Aicron

4Gb: x4, x8, x16 DDR4 SDRAM

Features
MT40A1G4
MT40A512M8
MT40A256M16
Features Options' Marking
* Configuration
° VDD :VDDQ =1.2V +60mV -1 Glg x4 1G4
° Vpp =2.5V,-125mV/+250mV - 512 Meg X8 512M8
* On-die, internal, adjustable Vygrpq generation — 256 Megx 16 256M162
* 1.2Vpseudo open-dra:n /o * FBGA package (Pb-free) — x4, x8
* Tc maximum up to 95°C — 78-ball (9mm x 11.5mm) - Rev. A HX
— 64ms, 8192-cycle refresh up to 85°C — 78-ball (9mm x 10.5mm) — Rev. B RH
— 32ms, 8192-cycle refresh at >85°C to 95°C — 78-ball (8mm x 12.Inm) _Rev. E WE
* 16 internal banks (x4, x8): 4 groups of 4 banks each _ 78-ball (7.5mm x 11mm) — Rev. F SA
* 8 internal banks (x16): 2 groups of 4 banks each « FBGA package (Pb-free) — x16
* 8n-bit prefetch architecture — 96-ball (9mm x 14mm) — Rev. A HA
* Programmable data strobe preambles — 96-ball (9mm x 14mm) — Rev. B GE
* Data strobe preamble training — 96-ball (7.5mm x 13.5mm) — Rev. E, F LY
e Command/Address latency (CAL) « Timing - cycle time
e Multipurpose register READ and WRITE capability — 0.625ns @ CL = 22 (DDR4-3200) _062E
* Write leveling ~ 0.682ns @ CL = 20 (DDR4-2933) -068E
* Self refresh mode ~ 0.682ns @ CL =21 (DDR4-2933) -068
* Low-power auto self refresh (LPASR) — 0.750ns @ CL = 18 (DDR4-2666) _075E
* Temperature controlled refresh (TCR) — 0.750ns @ CL = 19 (DDR4-2666) -075
* Fine granularity refresh ~ 0.833ns @ CL = 16 (DDR4-2400) -083E
* Selfrefreshabort ~ 0.833ns @ CL = 17 (DDR4-2400) -083
* Maximum power saving ~ 0.937ns @ CL = 15 (DDR4-2133) -093E
* Output driver calibration ~ 0.937ns @ CL = 16 (DDR4-2133) -093
e Nominal, park, and dynamic on-die termination — 1.071ns @ CL = 13 (DDR4-1866) _107E
(ODT) . . ¢ Operating temperature
* Data bus inversion (DBI) for data bus _ Commercial (0° < T < 95°C) None
e Command/Address (CA) parlty — Industrial (_400 < TC < 950(:) IT
* Databus write cyclic redundancy check (CRC) _ Revision A
e Per-DRAM addressability B
¢ Connectivity test ‘E
* sPPR and hPPR capability -F
o

JEDEC JESD-79-4 compliant

Notes: 1. Not all options listed can be combined to
define an offered product. Use the part
catalog search on http://www.micron.com

for available offerings.
2. Not available on Rev. A.

3. Restricted and limited availability.
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4Gb: x4, x8, x16 DDR4 SDRAM

Aicron

Features
Table 1: Key Timing Parameters
Speed Grade' Data Rate (MT/s) Target tRCD-'RP-CL tRCD (ns) tRP (ns) CL (ns)
-062Y 3200 22-22-22 13.75(13.32) 13.75 (13.32) 13.75 (13.32)
-062E 3200 22-22-22 13.75 13.75 13.75
-068 2933 21-21-21 14.32 (13.75) 14.32 (13.75) 14.32 (13.75)
-075E 2666 18-18-18 13.50 13.50 13.50
-075 2666 19-19-19 14.25 14.25 14.25
-083E 2400 16-16-16 13.32 13.32 13.32
-083 2400 17-17-17 14.16 (13.75) 14.16 (13.75) 14.16 (13.75)
-093E 2133 15-15-15 14.06 (13.50) 14.06 (13.50) 14.06 (13.50)
-093 2133 16-16-16 15.00 15.00 15.00
-107E 1866 13-13-13 13.92 (13.50) 13.92 (13.50) 13.92 (13.50)

Note: 1. Refer to the Speed Bin Tables for additional details.

Table 2: Addressing

Parameter 1024 Meg x 4 512 Meg x 8 256 Meg x 16
Number of bank groups 4 4 2

Bank group address BG[1:0] BG[1:0] BGO
Bank count per group 4 4 4

Bank address in bank group BA[1:0] BA[1:0] BA[1:0]
Row addressing 64K (A[15:0]) 32K (A[14:0]) 32K (A[14:0])
Column addressing 1K (A[9:0]) 1K (A[9:0]) 1K (A[9:0])
Page size' 512B / 1KB2 1KB 2KB

Notes: 1. Page size is per bank, calculated as follows:
Page size = 2COLBITS x ORG/8, where COLBIT = the number of column address bits and ORG = the number of

DQ bits.

