LANE_REPAIR instruction

instruction CaptureWR UpdateWR

Figure 102 — Registers Associated with Lane Repair Instructions
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13.5.16 CHANNEL_DISABLE

This instruction disables one channel or all channels specified in WIR[12:8]. The instruction may only be
issued after tINIT3 timing has been met and only before the CK clock is started for the first time. The
disabled channel will transition into a safe low-power state where they do not respond to commands. All
AWORD and DWORD input and output buffers will be turned off, thus allowing all external signals to
float. It will also not respond to EXTEST RX, EXTEST TX, and CHANNEL ID instructions. Both
RESET n and WRST n must be maintained HIGH during the all-channel disable state. The channel’s
WSO output will remain active and drive a LOW.

The all-channel disable option shall be used during host-side HTOL and/or other reliability tests to
prevent unintentional degradation of the HBM3 DRAM. This option may only be issued after tINIT3
timing has been met, before the CK clock is started for the first time after exit from reset state and only if
no other IEEE1500 instruction other than BYPASS or DEVICE ID has been loaded before.

A disabled channel can be enabled again by pulling both RESET n and WRST n to LOW and following
the procedure described in the Initialization Sequence with Stable Power clause.

Wrapper Data Register

When CHANNEL DISABLE is the current instruction, the data register as shown in Figure 103 —
Channel Disable Instruction. Table 125 is connected between WSI and WSO.

CaptureWR

When CHANNEL DISABLE is the current instruction, the CaptureWR event will have no effect.

UpdateWR

When CHANNEL DISABLE is the current instruction, the UpdateWR event will load the disable bit
from the shift stage into the update stage of the WDR and asynchronously transition into a safe low power
state when the bit is 1. Input and output buffers will be disabled latest after tcupis.

In In n
RESET n ) n \
WRST n _\ tINIT3

YaWa VaWa
UpdateWR / /T\ / T\
I

IEEE1500 7 BYPASS CHANNEL DISABLE BYPASS
CH_DIS
Bit Field / tcHpis |
IIOBuffers/////u 7 /u 7 //’L/// ),

T ? Don't Care

Load Load

CHANNEL_DISABLE CH_DIS WDR
Instruction Bit

Figure 103 — Channel Disable Instruction
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13.5.16 CHANNEL_DISABLE (cont’d)

Table 125 — CHANNEL_DISABLE Wrapper Data Register

Bit Bit Field Type Description
Position
0 CH_DIS W 0 — Channel is enabled (default).

Clearing the bit to 0 does not re-enable a channel.
1 — Channel is disabled

13.5.17 CHANNEL TEMPERATURE

This instruction captures the channel’s junction temperature. Temperature reporting is specified as a 9-bit
field per SID: the LSB indicates the validity of the temperature sensor read-out, and the remaining 8 bits
indicate the temperature in degrees Celsius.

Wrapper Data Register

When CHANNEL TEMPERATURE is the current instruction, the data register as shown in Table 126 is
connected between WSI and WSO.

CaptureWR

When CHANNEL TEMPERATURE is the current instruction, the Capture WR event load the
temperature field values into the shift stage of the WDR.

UpdateWR

When CHANNEL TEMPERATURE is the current instruction, the UpdateWR event will have no effect.
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13.5.17 CHANNEL TEMPERATURE (cont’d)

Table 126 — CHANNEL_TEMPERATURE Wrapper Data Register

Bit Bit Field Type Description
Position
[35:28] | CHANNEL SID3 R Maximum temperature per channel for SID3 in Degrees Celsius.
TEMP[7:0] Same encoding as in CHANNEL SID0 TEMP[7:0]
27 CHANNEL SID3 R Channel Temperature sensor output valid for SID3
VALID 0 — Invalid
1 —Valid
[26:19] | CHANNEL SID2 R Maximum temperature per channel for SID2 in Degrees Celsius.
TEMP[7:0] Same encoding as in CHANNEL SID0 TEMP[7:0]
18 CHANNEL SID2 R Channel Temperature sensor output valid for SID2
VALID 0 — Invalid
1 —Valid
[17:10] | CHANNEL SIDI R Maximum temperature per channel for SID1 in Degrees Celsius.
TEMP[7:0] Same encoding as in CHANNEL SID0 TEMP[7:0]
9 CHANNEL SID1 R Channel Temperature sensor output valid for SID1
VALID 0 — Invalid
1 —Valid
[8:1] CHANNEL SIDO R Maximum temperature per channel for SIDO in Degree Celsius.
TEMP[7:0] Examples:
8’b 0000 0000 =—40 °C
8’b 0010 1000 =0 °C
8’b 0100 0001 =25 °C
8’b 10100111 =127°C
0 CHANNEL SIDO0 R Channel Temperature sensor output valid for SIDO
VALID 0 — Invalid
1 —Valid
NOTE 1 For unsupported SID fields the HBM3 DRAM will report the sensor output as invalid and the temperature as all
Z€eros.
NOTE 2 Device may report the same maximum temperature value for all the channels within the same core-die or
individual channel temperatures based on number of unique temperature sensors (Figure 104)
NOTE 3 If a channel is distributed across multiple dies (within the same SID), as shown in Figure 105, the device reports
the maximum channel temperature value between the core-dies across which the channel is distributed
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13.5.17 CHANNEL TEMPERATURE (cont’d)

| et (]
e . :
o so2 =

00000 00 0 0 0 000 o 0 0 0 0 J

| ettt (]

L eemcamaane e e e e m———— :

T T EEEEEEEmEmEmE e mm e m ]

i | CH: M/N/O/P — Temp Sensor 4 | E

[} [}
SE [ ® Temp Sensor 3 | E
EE [ cH:er//H *® Temp Sensor 2 | E
[} []

- | CH: A/B/C/D T Temp Sensor 1 | !

