20157126559 AT I 000 0000 O OO O 00

<

W

(43) International Publication Date

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2015/126559 A1l

27 August 2015 (27.08.2015) WIPO | PCT
(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
GO6F 1/16 (2006.01) GO6F 13/00 (2006.01) kind of national protection available). AE, AG, AL, AM,
. o . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/US2015/012279 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
21 January 2015 (21.01.2015) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
. MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . L
61/941,687 19 February 2014 (19.02.2014) Us (84) Designated States (unless otherwise indicated, for every
14/578,191 19 December 2014 (19.12.2014) Us kind Of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(71) Applicant: INTEL CORPORATION [US/US]; 2200 TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
Misson College Boulevard, M/S: RNB-4-150, Santa Clara, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
California 95054 (US). DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Tnventors: MORAN, Brian P.; 11599 Marissa Court, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
Gold River, California 95670 (US). GANGULY, Konika; SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
. > ’ KM, ML, MR, NE, SN, TD, TG).
3698 Lansbrook Terrace, Portland, Oregon 97229 (US). GW, > S
LOOP, Rebecca Z.; 2111 NE 25th Avenue, Hillsboro, Published:

74

Oregon 97229 (US). LI, Xiang; 2553 NW Arnott Lane,
Portland, Oregon 97229 (US). COX, Christopher E.;
4120 Glider Road, Placerville, California 95667 (US).

Agents: MALLIE, Michael J. et al.; Blakely, Sokoloff,
Taylor & Zafman LLP, 1279 Oakmead Parkway,
Sunnyvale, California 94085 (US).

with international search report (Art. 21(3))

(54) Title: APPARATUS, SYSTEM AND METHOD TO PROVIDE PLATFORM SUPPORT FOR MULTIPLE MEMORY
TECHNOLOGIES

PRINTED CIRCUIT BOARD
2

PROGRAMMABLE
O LLATOR

PROCESSOR 112
DEVICE !

s

S | HARDWARE

AUX | INTERFACE
ey VTR

132

" LPDDRS MODULE
134

FIG. 1

(57) Abstract: Techniques and mechanisms to exchange communications via a printed circuit board (PCB) between a processor
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APPARATUS, SYSTEM AND METHOD TO PROVIDE PLATFORM SUPPORT
FOR MULTIPLE MEMORY TECHNOLOGIES

RELATED APPLICATIONS

This application is a nonprovisional application based on U.S. Provisional Patent
Application No. 61/941,687 filed February 19, 2014, and claims the benefit of priority of that
provisional application. Provisional Application No. 61/941,687 is hereby incorporated by

reference.

BACKGROUND
1. Technical Field

Embodiments discussed herein variously relate to computer platform design. More
particularly, certain embodiments include, but are not limited to, a platform to accommodate any

of multiple different memory technologies.

2. Background Art

Improvements to memory systems have taken, and continue to take, many forms
including faster dynamic random access memory (DRAM), higher double data rate (DDR) bus
frequencies, larger capacity dual inline memory modules (DIMMs), more DIMMs per channel
and other increased capabilities. DDR standards defined by the Joint Electron Device
Engineering Council (JEDEC) Solid State Technology Association are some examples of
memory technologies that variously implement memory functionality, and do so with different

respective memory interface hardware.

Due to industry requirements regarding support for legacy memory systems, there is an
increasing variety of memory interface hardware in the market as successive generations of
memory device technologies are developed. To date, platform developers have relied upon the
design of different printed circuit boards to support integration of different memory technologies

each into a corresponding platform type.

Memory device testing and platform assembly are two areas of the industry that are

impacted by the variety of previous, current and upcoming memory technologies to be tested
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and/or marketed. One common problem faced in these areas is the limited applicability of a

given printed circuit board design to support only one corresponding memory technology.
BRIEF DESCRIPTION OF THE DRAWINGS

The various embodiments of the present invention are illustrated by way of example, and

not by way of limitation, in the figures of the accompanying drawings and in which:

FIG. 1 is a high-level block diagram illustrating elements of a system to support any of

multiple memory technologies according to an embodiment.

FIG. 2 illustrates elements of a system to support any of multiple memory technologies

according to an embodiment.

FIG. 3 is a flow diagram illustrating elements of a method to access a memory device

according to an embodiment.

FIG. 4 is a flow diagram illustrating elements of a method to configure a platform to

accommodate a memory technology according to an embodiment.

FIG. 5 is a set of tables each describing signals of a corresponding memory technology

supported by a platform according to a respective embodiment.

FIG. 6 is a set of tables variously listing signal types and voltages each specified by a

respective memory technology supported by a platform according to an embodiment.

FIGs. 7A-7C is a set of tables each describing a mapping of signals across different

interface modes of a platform according to an embodiment.

FIGs. 8A-8D is a set of tables each illustrating elements of a pinout for accommodating a

respective memory technology according to a corresponding embodiment.

FIGs. 9A-9C is a set of tables each illustrating elements of a pinout for accommodating a

respective memory technology according to a corresponding embodiment.

FIG. 10 is a high-level block diagram illustrating elements of a computer system to

support any of multiple memory technologies according to an embodiment.

FIG. 11 is a high-level block diagram illustrating elements of a mobile device to support
any of multiple memory technologies according to an embodiment.

2
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DETAILED DESCRIPTION

Embodiments discussed herein variously provide techniques and/or mechanisms for a
platform to support operation with a memory device that is based on any of multiple different
memory technologies. In an embodiment, a printed circuit board (PCB) such as a motherboard
has disposed therein and/or thereon circuitry to exchange one or more signals indicating
connectivity of the PCB to a memory device via a hardware interface that is disposed in or on the
PCB. Such circuitry may be configured to exchange one or more signals identifying a memory
type of the memory device. In some embodiments, a voltage regulator (VR) is coupled to the
PCB, wherein multiple programmable modes of the VR each correspond to a different respective
one of the multiple memory technologies. Based on a memory type of the memory device — e.g.,
a particular memory technology on which the memory device is based — a mode of the VR may
be programmed to provide to the hardware interface one or more voltages specified by the
corresponding memory technology. The memory device may exchange signals with a processor
device coupled to the PCB via another hardware interface disposed in or on the PCB. The
interconnect may include signal lines configured to be able to accommodate any of multiple
interface modes of the processor device — e.g., where the multiple interface modes each

correspond to a different respective one of the multiple memory technologies.

As used herein, “hardware interface” refers to a set of input and/or output (I/O) contacts —
such as pins, pads, balls or other conductive structures — by which one device may be coupled to
another device. For example, a hardware interface may be disposed on a PCB to allow for
coupling of a packaged integrated circuit (IC) device, a memory module and/or other device to
the PCB. A hardware interface may include, for example, a mechanical connector capable of
receiving a pluggable memory module. Alternatively, a hardware interface may include an array
of pads available to be soldered to a ball grid array (BGA) of a device. A device to couple to a
PCB via a hardware interface may comprise a processor (e.g., a central processing unit)
including one or more processor cores. Alternatively, such a device may comprise a DIMM or

other memory module including one or more packaged memory devices.

Certain illustrative embodiments are discussed herein with respect to various memory
standards such as dual data rate (DDR) standards. Examples of such standards include, but are
not limited to, the DDR3 Synchronous Dynamic Random-Access Memory (SDRAM) standard
JESD79-3, published June 2007 by the JEDEC Solid State Technology Association, the DDR3L
SDRAM standard JESD79-3-1, published July 26, 2010 by the JEDEC Solid State Technology

Association and the DDR4 SDRAM standard JESD79-4, published September 25, 2012 by the
3
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JEDEC Solid State Technology Association. Other examples include the LPDDR3 JESD209-3
LPDDR3 Low Power Memory Device Standard, published May 17, 2012 by the JEDEC Solid
State Technology Association, the LPDDR4 Low Power Memory Device Standard JESD209-4,
published August 2014 by the JEDEC Solid State Technology Association and the Graphics
Double Data Rate (GDDRS) Synchronous Graphics Random-Access Memory (SGRAM)
Standard JESD212B.01, published December 2013 by the JEDEC Solid State Technology
Association. However, such discussion may be extended to additionally or alternatively apply to
any of a variety of DDR and/or other memory standards. Unless otherwise indicated, “memory
technology” and “memory type” are variously used herein to refer to particular set of signals
and/or one or more voltages that are included in or otherwise used by a memory device. Such a
set of signals and one or more voltages may be based on — e.g. specified by or otherwise

compatible with — requirements of a particular memory standard, for example.

Certain embodiments discussed herein variously relate to a platform supporting operation
of a processor device that is configurable to support multiple different modes each corresponding
to a different respective memory technology. Such modes may each include a different
respective pinout being configured for the processor device. Unless otherwise indicated,
“interface mode” herein refers to a mode of a device — e.g., a processor device — that provides a
particular pinout of the device. One interface mode of a device may be distinguished from one
or more other interface modes of the device that each provide a different respective pinout of the
device. At different times, a processor device may operate in different ones of the multiple
interface modes — e.g., while the processor remains coupled to a PCB via the same hardware
interface. A transition of a device to an interface mode — e.g., including a transition between
different interface modes — is referred to herein as multiplexing (or MUXing) to the interface

mode.

FIG. 1 illustrates elements of a system 100 according to an embodiment to facilitate
operation of a processor with any of multiple memory devices each corresponding to a different
respective set of signal — e.g., the sets of signals each based on a different respective memory
standard. The technologies described herein may be implemented in one or more electronic
devices. Non-limiting examples of electronic devices that may utilize the technologies described
herein include any kind of mobile device and/or stationary device, such as cameras, cell phones,
computer terminals, desktop computers, electronic readers, facsimile machines, kiosks, netbook
computers, notebook computers, internet devices, payment terminals, personal digital assistants,

media players and/or recorders, servers (e.g., blade server, rack mount server, combinations

4
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thereof, etc.), set-top boxes, smart phones, tablet personal computers, ultra-mobile personal
computers, wired telephones, combinations thereof, and the like. Such devices may be portable
or stationary. In some embodiments the technologies described herein may be employed in a
desktop computer, laptop computer, smart phone, tablet computer, netbook computer, notebook
computer, personal digital assistant, server, combinations thereof, and the like. More generally,
the technologies described herein may be employed in any electronic device to which one or

both of a processor device and memory device may be coupled and/or installed.

In an embodiment, system 100 includes printed circuit board (PCB) 102 and components
variously disposed therein or thereon, where such components are to facilitate communication
between a processor device 120 and a memory device that are each to couple to PCB 102. Such
components are represented as including the illustrative hardware (HW) interface 104, HW
interface 106, interconnect 108, presence detector PD 110 and programmable voltage regulator
(VR) 112. However, system 100 may include any of a variety of additional or alternative
components to provide functionality such as that described herein. System 100 is shown as
including PCB 102 coupled to processor device 120 via HW interface 104, where PCB 102 is
available to be further coupled to any of multiple different memory devices via HW interface
106. However, some embodiments of system 100 merely include PCB 102 and components
disposed therein and/or thereon — i.e., where the embodiment is available to be coupled to, but
does not include, processor device 120. Examples of the different memory devices include
memory modules each based on — e.g., conforming to or at least compatible in one or more
respects with requirements of — a different respective memory standard such as the illustrative
DDR3 module 130, DDR4 module 132, LPDDR3 module 134 and LPDDR4 module 136.
However, system 100 may support fewer, more and/or different memory technologies, according

to different embodiments.

Processor device may include one or more processor cores and, in an embodiment,
memory controller logic to access a memory device on behalf of such one or more processor
cores. Processor device 120 is one example of a pinout-configurable device — e.g., where
processor device 120 includes signal MUX circuitry 122 to provide any of multiple different
possible pinouts at the connection to HW interface 104. As used herein, “pinout” refers to a
mapping of I/O contacts (e.g., pins, pads, balls or the like) each to a respective signal or voltage
of an interface. Signal MUX circuitry 122 may be configured at different times to any of
different interface modes each corresponding to a different respective memory technology,

where an interface mode provides a respective pinout to accommodate the corresponding

5
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memory technology. Some or all of signal MUX circuitry 122 may be adapted from
conventional mechanisms to provide a configurable pinout. The particular details of such
conventional mechanisms, which are not limiting on certain embodiments, are not detailed

herein to avoid obscuring features of such embodiments.

To date, platform designers have relied upon one PCB design (or one class of PCB
designs) for a given pinout-configurable processor device to operate with one memory
technology, and a different PCB design (or class of PCB designs) for that pinout-configurable
processor device to operate with a memory device of a different memory technology. Certain
embodiments are a result of a realization that PCB design may be adapted to build on the
capabilities of a pinout-configurable processor device, allowing for the device’s operation — as

part of one common platform — with any of multiple different possible memory technologies.