2. Die revision dependant.
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Figure 1: Order Part Number Example

Example Part Number: MT40A1G4-083:B

[ -/

MT40A Configuration | Package Speed Revision
! T v
Configuration Revision
1Gigx4 1G4 ‘A, :B, :E, :F

512 Meg x8 |512M8
256Meg x 16 | 256M16

Case Temperature

Commercial None
Package Mark Industrial IT

78-ball 9.0mm x 11.5mm FBGA HX
78-ball 9.0mm x 10.5mm FBGA RH
78-ball 8.0mm x 12.0mm FBGA | WE

Speed Grade
—107E | *CK = 1.071ns, CL = 13
-093 | '*CK =0.937ns, CL = 16

78-ball 7.5mm x 11.0mm FBGA SA —093E | tCK = 0.937ns, CL = 15
96-ball 9.0mm x 14.0mm FBGA | HA -083 | *CK =0.833ns, CL =17
96-ball 9.0mm x 14.0mm FBGA GE -083E | 1CK = 0.833ns, CL =16
96-ball 7.5mm x 13.5mm FBGA | LY -075 | *CK =0.750ns, CL =19

—075E | *CK = 0.750ns, CL = 18
—068 | 'CK = 0.682ns, CL = 21
—-068E | *CK = 0.682ns, CL = 20
—-062E | ICK = 0.625ns, CL = 22
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Important Notes and Warnings

Important Notes and Warnings

Micron Technology, Inc. ("Micron") reserves the right to make changes to information published in this document,
including without limitation specifications and product descriptions. This document supersedes and replaces all
information supplied prior to the publication hereof. You may not rely on any information set forth in this docu-
ment if you obtain the product described herein from any unauthorized distributor or other source not authorized
by Micron.

Automotive Applications. Products are not designed or intended for use in automotive applications unless specifi-
cally designated by Micron as automotive-grade by their respective data sheets. Distributor and customer/distrib-
utor shall assume the sole risk and liability for and shall indemnify and hold Micron harmless against all claims,
costs, damages, and expenses and reasonable attorneys' fees arising out of, directly or indirectly, any claim of
product liability, personal injury, death, or property damage resulting directly or indirectly from any use of non-
automotive-grade products in automotive applications. Customer/distributor shall ensure that the terms and con-
ditions of sale between customer/distributor and any customer of distributor/customer (1) state that Micron
products are not designed or intended for use in automotive applications unless specifically designated by Micron
as automotive-grade by their respective data sheets and (2) require such customer of distributor/customer to in-
demnify and hold Micron harmless against all claims, costs, damages, and expenses and reasonable attorneys'
fees arising out of, directly or indirectly, any claim of product liability, personal injury, death, or property damage
resulting from any use of non-automotive-grade products in automotive applications.

Critical Applications. Products are not authorized for use in applications in which failure of the Micron compo-
nent could result, directly or indirectly in death, personal injury, or severe property or environmental damage
("Critical Applications"). Customer must protect against death, personal injury, and severe property and environ-
mental damage by incorporating safety design measures into customer's applications to ensure that failure of the
Micron component will not result in such harms. Should customer or distributor purchase, use, or sell any Micron
component for any critical application, customer and distributor shall indemnify and hold harmless Micron and
its subsidiaries, subcontractors, and affiliates and the directors, officers, and employees of each against all claims,
costs, damages, and expenses and reasonable attorneys' fees arising out of, directly or indirectly, any claim of
product liability, personal injury, or death arising in any way out of such critical application, whether or not Mi-
cron or its subsidiaries, subcontractors, or affiliates were negligent in the design, manufacture, or warning of the
Micron product.

Customer Responsibility. Customers are responsible for the design, manufacture, and operation of their systems,
applications, and products using Micron products. ALL SEMICONDUCTOR PRODUCTS HAVE INHERENT FAIL-
URE RATES AND LIMITED USEFUL LIVES. IT IS THE CUSTOMER'S SOLE RESPONSIBILITY TO DETERMINE
WHETHER THE MICRON PRODUCT IS SUITABLE AND FIT FOR THE CUSTOMER'S SYSTEM, APPLICATION, OR
PRODUCT. Customers must ensure that adequate design, manufacturing, and operating safeguards are included
in customer's applications and products to eliminate the risk that personal injury, death, or severe property or en-
vironmental damages will result from failure of any semiconductor component.

Limited Warranty. In no event shall Micron be liable for any indirect, incidental, punitive, special or consequential
damages (including without limitation lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such damages are based on tort, warranty,
breach of contract or other legal theory, unless explicitly stated in a written agreement executed by Micron's duly
authorized representative.

General Notes and Description

Description
The DDR4 SDRAM is a high-speed dynamic random-access memory internally config-
ured as an eight-bank DRAM for the x16 configuration and as a 16-bank DRAM for the
CCMTD-1725822587-9046 1 9 Micron Technology, Inc. reserves the right to change products or specifications without notice.