] ]
Max. temperature of ! ! Max. temperature of

SIDO core-die 4 is SIDO core-die 1is
reported on WSO of reported on WSO of
M,N,0 and P AB,Cand D

Figure 104 — Example Channel Configuration 1

! SID3 |
o e e S T .
: SID2 |
e T, :
| SID1 !

CH: I/K/LMMN/OfP  © Temp Sensor 4

CH: IW/K/UM/N/OfP___© Temp Sensor 3
CH: A/B/C/D/E/F/GM T Temp Sensor 2

+ Temp Sensor 1

CH: AfB/C/D/E/F/G/H

Max. temperature between SIDO core-
die 1 and core-die 2 is reported on
WSO of Ch. A through Ch. H

Figure 105 — Example Channel Configuration 2
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13.5.18 WOSC_RUN and WOSC_COUNT

The WOSC_RUN and WOSC_COUNT instructions are associated with the WDQS Interval Oscillator in
the HBM3 DRAM.

Wrapper Data Register

When WOSC_RUN is the current instruction, the WOSC_RUN wrapper data register as shown in Table
127 is connected between WSI and WSO[a:p], and the WSO outputs of all active channels drive the same
data during ShiftWR events.

When WOSC_COUNT is the current instruction, the WOSC_COUNT wrapper data register as shown in
Table 128 is connected between WSI and WSOJ[a:p], and the WSO outputs of all active channels drive the
same data during ShiftWR events.

CaptureWR

When WOSC_RUN is the current instruction, the CaptureWR event will have no effect.

When WOSC COUNT is the current instruction, the CaptureWR event will load the WDQS oscillator
count value into the shift stage of the WDR and update the WOSC_COUNT_VALID field of the WDR.

UpdateWR

When WOSC_RUN is the current instruction, the UpdateWR event will load the value from the shift
stage into the update stage and start or stop the WDQS Interval Oscillator.

When WOSC_COUNT is the current instruction, the UpdateWR event will have no effect.

Table 127 — WOSC_RUN Wrapper Data Register

Bit Bit Field Type Description
Position
0 WOSC_START _STOP W 0 — Stop WDQS Interval Oscillator (default)
1 — Start WDQS Interval Oscillator

Table 128 — WOSC_COUNT Wrapper Data Register

Bit Bit Field Type Description

Position

[24:1] WOSC _COUNT_VALUE R Oscillator count value.
Range 0 to 2%4-1

[0] WOSC_COUNT_VALID R 0 — Count is invalid (default)
1 — Count is valid

NOTE 1 The WDQS oscillator count value is used to train WDQS to the data valid window. The value reported in this
WDR can be used by the memory controller to periodically adjust the phase of WDQS relative to data.
NOTE 2 The contents of bits [23:0] is reset by starting the oscillator.
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13.5.19 ECS Error Log

This instruction is used to capture ECS Error Log information reading from the WDR. The registers in
this instruction are associated with the Error type and Error address(position) as the ECS operation result
during ECS period. The error types are NE, CEs, CEm, UE. The encoding of error types is the same as
burst position 4~7 of severity transmission in Table 59. See clause of Error Check and Scrub(ECS).
HBM3 device will store detailed information about errors detected during ECS operation period. The
latest logging information will follow priority update rule in the following order such as UE, CEw, CEs,
NE of Table 57. In case of CEs, error information would be logged in HBM3 for host-polling when
#ERRECS during current or previous ECS period is larger than the #ERRTH, where the #ERRECS
means accumulated the number of errors events detected during previous ECS period, not the number of
error bits. At this time the error address will be logged and readout through IEEE1500 WSO. The
registers logged ECS error information will be cleared by host.

Wrapper Data Register

When the ECS Error Log instruction is updated the data register as shown in Table 129 is connected
between WSI and WSO.

CaptureWR

When ECS Error Log is the current instruction, the CaptureWR event will load the respective error log
field values into the shift stage of the WDR.

UpdateWR

When ECS Error Log is the current instruction, the UpdateWR event will have no effect.
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13.5.19 ECS Error Log (cont’d)
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Table 129 — ECS Error Log Wrapper Data Register

Bit
Position

Bit Field

Type

Description

[215:190]

SID3 PC1_ECS[25:0]

R

ECS error log for SID3, PC1
Same encoding as in SIDO_ PCO_ECS

189

SID3 _PC1_ECS_VALID

R

ECS error log valid of SID3, PC1
Same encoding as in SIDO PCO_ECS VALID

[188:163]

SID3_PCO_ECS[25:0]

ECS error log for SID3, PCO
Same encoding as in SIDO_PC0O_ECS

162

SID3_PCO_ECS_VALID

ECS error log valid of SID3, PCO
Same encoding as in SIDO_PCO_ECS VALID

[161:136]