In an embodiment, printed circuit board 102 is to serve as a motherboard for a platform —
e.g., where system 100 is the platform or a component of the platform. Hardware interfaces
104,106 may each include a respective plurality of I/O contacts — e.g., where interconnect 108
includes signal lines each coupling a respective I/0O contact of HW interface 104 to a respective
I/O contact of HW interface 106. By way of illustration and not limitation, such signal lines of
interconnect 108 may variously support the communication of data signals, address signals,
clock signals, on-die termination signals, clock enable signals, chip select signals and/or any of

various other signals variously defined each by a respective memory standard.

Processor device 120 may comprise a packaged device including one or more processor
cores to operate as a central processing unit (CPU) or other processor for system 100 —e.g.,
including processor device 120 executing a host operating system (0S), a Basic Input/Output
System (BIOS) and/or one or more other software processes. Although certain embodiments are
not limited in this regard, processor device 120 may include or otherwise have access to state
machine logic (e.g., comprising hardware, firmware and/or executing software) to identify a
particular memory technology type of a memory device coupled to HW interface 106. In some
embodiments, system 100 is to couple to, but may not include, either or both of processor device

120 and a memory device to couple to HW interface 106.

System 100 may include presence detector circuitry PD 110 disposed in or on PCB 102,
where circuitry of PD 110 is to detect connectivity of a memory device to HW interface 106.
Such a memory device may include a memory module — e.g., a DIMM — comprising one or more

packaged memory devices based on a particular memory standard. Although certain

6
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embodiments are not limited in this regard, detection of such connectivity may include PD 110
performing one or more operations adapted from conventional presence detection techniques
such as those based on a serial presence detect (SPD) standard. One example of such a standard
is the SPD standard for DDR3 SDRAM Modules (Release 6), SPD4_01_02_11: SPD Annex K,
of the JEDEC Solid State Technology Association, published February, 2014. The particulars of
such conventional presence detect techniques are not detailed herein, and are not limiting on

certain embodiments.

PD 110 may generate a signal 114 indicating the detected connectivity of a memory
device to PCB 102 via HW interface 106. Signal 114 may specify a particular memory type of
the memory device or, alternatively, may merely signal connectivity generically. Signal 114
may cause one or more other components of system 100 to determine and/or operate based on a

specific one of multiple possible memory types of the memory device.

For example, a programmable voltage regulator (VR) 112 disposed in or on PCB 102
may be programmable to provide to HW interface 106 any of multiple sets of one or more
signals that each correspond to a different respective memory technology. Based on signal 114,
programmable VR 112 may be programmed to provide a particular set of one or more voltages —
as represented by the illustrative one or more voltages 118 — that correspond to the memory type
(in this case, memory technology) of the memory device coupled to HW interface 106. The one
or more voltages 118 may be variously provided directly or indirectly by VR 112 each to a
respective I/0 contact of hardware interface 106 — e.g., where such 1/0 contacts are to be
distinguished, for example, from I/O contacts of HW interface 106 that are coupled to
interconnect 108. In another embodiment, the one or more voltages 118 may be provided by VR
112 to HW interface 106 via processor 120 and interconnect 108 and/or one or more other
intermediary components of system 100. One or more voltages 118 may include, but are not
limited to, a reference (e.g., ground) voltage, a supply (e.g., VDD) voltage and/or any of various

other voltages.

Signal 114 is shown as being provided directly to programmable VR 112. However, in
an alternate embodiment, signal 114 may be additionally or alternatively provided to other logic
of 100 that is to identify a memory technology of the memory device coupled to HW interface
106. For example, signal 114 may instead be communicated to state machine logic of processor
device 120, where in response to signal 114, such state machine logic may identify a memory

type of the memory device. In turn, such state machine logic may communicate the memory
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type to facilitate configuration of a corresponding interface mode of signal MUX circuitry 122

and/or to facilitate programming of programmable VR 112.

Referring now to FIG. 2, an assembly view of a system 200 according to one illustrative
embodiment is shown. System 200 may include some or all of the features of system 100, for
example. In an embodiment, system 200 includes a PCB 202 and components variously
disposed therein or thereon to facilitate communication between a processor device 220 and a
memory device 22 that are each to couple to PCB 202. Such components are represented as

including the illustrative HW interfaces 204, 206, interconnect 208, detector 210 and VR 212.

In FIG. 2, PCB 202 is shown as being ready to be coupled to processor device 220 via
HW interface 204, and further ready to be coupled to memory device 222 via HW interface 206.
Some embodiments of system 200 merely include PCB 202 and components disposed therein
and/or thereon — i.e., where the embodiment is available to be coupled to, but does not include,

processor device 220 or memory device 222.

In the illustrative embodiment of system 200, HW interface 204 is an array of I/O pads to
be variously soldered each to a corresponding ball of a ball grid array of processor device 220.
By contrast, HW interface 206 may be a mechanical connector including I/O contacts to plug or
otherwise connect with respective I/O contacts of memory device 222. By way of illustration
and not limitation, HW interface 206 may comprise a memory module connector such as one
that is compatible with a small outline DIMM (SO-DIMM) connector or any of various other
conventional memory module connector types. HW interface 206 may facilitate a user switching
or otherwise choosing between memory device 222 and at least one alternative memory device —

e.g., where the two memory devices are based on different memory standards.

PCB 202 may facilitate communication by processor device 220 and memory device 222
as well as, at another time, an alternative memory device (not shown) that may be coupled to
PCB 202 via HW interface 206. Interconnect 208 may include a plurality of signal lines each
coupling an I/O contact of HW interface 204 to a respective /O contact of HW interface 206. A
total number of such a plurality of signal lines may correspond to a superset of multiple sets of
signal lines variously defined each by a respective memory standard. By way of illustration and
not limitation, the multiple sets of signal lines may include a first set including signals defined by
a first memory standard and a second set including signals defined by a second memory
standard. In such an embodiment, the plurality of signal lines of interconnect 208 may

correspond to a superset due at least in part to the total number of the plurality of signal lines

8



10

15

20

25

30

WO 2015/126559 PCT/US2015/012279

being greater than a total number of first set, and less than a total number of signals of the first

set and the second set.

As discussed herein, detector 210 may detect connectivity of memory device 222 to HW
interface 206 and exchange via PCB 202 a signal indicating such connectivity. An indication of
such connectivity may be communicated directly or indirectly to one or more components — e.g.,
including HW interface 204 and/or VR 212 — that are to determine a memory type of memory
device 222 and/or be configured based on such a memory type. For example, processor device
220 may determine the memory type and configure a particular interface mode, of multiple
possible interface modes of processor device 220, for an exchange of signals via HW interface
204 that is compatible with the memory type. The multiple possible interface modes of
processor device 220 may each correspond to a different respective memory technology, where
each interface mode is to provide a different respective pinout to accommodate the
corresponding memory technology. Alternatively or in addition, VR 212 may configure a
particular VR mode, of multiple possible VR modes of VR 212, for the providing of one or more
voltages to memory device 222 via HW interface 204. The multiple possible VR modes may
each correspond to a different respective memory device type, where each VR mode is to

provide respective one or more voltages specified by the corresponding memory technology.

FIG. 3 illustrates elements of a method 300 for exchanging communications between a
processor and a memory device according to an embodiment. Method 300 may be performed by
a platform, system or other hardware including some or all of the features of system 100, for
example. In an embodiment, method 300 includes, at 310, detecting connectivity of a memory
device to a first hardware interface disposed in or on a printed circuit board. The detecting at
310 may be performed with detector logic disposed in or on the PCB, wherein the detector logic
generates and send to a processor device a signal indicating the connectivity. Such detector logic

may conform to or otherwise be based on a serial presence detect standard, for example.

In response to detecting at 310, method 300 may include, at 320, identifying a memory
type of the memory device. The identifying at 320 may include identifying a memory standard
on which the memory device is based and/or identifying a set of signals (e.g., a pinout) included
in or otherwise corresponding to the memory device. Based on the memory type, a processor
device may configure a first interface mode of multiple interface modes of the processor device.
For example, the processor may be coupled to the PCB via a second hardware interface disposed
in or on the PCB. State machine logic included in or otherwise accessible to the processor

device may identify the memory type of the memory device, from among multiple possible
9
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memory types, based on one or more exchanges with detector logic on the PCB and/or with the
memory device itself. Such state machine logic may comprise, for example, state machine
circuitry of the processor device or a Basic Input/Output System (BIOS) process executed by the
processor device. The multiple interface modes of the processor device may each correspond to
a different respective one of multiple sets of signals. Such sets of signals may include one or

more sets each specified by a different respective memory standard.

Method 300 may further comprise, at 330, providing one or more voltages to the first
interface based on the identified memory type. For example, the VR may generate or receive an
indication of the memory type and, in response, program a first voltage regulator (VR) mode of
multiple VR modes of a VR. The multiple VR modes may each correspond to a different
respective one of multiple memory device types. The multiple memory types may each
correspond to a respective memory standard — e.g., where one or more VR modes are each to
provide respective one or more voltages specified by a corresponding memory standard. The VR

may provide the one or more voltages at 330 based on the programmed first VR mode.

During operation of the memory device based on the one or more voltages, method 300
may, at 340, exchange signals between the memory device and the processor device. For
example, such signals may be exchanged via x signal lines of an interconnect disposed in or on
the PCB, wherein x is an integer equal to a total number of signals of a superset of sets of signals

each corresponding to a different respective one of multiple memory types.

FIG. 4 illustrates elements of a method 400 for identifying a memory type of a memory
device according to an embodiment. Method 400 may be performed by a component of system
100 or 200 to determine a pinout to be configured for communication with the memory device.
For example, method 400 may be performed by a BIOS process of processor device 120 or

processor device 200.

At 402, method 400 may begin operations to power on a system such as one of systems
100, 200. During or after such power on operations, one or more main rails of a PCB may be
powered on — e.g., to power detector logic that is to detect connectivity of a memory device via a
HW interface disposed in or on the PCB. By way of illustration and not limitation, at 406, serial
presence detect (SPD) logic on the PCB may be polled by state machine logic to determine a
memory type of any memory device coupled to the HW interface. After the polling at 406
indicates the presence of a memory device is detected, method 400 may determine, at 408,

whether a processor coupled to the PCB supports a memory type of the memory device.

10
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Where the memory type is not supported, method 400 may include an error message
being generated, such as the illustrative BIOS power on, self-test (POST) code issued at 410, and
a system boot failure at 412. However, where it is determined at 408 that the determined
memory type is supported, method 400 may, at 414, program voltage regulator rails to provide
respective voltage levels specified by a memory standard corresponding to the memory type.
The voltage levels may be variously provided from the voltage regulator, via the PCB and the

HW interface, to the memory device for operation of same.

Certain embodiments are not limited to the serial presence detection logic residing on the
PCB to detect for connectivity of a memory device. Por example, some embodiments may
provide for a BIOS process, executing with the processor device, to provide a presence detection
functionality. In such an embodiment, method 400 may include one or more additional
operations (not shown) to determine which presence detection mechanism is available for use.
The processor device may perform such operations to determine whether SPD logic on the PCB
is accessible or whether, for example, a virtual SPD process of the BIOS is to be used instead.
Such determining may be performed prior to the polling at 406 to determine a target of such

polling.

Referring now to FIG. 5, the various tables shown each list and describe at least some
signals identified by a corresponding memory standard. More particularly, table 500 describes
signal to be exchanged by a memory device that is based on a DDR4 standard, table 510
describes signal to be exchanged by a memory device that is based on a LPDDR3 standard, and
table 520 describes signal to be exchanged by a memory device that is based on a LPDDR4
standard. The particular details of such memory standards, and signals thereof, are not described

herein to avoid obscuring features of certain embodiments.

As described in more detail herein, an interconnect such as one of interconnects 108, 208
may include at least some plurality of signal lines to exchange signals between hardware
interfaces disposed on a PCB. The plurality of signal lines may serve as a superset that can
accommodate any of multiple sets of signals each specified by a different respective memory
standard. Tables 500, 510, 520 represent one example of such different memory standards, and
respective signals thereof. However, the interconnect may support fewer, additional and/or other
memory standards. Additionally or alternatively, the superset may support fewer, additional

and/or other signals specified by some or all such memory standards.