4gb_ddr4_dram.pdf - Rev. K 06/18 EN © 2014 Micron Technology, Inc. All rights reserved.



Aicron

4Gb: x4, x8, x16 DDR4 SDRAM
General Notes and Description

x4 and x8 configurations. The DDR4 SDRAM uses an 8n-prefetch architecture to ach-
ieve high-speed operation. The 8n-prefetch architecture is combined with an interface
designed to transfer two data words per clock cycle at the I/0 pins.

A single READ or WRITE operation for the DDR4 SDRAM consists of a single 87n-bit
wide, four-clock data transfer at the internal DRAM core and two corresponding n-bit
wide, one-half-clock-cycle data transfers at the I/0 pins.

Industrial Temperature

General Notes

An industrial temperature (IT) device option requires that the case temperature not ex-
ceed below —40°C or above 95°C. JEDEC specifications require the refresh rate to double
when T exceeds 85°C; this also requires use of the high-temperature self refresh option.
Additionally, ODT resistance and the input/output impedance must be derated when
operating outside of the commercial temperature range, when T is between —-40°C and
0°C.

* The functionality and the timing specifications discussed in this data sheet are for the
DLL enable mode of operation (normal operation), unless specifically stated other-
wise.

* Throughout the data sheet, the various figures and text refer to DQs as "DQ." The DQ
term is to be interpreted as any and all DQ collectively, unless specifically stated oth-
erwise.

e The terms "_t" and "_c" are used to represent the true and complement of a differen-
tial signal pair. These terms replace the previously used notation of "#" and/or over-
bar characters. For example, differential data strobe pair DQS, DQS# is now referred
to as DQS_t, DQS_c.

e The term "_n" is used to represent a signal that is active LOW and replaces the previ-
ously used "#" and/or overbar characters. For example: CS# is now referred to as
CS_n.

e The terms "DQS" and "CK" found throughout the data sheet are to be interpreted as
DQS_t, DQS_c and CK_t, CK_c respectively, unless specifically stated otherwise.

e Complete functionality may be described throughout the entire document; any page
or diagram may have been simplified to convey a topic and may not be inclusive of all
requirements.

* Any specific requirement takes precedence over a general statement.

* Any functionality not specifically stated here within is considered undefined, illegal,
and not supported, and can result in unknown operation.

e Addressing is denoted as BG[n] for bank group, BA[n] for bank address, and A[n] for
row/col address.

* The NOP command is not allowed, except when exiting maximum power savings
mode or when entering gear-down mode, and only a DES command should be used.

* Not all features described within this document may be available on the Rev. A (first)
version.

e Not all specifications listed are finalized industry standards; best conservative esti-
mates have been provided when an industry standard has not been finalized.

* Although it is implied throughout the specification, the DRAM must be used after Vpp
has reached the stable power-on level, which is achieved by toggling CKE at least once
every 8192 x 'REFI. However, in the event CKE is fixed HIGH, toggling CS_n at least
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once every 8192 x 'REFI is an acceptable alternative. Placing the DRAM into self re-
fresh mode also alleviates the need to toggle CKE.

Not all features designated in the data sheet may be supported by earlier die revisions
due to late definition by JEDEC.

A x16 device's DQ bus is comprised of two bytes. If only one of the bytes needs to be
used, use the lower byte for data transfers and terminate the upper byte as noted:

— Connect UDQS_t to VDDQ or VSS/ VSSQ via a resistor in the 200 Q range.

— Connect UDQS_c to the opposite rail via a resistor in the same 200Q2 range.
— Connect UDM to VDDQ via a large (10,000Q) pull-up resistor.

— Connect UDBI to VDDAQ via a large (10,000Q) pull-up resistor.

— Connect DQ [15:8] individually to VDDQ via a large (10,000Q) resistors, or float DQ
[15:8] .

Definitions of the Device-Pin Signal Level

HIGH: A device pin is driving the logic 1 state.

LOW: A device pin is driving the logic 0 state.

High-Z: A device pin is tri-state.

ODT: A device pin terminates with the ODT setting, which could be terminating or tri-
state depending on the mode register setting.

Definitions of the Bus Signal Level

HIGH: One device on the bus is HIGH, and all other devices on the bus are either ODT
or High-Z. The voltage level on the bus is nominally Vppq.

LOW: One device on the bus is LOW, and all other devices on the bus are either ODT
or High-Z. The voltage level on the bus is nominally Vo pc) if ODT was enabled, or
VSSQ if ngh-Z

High-Z: All devices on the bus are High-Z. The voltage level on the bus is undefined as
the bus is floating.

ODT: At least one device on the bus is ODT, and all others are High-Z. The voltage lev-
el on the bus is nominally Vppg.