SID2 PC1_ECS[25:0]

ECS error log for SID2, PC1
Same encoding as in SIDO_PCO_ECS

135

SID2 PC1_ECS VALID

ECS error log valid of SID2, PC1
Same encoding as in SIDO_ PCO_ECS VALID

[134:109]

SID2_PCO_ECS[25:0]

ECS error log for SID2, PCO
Same encoding as in SIDO_PC0O_ECS

108

SID2_PCO_ECS VALID

ECS error log valid of SID2, PCO
Same encoding as in SIDO_ PCO_ECS VALID

[107:82]

SIDI_PCI_ECS[25:0]

ECS error log for SID1, PC1
Same encoding as in SIDO_PC0O_ECS

81

SID1_PCI_ECS_VALID

ECS error log valid of SID1, PC1
Same encoding as in SIDO PCO_ECS VALID

[80:55]

SIDI_PCO_ECS[25:0]

ECS error log for SID1, PCO
Same encoding as in SIDO_PC0O_ECS

54

SID1_PCO _ECS VALID

ECS error log valid of SID1, PCO
Same encoding as in SIDO PCO_ECS VALID

[53:28]

SIDO_PC1_ECS[25:0]

ECS error log for SID0, PC1
Same encoding as in SIDO_ PCO_ECS

27

SIDO_PC1_ECS_VALID

ECS error log valid of SID0, PC1
Same encoding as in SIDO_PCO_ECS VALID

[26:1]

SID0 _PCO_ECS[25:0]

ECS error log for SID0, PCO
[25:22] — Bank address BA[3:0]
[21:7] — Row address RA[14:0]
[6:2] — Column address CA[4:0]
[1:0] — Error Type[1:0]
00b: NE
01b: CEs
10b: UE
11b: CEm

SIDO PCO _ECS_VALID

ECS error log valid for SID0, PCO
0 — Invalid (default)
1 —Valid
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13.5.20 HS REP_CAP

The HS REP_CAP instruction tells the host whether a bank(s) has resources for either hard repair or soft
repair. For each bank of the DRAM, the Gray-coded encoding indicates whether there are no resources, 1
resource or 2 or more resources.

This instruction shall be used by the host before performing any hard of soft repair. This register will be
updated with the completion of a hard repair only. The DRAM may also share resources with self repair.
In this case the completion of self repair will also update this register. The sharing of resources between
hard/soft repair and self repair is vendor specific and identified in the SHARED REP_RES field of the
DEVICE ID.

Wrapper Data Register

When HS REP_CAP is the current instruction, the wrapper data register as shown in Table 130 is
connected between WSI and WSO.

CaptureWR

When HS_REP_CAP is the current instruction, the CaptureWR event will load the resource field value
into the shift stage register.

UpdateWR

When HS REP_CAP is the current instruction, the UpdateWR event will have no effect.

Table 130 — HS_REP_CAP Wrapper Data Register

Bit Bit Field Type Description
Position
[255:192] | HS REPAIR RES SID3 R SID3 PCO Banks [15:0] and PC1 Banks [15:0]
[191:128] | HS REPAIR RES SID2 R SID2 PCO Banks [15:0] and PC1 Banks [15:0]
[127:64] HS REPAIR RES SIDI R SID1 PCO Banks [15:0] and PC1 Banks [15:0]
[63:32] HS REPAIR RES SIDO R SIDO PC1 Banks [15:0]
[31:2] SID0 PCO Banks [15:1]
[1:0] Resources available for SID0 PCO Bank 0

00b: No resource available
01b: 1 resource

10b: Reserved

11b: 2 or more resources
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13.5.21 SELF_REP and SELF_REP_RESULTS
The SELF_REP and SELF_REP_RESULTS instructions are associated with HBM3 self repair.
Wrapper Data Register

When SELF_REP is the current instruction, the SELF REP wrapper data register as shown in Table 131
is connected between WSI and WSO.

When SELF REP RESULTS is the current instruction, the SELF REP RESULTS wrapper data register
as shown in Table 132 is connected between WSI and WSO.

CaptureWR

When SELF REDP is the current instruction, the CaptureWR event will capture the SR PROGRESS to the
shift stage register.

When SELF REP RESULTS is the current instruction, the CaptureWR event will capture the
SID[3:0] RESULTS to the shift stage register.

UpdateWR

When SELF_REP is the current instruction, the Update WR event will copy the SELFR_REF RATE,
SID-SELECT and REP_TYPE into the update stage register.

When SELF_REP_RESULTS is the current instruction, the UpdateWR event will have no effect.
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13.5.21 SELF_REP and SELF_REP_RESULTS (cont’d)

Table 131 — SELF_REP Wrapper Data Register

Bit
Position

Bit Field

Type

Description

(8]

SHARED_OVERRIDE?

W

0b: DRAM must leave 1 resource when resources shared
(default)

1b: DRAM can use all resources for Self-repair when

shared

[7:6]

SELFR_REP_RATE

00b: 1 x tREFI

01b:
10b:
11b:

0.5 x tREFI
0.25 x tREFI
Reserved

SID_SELECT

00b:
01b:
10b:
11b:

SIDO
SID1
SID2
SID3

REP_TYPE

11b:
10b:
01b:
00b:

Run self-test and auto-repair
Auto-repair only

Run self-test only and no auto-repair
Disabled/Cancell

[1:0]

SR_PROGRESS

00b:
01b:
10b:
11b:

Not running (default)
Self-test in progress
Auto-repair in progress
Complete

NOTE 1 Cancel will only stop the SELF_REPAIR when the self-test is in progress (SR_PROGRESS = 01b) and
SR _PROGRESS is set to 00b (not running) after cancel.