11
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Referring now to FIG. 6, various tables shown each describe a respective set of signals
defined by a corresponding memory technology. More particularly, table 600 describes a set of
signals identified by a DDR4 standard, table 610 describes a set of signals identified by a
LPDDR3 standard, and table 620 describes a set of signals identified by a LPDDR4 standard.
Tables 610, 620, 630 are variously organized by signal type — e.g., data (DQ), data mask (DM*),
differential data strobe (DQS), etc. — and list a number of signals of the signal type that are
identified by the corresponding memory standard. As mentioned with respect to FIG. 5, the
DDR4 standard, LPDDR3 standard and LPDDR4 standard are merely one example of different
memory standards accommodated according to an embodiment. Other embodiments may

accommodate fewer, more and/or other memory standards.

Table 630 illustrates a superset of signals represented by tables 600, 610, 620, where the
superset may be accommodated according to an embodiment by signal lines of an interconnect
such as one of interconnects 108, 208. The row-wise arrangement of tables 600, 610, 620, 630
illustrate a breakdown of the superset by signal type — e.g., where for a given signal type, the
memory standard identifying a largest number of signals of that signal type determines the

number of signal lines in the superset that are to support the signal type.

Table 640 illustrates a table of voltages that may be supported according to an
embodiment by a voltage regulator such as one of programmable VR 112 and VR 212. Table
640 lists voltages variously specified by a DDR4 standard, a LPDDR3 standard and a LPDDR4
standard, and a superset of such voltages. A VR according to an embodiment may be
programmable to provide to a memory device, via a HW interface on a PCB, any of a superset of

the voltages specified in table 640.

Referring now to FIGs. 7A-7C, tables 700a, 700b, 700c variously list a mapping of
signals to be exchanged between a CPU and any of multiple memory devices each based on a
different respective memory standard. Such a CPU may include or operate with pinout-
configurable interface circuitry that may implement any of multiple different interface modes
each corresponding to a respective one of such memory standards. Tables 700a, 700b, 700c each
provide a respective column-wise list of signals that the CPU is capable of exchanging. For
memory devices of different memory standards — in this example, DDR3, DDR4, LPDDR3
(including two different configurations thereof) and LPDDR4 — tables 700a, 700b, 700c
variously map CPU-side signal identifiers each to respective signal identifiers of the memory

standards shown. In table 700c, “NC” stands for “not connected”. It is appreciated that a
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particular CPU-side signal identifiers may be associated with different I/O contacts of the CPU

at different times depending upon a particular input mode of the CPU.

Referring now to FIGs. 8A-8D, tables 810, 820, 830, 840 each list a respective pinout of
a corresponding memory device to communicate with a pinout-configurable processor device via
a PCB according to an embodiment. More particularly, table 800 lists a pinout of a DDR3L
device to couple to a 260-pin connector on the PCB, and table 810 lists a pinout of a DDR4
device to couple to such 260-pin connector. Table 820 lists a pinout of a LPDDR3 device to
couple to such a 260-pin connector, and table 830 lists a pinout of a LPDDR4 device to couple to

such a 260-pin connector.

Certain embodiments variously identify a memory type of a memory device coupled to a
PCB —e.g., including identifying a particular one of the pinouts variously represented in tables
800, 810, 820, 830. In response, an interface mode of a processor device may be configured and
a VR mode of a voltage regulator may be programmed to accommodate both the pinout and

voltage levels that are specified by the corresponding memory standard.

Referring now to FIGs. 9A-9C, tables 900, 910, 920 each list a respective pinout of a
corresponding memory device to communicate with a pinout-configurable processor device via a
PCB according to another embodiment. More particularly, table 900 lists a pinout of a DDR4
memory device to couple to a 242-pin connector on the PCB, table 910 lists a pinout of a
LPDDR3 memory device to couple to such 242-pin connector, and table 920 lists a pinout of a
LPDDR4 memory device to couple to such a 242-pin connector. Certain embodiments variously
identify a particular one of the pinouts variously represented in tables 900, 910, 920 as
corresponding to a memory device coupled to a PCB. In response, an interface mode of a
processor device may be configured, and a VR mode of a voltage regulator may be programmed,
to accommodate both the pinout and voltage levels that are specified by the corresponding

memory standard.

FIG. 10 is a block diagram of an embodiment of a computing system in which access to a
memory device may be implemented. System 1000 represents a computing device in accordance
with any embodiment described herein, and may be a laptop computer, a desktop computer, a
server, a gaming or entertainment control system, a scanner, copier, printer, or other electronic
device. System 1000 may include processor 1020, which provides processing, operation
management, and execution of instructions for system 1000. Processor 1020 may include any

type of microprocessor, central processing unit (CPU), processing core, or other processing
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hardware to provide processing for system 1000. Processor 1020 controls the overall operation
of system 1000, and may be or include, one or more programmable general-purpose or special-
purpose microprocessors, digital signal processors (DSPs), programmable controllers,
application specific integrated circuits (ASICs), programmable logic devices (PLDs), or the like,

or a combination of such devices.

Memory subsystem 1030 represents the main memory of system 1000, and provides
temporary storage for code to be executed by processor 1020, or data values to be used in
executing a routine. Memory subsystem 1030 may include one or more memory devices such as
read-only memory (ROM), flash memory, one or more varieties of random access memory
(RAM), or other memory devices, or a combination of such devices. Memory subsystem 1030
stores and hosts, among other things, operating system (OS) 1036 to provide a software platform
for execution of instructions in system 1000. Additionally, other instructions 1038 are stored
and executed from memory subsystem 1030 to provide the logic and the processing of system

1000. OS 1036 and instructions 1038 are executed by processor 1020.

Memory subsystem 1030 may include memory device 1032 where it stores data,
instructions, programs, or other items. In one embodiment, memory subsystem includes memory
controller 1034, which accesses memory 1032 — e.g., on behalf of processor 1020. Memory
controller 1034 may be incorporated into a packaged device including processor 1020 — e.g.,
where processor 1020 accesses memory 1032 via a PCB (not shown) having disposed therein or

thereon components providing functionality such as that discussed herein.

Processor 1020 and memory subsystem 1030 may be coupled to bus/bus system 1010.
Bus 1010 is an abstraction that represents any one or more separate physical buses,
communication lines/interfaces, and/or point-to-point connections, connected by appropriate
bridges, adapters, and/or controllers. Therefore, bus 1010 may include, for example, one or
more of a system bus, a Peripheral Component Interconnect (PCI) bus, a HyperTransport or
industry standard architecture (ISA) bus, a small computer system interface (SCSI) bus, a
universal serial bus (USB), or an Institute of Electrical and Electronics Engineers (IEEE)
standard 1394 bus (commonly referred to as "Firewire"). The buses of bus 1010 may also

correspond to interfaces in network interface 1050.

System 1000 may also include one or more input/output (I/0O) interface(s) 1040, network
interface 1050, one or more internal mass storage device(s) 1060, and peripheral interface 1070

coupled to bus 1010. /O interface 1040 may include one or more interface components through
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which a user interacts with system 1000 (e.g., video, audio, and/or alphanumeric interfacing).
Network interface 1050 provides system 1000 the ability to communicate with remote devices
(e.g., servers, other computing devices) over one or more networks. Network interface 1050
may include an Ethernet adapter, wireless interconnection components, USB (universal serial

bus), or other wired or wireless standards-based or proprietary interfaces.

Storage 1060 may be or include any conventional medium for storing large amounts of
data in a nonvolatile manner, such as one or more magnetic, solid state, or optical based disks, or
a combination. Storage 1060 holds code or instructions and data 1062 in a persistent state (i.e.,
the value is retained despite interruption of power to system 1000). Storage 1060 may be
generically considered to be a "memory," although memory 1030 is the executing or operating
memory to provide instructions to processor 1020. Whereas storage 1060 is nonvolatile,
memory 1030 may include volatile memory (i.e., the value or state of the data is indeterminate if

power is interrupted to system 1000).

Peripheral interface 1070 may include any hardware interface not specifically mentioned
above. Peripherals refer generally to devices that connect dependently to system 1000. A
dependent connection is one where system 1000 provides the software and/or hardware platform

on which operation executes, and with which a user interacts.

FIG. 11 is a block diagram of an embodiment of a mobile device in which access to a
memory device may be implemented. Device 1100 represents a mobile computing device, such
as a computing tablet, a mobile phone or smartphone, a wireless-enabled e-reader, or other
mobile device. It will be understood that certain of the components are shown generally, and not
all components of such a device are shown in device 1100. Device 1100 may include processor
1110, which performs the primary processing operations of device 1100. Processor 1110 may
include one or more physical devices, such as microprocessors, application processors,
microcontrollers, programmable logic devices, or other processing means. The processing
operations performed by processor 1110 include the execution of an operating platform or
operating system on which applications and/or device functions are executed. The processing
operations include operations related to I/O (input/output) with a human user or with other
devices, operations related to power management, and/or operations related to connecting device
1100 to another device. The processing operations may also include operations related to audio

I/O and/or display I/O.
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In one embodiment, device 1100 includes audio subsystem 1120, which represents
hardware (e.g., audio hardware and audio circuits) and software (e.g., drivers, codecs)
components associated with providing audio functions to the computing device. Audio functions
may include speaker and/or headphone output, as well as microphone input. Devices for such
functions may be integrated into device 1100, or connected to device 1100. In one embodiment,
a user interacts with device 1100 by providing audio commands that are received and processed

by processor 1110.

Display subsystem 1130 represents hardware (e.g., display devices) and software (e.g.,
drivers) components that provide a visual and/or tactile display for a user to interact with the
computing device. Display subsystem 1130 may include display interface 1132, which may
include the particular screen or hardware device used to provide a display to a user. In one
embodiment, display interface 1132 includes logic separate from processor 1110 to perform at
least some processing related to the display. In one embodiment, display subsystem 1130

includes a touchscreen device that provides both output and input to a user.

I/O controller 1140 represents hardware devices and software components related to
interaction with a user. 1I/O controller 1140 may operate to manage hardware that is part of audio
subsystem 1120 and/or display subsystem 1130. Additionally, I/O controller 1140 illustrates a
connection point for additional devices that connect to device 1100 through which a user might
interact with the system. Por example, devices that may be attached to device 1100 might
include microphone devices, speaker or stereo systems, video systems or other display device,
keyboard or keypad devices, or other I/O devices for use with specific applications such as card

readers or other devices.

As mentioned above, 1/0 controller 1140 may interact with audio subsystem 1120 and/or
display subsystem 1130. For example, input through a microphone or other audio device may
provide input or commands for one or more applications or functions of device 1100.
Additionally, audio output may be provided instead of or in addition to display output. In
another example, if display subsystem includes a touchscreen, the display device also acts as an
input device, which may be at least partially managed by I/O controller 1140. There may also be
additional buttons or switches on device 1100 to provide I/O functions managed by I/O

controller 1140.

In one embodiment, 1/0O controller 1140 manages devices such as accelerometers,

cameras, light sensors or other environmental sensors, gyroscopes, global positioning system
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(GPS), or other hardware that may be included in device 1100. The input may be part of direct
user interaction, as well as providing environmental input to the system to influence its
operations (such as filtering for noise, adjusting displays for brightness detection, applying a

flash for a camera, or other features).

In one embodiment, device 1100 includes power management 1150 that manages battery
power usage, charging of the battery, and features related to power saving operation. Memory
subsystem 1160 may include memory device(s) 1162 for storing information in device 1100.
Memory subsystem 1160 may include nonvolatile (state does not change if power to the memory
device is interrupted) and/or volatile (state is indeterminate if power to the memory device is
interrupted) memory devices. Memory 1160 may store application data, user data, music,
photos, documents, or other data, as well as system data (whether long-term or temporary)

related to the execution of the applications and functions of system 1100.

In one embodiment, memory subsystem 1160 includes memory controller 1164 (which
could also be considered part of the control of system 1100, and could potentially be considered
part of processor 1110). Memory controller 1164 may communicate signaling to provide access
to memory 1162 — e.g., on behalf of processor 1110. Memory controller 1164 may be
incorporated into a packaged device including processor 1110 — e.g., where processor 1110
accesses memory 1162 via a PCB (not shown) having disposed therein or thereon components

providing functionality such as that discussed herein.

Connectivity 1170 may include hardware devices (e.g., wireless and/or wired connectors
and communication hardware) and software components (e.g., drivers, protocol stacks) to enable
device 1100 to communicate with external devices. The device could be separate devices, such
as other computing devices, wireless access points or base stations, as well as peripherals such as

headsets, printers, or other devices.

Connectivity 1170 may include multiple different types of connectivity. To generalize,
device 1100 is illustrated with cellular connectivity 1172 and wireless connectivity 1174.
Cellular connectivity 1172 refers generally to cellular network connectivity provided by wireless
carriers, such as provided via GSM (global system for mobile communications) or variations or
derivatives, CDMA (code division multiple access) or variations or derivatives, TDM (time
division multiplexing) or variations or derivatives, LTE (long term evolution — also referred to as
"4(G"), or other cellular service standards. Wireless connectivity 1174 refers to wireless

connectivity that is not cellular, and may include personal area networks (such as Bluetooth),
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local area networks (such as WiFi), and/or wide area networks (such as WiMax), or other
wireless communication. Wireless communication refers to transfer of data through the use of
modulated electromagnetic radiation through a non-solid medium. Wired communication occurs

through a solid communication medium.