The specification requires 8,192 refresh commands within 64ms between 0 °C and 85
°C. This allows for a ‘REFI of 7.8125ps (the use of "7.8us" is truncated from 7.8125us).
The specification also requires 8,192 refresh commands within 32ms between 85 °C
and 95 °C. This allows for a 'REFI of 3.90625ps (the use of "3.9us" is truncated from
3.90625)1s).
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Functional Block Diagrams

4Gb: x4, x8, x16 DDR4 SDRAM

Functional Block Diagrams

DDR4 SDRAM is a high-speed, CMOS dynamic random access memory. It is internally
configured as an 16-bank (4-banks per Bank Group) DRAM.

Figure 2: 1 Gig x 4 Functional Block Diagram
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Functional Block Diagrams

Figure 4: 256 Meg x 16 Functional Block Diagram
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Ball Assignments

Ball Assignments

Figure 5: 78-Ball x4, x8 Ball Assignments
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Notes: 1. See Ball Descriptions.
2. Acomma “,"” separates the configuration; a slash “/” defines a selectable function. For
example: Ball A7 = NF, NF/DM_n/DBI_n/TDQS_t where NF applies to the x4 configuration
only. NF/DM_n/DBI_n/TDQS_t applies to the x8 configuration only and is selectable be-

tween NF, DM_n, DBI_n, or TDQS_t via MRS.

3. Address bits (including bank groups) are density- and configuration-dependent (see Ad-
dressing).
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Figure 6: 96-Ball x16 Ball Assignments

4Gb: x4, x8, x16 DDR4 SDRAM

Ball Assignments
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Notes: 1. See Ball Descriptions.

2. Aslash “/" defines a selectable function. For example: Ball E7 = NF/LDM_n. If data mask
is enabled via the MRS, ball E7 = LDM_n. If data mask is disabled in the MRS, E7 = NF (no
function).

3. Address bits (including bank groups) are density- and configuration-dependent (see Ad-

dressing).
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Ball Descriptions

The pin description table below is a comprehensive list of all possible pins for DDR4 de-
vices. All pins listed may not be supported on the device defined in this data sheet. See
the Ball Assignments section to review all pins used on this device.

Table 3: Ball Descriptions

4Gb: x4, x8, x16 DDR4 SDRAM
Ball Descriptions

Symbol

Type

Description

A[17:0]

Input

Address inputs: Provide the row address for ACTIVATE commands and the column
address for READ/WRITE commands to select one location out of the memory array in
the respective bank. (A10/AP, A12/BC_n, WE_n/A14, CAS_n/A15, RAS_n/A16 have addi-
tional functions, see individual entries in this table.) The address inputs also provide
the op-code during the MODE REGISTER SET command. A16 is used on some 8Gb and
16Gb parts, and A17 is only used on some 16Gb parts.

A10/AP

Input

Auto precharge: A10 is sampled during READ and WRITE commands to determine
whether auto precharge should be performed to the accessed bank after a READ or
WRITE operation. (HIGH = auto precharge; LOW = no auto precharge.) A10 is sam-
pled during a PRECHARGE command to determine whether the PRECHARGE applies
to one bank (A10 LOW) or all banks (A10 HIGH). If only one bank is to be precharged,
the bank is selected by the bank group and bank addresses.

A12/BC_n

Input

Burst chop: A12/BC_n is sampled during READ and WRITE commands to determine if
burst chop (on-the-fly) will be performed. (HIGH = no burst chop; LOW = burst chop-
ped). See the Command Truth Table.

ACT_n

Input

Command input: ACT_n indicates an ACTIVATE command. When ACT_n (along with
CS_n) is LOW, the input pins RAS_n/A16, CAS_n/A15, and WE_n/A14 are treated as
row address inputs for the ACTIVATE command. When ACT_n is HIGH (along with
CS_n LOW), the input pins RAS_n/ A16, CAS_n/A15, and WE_n/A14 are treated as nor-
mal commands that use the RAS_n, CAS_n, and WE_n signals. See the Command
Truth Table.

BA[1:0]

Input

Bank address inputs: Define the bank (within a bank group) to which an ACTIVATE,
READ, WRITE, or PRECHARGE command is being applied. Also determines which
mode register is to be accessed during a MODE REGISTER SET command.

BG[1:0]

Input

Bank group address inputs: Define the bank group to which an ACTIVATE, READ,
WRITE, or PRECHARGE command is being applied. Also determines which mode regis-
ter is to be accessed during a MODE REGISTER SET command. BG[1:0] are used in the
x4 and x8 configurations. BG1 is not used in the x16 configuration.

CO/CKET,
C1/CS1_n,
C2/0DT1

Input

Stack address inputs: These inputs are used only when devices are stacked; that is,
they are used in 2H, 4H, and 8H stacks for x4 and x8 configurations (these pins are
not used in the x16 configuration). DDR4 will support a traditional DDP package,
which uses these three signals for control of the second die (CS1_n, CKE1, ODT1).
DDRA4 is not expected to support a traditional QDP package. For all other stack con-
figurations, such as a 4H or 8H, it is assumed to be a single-load (master/slave) type of
configuration where C0, C1, and C2 are used as chip ID selects in conjunction with a
single CS_n, CKE, and ODT signal.