NOTE 2 When resources are shared between self and hard/soft repair the SHARED OVERRIDE field allows the DRAM to
use all the resources for self repair. When the resources are not shared the field is do not care.

Table 132 — SELF_REP_RESULTS Wrapper Data Register

Bit Bit Field Type Description
Position

[7:6] SID3 RESULTS R SID3 SELF REP results

[5:4] SID2 RESULTS R SID2 SELF REP results

[3:2] SID1 RESULTS R SID1 SELF REP results

[1:0] SIDO RESULTS R SIDO SELF REP results

00b: SELF_REP test has not run since INIT or No
fails remain after most recent run

01b: Fail(s) remain

10b: Unrepairable fail(s) remain

11b: SELF REP should be run again

NOTE 1 For unsupported SID fields, the DRAM will report the results as 00b (SELF-REPAIR test has not run).
NOTE 2 DRAM may report the same SELF_REP_RESULTS value for up to 8 channels as selected by WIR[12:8]=1Ch or
1Dh, or individual results.
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13.6 Interaction with Mission Mode Operation

Table 133 defines the interaction of the various IEEE1500 instructions with mission mode operation, and
any instruction exit requirements (see also Table 108 for all IEEE1500 instructions).

Table 133 — IEEE1500 Port Instruction Interactions

Instruction Interaction with Post Instruction
Mission Mode Requirements
BYPASS Instructions may be used at any None
DWORD_MISR ! time.
AWORD MISR ! Core memory content is retained
READ LFSR_COMPARE_STICKY ! if refresh specifications are met.
DEVICE ID
TEMPERATURE

MODE_REGISTER_DUMP_SET (dump)
CHANNEL_TEMPERATURE
WOSC_RUN

WOSC_COUNT

ECS_ERROR_LOG
SELF_REP_RESULTS

HS REP CAP

SOFT_REPAIR %3 Core memory content is retained | Meet IEEE1500 Port AC
SOFT_LANE REPAIR ? if refresh specifications are met. | Timings

MODE REGISTER DUMP_SET (set) (see Table )
AWORD_MISR_CONFIG 3

EXTEST RX, EXTEST TX HBM3 interface state and core Reset

MBIST memory content are not defined.

CHANNEL ID

HARD REPAIR *

HARD LANE REPAIR *
CHANNEL DISABLE ©
SELF REP *

NOTE 1 While accessing these MISR-related registers has no interaction with mission mode, operating the AWORD and
DWORD MISR modes may result in memory content loss unless the channel is put into self refresh mode. See
HBM3 Loopback Test Modes.

NOTE 2 Soft memory array and lane repairs imply that memory content is at least partially incorrect. While the HBM3
DRAM imposes no restrictions on the interface state and memory content, the host should consider the health of
The memory content based on the repair(s) being applied.

NOTE 3 See HBM3 Loopback Test Modes for proper sequencing of the AWORD MISR test modes.

NOTE 4 Self/Hard memory array and hard lane repairs involve blowing fuses. Normal operation on any channel is not
Supported when the self/hard repair operations are used. A chip reset with RESET n pulled LOW is required after
self/hard repair operations before returning the HBM3 DRAM to normal operation.

NOTE 5 For SOFT REPAIR it is required that the channel is held in bank idle state from the time when the SOFT REPAIR
instruction is loaded in the WIR until the SOFT REPAIR instruction is unloaded.

NOTE 6 In case of all channel operation, refer to CHANNEL DISABLE instruction for conditions to re-enable a disabled
channel.
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13.7 IEEE1500 Test Port AC Timing Parameters
Table 134 — IEEE1500 Test Port AC Timings
Parameter Symbol Values Unit Notes
Min Max
IEEE1500 Port I/O Timings

WRCK clock period tekTp 20 - ns

WRCK clock high pulse width tckTPH 0.45 - tekTp

WRCK clock low pulse width tekTeL 0.45 - tekTp

WRST _n pulse width low twrSTL 100 - ns

IEEE1500 port operation after WRST _n deassertion twINITI 3 - tekTp

Rising WRST n edge to WRCK setup time tswrsT - ns

WSP input setup time to WRCK rising edge tsr - ns 3
WSP input hold time from WRCK rising edge tHR - ns 3
WSP input setup time to WRCK falling edge tsF - ns 4
WSP input hold time from WRCK falling edge tHF - ns 4
WSO output valid time from WRCK falling edge tovwso - ns 5

