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Descriptions

This LPDDR3 is a high-speed SDRAM device internally
configured as an 8-Bank memory and contains
1,073,741,824 bits.

This LPDDR3 device uses 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.
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1Gb (4Mx8Banksx32)
Low Power DDR3 SDRAM

Features

vDD1 = 1.7~1.95V

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

Clock rate: up to 1066 MHz

Data rate: up to 2133 Mbps

8 internal banks for concurrent operation
8n pre-fetch operation

Burst length: 8

Per Bank Refresh

Partial Array Self-Refresh(PASR)

On-die termination (ODT)

Deep Power Down Mode (DPD Mode)
Double data rate architecture

Clock Stop capability

Programmable Read and Write Latencies (RL/WL)
Bidirectional differential data strobe
VFBGA178 (11mm x11.5mm)
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Ordering Information

Part No Organization Max. Data Rate Package Grade
H2A801G32B6BFHC 32M X 32 LPDDR3-1600 178Ball Commercial
a
H2A801G32B6BGHC 32M X 32 LPDDR3-1866 Commercial
BGA,11x11.5mm -
H2A801G32B6BHHC 32M X 32 LPDDR3-2133 Commercial

Pin Assignment
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Pin Description (Simplified)

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 pasitive
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.

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.

CK_t,CK_¢ Input

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_n is sampled at the positive Clock edge.

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

CA[9:0] Input | CAis considered part of the command code. See 7.5.1 “Command Truth Table” for command code
descriptions.

DQ[n:0] 110 Data Inputs/Output: Bi-directional data bus. DQ[15:0] for x16, DQ[31:0] for x32.

Data Strobe (Bi-directional, Differential):

The data strobe is bi-directional (used for read and write data) and differential (DQS_t and DQS_c). Itis 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, DQS0_t and DQSO_c comespond to the data on DQO0-7, DQS1_t and DQS1_c to the data on DQA&-15.

For x32 DQS0_t and DQS0_c correspond to the data on DQO-7; DAS1_t and DQS1_c to the data on DQ8-15;
DQS2_t and DQS2_c to the data on DQ16-23; DQS3_t and DAS3_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 For x16 and x32 devices, DMO is the input data mask signal for the data on DQ0-7. DM1 is the input data mask
signal for the data on DQB-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.
On-Die Termination: This signal enables and disables termination on the DRAM DQ bus according to the
oDT Input ] ) )
specified mode register settings.
\VDD1 Supply | Core Power Supply 1: Core Power supply.
\DD2 Supply | Core Power Supply 2: Core Power supply.
\VVDDCA Supply | Input Receiver Power Supply: Power supply for CA[9:0], 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) | SUPPIY | Cato0 CKE. GS. 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: Ground of core logic, input receivers and data input/output buffers.

ZQ /O Reference Pin for Output Drive Strength Calibration

SEN Input Sca_n Enable; SEN must be asserted ‘HIGH for enal:_)ling boundary scan function. Must
be tied to Ground or NC (No Connection) when not in use.

NC -- No Connection

DNU - Do Not Use

i —
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Absolute Maximum Rating

Symbol Item Rating Units

Vv, Vour | Voltage on any pin relative -04~16 \Y;
Vb1 Voltage on VDD1 pin relative -04~23 \Y
Vb2 Voltage on VDD2 pin relative -04~16 \Y
Vbbea Voltage on VDDCA pin relative -04~16 \Y
Vbbo Voltage on VDDQ pin relative -04~16 \Y
Tste Storage Temperature (plastic) -55 ~ 125 C

Note 1: Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these
or any other conditions above those indicated in the operational sections of this specification
is not implied. Exposure to absolute maximum rating conditions for extended periods may affect
reliability.
Note 2: Storage Temperature is the case surface temperature on the center/top side of the DRAM.
Note 3: VREFCA =0.6 x VDDCA, however, VREFCA may be =VDDCA, provided that VREFCA <300mV.
Note 4: VREFDQ <0.7 x VDDQ); however, VREFDQ may be =VDDQ, provided that VREFDQ <300mV.

Capacitance

Symbol Parameter Min. Max. Units
Cck Input Capacitance (CK, /CK) 0.5 1.2 pF
Cpbck Input capacitance delta, CK and /CK 0 0.15 pF

C Input capacitance, all other input-only pins 0.5 1.1 pF
Coi Input capacitance delta, all other input-only pins -0.2 0.2 pF
Cio Input/output capacitance, DQ, DM, DQS,/DQS 1.0 1.8 pF
Cobos Input/output capacitance delta, DQS, /DQS 0 0.2 pF
Coio Input/output capacitance delta, DQ, DM -0.25 0.25 pF
Czo Input/output capacitance ZQ Pin 0 2.0 pF

Note 1: This parameter is not subject to production testing. It is verified by design and characterization.
Note 2: These parameters are measured on f = 100 MHz, VOUT = VDDQ/2, TA= +25 °C.
Note 3: DOUT circuits are disabled.

