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1. GENERAL DESCRIPTION
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LPDDR?2 is a high-speed SDRAM device internally configured as a 4-Bank memory. These devices contains 256Mb

has 268,435,456 bits.

All LPDDR2 devices use a double data rate architecture on the Command/Address (CA) bus to reduce the number
of input pins in the system. The 10-bit CA bus contains command, address, and Bank/Row Buffer information. Each
command uses one clock cycle, during which command information is transferred on both the positive and negative

edge of the clock.

For LPDDR2 devices, accesses begin with the registration of an Activate command, which is then followed by a
Read or Write command. The address and BA bits registered coincident with the Activate command are used to
select the row and the Bank to be accessed. The address bits registered coincident with the Read or Write command
are used to select the Bank and the starting column location for the burst access.

2. FEATURES

¢ VDD1 =1.7~1.95V

¢ VDD2/VDDCA/VDDQ = 1.14V~1.30V
o Data width: x16 / x32

e Clock rate: up to 533 MHz

¢ Data rate: up to 1066 Mb/s/pin

e Four-bit prefetch DDR architecture

e Four internal banks

® Programmable READ and WRITE latencies (RL/WL)
e Programmable burst lengths: 4, 8, or 16

¢ Auto refresh: All bank refresh mode only

¢ Partial Array Self-Refresh (PASR):

All bank or per bank, bank mask is supported but
segment mask is not supported

¢ Precharge command: All bank or per bank
¢ Read with auto-prechage

¢ Write with auto-prechage

e Deep Power Down Mode (DPD Mode)
e Programmable output buffer driver strength
¢ Data mask (DM) for write data
¢ Clock Stop capability during idle periods
e Double data rate for data output
¢ Differential clock inputs
o Bidirectional differential data strobe
o Interface: HSUL_12
¢ JEDEC LPDDR2-S4B compliance
e Support package:
Single channel: 134 VFBGA (10mm x11.5mm)
Single channel: 168 WFBGA (12mm x12mm)
e Operating Temperature Range:
-25°C £ TcAsE< 85°C
-40°C £ TCASE< 85°C
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3. ORDER INFORMATION
Part Number VDD1/vVDD2/vVDDQ I/0 Width Package Others
W978HEKBQX2I 1.8V/1.2V/1.2V 16 168WFBGA 400MHz, -40°C~85°C
W978H2KBQX2I 1.8V/1.2V/1.2V 32 168WFBGA 400MHz, -40°C~85°C
W978HEKBQX1lI 1.8V/1.2V/1.2V 16 168WFBGA 533MHz, -40°C~85°C
W978H2KBQX L1l 1.8V/1.2V/1.2V 32 168WFBGA 533MHz, -40°C~85°C
W978HE6KBQX2E 1.8V/1.2V/1.2V 16 168WFBGA 400MHz, -25°C~85°C
W978H2KBQX2E 1.8V/1.2V/1.2V 32 168WFBGA 400MHz, -25°C~85°C
W978HEKBQX1E 1.8V/1.2V/1.2V 16 168WFBGA 533MHz, -25°C~85°C
W978H2KBQX1E 1.8V/1.2V/1.2V 32 168WFBGA 533MHz, -25°C~85°C
W978H6KBVX2I 1.8V/1.2V/1.2V 16 134VFBGA 400MHz, -40°C~85°C
W978H2KBVX2I 1.8V/1.2Vv/1.2V 32 134VFBGA 400MHz, -40°C~85°C
W978H6KBVX1I 1.8V/1.2Vv/1.2V 16 134VFBGA 533MHz, -40°C~85°C
W978H2KBVX1I 1.8V/1.2Vv/1.2V 32 134VFBGA 533MHz, -40°C~85°C
W978H6KBVX2E 1.8V/1.2V/1.2V 16 134VFBGA 400MHz, -25°C~85°C
W978H2KBVX2E 1.8V/1.2V/1.2V 32 134VFBGA 400MHz, -25°C~85°C
W978H6KBVX1E 1.8V/1.2v/1.2V 16 134VFBGA 533MHz, -25°C~85°C
W978H2KBVX1E 1.8V/1.2Vv/1.2V 32 134VFBGA 533MHz, -25°C~85°C
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4. PIN CONFIGURATION