EXTEST_ RX Instruction Related Timings
Input setup time to WRCK rising edge tSEXT ns 6
Input hold time from WRCK rising edge tHEXT ns 6
EXTEST TX Instruction Related Timings
Output valid time from WRCK rising edge toVEXT - ns 7
HBM3 RESET Instruction Related Timings
HBM_RESET instruction minimum active time tRES tPW_RESET - ns 8
SOFT_REPAIR and HARD_ REPAIR Instruction Related Timings
SOFT_REPAIR minimum waiting time tsrEP - ns, s or 9
nWRCK
HARD REPAIR minimum waiting time tHREP - ns, Us or 10
nWRCK
DWORD_MISR and AWORD_MISR Instruction Related Timings
DWORD and AWORD MISR data capture to WDR tsmIsr - ns 11
data capture delay
CHANNEL_ID Instruction Related Timings

Output high time from WRCK falling edge toveun - ns 12
Output return to default state delay tozcHN - ns 13
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Table 134 — IEEE1500 Test Port AC Timings (cont’d)
Parameter Symbol Values Unit Notes
Min Max
Mode_Register_Dump_Set Instruction Related Timings
WDR update to Mode Register valid delay tuPDMRS - ns 14
MRS command to WDR data capture delay tMRsS tMoD - nCK 15
AWORD_MISR_CONFIG Instruction Related Timings
AWORD MISR configuration to MISR operation temisr - ns 16
delay
SOFT_LANE REPAIR and HARD LANE_REPAIR Instruction Related Timings
SOFT LANE REPAIR minimum waiting time tSLREP - ns or us 17
HARD LANE REPAIR minimum waiting time tHLREP - ns or us 18
CHANNEL_DISABLE Instruction Related Timing
Channel disable to input and output buffer disable tcHpIs ns or ps 19
delay
SELF REPAIR Instruction Related Timings

Self-test and Auto-repair test time tSELF_HEAL - S 20
Auto-repair test time tSELF_REP - S 20
Self-test test time tSELF_NR - s 20
Self-test cancel time tSELF_CANCEL - us 20

Samsung Electronics Co., Ltd.
Ex. 1084, p. 288



Case 2:25-cv-00552 Document 1-5 Filed 05/19/25 Page 264 of 271 PagelD #: 304

JEDEC Standard No. 238A
Page 249

Table 134 — IEEE1500 Test Port AC Timings (cont’d)

Parameter Symbol Values Unit Notes

Min | Max

NOTE 1 AC timing parameters apply to each channel of the HBM3 device independently except for timings related to
IEEE1500 input pins that are common to all channels. No timing parameters are specified across channels, and all
channels operate independently of each other.

NOTE 2  All parameters assume proper device initialization.

NOTE 3 Parameter applies to WSI, SelectWIR, ShiftWR, and CaptureWR inputs.

NOTE 4 Parameter applies to UpdateWR input.

NOTE 5 Parameter applies to WSO output changes resulting from Wrapper Instruction Register (WIR), Wrapper Bypass
Register (WBY) or any Wrapper Data Register (WDR) shift operation.

NOTE 6 Parameter applies to all HBM3 inputs and bidirectional IOs in the CaptureWR cycle when the active instruction is
EXTEST RX.

NOTE 7 Parameter applies to all HBM outputs and bidirectional 1Os in the ShiftWR cycle when the active instruction is
EXTEST TX.

NOTE 8 Parameter applies when the active instruction is HBM_RESET; it is measured from either the falling WRCK edge
that loads the HBM_RESET instruction in the UpdateWIR cycle (in case no WDR is associated with the
instruction) or the falling WRCK edge that sets the WDR bit to ‘1’ in the UpdateWR cycle (in case a WDR is
associated with the instruction) until either the HBM_RESET instruction is invalidated or the WDR bit is set back
to ‘0’. The minimum value equals the RESET n minimum low time with stable power (tpw RESET).

NOTE 9 Parameter applies when the active instruction is SOFT_REPAIR; it describes the minimum time for the HBM3
device to perform the internal soft repair; it is measured from the falling WRCK edge that loads the repair vector
and repair start bit in the UpdateWR cycle until the instruction is invalidated.

NOTE 10 Parameter applies when the active instruction is HARD REPAIR; it describes the minimum time for the HBM3
device to perform the internal hard repair; it is measured from the falling WRCK edge that loads the repair vector
and repair start bit in the UpdateWR cycle until the instruction is invalidated.

NOTE 11 Parameter applies when the active instruction is DWORD_MISR or AWORD MISR; it is measured from the last
CK clock that updates the data in the respective MISR until the rising WRCK edge associated with the Capture WR
cycle that copies the MISR data into the WDR shift register.

NOTE 12 Parameter applies when the active instruction is CHANNEL _ID; it describes the maximum duration from either the
falling WRCK edge that sets the CHANNEL _ID instruction in the UpdateWIR cycle (when no WDR is associated
with the instruction) or the falling WRCK edge in the UpdateWR cycle that sets the enable bit in the WDR to ‘1’
(when a WDR is associated with the instruction) until the bidirectional IOs drive a High.

NOTE 13 Parameter applies when the active instruction is CHANNEL _ID; it describes the maximum duration from either the
falling WRCK edge that sets any instruction other than CHANNEL _ID instruction in the UpdateWIR cycle (when
no WDR is associated with the instruction) or the falling WRCK edge in the UpdateWR cycle that sets the enable
bit in the WDR to ‘0’ (when a WDR is associated with the instruction) until the bidirectional IOs return to their
default state.

NOTE 14 Parameter applies when the active instruction is MODE _REGISTER DUMP_SET; it describes the minimum
required delay between the falling WRCK edge in the UpdateWR cycle that loads the Mode Registers from the
WDR shift register until any valid command other than RNOP and CNOP can be issued at the command interface.