CK_t,
CK_c

Input

Clock: Differential clock inputs. All address, command, and control input signals are
sampled on the crossing of the positive edge of CK_t and the negative edge of CK_c.
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4Gb: x4, x8, x16 DDR4 SDRAM
Ball Descriptions

Table 3: Ball Descriptions (Continued)

Symbol

Type

Description

CKE

Input

Clock enable: CKE HIGH activates and CKE LOW deactivates the internal clock sig-
nals, device input buffers, and output drivers. Taking CKE LOW provides PRECHARGE
POWER-DOWN and SELF REFRESH operations (all banks idle), or active power-down
(row active in any bank). CKE is asynchronous for self refresh exit. After Vrggca has
become stable during the power-on and initialization sequence, it must be main-
tained during all operations (including SELF REFRESH). CKE must be maintained HIGH
throughout read and write accesses. Input buffers (excluding CK_t, CK_c, ODT, RE-
SET_n, and CKE) are disabled during power-down. Input buffers (excluding CKE and
RESET_n) are disabled during self refresh.

CS_n

Input

Chip select: All commands are masked when CS_n is registered HIGH. CS_n provides
for external rank selection on systems with multiple ranks. CS_n is considered part of
the command code.

DM_n,
UDM_n
LDM_n

Input

Input data mask: DM_n is an input mask signal for write data. Input data is masked
when DM is sampled LOW coincident with that input data during a write access. DM
is sampled on both edges of DQS. DM is not supported on x4 configurations. The
UDM_n and LDM_n pins are used in the x16 configuration: UDM_n is associated with
DQ[15:8]; LDM_n is associated with DQ[7:0]. The DM, DBI, and TDQS functions are en-
abled by mode register settings. See the Data Mask section.

oDT

Input

On-die termination: ODT (registered HIGH) enables termination resistance internal
to the DDR4 SDRAM. When enabled, ODT (Ryy) is applied only to each DQ, DQS_t,
DQS_c, DM_n/DBI_n/TDQS_t, and TDQS_c signal for the x4 and x8 configurations
(when the TDQS function is enabled via mode register). For the x16 configuration, Ryt
is applied to each DQ, UDQS_t, UDQS_c, LDQS_t, LDQS_c, UDM_n, and LDM_n signal.
The ODT pin will be ignored if the mode registers are programmed to disable Ryt.

PAR

Input

Parity for command and address: This function can be enabled or disabled via the
mode register. When enabled, the parity signal covers all command and address in-
puts, including ACT_n, RAS_n/A16, CAS_n/A15, WE_n/A14, A[17:0], A10/AP, A12/BC_n,
BA[1:0], and BG[1:0] with CO, C1, and C2 on 3DS only devices. Control pins NOT cov-
ered by the parity signal are CS_n, CKE, and ODT. Unused address pins that are densi-
ty- and configuration-specific should be treated internally as 0s by the DRAM parity
logic. Command and address inputs will have parity check performed when com-
mands are latched via the rising edge of CK_t and when CS_n is LOW.

RAS_n/A16,
CAS_n/A15,
WE_n/A14

Input

Command inputs: RAS_n/A16, CAS_n/A15, and WE_n/A14 (along with CS_n and
ACT_n) define the command and/or address being entered. See the ACT_n descrip-
tion in this table.

RESET_n

Input

Active LOW asynchronous reset: Reset is active when RESET_n is LOW, and inac-
tive when RESET_n is HIGH. RESET_n must be HIGH during normal operation. RESET_n
is a CMOS rail-to-rail signal with DC HIGH and LOW at 80% and 20% of Vpp (960 mV
for DC HIGH and 240 mV for DC LOW).

TEN

Input

Connectivity test mode: TEN is active when HIGH and inactive when LOW. TEN
must be LOW during normal operation. TEN is a CMOS rail-to-rail signal with DC
HIGH and LOW at 80% and 20% of Vpp (960mV for DC HIGH and 240mV for DC
LOW).
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4Gb: x4, x8, x16 DDR4 SDRAM
Ball Descriptions

Table 3: Ball Descriptions (Continued)

Symbol Type Description
DQ 110 Data input/output: Bidirectional data bus. DQ represents DQI[3:0], DQ[7:0], and
DQI15:0] for the x4, x8, and x16 configurations, respectively. If write CRC is enabled
via mode register, the write CRC code is added at the end of data burst. Any one or
all of DQO, DQ1, DQ2, and DQ3 may be used to monitor the internal Vgge level during
test via mode register setting MR[4] A[4] = HIGH, training times change when ena-
bled. During this mode, the Ryt value should be set to High-Z. This measurement is
for verification purposes and is NOT an external voltage supply pin.
DBI_n, I/0 DBI input/output: Data bus inversion. DBI_n is an input/output signal used for data

UDBI_n, bus inversion in the x8 configuration. UDBI_n and LDBI_n are used in the x16 configu-

LDBI_n ration; UDBI_n is associated with DQ[15:8], and LDBI_n is associated with DQ[7:0]. The
DBI feature is not supported on the x4 configuration. DBI is not supported for 3DS
devices and should be disabled in MR5. DBI can be configured for both READ (out-
put) and WRITE (input) operations depending on the mode register settings. The DM,
DBI, and TDQS functions are enabled by mode register settings. See the Data Bus In-
version section.