Peripheral connections 1180 include hardware interfaces and connectors, as well as
software components (e.g., drivers, protocol stacks) to make peripheral connections. It will be
understood that device 1100 could both be a peripheral device ("to" 1182) to other computing
devices, as well as have peripheral devices ("from" 1184) connected to it. Device 1100
commonly has a "docking" connector to connect to other computing devices for purposes such as
managing (e.g., downloading and/or uploading, changing, synchronizing) content on device
1100. Additionally, a docking connector may allow device 1100 to connect to certain
peripherals that allow device 1100 to control content output, for example, to audiovisual or other

systems.

In addition to a proprietary docking connector or other proprietary connection hardware,
device 1100 may make peripheral connections 1180 via common or standards-based connectors.
Common types may include a Universal Serial Bus (USB) connector (which may include any of
a number of different hardware interfaces), DisplayPort including MiniDisplayPort (MDP), High

Definition Multimedia Interface (HDMI), Firewire, or other type.

In one implementation, a device comprises a first hardware (HW) interface to couple a
printed circuit board (PCB) to any of memory devices each corresponding to a different
respective set of signals of multiple sets of signals, and a second HW interface to couple the PCB
to a processor device, wherein the processor device detects connectivity of a memory device to
the first HW interface and configures, based on a memory type of the memory device, a first
interface mode of interface modes each corresponding to a different respective one of the
multiple sets of signals. The device further comprises a voltage regulator (VR) coupled to the
first HW interface, the VR to be programmed, based on the memory type, to a first VR mode of
VR modes each corresponding to a different respective one of the memory devices, and to
provide one or more voltages to the first interface based on the first VR mode, and an
interconnect, disposed in or on the PCB, including x signal lines each coupling a respective
input/output (I/O) contact of the first HW interface to a respective I/O contact of the second HW
interface, wherein x is an integer equal to a total number of signals of a superset of the multiple

sets of signals.
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In an embodiment, the multiple sets of signals are each specified by a different respective
one of multiple memory standards. In another embodiment, the multiple memory standards
include one or more dual data rate memory standards. In another embodiment, the one or more
dual data rate memory standards include a DDR3 standard or a DDR4 standard. In another
embodiment, the one or more dual data rate memory standards include a low power dual data
rate memory standard. In another embodiment, the one or more dual data rate memory standards

include a LPDDR3 standard or a LPDDR4 standard.

In another embodiment, the device further comprises detector logic disposed in or on the
PCB, the detector logic to generate and send to the processor device a signal indicating the
connectivity of the memory device to the first HW interface. In another embodiment, the
detector logic is based on a serial presence detect standard. In another embodiment, state
machine logic identifies the memory type of the memory device in response to the signal
indicating the connectivity of the memory device to the first HW interface. In another
embodiment, the state machine logic comprises state machine circuitry of the processor device.
In another embodiment, the processor device executes a Basic Input/Output System (BIOS)
process including the state machine logic. In another embodiment, the first HW interface
includes a mechanical connector. In another embodiment, the second HW interface includes a
pad array. In another embodiment, the multiple memory devices include one or more dual in-

line memory modules.

In another implementation, a system comprises a printed circuit board (PCB), a first
hardware (HW) interface disposed in or on the PCB, the first HW interface to couple to any of
memory devices each corresponding to a different respective set of signals of multiple sets of
signals, a second HW interface disposed in or on the PCB and a processor device coupled to the
PCB via the second HW interface, the processor device the processor device to detect
connectivity of a memory device to the first HW interface and to configure, based on a memory
type of the memory device, a first interface mode of interface modes each corresponding to a
different respective one of the multiple sets of signals. The system further comprises a voltage
regulator (VR) coupled to the first HW interface, the VR to be programmed, based on the
memory type, to a first VR mode of VR modes each corresponding to a different respective one
of the memory devices, and to provide one or more voltages to the first interface based on the
first VR mode, and an interconnect, disposed in or on the PCB, including x signal lines each

coupling a respective input/output (I/O) contact of the first HW interface to a respective /O
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contact of the second HW interface, wherein x is an integer equal to a total number of signals of

a superset of the multiple sets of signals.

In an embodiment, the multiple sets of signals are each specified by a different respective
one of multiple memory standards. In another embodiment, the multiple memory standards
include one or more dual data rate memory standards. In another embodiment, the one or more
dual data rate memory standards include a DDR3 standard or a DDR4 standard. In another
embodiment, the one or more dual data rate memory standards include a low power dual data
rate memory standard. In another embodiment, the one or more dual data rate memory standards

include a LPDDR3 standard or a LPDDR4 standard.

In another embodiment, the system further comprises detector logic disposed in or on the
PCB, the detector logic to generate and send to the processor device a signal indicating the
connectivity of the memory device to the first HW interface. In another embodiment, the
detector logic is based on a serial presence detect standard. In another embodiment, state
machine logic identifies the memory type of the memory device in response to the signal
indicating the connectivity of the memory device to the first HW interface. In another
embodiment, the state machine logic comprises state machine circuitry of the processor device.
In another embodiment, the processor device executes a Basic Input/Output System (BIOS)
process including the state machine logic. In another embodiment, the first HW interface
includes a mechanical connector. In another embodiment, the second HW interface includes a
pad array. In another embodiment, the multiple memory devices include one or more dual in-

line memory modules.

In another implementation, a method comprises detecting connectivity of a memory
device to a first hardware interface disposed in or on a printed circuit board (PCB), and in
response to detecting the connectivity, identifying a memory type of the memory device,
wherein, based on the memory type, a processor device configures a first interface mode of
multiple interface modes of the processor device, the multiple interface modes each
corresponding to a different respective set of signals of multiple sets of signals, the processor
device coupled to the PCB via a second hardware interface disposed in or on the PCB. The
method further comprises, based on the memory type, programming a first voltage regulator
(VR) mode of multiple VR modes of a VR, the multiple VR modes each corresponding to a
different respective one of multiple memory types, wherein the VR provides one or more
voltages to the first interface based on the first VR mode, and during operation of the memory

device based on the one or more voltages, exchanging signals between the memory device and
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the processor device via x signal lines of an interconnect disposed in or on the PCB, wherein x is

an integer equal to a total number of signals of a superset of the multiple sets of signals.

In an embodiment, the multiple sets of signals are each specified by a different respective
one of multiple memory standards. In another embodiment, the multiple memory standards
include one or more dual data rate memory standards. In another embodiment, the one or more
dual data rate memory standards include a DDR3 standard or a DDR4 standard. In another
embodiment, the one or more dual data rate memory standards include a low power dual data
rate memory standard. In another embodiment, the one or more dual data rate memory standards

include a LPDDR3 standard or a LPDDR4 standard.

In another embodiment, the method further comprises with detector logic disposed in or
on the PCB, generating and sending to the processor device a signal indicating the connectivity
of the memory device to the first hardware interface. In another embodiment, the detector logic
is based on a serial presence detect standard. In another embodiment, state machine logic
identifies the memory type of the memory device in response to the signal indicating the
connectivity of the memory device to the first hardware interface. In another embodiment, the
state machine logic comprises state machine circuitry of the processor device. In another
embodiment, the processor device executes a Basic Input/Output System (BIOS) process
including the state machine logic. In another embodiment, the first hardware interface includes a
mechanical connector. In another embodiment, the second hardware interface includes a pad
array. In another embodiment, the multiple memory devices include one or more dual in-line

memory modules.

In another implementation, a computer-readable storage medium has stored thereon
instructions which, when executed by one or more processing units, cause the one or more
processing units to perform a method comprising detecting connectivity of a memory device to a
first hardware interface disposed in or on a printed circuit board (PCB), and in response to
detecting the connectivity, identifying a memory type of the memory device, wherein, based on
the memory type, a processor device configures a first interface mode of multiple interface
modes of the processor device, the multiple interface modes each corresponding to a different
respective set of signals of multiple sets of signals, the processor device coupled to the PCB via a
second hardware interface disposed in or on the PCB. The method further comprises based on
the memory type, programming a first voltage regulator (VR) mode of multiple VR modes of a
VR, the multiple VR modes each corresponding to a different respective one of multiple memory

types, wherein the VR provides one or more voltages to the first interface based on the first VR
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mode, and during operation of the memory device based on the one or more voltages,
exchanging signals between the memory device and the processor device via x signal lines of an
interconnect disposed in or on the PCB, wherein x is an integer equal to a total number of signals

of a superset of the multiple sets of signals.

In an embodiment, the multiple sets of signals are each specified by a different respective
one of multiple memory standards. In another embodiment, the multiple memory standards
include one or more dual data rate memory standards. In another embodiment, the one or more
dual data rate memory standards include a DDR3 standard or a DDR4 standard. In another
embodiment, the one or more dual data rate memory standards include a low power dual data
rate memory standard. In another embodiment, the one or more dual data rate memory standards

include a LPDDR3 standard or a LPDDR4 standard.

In another embodiment, the method further comprises, with detector logic disposed in or
on the PCB, generating and sending to the processor device a signal indicating the connectivity
of the memory device to the first hardware interface. In another embodiment, the detector logic
is based on a serial presence detect standard. In another embodiment, state machine logic
identifies the memory type of the memory device in response to the signal indicating the
connectivity of the memory device to the first hardware interface. In another embodiment, the
state machine logic comprises state machine circuitry of the processor device. In another
embodiment, the processor device executes a Basic Input/Output System (BIOS) process
including the state machine logic. In another embodiment, the first hardware interface includes a
mechanical connector. In another embodiment, the second hardware interface includes a pad
array. In another embodiment, the multiple memory devices include one or more dual in-line

memory modules.

Techniques and architectures for operating a memory device are described herein. In the
above description, for purposes of explanation, numerous specific details are set forth in order to
provide a thorough understanding of certain embodiments. It will be apparent, however, to one
skilled in the art that certain embodiments can be practiced without these specific details. In
other instances, structures and devices are shown in block diagram form in order to avoid

obscuring the description.

Reference in the specification to “one embodiment” or “an embodiment” means that a
particular feature, structure, or characteristic described in connection with the embodiment is

included in at least one embodiment of the invention. The appearances of the phrase “in one

22



10

15

20

25

30

WO 2015/126559 PCT/US2015/012279

embodiment” in various places in the specification are not necessarily all referring to the same

embodiment.

Some portions of the detailed description herein are presented in terms of algorithms and
symbolic representations of operations on data bits within a computer memory. These
algorithmic descriptions and representations are the means used by those skilled in the
computing arts to most effectively convey the substance of their work to others skilled in the art.
An algorithm is here, and generally, conceived to be a self-consistent sequence of steps leading
to a desired result. The steps are those requiring physical manipulations of physical quantities.
Usually, though not necessarily, these quantities take the form of electrical or magnetic signals
capable of being stored, transferred, combined, compared, and otherwise manipulated. It has
proven convenient at times, principally for reasons of common usage, to refer to these signals as

bits, values, elements, symbols, characters, terms, numbers, or the like.

It should be borne in mind, however, that all of these and similar terms are to be
associated with the appropriate physical quantities and are merely convenient labels applied to
these quantities. Unless specifically stated otherwise as apparent from the discussion herein, it is
appreciated that throughout the description, discussions utilizing terms such as "processing" or
"computing" or "calculating" or "determining" or "displaying" or the like, refer to the action and
processes of a computer system, or similar electronic computing device, that manipulates and
transforms data represented as physical (electronic) quantities within the computer system's
registers and memories into other data similarly represented as physical quantities within the
computer system memories or registers or other such information storage, transmission or

display devices.

Certain embodiments also relate to apparatus for performing the operations herein. This
apparatus may be specially constructed for the required purposes, or it may comprise a general
purpose computer selectively activated or reconfigured by a computer program stored in the
computer. Such a computer program may be stored in a computer readable storage medium,
such as, but is not limited to, any type of disk including floppy disks, optical disks, CD-ROMs,
and magnetic-optical disks, read-only memories (ROMs), random access memories (RAMs)
such as dynamic RAM (DRAM), EFEPROMs, EEPROMs, magnetic or optical cards, or any type

of media suitable for storing electronic instructions, and coupled to a computer system bus.