4.1 134 Ball VFBGA
1

A DNU

B DNU

T DNU

NC

U DNU

DNU

DQS1_c

DQS0_c

DQS3_t

VSSQ

DQS3_c

7 8
[Top View]
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Ball Definition where
2 labe's are present

1st Row
2nd Row

x32 device
Xx16 device

LPDDR2 DQ

LPDDR2 CA

Power

Ground

Do Not Use
/INC

2Q

Clock

Publication Release Date: May 22, 2014

Revision: A01-001



4.2 168 Ball WFBGA
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168Ball WFBGA

Note: x16: DQ16~DQ31,DM2,DM3,DQS2_t,DQS2_c, DQS3_t & DQS3_c is NC.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 2 23
A | NC NC NC NC NC NC NC NC NC NC | vDD1 | VSSQ | DQ30 | DQ29 | VSSQ | DQ26 | DQ25 | VSSQ |DQS3 c| woD1 | VsS | NC NC
B | NC NC | vDD1 | NC | V8S | NC NC | VvsS | NC | VvsS | vbD2 | DQ31 | VDDQ | DQ28 | DQ27 | VDDQ | DQ24 DQS3 t| VDDQ | DM3 | WDD2 | NC NC
C | vss | vDD2 DQI5 | VSSQ
D | NC NC \VDDQ | DQ14
E | NC NC DQ12 | DQI3
F | NC | VsS DQLL | VSSQ
G | NC NC VDDQ | DQI0
H | NC NC DQ8 | DQI
J | NC | VsS DQSI t| VSSQ
K | NC NC VDDQ |DQS1 ¢
L | NC NC VDD2 | DML
M| NC | VsS VrefDQ)|  VSS
N | NC | vDD1 VDD1 | DMO
P | ZQ |VefCA DQS0_c| VSSQ
R | VsS | vDD2 VDDQ | DQSO_t
T | Cco | Cc™ DQ6 | DQ7
U | CA7 |VDDCA DQ5 | VSSQ
V | VSSCA| CA6 VDDQ | DQ4
W | CA5 |VDDCA DQ2 | DQ3
Y | CKc | CKt DQ1 | VSSQ
M | VSS | VDD2 VDDQ | DQO
B | NC NC [ CSn| NC | vDDL | CAL |VSSCA| CA3 | CA4 | VDD2 | VSS | DQI6 | VDDQ | DQI8 | DQ20 | VDDQ | DQ22 | DQS2 t| VDDQ | DM2 | VDD2 | NC NC
AC | NC NC | CKE | NC | VSS | CAO | CA2 |VDDCA| VSS | NC NC | VSSQ | DQ17 | DQ19 | VSSQ | DQ21 | DQ23 | VSSQ [DQS2.c| VDDL | VSS | NC NC

[Top View]
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5. PIN DESCRIPTION
5.1 Basic Functionality

Name Type Description

Clock: CK_t and CK_c are differential clock inputs. All Double Data Rate (DDR) CA inputs are sampled on both
positive and negative edge of CK_t. Single Data Rate (SDR) inputs, CS_n and CKE, are sampled at the positive
Clock edge.

Clock is defined as the differential pair, CK_t and CK_c. The positive Clock edge is defined by the crosspoint of a

rising CK_t and a falling CK_c. The negative Clock edge is defined by the crosspoint of a falling CK_t and a rising
CK_c.

CK t,CK ¢ Input

Clock Enable: CKE HIGH activates and CKE LOW deactivates internal clock signals and therefore device input
buffers and output drivers. Power savings modes are entered and exited through CKE transitions.

CKE Input | CKE is considered part of the command code. See 7.5.1 “Command Truth Table” for command code
descriptions.

CKE is sampled at the positive Clock edge.

Chip Select: CS_nis considered part of the command code. See 7.5.1 “Command Truth Table” for
CS n Input | command code descriptions.

CS_nis sampled at the positive Clock edge.

DDR Command/Address Inputs: Uni-directional command/address bus inputs.

CA[n:0] Input | CAis considered part of the command code. See 7.5.1 “Command Truth Table” for command code
descriptions.
DQ[n:0] /0 Data Inputs/Output: Bi-directional data bus. n=15 for 16 bits DQ; n=31 for 32 bits DQ.