DQS_t, /0 Data strobe: Output with READ data, input with WRITE data. Edge-aligned with

DQS_c, READ data, centered-aligned with WRITE data. For the x16, LDQS corresponds to the

UDQS_t, data on DQ[7:0]; UDQS corresponds to the data on DQ[15:8]. For the x4 and x8 con-

UDQS_c, figurations, DQS corresponds to the data on DQ[3:0] and DQ[7:0], respectively. DDR4

LDQS_t, SDRAM supports a differential data strobe only and does not support a single-ended

LDQS_c data strobe.

ALERT_n Output |Alert output: This signal allows the DRAM to indicate to the system's memory con-
troller that a specific alert or event has occurred. Alerts will include the command/
address parity error and the CRC data error when either of these functions is enabled
in the mode register.

TDQS_t, Output |Termination data strobe: TDQS_t and TDQS_c are used by x8 DRAMs only. When

TDQS_c enabled via the mode register, the DRAM will enable the same Ryt termination resist-
ance on TDQS_t and TDQS_c that is applied to DQS_t and DQS_c. When the TDQS
function is disabled via the mode register, the DM/TDQS_t pin will provide the DATA
MASK (DM) function, and the TDQS_c pin is not used. The TDQS function must be dis-
abled in the mode register for both the x4 and x16 configurations. The DM function
is supported only in x8 and x16 configurations.

Vbp Supply Power supply: 1.2V +0.060V.
Vbbq Supply DQ power supply: 1.2V +0.060V.
Vpp Supply DRAM activating power supply: 2.5V -0.125V/+0.250V.
VREFCA Supply Reference voltage for control, command, and address pins.
Vss Supply Ground.
Vssq Supply DQ ground.
ZQ Reference |Reference ball for ZQ calibration: This ball is tied to an external 240Q resistor
(RZQ), which is tied to Vssq.
RFU - Reserved for future use.
NC - No connect: No internal electrical connection is present.
NF - No function: May have internal connection present but has no function.
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Package Dimensions

Package Dimensions

Figure 7: 78-Ball FBGA - x4, x8 "HX"
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Notes: 1. All dimensions are in millimeters.
2. Solder ball material: SAC305 (Pb-free 96.5% Sn, 3% Ag, 0.5% Cu).
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4Gb: x4, x8, x16 DDR4 SDRAM

Figure 8: 78-Ball FBGA - x4, x8 "RH"
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2. Solder ball material: SAC302 (Pb-free 96.8% Sn, 3% Ag, 0.2% Cu).
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All dimensions are in millimeters.

CCMTD-1725822587-9046

4gb_ddr4_dram.pdf - Rev. K 06/18 EN

30

Micron Technology, Inc. reserves the right to change products or specifications without notice.

© 2014 Micron Technology, Inc. All rights reserved.



(p/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Package Dimensions

Figure 9: 78-Ball FBGA - x4, x8 "WE"

.
— 1T

1.8 CTR
nonconductive
overmold

78X @0.47
Dimensions apply

to solder balls post- Ball A1ID Ball A1ID
reflow on @0.42 SMD (covered by SR)
ball pads. 98 7 321

t ~ ]
\ea oo| ! |oc00O |a d

ooo0| ! o000 |8
O0O0| I |OOO |c
OO0O0| I |OOO |D
QOO0 | | |OOO |E
1201 000 | | |00O [F
9.6 CTR BCACAC B Rl ESRORCR X¢]
000 |, |00O |H
00O | | OO0 |)
000 | OO0O0 |K
§ [e)XeXe} | Q0O |L
r®&00 OO0 |m
08TYP leeo0| ! |[00® |N

bl | a

T
—] LO.S TYP [~——1.1 +0.1
6.4 CTR |~——0.34 £0.05
8 +0.1
Notes: 1. All dimensions are in millimeters.
2. Solder ball material: SAC302 (96.8% Sn, 3% Ag, 0.2% Cu).
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(p/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Package Dimensions

Figure 10: 78-Ball FBGA - x4, x8 "SA"
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Notes: 1. All dimensions are in millimeters.
2. Solder ball material: SAC302 (96.8% Sn, 3% Ag, 0.2% Cu).
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Package Dimensions

Figure 11: 96-Ball FBGA - x16 "HA"
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Notes: 1. All dimensions are in millimeters.
2. Solder ball material: SAC305 (Pb-free 96.5% Sn, 3% Ag, 0.5% Cu).
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(p/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Package Dimensions

Figure 12: 96-Ball FBGA - x16 "GE"
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Notes: 1. All dimensions are in millimeters.
2. Solder ball material: SAC302 (Pb-free 96.8% Sn, 3% Ag, 0.3% Cu).
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(p/'? ICron 4Gb: x4, x8, x16 DDR4 SDRAM

Package Dimensions

Figure 13: 96-Ball FBGA - x16 "LY"

FOJ;SS | J

? UU U —

Seating plane

—_— | ———

1.8 CTR
Nonconductive
overmold

96X ©@0.47
Dimensions apply

to solder balls post-

Ball A1 1D Ball A1 1D
reflow on ©0.42 (covered by SR)
SMD ball pads.