The algorithms and displays presented herein are not inherently related to any particular

computer or other apparatus. Various general purpose systems may be used with programs in
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accordance with the teachings herein, or it may prove convenient to construct more specialized
apparatus to perform the required method steps. The required structure for a variety of these
systems will appear from the description herein. In addition, certain embodiments are not
described with reference to any particular programming language. It will be appreciated that a
variety of programming languages may be used to implement the teachings of such embodiments

as described herein.

Besides what is described herein, various modifications may be made to the disclosed
embodiments and implementations thereof without departing from their scope. Therefore, the
illustrations and examples herein should be construed in an illustrative, and not a restrictive
sense. The scope of the invention should be measured solely by reference to the claims that

follow.
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CLAIMS
What is claimed is:
1. A device comprising:

a first hardware (HW) interface to couple a printed circuit board (PCB) to any of memory

devices each corresponding to a different respective set of signals of multiple sets of signals;

a second HW interface to couple the PCB to a processor device, wherein the processor
device detects connectivity of a memory device to the first HW interface and configures, based
on a memory type of the memory device, a first interface mode of interface modes each

corresponding to a different respective one of the multiple sets of signals;

a voltage regulator (VR) coupled to the first HW interface, the VR to be programmed,
based on the memory type, to a first VR mode of VR modes each corresponding to a different
respective one of the memory devices, and to provide one or more voltages to the first interface

based on the first VR mode; and

an interconnect, disposed in or on the PCB, including x signal lines each coupling a
respective input/output (I/O) contact of the first HW interface to a respective I/O contact of the
second HW interface, wherein x is an integer equal to a total number of signals of a superset of

the multiple sets of signals.

2. The device of claim 1, wherein the multiple sets of signals are each specified by a

different respective one of multiple memory standards.

3. The device of claim 2, wherein the multiple memory standards include one or more dual

data rate memory standards.

4. The device of claim 1, further comprising detector logic disposed in or on the PCB, the
detector logic to generate and send to the processor device a signal indicating the connectivity of

the memory device to the first HW interface.

5. The device of claim 4, wherein the detector logic is based on a serial presence detect

standard.
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6. The device of claim 4, wherein state machine logic identifies the memory type of the
memory device in response to the signal indicating the connectivity of the memory device to the

first HW interface.

7. The device of claim 6, wherein the state machine logic comprises state machine circuitry

of the processor device.

8. The device of claim 6, wherein the processor device executes a Basic Input/Output

System (BIOS) process including the state machine logic.

0. The device of claim 1, wherein the multiple memory devices include one or more dual in-

line memory modules.
10. A system comprising:
a printed circuit board (PCB);

a first hardware (HW) interface disposed in or on the PCB, the first HW interface to
couple to any of memory devices each corresponding to a different respective set of signals of

multiple sets of signals;
a second HW interface disposed in or on the PCB;

a processor device coupled to the PCB via the second HW interface, the processor device
the processor device to detect connectivity of a memory device to the first HW interface and to
configure, based on a memory type of the memory device, a first interface mode of interface

modes each corresponding to a different respective one of the multiple sets of signals;

a voltage regulator (VR) coupled to the first HW interface, the VR to be programmed,
based on the memory type, to a first VR mode of VR modes each corresponding to a different
respective one of the memory devices, and to provide one or more voltages to the first interface

based on the first VR mode; and

an interconnect, disposed in or on the PCB, including x signal lines each coupling a
respective input/output (I/O) contact of the first HW interface to a respective I/O contact of the
second HW interface, wherein x is an integer equal to a total number of signals of a superset of

the multiple sets of signals.
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11. The system of claim 10, wherein the multiple sets of signals are each specified by a

different respective one of multiple memory standards.

12. The system of claim 11, wherein the multiple memory standards include one or more

dual data rate memory standards.

13. The system of claim 10, further comprising detector logic disposed in or on the PCB, the
detector logic to generate and send to the processor device a signal indicating the connectivity of

the memory device to the first HW interface.

14. The system of claim 13, wherein the detector logic is based on a serial presence detect
standard.
15. The system of claim 13, wherein state machine logic identifies the memory type of the

memory device in response to the signal indicating the connectivity of the memory device to the

first HW interface.

16. The system of claim 15, wherein the state machine logic comprises state machine

circuitry of the processor device.

17. The system of claim 10, wherein the multiple memory devices include one or more dual

in-line memory modules.
18. A method comprising:

detecting connectivity of a memory device to a first hardware interface disposed in or on

a printed circuit board (PCB);

in response to detecting the connectivity, identifying a memory type of the memory
device, wherein, based on the memory type, a processor device configures a first interface mode
of multiple interface modes of the processor device, the multiple interface modes each
corresponding to a different respective set of signals of multiple sets of signals, the processor

device coupled to the PCB via a second hardware interface disposed in or on the PCB;

based on the memory type, programming a first voltage regulator (VR) mode of multiple
VR modes of a VR, the multiple VR modes each corresponding to a different respective one of
multiple memory types, wherein the VR provides one or more voltages to the first interface

based on the first VR mode; and
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during operation of the memory device based on the one or more voltages, exchanging
signals between the memory device and the processor device via x signal lines of an interconnect
disposed in or on the PCB, wherein x is an integer equal to a total number of signals of a superset

of the multiple sets of signals.

19. The method of claim 18, wherein the multiple sets of signals are each specified by a

different respective one of multiple memory standards.

20. The method of claim 19, wherein the multiple memory standards include one or more

dual data rate memory standards.

21. The method of claim 18, wherein the multiple memory devices include one or more dual

in-line memory modules.
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DETECTING CONNECTIVITY OF A MEMORY DEVICETO A HIRST e
HARDWARE INTERFACE OF A PRINTED CIRCUIT BOARD (POB}

¥

IN RESPONSE TO DETECTING THE CONNECTIVITY IDENTIFYING A .
MEMORY TYPE OF THE MEMORY DEVICE, WHEREIN A PROCESSOR 7
CONFIGURES AN INTERFACE MODE BASED ON THE MEMORY TYPE,
THE PROCESSOR COUPLED TO A SECOND INTERFACE OF THE PCB

4

PROGRAMMING A VOLTAGE REGULATOR TO PROVIDE ONE OR MORE .\/ ’
VOLTAGES TO THE HIRST HARDWARE INTERFACE BASED ON THE
HDENTIFED MEMORY TYPE

¥

EXCHANGING SIGNALS BETWEEN THE MEMORY DEVICE AND THE L
PROCESSOR
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529
DDR4 Signat Descriptions 500

Signal Fin (DDR4) Description
CK_t, CK ¢ Clack
CKE, (CKET) Clock Enable
Coon, {C31 n) Chip Select
£0,C1,C2 Chip ID
ODT (QDTH) On Die Termination
ACT n Activation Command Input
RAS n/A18, CAS n/ RAS: Row Address/CAS: Column Add
DM n/OBl n input Data Mask and Data Bus Inversion
BGO - BGA Bank Group Inputs
BAD - BA1 Bank Address Inpuls
Al - AT Address Inpuis
A10 /AP Aulg-precharge
A1Z/BC n Burst Chop
RESET n Reset
PAR Command and Address Parity
LPDDR3J Signal Descriptions 510
Signal Pin (LPDDR3) Description
CK .t CK ¢ Clock
CKE Clock Enable
oo Chip Select
CAD-CAS Command/Address Inputs
DO Data Input/Output
DM fnput Data Mask
ODT On Die Termination
LPDDR4 Signal Descriptions 520
Signal Pin (LPDDR4} Description
CK t A
CK_c_A
V&R Clock
CKeoB
gig—g‘ Clock Enable
CS_ACS B Chip Select
CAACAB Command/Address Inpuls
onT On Die Termination
DQ Data Input/Quiput
DOS Data Strobe
DMI[1:01_ADMI[1:.01 B Data Mask Inversion
RESET n Reset

FIG. 5
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Signal Mapping 7062

CPU DDR3 | DDR4 |LP3 (2Rx64}|LP3 (2x2Rx32)|LP4 (2x2Rx32)
(1DPC) | (Siot0) | (Slot0) |{1DPCOnly}| (1DPCOnly} | (1DPC Only)
CLK_P[0] | CLK_P[0]| CLK_P[0] | CKAP[O] | CKA P[O] | CKA_PI0]
CLK_N[O] | CLKN[O]| CLKN[O] | CKANIO] | CKANIOI | CKANO]
CLK_P[1] | CLK_P[1]] CLK_P[1] | CKB_P[0] | CKB_P[0] | CKB_PI0]
CLKN[1] | CLKON[1TT CLKON[1] | CKBN[O] | CKB.NIO] | CKB.N[O]
CS_N[O] | CS_N[O] | CS_N[O] | CS_N[O] | CS_AN[O} | CS_A[(]
CS N1 | CSN[1] | CSN[1] | CS.N[1] | CSBN[ | CSB
CS N2 CS_N[0] CS_A N[1]
CS_N[3] CS_N[1] CS_B_N[0]
CSODTIO] | ODTi0] | ODT0] | ODT[0] | ODTA[0] CS_A[]
CSODT[1] | ODTI4] | ODT{1] ODT_B[0] CS_B[0]
CKE[O] | CKE[0] | CKE[0] | CKEA[0] | CKEALQ] CKE_A[0]
CKE[1] | CKE[1] | COKE[1] | CKEA[1] | CKEA[] CKE A[1]
CKEZ] CKE B[0] | CKE_BJO] CKE_B[0]
CKEI3] | CKE[1] | CKE[1] | CKEB[1] | CKE B CKE Bl 1]
CKE[4]
CKEIS]
CKEIB]
CKET]
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MA[D] MA[O] MA[(] CAR[9] CAB[9]
MA[ 1] MA[T] MAT1] CAB[8] CAB[8]
MA[2] MA[Z] MAJZ] CABI5] CABI5] CAB[S]
MA[3] MA[3] MAL 3] X
MA[4] MAJ4] MA{A} X
MA[S] MA[S] MATS] CAA[D] CAA] CAALD]
MA[ 6] MAJG] MA[B] CAAIZ] CAAZ] CAA[Z]
MA[T] MA[7] MAT7] CAAT4] CAA4) CAA[4
MA[8] MA[S] MA[8] CAATS] CAALS] CAALZ]
MA[S] MA[S] MAL9] CAATH CAAT CAAIY
MA[10] MA[10] i\’EAH’J} CABIT] CABI 7]
MA[11] MA[1H MA[11] CAAIT] CAAIT]
MA[12] MA[12] MA[12] CAAIG] CAAG]
MA[13] MA[13] MA[13] CABIO] CABIO] CAB[O]
MA[14] MA[14] BGI1] CAAI9] CAAT9]
MA[15] MA[15] ACT_N CAAI8] CAA[8]
RAS_N RAS_N JAIBRAS n CAB[3] CAB{3] CAB[ 3]
CAS N CAS N A1BICAS n CAB[1] CAB[1] CAB[ 1
WE N WE N | AT4WE R CABIZ] CABI2] CAB[Z]
BA[0] BA[ 0] BAI0] CAB[4] CAB[4] CAB[4]
BA[1] BA[1] BA[ 1] CAB[6] CAB[6]
BA[Z] BA[Z2] BGI(] CAAD] CAATS) CAALS]
New Ch
New Gt
PARITY PARITY
ALERT ALERT

SUBSTITUTE SHEET (RULE 26)




WO 2015/126559

10/29

PCT/US2015/012279

Signal Mapping {coni'd) 700b

LP3 LF3 LP4
(2Rx54) (2x2Rx32) | {2x2Rx32)
(1DRC (1DPC (1BPC

Only) Cnly)
DQ0] DQA[D]
DO[1] DQA[1]
DG 2] DQAZ]
D3] DOA[ 3]
DG 4] DOA[4]
DQ[5] DQA[S]
DC6] DQA[6]
BO[7] DQA[T]
DQi 8] DQA[8]
DY) DOAS]
DO[10] DQA[10]
DO 1) DQA[11]
DQ 12] DOA[12]
DQ[13] DOAL13]
DQ[14] DQAI14]
DQ[15] DQA[15]
DO 18] DQA[16]
DO 7] DOQA1T]
DQ[18] DQA[18]
DG 19] DOAL19]
DQ[20] DOAI20]

SUBSTITUTE SHEET (RULE 26)