Data Strobe (Bi-directional, Differential):

The data strobe is bi-directional (used for read and write data) and differential (DQS_t and DQS_c). It is output
DQSn_t, /O with read data and input with write data. DQS _t is edge-aligned to read data and centered with write data.
DQSn_c For x16, DQSO0_t and DQSO_c correspond to the data on DQO-7; DQS1_t and DQSL1_c to the data on DQ8-15.

For x32 DQSO0_t and DQSO0_c correspond to the data on DQO-7; DQS1_t and DQS1_c to the data on DQ8-15;
DQS2_t and DQS2_c to the data on DQ16-23; DQS3_t and DQS3_c to the data on DQ24-31.

Input Data Mask:

DM is the input mask signal for write data. Input data is masked when DM is sampled HIGH coincident with that
input data during a Write access. DM is sampled on both edges of DQS_t. Although DM is for input only, the DM
loading shall match the DQ and DQS (or DQS_c).

DMn Input DMO is the input data mask signal for the data on DQO-7.
For x16 and x32 devices, DM1 is the input data mask signal for the data on DQ8-15.
For x32 devices, DM2 is the input data mask signal for the data on DQ16-23 and DM3 is the input data mask
signal for the data on DQ24-31.
VDD1 Supply | Core Power Supply 1: Power supply for core.
VDD2 Supply | Core Power Supply 2: Power supply for core.
VDDCA Supply | Input Receiver Power Supply: Power supply for CA[n:0], CKE, CS_n, CK_t, and CK_c input buffers.
VDDQ Supply | /0 Power Supply: Power supply for Data input/output buffers.

Reference Voltage for CA Command and Control Input Receiver: Reference voltage for all

VREF(CA) Supply CA[n:0], CKE, CS_n, CK_t, and CK_c input buffers.

VREF(DQ) Supply | Reference Voltage for DQ Input Receiver: Reference voltage for all Data input buffers.

Vss Supply | Ground
VSsScA Supply | Ground for CA Input Receivers
VssQ Supply | /0 Ground
ZQ /0 Reference Pin for Output Drive Strength Calibration

Note: Data includes DQ and DM.
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5.2 Addressing Table

Density 256Mb
Number of Banks 4
Bank Addresses BAO-BA1
tREFI(US)™2 7.8
Row Addresses RO-R12
x16
Column Addresses™ CO0-C8
Row Addresses RO-R12
x32
Column Addresses™ Co0-C7

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

2. tREFI values for all bank refresh is -40°C < TCASE < 85°C.
3. Row and Column Address values on the CA bus that are not used are “don’t care”.
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7. FUNCTIONAL DESCRIPTION

LPDDR2-S4 devices use a double data rate architecture on the DQ pins to achieve high speed operation. The
double data rate architecture is essentially a 4n prefetch architecture with an interface designed to transfer two data
bits per DQ every clock cycle at the 1/0 pins. A single read or write access for the LPDDR2-S4 effectively consists of
a single 4n-bit-wide, one-clock-cycle data transfer at the internal SDRAM core and four corresponding n-bit-wide,
one-half-clock-cycle data transfers at the 1/O pins.

Read and write accesses are burst oriented; accesses start at a selected location and continue for a programmed
number of locations in a programmed sequence.

Prior to normal operation, the LPDDR2 device must be initialized. The following section provides detailed information
covering device initialization, register definition, command description and device operation.

7.1 Simplified LPDDR2 State Diagram

LPDDR2-SDRAM state diagram provides a simplified illustration of allowed state transitions and the related
commands to control them. For a complete definition of the device behavior, the information provided by the state
diagram should be integrated with the truth tables and timing specification.

The truth tables provide complementary information to the state diagram, they clarify the device behavior and the
applied restrictions when considering the actual state of all the banks.

Publication Release Date: May 22, 2014
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7.1.1 Simplified LPDDR2 Bus Interface State Diagram

Power >
Applied

Active
Power
Down

Writing
With
PR(A)=Precharge (All) Autoprecharge,

ACT=Activate

WR(A)=Write(with Autoprecharge)
RD(A)=Read (with Autoprecharge)
BST=Burst Terminate
Reset=Reset is achieved through MRW command
MRW=Mode Register Write

MRR=Mode Register Read

PD=Enter Power Down

PDX=Exit Power Down

SREF=Enter Self Refresh

SREFX=Exit Self Refresh

DPD=Enter Deep Power D