NOTE 15 Parameter applies when the active instruction is MODE_REGISTER_DUMP_SET; it describes the minimum
required delay between the last MRS command that loads any Mode Register and the rising WRCK edge in the
CaptureWR cycle that copies the Mode Register content into the WDR shift register.

NOTE 16 Parameter applies when the active instruction is AWORD_MISR CONFIG; it describes the minimum required
delay between the falling WRCK edge in the UpdateWR cycle that loads the AWORD MISR configuration until
the MISR configuration is valid for any subsequent AWORD or DWORD MISR operation in the CK clock
domain.

NOTE 17 Parameter applies when the active instruction is SOFT_LANE_REPAIR; it describes the minimum time for the
HBM3 device to perform the internal soft lane repair; it is measured from the falling WRCK edge that loads the
repair vector in the UpdateWR cycle until the instruction is invalidated.

NOTE 18 Parameter applies when the active instruction is HARD LANE REPAIR; it describes the minimum time for the

HBM3 device to perform the internal hard lane repair; it is measured from the falling WRCK edge that loads the
repair vector in the UpdateWR cycle until the instruction is invalidated.

NOTE 19 Parameter applies when the active instruction is CHANNEL DISABLE; it describes the minimum waiting time for
disabling the channel’s input and output buffers after the UpdateWR event that sets the CHANNEL DISABLE
WDR to 1.

NOTE 20 Parameter represents the maximum time the operation will take to complete and therefore the minimum time the
host must wait.
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tSRtHR
SHIFTWR :
tSF [tHF
UPDATEWR F:
tSR|tHR
WSI 27 .
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WSO Z7 A Bit 0 Bit 1
Operation Capture Shift Update

Figure 106 — IEEE1500 Port Input and Output Timings
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Figure 107 — IEEE1500 EXTEST_RX and EXTEST_TX Instruction Related Timings
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Instruction loaded

Start internal repair

Figure 108 — IEEE1500 SOFT_REPAIR and HARD_REPAIR Instruction Related Timings
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13.7 IEEE1500 Test Port AC Timing Parameters (cont’d)

. f
!
v ST\ N a
Valld | SOFT/HARD_LANE_REPAIR 2
Instruction i // I l i - = [l
! tSLREPHLRE
Updatew%_/_ \ ” [ e Fj >
Instruction loaded WDR loaded Repair completed

Start internal repair

Figure 109 — IEEE1500 Soft Lane_Repair And Hard_Lane_Repair Instruction Related Timings

CK ¢ - n
CK_t \
Row/Col 2
Command / / / / z
, __tSMISR -
we TN T S
: Velid I AWORD_MISR
nstruction
CaptureWR / \
ShiftwR /
WSO % 7 V. %, Bit 0 Bit 1 Bit 2
L | |
AWORD MISR Load MISR data Shift WDR
data capture completed into WDR

NOTE 1 Same timings for data inputs and DWORD MISR with DWORD_MISR instruction.
NOTE 2 tOVWSO = 0 for illustration purpose.

Figure 110 — IEEE1500 DWORD_MISR / AWORD_MISR Instruction Related Timings

we L
Vaiid CHANNEL ID |
Instruction -
U PDATEWRI / (\
{OVEHN 1OZCHN
Functional? A, /// -
Dutputs and /0 2 7 ”ﬂ "{” //f{ “ %..

NOTE 1 tOVCHN and tOZCHN refer to set/reset of the Enable bit in the WDR.
Figure 111 — IEEE1500 CHANNEL_ID Instruction Related Timings
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13.7 IEEE1500 Test Port AC Timing Parameters (cont’d)

(I L

tMRSS

CHK_t

Row/Col
Command

WRCK

Valid MODE_REGISTER_DUMP_SET
Instruction
Capturs\WR Y
UpdateWR | “ / \ “

A.C. = any command allowed in bank idle state.

Figure 112 — IEEE1500 MODE_REGISTER_DUMP_SET Instruction Related Timings
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13.8 Boundary Scan

The HBM3 DRAM supports a boundary scan chain per channel via the [IEEE1500 test port. The boundary
scan operation is associated with IEEE1500 test port instructions EXTEST RX and EXTEST TX.

Scan data is shifted in through WSI and out through the respective WSO, based on the active channel
selections in the WIR (see Table 107). All functional pins are included in the boundary scan chains. Table
110 lists the micro-bump boundary scan chain order. Bit position 0 is the first bit shifted in on WSI and
out on the WSOs.

Three global pins in the MIDSTACK area are routed to the channel n and o scan chains: TEMP[1:0] are
associated with channel n, and CATTRIP is associated with channel o. The boundary scan chain length
for all channels is 122 bits (see Table 110), with dummy WDR bit padding as needed on the MSB end of
the chains. Matched length boundary scan chains allow all channel chains to be loaded with matching
data with one shift operation when WIR[12:8] = 1Fh.

All input-only and output-only pins are implemented as bi-directionals to aid in SIP package level testing
and fault isolation. Effectively, all pins support both EXTEST RX and EXTEST TX instructions.