PCT/US2015/012279

WO 2015/126559

11129

ol el Pl vl iyl el Pl ool ool el el (SN JRNN) JRRRN PRNES RN Pl provey o
R R S SRS R R T el eX 50 iyt IS Nl LN N L )
SSsEEsssBBEgeEREZIC e
ST OO N YO T £ 00 T 00 T O o [

el N el e T N ol R el ool o B L R e e L e L I R = k=)
ON IO O 40 (0N ION ION SO (O O O FaD 10D (D D J O 30N (O 10D | <
CHACS O 10 1O O IO I 1O IO IO O IO OO O O O3 S
3100 500 103 §00 (0 10 D JC I LD I L O I L (L
B N I R bl (Vo [T N Il e oy e e e e [ S DN R A )
e N e N e S o S e
Chishiechiah whiwhechishchsiiolsiiechichchiechioiiwl el e
0 0y By PO ROy QT 3y SO PC JC LD IO P I O (LD LD LY OO
e R 2R b I N TN O PR 157N [y o LAV R o R o e e by N =)
ON O FOd 0 FON JON JON BN (0 O JO0 §09D JO7) (XD XD OO O O O | =F
OO 1O O IO IO OIS IOIOO0 IO O
O3 03 B 0 5000 Q) 1003 B0 ICO IO I O3 0D Jr e O IO 0 P30
N I e e N N R N e e A S N I = e e e =
AR EN ISR ISCH (SN o N SR LN e IS Fne R Fack Fae® ISl el Fnell Eel hack b
SRIGH R GE SRR GRORENGE GRISHGCRGRGRIGE &SNS I0S LS
% 307 500 300§ (00 100 0D ICD IO IC fC O (R I I I I O O
e N N o T [l [ N N P e N e e R I D A A
A B LI LIl b DA b S Bl IR EEA PACAR B BOCH DA RIS BIEA BICH RACH Dl
CFCy O 1 OF 1O 1O WO 1CF 1 OY (O IO 1O IO (P IO OIS 1O O O
O o T 00 T 0 e Fin O S O L F T T I B T Faie N o O ot 5 o I 0 0 I e 00 |

SUBSTITUTE SHEET (RULE 26)



WO 2015/126559

PCT/US2015/012279

SUBSTITUTE SHEET (RULE 26)

12129
Signal Mapping {cont'd} 700¢
LP3 LP3 LP4
CPU DDOR3 DDR4 (2Rx64) (2x2Rx32) | (2x2Rx3Z)
(1DPC) | (Slot0) (Slot 0) (10PC (10PC (1DPC
Only) Only) Only)
DO DQ41] DO DQI4 1 DO Y DQB[9]
D042} DQ42] D42 DO42] D42} DQB[10]
DOf43] DQ[43] DQf43] DQI43] DOf43] DQB[11]
DQi44] DG 44] D 44] DQi44] DQj44] DQB[12]
DQi45] DQ[45] D45} DQ45] DQY45] DQB[13]
DQ486] DQ[46] D46} DQ46] D48} DQOB[14]
DO47] DQ[47] DQ47] DQ47] DO47] PQB{15]
DOf48] D[ 48] DOf48] DQI486] DOf48] DOB[16]
D29 DG 29] DO28] D029} DO29] DQB[17]
DQI50] DQ[50] DQI50] DQI50] DQI50] DOB[18]
DQI51] DQI51] DQ51] D51 DQ5Y DQB{19]
DQ[52] DQ[52] DQ5Z] DQA{52] DQ52] DOB[20]
D53 BQ[53] DQ53] DQ[53] DQ53] DQB{21]
DO{54] DQ[54] DG 54] DO{54] DO[54] DOB[22]
DO 35} DQ[35] DQ35] DQ{35] D35} DQB23]
DQ{56] DG 56] D56} DG 56] DQ{56] DQOB[24]
DQ57] DQ{57] DQ5T] DQ57] DQ57] DQOB[25]
DQ[58] DQ[58] DQ{58] DQ[58] DQ[58] DQB{26]
DO{5Y] D59 DQ5Y] DQ{5Y] DO{5Y] DQR{Z7]
D60 D601 DO60] DQ60] DOf60] DQB238
DOB1] D6 1] DO61] DO{61] DOB1] DQB[29
DQ62] DQ{62] DA 62] DQ62] DQB2] DQB[30
D3] DQI63] D63 D631 D63 DQB{31
NC DMDBHOT | DMDBIHO! | DMDBHG] | DMDBIQ | DMDBIAIG]
NC DMDBHAT ¢ DMDEBHY | DM/DBI1] | DMDBI[1] | DMDBIALY]
NC DMDBHZ] | DMDBHZ] | DMDBH2] | DMDBIZ] | DMDBIA[2]
NC DMDBHI] | DMDBH3] | DMDBII] DM;’DE%[S} DM/DBIALS]
NC DMDBH4] | DMDBH4] | DM/DBI4] | DMDBI4] | DM/DBIB[O]
NC DMDBIS] | DMDBHS] | DM/DBIS] | DMDBIE] | DMDBIB[ 1]
NC DMDBHG] | DM/DBIG] | DM/DBIG] | DMDBI[G] | DM/DBIB[Z]
NC DMDBH7] | DMDBHT7] | DMDBIY] | DMDBI7] | DM/DBIB[3]
FIG. 7C
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DOS_P[0] | DQS_PI0] | DQS_P[0] | DQS_PIO] | DOS_P[0] | DQSA_P[(]
DGS_N[O] | DGS_NO] | DGS_NO] | DGS_Nj0] | DGS_N[G] | DGSA_ NG
DOS {11 | DOS P1] | DGS P[1] | DGS Pi1] | DGS P[1] | DOSA P[]
BGS N1 | DS N7 | DOS N{1T | DOS N[1] | DGS N[1] | DOSA N
DGS_P[2] | DS P2] | DOS P[2] | DQS Pi2] | DQS Fl2] | DOSA P[Z]
DOS_N[2] | DOS_N[2] | DQS.N[2] | DGS_N[2] | DOS_N[Z] | DOSA N2
DOS_P[3] | DQS_P3] | DGS P[3] | DQS_PI3] | DOS P[3] | DQSA_P[3]
DOS N[3] | DQS N[3] | DQS N3] | DQS N[3] | DOS _N[3] | DOSA N3]
DQS P[4] | DOS _P4] | DQS_P[4] | DQS Pi4] | DQS _P[4] | DOSB_P[0]
DGS N[4] | DOS Nj4] | DOS N[4] | DOS N[4] | DGS N[4] | DOSB_N[O]
DQS_P[5] | DOS_P[5] | DOS_P[5] | DQOS_PI5] | DQS_P[5] | DOSB_P[1]
DOS_N[5] | DQS_N[5] | DQS_N[5] | DQS_N[5] | DOS_N[5] | DQSB_N[1]
DOS P[6] | DQS PI6] | DQS P[6] | DQS PI6] | DOS P[6] | DQSB_P[2]
DOS_N[6] | DQS_N[6] | DQS_N[B] | DQS_N[A] | DOS_N[6] | DQSB_N[Z]
DQS PI71 | DQS _P[7] | DGS_P[7] | DQS P{7] | DQS_P{7] | DQSB_P[3]
DGS _NJ7] | DOS_N[7] | DOS_N[7] | DOS_N[7] | DQS_N[7] | DQSB N3]
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DOR3L Mode Pinout {260-pin conneclor) 800
Pn® i Frontside | Pin# | Backside Pin® { Foniside |{Pin# | Backside
1 RSYD i RSVD 127 AG 128 Ad
3 RSVD 4 RSVD 129 VSS 130 V53
5 Y38 6 VS 131 Ad 132 AZ
7 DAl 8 D04 133 Al 134 EVENT n
g oQ! 10 DO5 135 V88 136 ¥SS
i1 YSS 12 V83 137 CLKD 138 CLE1 L
13 DOSG_¢ 14§ DMODBIC 139 CLKO ¢ 140 CLK1 ¢
15 DASH 1 15 ¥SS 141 ¥SS 142 Y53
i Y89 18 008 143 Not Used 144 Al
{9 DQZ 20 Do7 145 BA 148 Al
21 DQ3 22 AN 147 Y38 148 YSS
23 Y58 24 Dotz 149 RFU 150 BAQ
25 D08 26 D13 151 WE n 52 RAS n
27 DAs 28 Y58 153 VS8 154 Y88
29 ¥SS 3 DOSt o 135 RFU 156 Al
3 DM1DBH 32 DAS1t 157 os0_n 158 CAS_n
33 Y58 34 Y88 159 Y88 160 Y¥SS
35 DQ19 36 DG4 161 0010 162 CS1n
37 DQ1 38 DQ1s 163 C82.n 164 00T
3 Y83 4 VS8 165 Y538 166 ¥S8S
41 Dae 42 D@26 167 £S3n 168 | VREF CA
43 Da17 44 D2t 189 V&8 170 ¥SS
45 Y88 49 V88 171 VDD 172 VoD
47 DOS2 ¢ 48 |+ DM2DBIZ 173 ¥oD 174 VoD
49 0Qs2_{ &0 VS8 174 VD 176 VoD
5 Y58 52 D@22 177 VDD 178 VDD
o3 DG18 54 D@23 179 VD 180 VDD
55 DQ1s 56 V8§ 181 V88 182 ¥SS
57 Y58 5 Dg2e 183 D32 184 0Q36
50 D@24 60 DG2% 185 DQ33 1866 DQ37
61 DG235 62 V88 187 Y88 168 Y3S
84 Y58 64 DOS3c 189 DGS3 ¢ 19¢ | DM4DBY
65 | DM3DBI3 66 Q3 t 191 DQS3_t 192 ¥SS
&7 VSS 68 V33 193 Y§S 194 DQ38
69 DQ26 70 DA30 195 D34 196 0Q39
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i1 DQg7 12 337 197 DQ35 198 VSS
i3 VS§S 74 VSS 149 VSS 200 DQ44
73 (B4 76 (B4 201 D40 202 DQ45
71 CB1 78 CBS 203 D41 204 V83
79 RN 80 Y53 205 V33 200 DQAS5 ¢
§1 DOS8_¢ 82 1 DMBDBIS 207 1 DMSDBIS 208 DGSS
83 0S8t 84 V8§ 209 VS5 210 VSS
85 YS§S 86 CE6 211 D2 212 DQ46
87 CB2 88 CBY 213 D43 214 D47
88 B3 99 V53 245 Y93 218 Y83
91 B 92 1 VREF DQ 247 D048 218 D052
93 yDD 94 ¥oD 219 DQ4g 220 0053
95 VDD 98 VDD 221 VS5 222 VS5
97 VDD 98 VDD 223 1 DQS6¢ 224 | DNMGDBIS
98 VoD 100 VoD 225 1 DGSE 228 V3
101 V83 102 | RESET » 227 V88 228 D054
229 D050 23 DObs
. 231 G5 232 VSS
Key Rey - . -
’ ’ 233 VSS 234 DO60
235 D@56 238 DQ61
103 CKED 104 CKE! 237 DQ57 238 V83
105 V88 106 VSS 239 V88 240 DQAST ¢
107 CKEZ 108 CKE3 241 1 DMTDBIY 242 DAST t
100 1 Not Used 110 | NotUsed 243 VSS 244 Y33
111 ¥S8 12 V38 245 DQb8 248 Q62
113 A4 114 Af3 247 DQbY 248 Qg3
115 BAZ 116 | NotUsed 249 V88 250 VSS
117 VSS 118 LES 251 SCL 252 SCA
119 AlZ 120 At 253 1 VDD _SPD 254 SAl
121 A9 122 AT 255 SAZ 256 SA
123 ¥S8 124 V38 257 VPR 258 YTT
125 AB 126 AS 259 VPP 260 YTT

SUBSTITUTE SHEET (RULE 26)




WO 2015/126559 PCT/US2015/012279

16129
DDR4 Mode Pinout (260-pin connectory 810
Pn#{ Fontside | Pin# | Backside Pn# | Fontside |Pin# | Backside

1 YSS i V58 135 VDD 136 VoD
3 D05 4 D04 137 KD ¢ 138 Co1 ¢
0] Y53 0 Y53 139 CKl ¢ 140 oK1 ¢
! DA § oQ0 141 VoD 142 VoD
9 Y88 10 RN 143 Parity 144 Al
11 DASO_C 12 {DMO_nDBIO n
13 DOSG_t 14 VSS ,

51 s | 16 | o0 e &

17 DQ7 18 YSS

19 Y33 20 o2 145 BA1 146 ATEAP
21 DQ3 22 V83 147 VDD 148 VoD
23 ¥SS 24 D012 149 CS0n 150 RAC
25 DQ13 26 Y85 151 AAMWE n 1 15821 AIBRAS n
27 Y58 28 Qg 153 VDD 154 ¥bD
29 DAs 30 Y53 155 OnTo 156 1 A15ICAS n
31 Y88 32 DOST ¢ 1h7 CS1n 158 Al3
33 1D nDBH n ) 34 DQSH 158 VDD 160 VoD
35 VSS 36 VS5 161 ODT1 162 1 C0,CS2n
37 DQ15 38 DQ14 163 VDD 164 VREFCA
39 Y83 49 Y83 195 | C1,C83n | 166 SA2