9 8 7 \ 321 .
00| | |00O]a C§
ooo| , |ooo|e
000| , |00O|c
00O | OO0O|D
00O | OOO|E
00O OOO|F
13.5 £0.1 000 : 000l
000 OOO|H
12 CTR Tooo| 1" |ooo
Q00| | |OOO]|K
OO0 | | |OOO]|L
OO0 | 1 |OO0OO(M™
OO0 | | |OOO]|N
000| | |oooO]r
@00 | | |[O0OO|r
0.8TYP &0 | ool
0.8TYP 1.1 0.1
~— 6.4 CTR — —»| |=+——0.34 +0.05
——7.5 £0.1—]
Notes: 1. All dimensions are in millimeters.
2. Solder ball material: SAC302 (96.8% Sn, 3% Ag, 0.2% Cu).
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State Diagram

State Diagram

This simplified state diagram provides an overview of the possible state transitions and
the commands to control them. Situations involving more than one bank, the enabling

or disabling of on-die termination, and some other events are not captured in full de-
tail.

Figure 14: Simplified State Diagram
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Table 4: State Diagram Command Definitions

4Gb: x4, x8, x16 DDR4 SDRAM

State Diagram

Command Description

ACT Active

MPR Multipurpose register

MRS Mode register set

PDE Enter power-down

PDX Exit power-down

PRE Precharge

PREA Precharge all

READ RD, RDS4, RDS8

READ A RDA, RDAS4, RDAS8

REF Refresh, fine granularity refresh
RESET Start reset procedure

SRE Self refresh entry

SRX Self refresh exit

TEN Boundary scan mode enable

WRITE WR, WRS4, WRS8 with/without CRC
WRITE A WRA, WRAS4, WRAS8 with/without CRC
ZQCL ZQ calibration long

ZQCS ZQ calibration short

Note:

1. See the Command Truth Table for more details.
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4Gb: x4, x8, x16 DDR4 SDRAM
Functional Description

Functional Description

The DDR4 SDRAM is a high-speed dynamic random-access memory internally config-
ured as sixteen banks (4 bank groups with 4 banks for each bank group) for x4/x8 devi-
ces, and as eight banks for each bank group (2 bank groups with 4 banks each) for x16
devices. The device uses double data rate (DDR) architecture to achieve high-speed op-
eration. DDR4 architecture is essentially an 8n-prefetch architecture with an interface
designed to transfer two data words per clock cycle at the I/0 pins. A single read or
write access for a device module effectively consists of a single 8n-bit-wide, four-clock-
cycle-data transfer at the internal DRAM core and eight corresponding n-bit-wide, one-
half-clock-cycle data transfers at the I/0 pins.

Read and write accesses to the device are burst-oriented. Accesses start at a selected lo-
cation and continue for a burst length of eight or a chopped burst of four in a program-
med sequence. Operation begins with the registration of an ACTIVE command, which is
then followed by a READ or WRITE command. The address bits registered coincident
with the ACTIVE command are used to select the bank and row to be accessed (BG[1:0]
select the bank group for x4/x8, and BGO selects the bank group for x16; BA[1:0] select
the bank, and A[17:0] select the row. See the Addressing section for more details). The
address bits registered coincident with the READ or WRITE command are used to select
the starting column location for the burst operation, determine if the auto PRECHARGE
command is to be issued (via A10), and select BC4 or BL8 mode on-the-fly (OTF) (via
A12) if enabled in the mode register.

Prior to normal operation, the device must be powered up and initialized in a prede-
fined manner. The following sections provide detailed information covering device reset
and initialization, register definition, command descriptions, and device operation.

NOTE: The use of the NOP command is allowed only when exiting maximum power
saving mode or when entering gear-down mode.
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RESET and Initialization Procedure

4Gb: x4, x8, x16 DDR4 SDRAM
RESET and Initialization Procedure

To ensure proper device function, the power-up and reset initialization default values
for the following mode register (MR) settings are defined as:

e Gear-down mode (MR3 A[3]): 0 =1/2 rate

Per-DRAM addressability (MR3 A[4]): 0 = disable

Maximum power-saving mode (MR4 A[1]): 0 = disable

CS to command/address latency (MR4 A[8:6]): 000 = disable
CA parity latency mode (MR5 A[2:0]): 000 = disable

Hard post package repair mode (MR4 A[13]): 0 = disable
Soft post package repair mode (MR4 A[5]): 0 = disable

Power-Up and Initialization Sequence

Note:

The following sequence is required for power-up and initialization:

1.