I/0O signals power up in input mode by default. As soon as EXTEST TX becomes the current instruction,
the 1/0s will change to output mode, and the outputs will drive the values shifted into the WDR shift
stage.

When EXTEST RX is the current instruction, all functional pins of the selected channel(s) enter a High-Z
state, including the output-only pins AERR, DERR, RDQS t/RDQS c, TEMP and CATTRIP. On a
subsequent CaptureWR event the pins will capture the input values into the WDR shift stage.

Boundary scan mode entry may be asserted at any time after device initialization and before normal
memory operation has commenced, e.g., before the CK clock has started to toggle. Upon exiting the scan
mode, the state of the HBM3 DRAM is unknown and the integrity of the data content of the memory
array is not guaranteed and therefore the reset initialization sequence is required before returning to
normal operation.
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Annex A — (Informative) Differences between JESD238A and JESD238

This table describes the key changes made to the standard (JESD238A) in comparison to its predecessor
(JESD238). Minor editorial changes and format updates of figures and tables are not included.

Page Clause Number / Description of Changes
3 3.1.1 Table 2 Note 2 added
6 3.2 Table 4 note numbers modified
11 4.1 Updated Figure 4
12 4.3 Updated Figure 5
14 4.4 Updated Figure 6
15 4.4 Initialization Sequence .... (Figure 7) : Added tWINIT1 and DEVICE ID(optional)
18 5 Mode Register (Table 12) : Added new Parity Latency (100 — 4nCK)
22 5 Mode Register (Table 19) : ... DWORD MISR Operation — WRITE condition update
49 6.3.2.6  Figure 27 modified (changed REMpb to REFpb)
75 6.3.3.4 Mode Register Set (MRS) Command : MRS command and tWRMRS text update
79 6.3.4.1 Power-Down Entry and Exit (Figure 48, Note 2) : Supplemented tWRPDE timing
92-93 | 6.4.2 Data Parity (Figures 62~65) : Added PL=4 text conditions and related notes
107 6.8.2 General Loopback ... Behaviour : Cycles processed in MISR mode clarification
108 6.8.3.1 Test Method for A WORD (Write) MISR Mode; changed paragraph d)
134 6.12  Self Repair instruction clarification
163 10 AC Timings (Table 93) : Specified tRFFCab/pb values for 24Gb die density
164 10  AC Timings (Table 93) etc. : Added tWRMRS timing parameter definition and value
165 10 AC Timings (Table 93, Note 18) : Changed tRTW(min) timing parameter definition
170 11.3 HBM3 Stack Height (Table 96) : Added Width and Length parameters and values, Notes 2/3
209 13.5 Test Instructions (Table 108) : Specified all-channel disable instruction as optional
226 13.5.11 Device ID (Table 120) : Added 00000 — default clause to Bit Position [159:155]
228 13.5.11 Device ID (Table 120): Added new Manufacturer ID (1100 — CXMT), Added NOTE 3
236 13.5.16 CHANNEL_DISABLE : All-channel disable instruction text update
245 13.521 SELF REP and SELF_REP_RESULTS (Table 132, Note 2) : all to up to 8 channels
change
246 13.6 Interaction with Mission Mode Operation (Table 133) : Added Note 6
248-249 13.7 IEEE}SOO Test Port AC Timing Parameters (Table 134) : Added SELF_REPAIR Instruction
Related Timings, added NOTE 20
253 13.8 Boundary Scan : TEMP[1:0] change channel n to channel o
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The purpose of this form is to provide the Technical Committees of JEDEC with input from the industry regarding
usage of the subject standard. Individuals or companies are invited to submit comments to JEDEC. All comments
will be collected and dispersed to the appropriate committee(s).

If you can provide input, please complete this form and return to:

JEDEC Fax: 703.907.7583
Attn: Publications Department

3103 North 10th Street

Suite 240 South

Arlington, VA 22201-2107

1. Irecommend changes to the following:

I:I Requirement, clause number

I:I Test method number Clause number

The referenced clause number has proven to be:

I:I Unclear I:' Too Rigid I:I In Error
I:l Other

2. Recommendations for correction:

3. Other suggestions for document improvement:

Submitted by

Name: Phone:
Company: E-mail:
Address:

City/State/Zip: Date:

Samsung Electronics Co., Ltd.
Ex. 1084, p. 295



Case 2:25-cv-00552 Document 1-5 Filed 05/19/25 Page 271 of 271 PagelD #: 311

JEDEC.

Samsung Electronics Co., Ltd.
Ex. 1084, p. 296



Case 2:25-cv-00552 Document 1-7  Filed 05/19/25 Page 1 of 3 PagelD #: 315

EXHIBIT 6

Samsung Electronics Co., Ltd.
Ex. 1084, p. 297



Case 2:25-cv-00552 Document dil@% @19/25

& FILES.

BLOCK  FILE  OBJECT  DISK TAPE  FLASH NVME SCM  HCI  COMPOSABLE  GLOSSARY

Rambus HBM subsystem more than
doubles HBM2E speed

By Chris Mellor - August 16, 2021

Extended high-bandwidth memory (HBM2E) is barely here, yet Rambus already has
a third-generation HBM subsystem ready for use, and it goes more than twice as
fast.

Server and GPU memory capacity and speed is set to rocket up from today’s socket-
connected X86 server DRAM. NVIDIA GPUs have already abandoned that and are
using HBM — stacked memory dies connected to physically close GPU using an
interposer instead of socket channels.