41 Da1o 47 Da1 167 Y88 168 VsS

43 YSS 44 VS8 169 DQ37 170 D36
45 DQ21 4% DG20 171 V58 172 Y53
47 Y58 48 VS5 173 D33 174 DQ3Z
49 D17 ) D16 (s Y88 176 V8§
51 Y38 52 Y58 177 DQS4 ¢ 178 § DM4 nDBH n
54 DOSZ ¢ 54 {DMZ_nDBIZ n 179 DOS4 180 V59

85 DOS2 1 56 V58 181 RN 182 DQ3%

7 V5SS 5 DG22 183 Q36 184 Y93
59 DQZ3 60 Y5S 165 V8§ 186 D035
61 Y83 62 DQ18 167 DQ34 186 V55
64 DQ1g 04 V88 168 VS8 180 D45
65 Y58 66 D028 191 D044 142 V53
67 DG28 68 V58 193 Y83 194 D41
£9 Y58 0 D24 198 D0 196 Y58

FG
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1 DG25 12 V8S 187 V38 198 DQSs ¢
3 Y55 4 DGS3 ¢ 169 1DM5 nDBIS nt 208 DOSH
75 iDM3 nDBI3 ny 76 DRS3 | 201 V8§ 202 V33
! AR 8 V35 203 DO46 204 DQO47
79 DQ30 80 D031 205 V5SS 208 YSS
81 ¥SS §2 V88 207 Q42 208 D(43
83 D28 84 DOR7 209 V55 210 VSS
) Y88 86 Y88 211 D052 212 DQS3
&7 CB5, NC 88 OB NC 213 ¥SS 214 V83
89 ¥8S 80 Y39 o4d D49 216 D048
91 CB1, NC 92 CBO, NC 217 Y58 218 V8§
93 ¥SS 94 VSS 219 DOS6 ¢ 220 (DM nDBIS 1
95 0056 ¢ 96 DBIg n 221 DQS6_t 222 VSS
87 DQSE 98 ¥SS 223 V8§ 224 DQ54
89 Y88 100+ CBE NC 225 DQss 226 V85
101 B2, NC 102 ¥sS 227 AN 228 DOA0
103 ¥SS 104 1 CBTNC 229 DO51 230 V§S
105 CR3, NC 106 V5SS 231 PRR 232 DRG0
107 Y55 108 | RESET n 233 D{61 234 RN
109 CKED 110 CKE 235 VSS 236 D57
11 YDD 112 YID 237 DQS8 238 VSS
113 BG1 114 ACT n 239 RN 240 DRST_¢
115 BGH 16 | ALERT n 241 {DMT aDBIT ny 242 DOST ¢
117 VoD 118 V0D 243 V&S 244 ¥SS
19 AtZ 120 Al 245 DQE2 246 Q83
121 A% 122 A7 247 VSS 248 V33
123 VDb 124 YO 249 DAs 256 D059
125 Ad 126 Ab 251 RN 252 V5§
127 AB 128 Ad 253 SCL 254 SDA
129 VoD 130 Fibik 255 1 VDD SPD 256 oAl
131 A3 134 Ad 257 YR 208 YiT
133 At 134 + EVENT n 259 YPR 268 SA1
HG CONT)
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LPDDR3 Mode Pinout (260-pin connector) 820
Pn# | Frontside | Pin# 1 Backside Pind | Frontside | Pin# | Backside
1 RSVD 2 RSVD 127 CAA (2 126 | Mol lsed
3 RSVD 4 RSVD 128 VS8 130 Y53
5 N i V88 131 Not Used 132 CAB 05
7 DOd § D04 133 CAB 08 134 | EVENT n
g DO 10 Q8 135 ¥3S 136 YSS
11 V58 12 Y§S 137 CLKA t 138 CLKB ¢t
13 DGSO ¢ 14 1 DMODRIO 139 CLKA ¢ 140 CLKB ¢
15 DOSG_t 18 V5SS 141 VS5 142 RS
17 YS§ 18 D06 143 1 Not Usad 144 CAB (9
19 D02 it Da7 145 CAB 08 146 CAB 07
21 D03 22 V3§ 147 Y38 148 ¥SS
23 V55 24 DQ12 149 RFU 150 CAB_ 04
25 DQ8 26 D13 151 CAB 02 52 CAB_83
27 DQY 28 V53 153 VSS 154 Y38S
29 VeSS 30 DGS1 ¢ 155 RFJ 156 CAB_ 00
31 DMADBH 32 DOt 157 C3AG n 158 CAB_§1
33 Y83 g1 VSS 159 Y¥sS 160 Y88
35 DO10 36 DQ14 151 ODTAD 162 CSB1 n
37 DAt 38 DQ15 1593 CSAT n 164 ODTED
38 ¥SS 40 58 155 VS8 166 Y¥SS
41 DQ1g 42 D020 167 CS80_n 168 | VREF CA
43 D17 44 DG21 169 ¥SS 170 VS
45 V55 45 ¥SS 171 ¥DD 172 VDD
47 DGSZ ¢ 48 + DM2DBR 173 VDD 174 VoD
49 DOS2 ¢ 50 V58 175 VDD 176 VDD
51 PR 52 D022 177 VDD 178 VDD
53 DQ1d 84 D023 17§ V0D 180 iy
55 D% 56 VSS 1581 Y¥SS 182 Y35
57 V58 5 D28 183 DQ32 184 DQ3
59 D024 60 DQ2% 185 DO33 186 DQs7
61 DQ25 62 V88 187 VSS 186 Y388
63 Y88 64 DAS3c 189 DOS4 ¢ 190 | DM4ADRIM
65 | DM3DBI3 66 DQS3_t 191 DRS4 L 142 ¥SS
87 VS5S 68 VS 193 VS8 194 DQ38
69 D028 74 DQ30 DQ34 186 0Q39

FIG
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71 DQ27 12 0Q31 197 DQ35 198 Y8S
73 RS 14 V38 199 Y58 200 D044
75 1 NotUsed 76 Not Usad 201 DQ40 202 DO4s
77 1 Not Used 78 Not Usad 203 DO41 204 V53
7 VS8 80 YSS 205 YS§§ 206 1 DOSS e
81 Not Used §2 Not Used 207 | DM5DBIS | 204 DQS5_t
83 | Not Used 84 AR 209 Y55 210 V8§
85 Y38 86 Not Used 211 DQ42 212 D048
&7 | Not Used 88 Not Usad 213 D043 214 DQ47
& | Not Used 90 VSS 215 ySS 218 Y55
91 YSS 92 1 VYREF DQ 217 DO4R 218 DQ52
93 YDD 94 VoD 219 D49 220 DQ53
95 VDD 96 VoD 221 Y53 222 VS5
a7 ¥DD 98 VDD 223 DOS6_¢ 224 1 DMeDBs
99 i 100 VDD 225 Q%6 t 2268 V53
101 V&S 102 | RESET n 227 Y§S 228 DQ54
229 D50 230 D055
ey - 231 DR51 232 Y85
’ 233 V83 234 DCE0
235 Q56 236 DOG!
103 CKEAD 104 CKEA 237 DG57 238 Y55
105 YSS 106 VSS 23 yS 240 1 DOST ¢
107 CKERD 108 CKEBY 241 | DM7DBIT | 242 DQST
109 1 Not Used 110 Not Used 243 Y55 24 VSS
111 V88 112 Y83 245 Q58 248 0062
113 1 CAADS 114 CAA_08 247 D059 248 Q63
115 1 CAADS 116 Not Lised 249 YS§S 250 PRR
17 YSS 118 Y58 251 SCL 252 SDA
119 1 CAA(6 120 CAA_O7 253 1 VOD.SPD | 254 SAD
121 CAA_{1 122 CAA_04 255 SAZ 258 SA1
123 VS8 124 VSS 257 VPP 258 VT
125 | CAA03 126 CAA_OC 259 YPP 280 V1T
FIG. 8C (conT)
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LPDDR4 Mode Pinout {260-pin connector) 830
Pin# 1 Froniside Back side Frontside {Pin# | Hackside
1 RSVD RSVD 127 CAA 02 128 Not Used
3 RSVD 4 RSVD 124 Y88 130 V5SS
3 VSS9 6§ Y93 131 Not Used | 132 CAB 05
7 Dad 8 D04 133 Not Used | 134 EVENT
8 oQt 10 D@5 135 ¥SS 136 Y88
11 V8§ 12 VS8 137 CLKA £ 138 CLKB.t
13 DQS0_¢ 14 1 DMODRIO 139 CLKA ¢ 140 CLKB_c
15 DOSD ¢ 19 Y93 141 VoS 142 VoS
17 ¥SS 18 D0e 143 Not Used | 144 Not Used
19 D02 20 DQ7 145 Not Used | 146 Not Used
21 DQ3 22 VSS 147 YS9 148 VS
23 V8§ 24 DQ1e 149 RFU 150 CAB (4
25 QA 20 Datd 151 CAB_§2 b2 CAB_03
27 DQ% 28 PRR 153 Y88 154 VS8
29 Y93 30 0GOSt ¢ 165 RFJ 156 CAB_00
311 DM1DBH 32 DOS1 ¢ 187 CSAD 158 CAB_01
33 V8S M V58 159 IRR 160 V5S
35 DA 3 DQ14 161 CSAZ 162 CoBt
37 DQ11 38 DQA15 163 CoA1 164 SRz
39 V538 40 V88 VS8 166 V83
41 DQ16 42 Daz2e (580 168 | VREF_CA
43 Da17 44 D21 Y539 170 ¥8S
45 V8§ 46 VS8 V0D 13 vDD
47 DQS2 ¢ 48 1 DM20DBI2 VDD 17 YoD
49 DOS2 ¢ 50 PRR VDD 1 VED
51 Y538 52 DQ22 Yoo 17 YD
53 Da1g 54 Daz2e YD 180 ¥oD
55 Da1g 56 VS8 PRR 182 VSS
57 ¥5S § DQ28 0032 184 D36
59 D24 60 Q28 D33 186 DQ37
61 DQ25 62 V8S ¥SS 188 V83
63 V58 64 Q53 ¢ DQS4_c | 190 | DM4DBI4
65 | DM3DBI 66 DG83 ¢ DOS4_t 192 Y88
g7 VS8S 68 VS8 Y33 194 DC38
&9 D26 70 DQ3C Q34 196 AN

FIG
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71 DQz7 72 D31 167 DQ35 198 Y58
13 VSS 74 V58 169 VSS 200 D044
75 1 Notlsed 76 Not Lised 201 DQ40 202 D045
77 Not Used 78 Not Used 203 D04 204 Y83
79 V35 80 VS5 205 VS5 208 DASh ¢
81 Not Used 82 Not Used 207 | DMBDBIS | 208 DOSS
83 Not Usad 84 VSS 209 V58S 210 Y55
85 VSS 86 Not Used 211 042 212 DQ46
§7 Not Used 88 Not Used 213 DQ43 214 D47
89 Not Used 90 V33 215 V83 218 Y83
91 V88 42 YREF DO 217 DG4S 218 DQE2
83 VDD 94 VDD 219 D48 220 DQ53
85 VoD 86 VDD 221 V55 222 Y53
47 VoD 8 VDD 243 DOS6 ¢ 224 1 DM8DBIG
99 VoD 100 YDD 225 396t 228 Y83
101 AR 102 1 RESET n 227 V8S 228 DQS4

& ey AN
7% 1 D086 | 26| Dop
o OkEAr 104 | cRen BT D% | 2381 Vs
w1 ves s | s 235 1 vsS | 240 508
07 1 okER0 | 108 | oKest 240 | DMIDBT | 2421 DasT
00 T okER T 10 | okes: 23 | VeS| 24| VS
ooV T v 251 D% 1 25 | Doe2
113 1 Nof Used 114 Not Used 247 DQh¢ 248 D063
5 T ChAGE | 116 | Mot Used 75 1 VsS T a0l ves
T BT TR TS 71 seL ] 221 SoA
T o e T TR e VD D TR TS
ST B GT113 | CAR 0 S| 25 | oA
VeS| | s ARG
25 | CAAO3 1126 | CAB.DO %6 1 VPP ] 2801 vh
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DOR4 Mode Pinout (242-pin connector) 300