1.

Apply power (RESET_n and TEN should be maintained below 0.2 x Vpp while sup-
plies ramp up; all other inputs may be undefined). When supplies have ramped to
a valid stable level, RESET_n must be maintained below 0.2 x Vpp for a minimum
of PPW_RESET_L and TEN must be maintained below 0.2 x Vpp for a minimum of
700us. CKE is pulled LOW anytime before RESET_n is de-asserted (minimum time
of 10ns). The power voltage ramp time between 300mV to Vpp pin must be no
greater than 200ms, and during the ramp, Vpp must be greater than or equal to
Vbpq and (Vpp - Vppg) < 0.3V. Vpp must ramp at the same time or before Vpp, and
Vpp must be equal to or higher than Vpp at all times. After Vpp has ramped and
reached a stable level, RESET_n must go high within 10 minutes. After RESET_n
goes high, the initialization sequence must be started within 3 seconds. For debug
purposes, the 10 minute and 3 second delay limits may be extended to 60 minutes
each provided the DRAM is operated in this debug mode for no more than 360 cu-
mulative hours.

During power-up, the supply slew rate is governed by the limits stated in the table
below and either condition A or condition B listed below must be met.

Table 5: Supply Power-up Slew Rate

Symbol Min | Max |Unit|Comment

Vpp_SL, Vppq_SL, 0.004 | 600 |V/ms|Measured between 300mV and 80% of
Vpp_SL supply minimum

Vpp_oOna N/A 200 ms |Vpp maximum ramp time from 300mV to

Vpp minimum

Vbpg_onha N/A 200 ms |Vppq maximum ramp time from 300mV to
Vbpq minimum

20 MHz band-limited measurement.

e Condition A:
— Apply Vpp without any slope reversal before or at the same time as Vpp and
VDDQ'
- Vpp and Vppq are driven from a single-power converter output and apply
Vbp/Vppq without any slope reversal before or at the same time as Vpr and

VREFCA-
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RESET and Initialization Procedure

— The voltage levels on all balls other than Vpp, Vppg, Vss, and Vsgg must be less
than or equal to Vppq and Vpp on one side and must be greater than or equal
to Vggq and Vg on the other side.

— Vrris limited to 0.76V MAX when the power ramp is complete.

— VREFCA tracks VDD/Z-

e Condition B:

— Apply Vpp without any slope reversal before or at the same time as Vpp.

- Apply Vpp without any slope reversal before or at the same time as Vppq.

- Apply Vppq without any slope reversal before or at the same time as Vyr and
VREFCA-

— The voltage levels on all pins other than Vpp, Vpp, Vppg, Vss, and Vssg must be
less than or equal to Vppg and Vpp on one side and must be larger than or
equal to Vgsq and Vg on the other side.

2. After RESET n is de-asserted, wait for another 500us but no longer then 3 seconds
until CKE becomes active. During this time, the device will start internal state initi-
alization; this will be done independently of external clocks. A reasonable attempt
was made in the design to power up with the following default MR settings: gear-
down mode (MR3 A[3]): 0 = 1/2 rate; per-DRAM addressability (MR3 A[4]): 0 = dis-
able; maximum power-down (MR4 A[1]): 0 = disable; CS to command/address la-
tency (MR4 A[8:6]): 000 = disable; CA parity latency mode (MR5 A[2:0]): 000 = disa-
ble. However, it should be assumed that at power up the MR settings are unde-
fined and should be programmed as shown below.

3. Clocks (CK_t, CK_c) need to be started and stabilized for at least 10ns or 5 '‘CK
(whichever is larger) before CKE goes active. Because CKE is a synchronous signal,
the corresponding setup time to clock (IS) must be met. Also, a DESELECT com-
mand must be registered (with IS setup time to clock) at clock edge Td. After the
CKE is registered HIGH after RESET, CKE needs to be continuously registered
HIGH until the initialization sequence is finished, including expiration of ‘DLLK
and ZQinit.

4. The device keeps its ODT in High-Z state as long as RESET_n is asserted. Further,
the SDRAM keeps its ODT in High-Z state after RESET_n de-assertion until CKE is
registered HIGH. The ODT input signal may be in an undefined state until 'IS be-
fore CKE is registered HIGH. When CKE is registered HIGH, the ODT input signal
may be statically held either LOW or HIGH. If Rrrnow, is to be enabled in MR1,
the ODT input signal must be statically held LOW. In all cases, the ODT input sig-
nal remains static until the power-up initialization sequence is finished, including
the expiration of 'DLLK and ZQinit.

5. After CKE is registered HIGH, wait a minimum of RESET CKE EXIT time, 'XPR, be-
fore issuing the first 