We can view an HBM+interposer+processor system as a using chiplets, with the
HBM part being one chiplet, and the processor another, both connected via the
interposer.

HBM stacks memory dies one atop another to increase package capacity beyond a
DRAM DIMM and uses a set of wide channels to break socket connectivity
limitations. Intel’s Ice Lake generation of server processors supports eight sockets,
up from its preceding Gen-2 Xeon’s 6. That’s not enough for multi-GPU servers and
developing analytics and machine learning models which need huge amounts of
data stored in memory for fast and repetitive access.

The JEDEC standards organisation has created three HBM standards: HBM, HBM2
and HM2E, with E standing for extended. Each one of these increases performance
and capacity beyond the prior generation, as a table shows:

HBM HBM2 HBM2E HBM3 HBM-PIM
JEDEC Standard oct 13 Jan 16 Late 2018 (307 GB/sec)
Max dies per 4(4-H) 8(6-H) 12 (12:H) 167
stack
Interface to
s Interposer or direct stack
Clannets o 8independent. 2 x 128bit per die
Total channel
1024 bits (with 8-Hi stack)
Transfer rate 1GT/sec/pin (1biV  2GTisec/pin | 3.2 GT/sec (Samsung Flashbolt -8
pin) jes/stack
365 GT/sec (SK hynix - 4 dies/stack)
Overal package 128 GBlsec 256 GB/sec 410 GB/sec (Flashbol) 65 GBlsec (SK hynix)
bandwidth 460 GBsec (SK hynix) 1.075 TB/sec (Rambus)
Package capacity 468 8cB 24 GB (2GB/die) 64687
Datarate 25 Toivsec?
10 speed 3.6 GbiUs (SK Hynix) 5.2 GbiUs (SK hynix)
8.4 Gbits (Rambus)
System 2
performance.
Notes HBM2 used by
NVIDIA Tesla P100

This table is a work-in-progress with missing entries.

HBM3

The memory fabrication industry is pushing its technology boundaries beyond
HBM2E with a third HBM generation: HBM3. There is no JEDEC standard for this as
yet, although we understand JEDEC is working on one.

There are three HBM memory die suppliers: Micron, Samsung and SK hynix. SK hynix
has discussed its HBM3 technology. Micron talked about “HBMnext” in August last
year, saying it could have 4-Hi and 8-Hi stacks and a 3.2Gbit/sec data rate. That
sounds like an HBM2E-class technology.

Samsung has ideas about putting processing elements directly into memory (PIM)
to speed computation, and details of this technology are yet to emerge. It would
be proprietary to Samsung. We have yet to hear from Samsung about its views on
HBM3.

Rambus

Rambus has produced an HBM3 interface subsystem consisting of a PHY (physical
layer in OSI model) and digital controller. This subsystem supports an up to
8.4Gbit/sec data rate, way beyond SK hynix’s 5.2Gbit/sec HBM3 data rate, as seen
in the table. It delivers 1.075TB/sec of bandwidth, beating SK hynix’s 665GB/sec.
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High Bandwidth Memory diagram, with PHY elements.

The Rambus PHY+Controller combo is accompanied by 2.5D interposer and package
reference designs to help memory system designers develop products faster.

AN IDC associate VP, Soo Kyoum Kim, provided a context quote for Rambus’s
announcement: “The memory bandwidth requirements of AI/ML training are
insatiable with leading-edge training models now surpassing billions of parameters.
The Rambus HBM3-ready memory subsystem raises the bar for performance
enabling state-of-the-art AI/ML and HPC applications.”

HBM3-Ready Memory Subsystem
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Rambus HBM3 PHY-+controller diagram.

There are huge implication for overall system performance and design here. We
could, possibly, see the replacement of socket-connected DRAM DIMMS by HBM. We
could see HBM as a new, faster-than-basic-DRAM in the memory-storage hierarchy.
Our sister publication The Next Platform has suggested that Optane could then
replace DRAM in the hierarchy.

We could then see X86-GPU servers with extremely large memories capable of
running analytical and machine learning model development workloads orders of

magnitude faster than today. The Rambus and SK hynix HBM3 technology glimpses
suggest a tantalising future.

Sl Rambus

e Like 0

Lenovo claims global number-2 position in Rubrik teams with Microsoft to develop Zero
mainstream storage Trust anti-ransomware Azure services

RELATED ARTICLES MORE FROM AUTHOR

Kioxia, SanDisk tease 332-layer 3D Very large Al model training uses Volumez expands Diaa$ to optimize
NAND future object storage cloud block storage for Al

NetApp touches down with the San Catalog launches first commercial UnifabriX taking CXL external memory
Francisco 49ers DNA-encoded book mainstream

ABOUT US FOLLOW US

BLOCKS
I_ Blocks & Files is a storage news, information and

& FILES.

ite covering storage media, devices from

es through arrays to server-based storage, cloud
storage, networking and protocols, data management,
suppliers and standards. We publish news, view:
opinions and analysis of storage industry events and
developments, aiming

developers, consultan eers, salespeople,

taff, analysts and everyone else involved in IT

storage up to date with what's going on

ontribute  Contact ~ Sales Coc &C > not sell my personal information