Prn# { Frontside | Pin# ack side Ping | Froniside | FPin# | Backside
1 RSVD 2 RSVD 19 ¥SS 120 IER
3 RoVD 4 ROVD 121 CLKO 122 1 CLKI
5 VS8 6 V55 123 CLKD ¢ 124 1 CLK1.c
i D30 b D04 125 Y53 126 Y5S
§ DQ1 10 DB 127 PARITY 128 Al
i1 ¥§S 12 B 129 BA1 130 | AI0AP
13 DOSG ¢ 14 DMOBBIC 131 ¥SS 132 Y33
15 DQASO_t 1% Y55 133 RFU 134 BAD
17 VSS 18 D06 135 1 AMER | 136 | MBRAS n
19 D2 20 DQ7 137 Y8 138 Y58
21 D33 22 Y33 139 RFU 140 Ald
23 Y58 24 DGt 141 ALERT n 142 | M5CAS »
25 Qg 26 D13 143 ¥SS 144 Y88
27 DGS 28 RN 145 CSln 146 C31n
29 VS5 30 DOSY ¢ 147 onTh 148 oot
31 DM1DBH 32 BOSHE 149 ¥8S 150 Y55
33 V58 i VS§S 131 Not Used 52 | Noilsed
35 Dato 36 DG4 153 Not Used 154 | Not Used
37 DA 36 DQ15 155 Y53 156 V83
39 VS5 40 Y38 157 RFU 158 | VREF CA
41 Dat6 42 DQ20 159 VoD 140 VoD
43 Daty 44 D021 161 VBD 162 VDD
45 VS8 46 ¥SS 163 N 164 VDD
47 D082 ¢ 48 DM20Bi2 165 ¥SS 166 Y83
49 DQ32 ¢ 50 Y38 167 DQ3z 168 DC36
51 V55 52 DQ2z 169 DQ33 170 DG37
53 DQ18 54 DG23 171 Y88 172 Y55
55 DQ19 56 Y55 173 DA% ¢ 174 |+ DMADBY
57 Y55 § Q28 175 D0S4 _t 176 Y88
59 D024 60 DQZ8 177 ¥5S 178 D36
61 DAZ5 £ V58 179 DQ34 180 DG3Y
63 V8§ 64 DOS3 ¢ 181 DQ35 162 V5S
65 1 DM3DBI3 66 0Q83_1 183 Y88 184 D044
67 Y58 68 Y55 185 D040 186 D45
&9 DQz6 70 DQ30 187 D41 158 V&3

FIG. SA

SUBSTITUTE SHEET (RULE 26)



WO 2015/126559 PCT/US2015/012279
23129
71 D 71 DG T TS 190 1 Dags_c
751 V83 41 Ves 151 | DM4DBB | 100 | DOSh L
195 | VS 19 ] VS
195 | D42 | 196 | DO4
Key ey 197 | DQ43 | 198 |  DQAT
09 | vss | 20| vsS
75 1 VhD 76 | VoD 011 Doas | 22| Dow
771 VoD 78 1 VoD 203 | Da4s | 24| DeEd
79D %1 VoD 05 | VeS| 06| vss
81 | RAU 82 | Not Used 207 | D0S6 o | 208 | DMEDER
8] VS B | VSS 09 | DOS6: | 20 vss
85 | CKED % | CHEl 211 VsS | 2| nosd
87 | CKEl B | CKES 213 | DOSO w | Doss
80 | VS 90 | vsS 25 | DR | 26| VS8
91 | NotUsed | 82 | Not Used 27 1 Vss | 28| Do
95| TNotUses | 94 1 Mot Used 26 1 DGs6 | 20| D
TS % 1 ves 1 0o | 2| ves
7 | B 98 | RESET 23 1 Vss | 2| DosT e
% | BG) 100 | ACT n 205 | OWTDBIT | 26| 0087t
o s 102 vss 27 Vs [ as | vss
A WA 2% | DosE | 230 | bl
0 A WA 31 008 | 22| Dees
07| V8s W Vs 73 1SS | 2| Ve
0 Al 6 A 26 | SOl 26| SDA
T I w7 M 27 | VOD.SPD | 238 SAD
EE S TV S 26 | VPP 1 a0 SA
R TN Y VPR | i
TT Y T8 | EENT 1
FIG. 9A (conT)
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LPDDR3 Maode Pinout (242-pin connector) 910

Pn#{ Frontside | Pin# | Backside Pin# | Fontside | Pin# { Backside

] RAVD i RSVD 119 Y&S 120 YSS

3 RSVD 4 RSVD 121 CLKD t | 122 CLK1 1
5 Vas b V55 123 CLKO ¢ | 124 CLKT ¢
7 DA 8 D04 125 VS5 126 Y8§

9 DQ1 10 0G5 127 NotlUsed | 128 CAB 09
11 V5SS 12 V88 129 CAB 06 | 130 CAB_07
13 DOS0 ¢ 14 1 DMODBIO 131 VS 132 VS5
15 DQSD ¢ 16 YSS 133 RFJ 134 CAB 04
17 V8§ 18 D36 135 CAB 02 1 136 CAB {3
19 D@2 28 Da7 137 Y55 138 YSS
2 DQ3 22 VS8 139 RFU 140 CAB {0
23 VSS 24 DQ12 141 NotUsed | 142 CAB_{1
23 008 28 D13 143 ¥SS 144 VS5
21 Y 28 V8S 143 C80_n 148 CS1n
28 V&S 30 DQS1 ¢ 147 0pTo 148 Not Used
31 DM1DEN 32 DQS1.L 149 PRN 130 ¥SS
33 VSS 34 V88 151 NotUsed | 52 Not Used
39 DAY 36 DQ14 153 NotUsed | 154 Not Used
37 0Q11 38 D15 153 ¥SS 156 Y55
39 V&S 40 LEN 157 RFU 158 YREF_CA
41 DQ16 42 0Q20 159 VoD 160 VDD
43 D17 44 DQ21 161 VDD 162 VoD
45 VSS 46 Y58 163 VoD 164 VoD
47 DOS2 ¢ 48 | DM2DBI2 165 Y55 166 Y55
49 DQS2_t ol V8S 167 DA32 168 DQ36
i Y88 52 0022 169 D333 170 DA37
53 L 54 DQ23 171 Y53 172 ¥SS
55 De1g 5% V88 173 DOS4 ¢ | 14 R
57 VSS 5 D28 175 DOS4 L | 176 Y55
5% Q24 it D29 177 Y¥SS 178 Q38
61 DQ25 62 ¥SS 179 D34 180 Q39
63 V8§ 64 ] 181 DQ35 182 Y8§
65 | DM3DBI 06 183 Y88 184 NG44
b7 VSS b8 165 DQ40 186 DQ45
6% DQ26 7d 187 DG4 188 VS5
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o o TR 185 1 Vs 1 1801 Da%he
RS 7 Vs3 191 | DNADES | 192 | DOS 1

193 | VeS| 1941 VSS

195 | D42 | 195 |  DQMS
ey Key 197 | 0043 | 198 |  DOAT

199 | vss | 201  vs§
7% 1 vOD 7% 1 VoD 201 | Dds | 22| D
771 VoD 751 VoD 203 | Da49 | 20| DB
751 VoD § 1 vOD 05 | VeS| 2061 vsS
5 | RRU 82 | VREF DQ 207 | D0S6c | 208 | DM6DBIS
8 1 VS 84 | VS 209 | DQSEt | 0] vSS
85 | CKEAD | 86 | CKEM 201 vss L 2121 Do
87 | CKER2 | 88 |  CKER3 23 | Dos0 | 24| DOss
89 1 VSS W | Vss 25 | DG&T | 2161 vSS
511 NotUses | 92 | Not sed 27 | WSS | 2161 DQed
93 NotUsed | 94 | ot Used 719 1 D056 | 201 DO
S G es 211 DT | 221 Vs
57 | CAA GO | 98 | RESET 1 03 | WSS | 24| DboSTe
99 | CAAGS | 100 | CAA 08 225 | DMTDBI | 2261  DOST 1
o vss 107 | S 27 1 VeS| 281 vss
153 | CAAUS | 04 | CAAGT 729 | DGR | 230 02
05 | CRAGT | 106 | CAA G4 710 Dose | 2321 DOBd
07 1 Vs 08 | vss 2 VSS | 2] Vss
100 | CAAGS | 110 | CAA G0 2% |8 2% | SDA
71 1 CAACZ | 412 | Nof Used 237 | VDD.SPD | 2381 SAD
TR ] ves 201 PP | 2401 Al
5 1 NotUses | 416 | CAB.0B o wE | 22| Vi
7 CRB 68| 118 | EVENT 7

5 (CONT.)
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LPDDR4 Mode Pinout (242-pin connector) 820

Pin# | Frontside | Pin# | Backside Pin® | Frontside Pin# | Backside
RSVD 2 RSVD 119 Y88 120 VS8
3 RSVD 4 RSVD 121 CLKO 122 CLKB 1
5 Y5S 6 Y38 123 CLKD o 124 (LKB ¢
7 DQo 8 DM 125 Y§§ 126 V83
9 DO 10 Db 127 NotUsed | 128 Not Used
11 SN 12 YS9 129 CAB_06 130 Not Used
13 DOSO ¢ 14 DMODBID 131 Y88 132 V38
15 DQSO 16 Y83 133 RFU 134 CAB 04
17 ¥8S 18 DA6 135 CAB 02 136 CAB_03
19 D02 2l D7 137 YSS 138 VSS
21 003 22 YS9 139 RFJ 140 CAB 00
23 Y83 24 0Q12 141 Not Used 142 CAB 01
25 DQB 26 DQ13 143 V58 144 RN
27 DQ8 28 Y38 145 CSAD 148 CSED
28 Y535 30 DASY ¢ 147 (oAl 148 C5B1
31 1 DM1DBH 32 DOST ¢ 149 ¥SS 150 V§S
33 Y93 34 YS9 151 Not Uised 52 Not Used
35 Da1e 36 DQ14 153 Not Used 154 Not Used
37 DG 38 0Q15 155 IRR 158 PR
39 V5S 40 Y38 157 RFU 158 Not Used
41 DQ16 42 DQ20 159 VDD 160 VDD
43 D17 44 Da2 161 'y 162 VoD
45 V85 46 Y58 163 ¥0D 164 Voo
47 DQAS2 ¢ 48 DM20312 165 IR 166 RN
49 DQS2. 50 Y88 167 DQ32 168 DQ36
51 Y539 he {22 169 D33 170 Da37
§3 DQ18 84 Q23 171 Y88 172 Y85
55 DQ1g 56 Y88 173 D0 ¢ 17 DM4D81
57 V85 3 Q28 175 DOS4 176 V58
59 0G24 60 Q29 177 RR 178 DQ38
61 DQ25 62 Y38 179 DQ34 188 DAY
63 Y59 64 DRS¢ 181 DQ35 182 VS8
65 | DM3DRI3 66 DOS3_t 183 ¥SS 184 D044
67 V88 68 Y58 185 DQ4D 186 D45
68 DC26 70 DR 187 D41 188 Y38

FIG. 9C
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71 DOz7 7 D31 139 Vss 1501 DGS5 ¢
7 Vas 74 Ves 191 | DMADBE | 192 | DGSS @

193 Vss 194 Vss
| 195 | D42 | 196 D046
Key Key 197 | D43 | 198 | Q4T

199 vss | 200 Vss
75 VDD 76 VDD 201 D048 | 2021  DOR?
77 VoD 78 VoD 703 | D09 | 204 | DOSS
74 VDD 80 VDD 205 VeS| o0 VSs
81 R 82 | NolUsed 207 | DOS6c | 208 | DMBDRIA
83 VsS 8 V3s 200 | DOSGt | 210 Y33
5 1 CKEM | 88 | CKEM 211 vis | 221 s
§7 1 CKEBO | 88 |  CKERY 231 DOS) | M4 | DOS5
89 Vss % V3s 25 | D51 | M8 Ves
of | NotUsed | 92 | NotUsed 217 VeS| 218 DOBo
93 Not Used 94 Not Used 219 BQ56 220 0061
% Vs % Vas 21 D07 | 222 Vss
97 | NotUsed | 98 | RESETn 223 VSS | 24 | DOST e
99 | CAA D05 | 1001 NotUsed 225 | DNTDBIT | 26 | DQST
0 Vss 02 Vas 27 VeS| 228 VSS
103 | NelUsed | 104 | Mol Used 29 | DQss | 2301 DQe
105 | CAAD! | 108 | CAAO4 231 DOSS | 2321 DORS
071 Vss 08 VSS 233 vss | oM Vss
1091 CAA DT | 1101 CAAOS 735 SCL 736 SDA
1911 CAAO2 | 12 1 NotUsed 237 | VDD SPD | 238 SAD
131 VS 14 239 we | 240 SAT
145 | Noflsed | 118 241 VPR | 247 VT
17 Not Used 118

. 9C (conT)
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