Recommended DC Operating Conditions

Symbol Parameter Min. Typ. Max. Units
Vpp1 Core Supply voltage 1 1.70 1.80 1.95 \%
Vpp2 Core Supply voltage 2 1.14 1.20 1.30 \%
Vooca Input Supply Voltage (Command/Address) 1.14 1.20 1.30 \%
Vopg I/0 Supply voltage (DQ) 1.14 1.20 1.30 \%

Notes: 1. The voltage range is for DC voltage only. DC is defined as the voltage supplied at the DRAM and is
inclusive of all noise up to 1 MHz at the DRAM package ball.
Notes: 2. VDD1 uses significantly less power than VDD?2.

i —
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H2A801G32B6B
DC Characteristics
(IDD Specifications; VDD2, VDDQ,VDDCA = 1.14~1.30V, VDD1 = 1.70~1.95V)
Speed )
Symbol Supply - p— 2133 Unit
IDDO1 VDD1 7 7 7
IDDO IDD02 VDD2 36 37 39 mA
IDDOIN VDDCA , VDDQ 8 8 8
IDD2P1 VDD1 0.3 0.3 0.3 mA
IDD2P IDD2P2 VDD2 2 2 2 mA
IDD2PIN VDDCA, VDDQ 50 50 50 UA
IDD2PS1 VDD1 0.3 0.3 0.3 mA
IDD2PS IDD2PS2 VDD2 2 2 2 mA
IDD2PSIN VDDCA ,vDDQ 50 50 50 UA
IDD2N1 VDD1 0.9 0.9 0.9
IDD2N IDD2N2 VDD2 10 11 mA
IDD2NIN VDDCA, VDDQ 8 8
IDD2NS1 VDD1 0.9 0.9 0.9
IDD2NS IDD2NS2 VDD2 mA
IDD2NSIN VDDCA , VDDQ
IDD3P1 VDD1 1.1 1.1 1.1 mA
IDD3P IDD3P2 VDD2 5 5 5 mA
IDD3PIN VDDCA, VDDQ 50 50 50 UA
IDD3PS1 VDD1 1.1 1.1 11 mA
IDD3PS IDD3PS2 VDD2 5 5 5 mA
IDD3PSIN VDDCA, VDDQ 50 50 50 UA
IDD3N1 VDD1 1.3 1.3 13
IDD3N IDD3N2 VDD2 13 14 15 mA
IDD3NIN VDDCA, VDDQ 8 8 8
IDD3NS1 VDD1 1.3 1.3 1.3
IDD3NS IDD3NS2 VDD2 mA
IDD3NSIN VDDCA , VDDQ
IDD4R1 VDD1 15 15 15
IDD4R IDD4R2 VDD2 162 186 210 mA
IDD4RIN VDDCA 8 8 8
IDD4AW1 VDD1 15 15 15
IDD4AW IDD4AW2 VDD2 163 189 215 mA
IDDAWIN VDDCA , VDDQ 34 34 34
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H2A801G32B6B
DC Characteristics(Continued)
(IDD Specifications; VDD2, VDDQ,VDDCA = 1.14~1.30V, VDD1 = 1.70~1.95V)
Speed ;
Symbol Supply - p— 2133 Unit
IDD51 vDD1 18 18 18
IDD5 IDD52 VDD2 60 62 63 mA
IDD5IN VDDCA, VDDQ 8 8 8
IDD5AB1 VDD1 1.22 1.22 1.22
IDD5AB | IDD5AB2 VDD2 10.5 1 12 mA
IDD5ABIN VDDCA , VDDQ 8 8 8
IDD5PB1 vDD1 13 13 13
IDD5PB | IDD5PB2 VDD2 1 1 12 mA
IDD5PBIN VDDCA, VDDQ 8 8 8
IDD81 VDD1 50 50 50
IDD8 IDD82 VDD2 50 50 50 UA
IDD8IN VDDCA , VDDQ 50 50 50

IDD6 Partial Array Self-refresh current; VDD2,VDDQ,VDDCA = 1.14~1.30V, VDD1 = 1.70~1.95V

PASR Symbol Supply 85°C Condition Unit

IDD61 vDD1 600

Full Array IDD62 VvDD2 3000
IDD6IN VDDCA, VDDQ 50
IDD61 VDD1 500

2 Self refresh current
IDD6IN VDDCA, VDDQ 50 CKE is LOW; A
. u

IDD61 vDD1 400 CA bus inputs are stable;

1/4 Array IDD62 VDD2 2300 Data bus inputs are stable;

ODT disabled

IDD6IN VDDCA, VDDQ 50
IDD61 VDD1 350

1/8 Array IDD62 VvDD2 2200
IDD6IN VDDCA, VDDQ 50
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Single-Ended AC and DC Output Levels

Symbol Parameter Value Units
Vorac) AC output HIGH measurement level VREF + 0.12 \Y
VoLac) AC output LOW measurement level VREF -0.12 \Y
Vonpo) DC output HIGH measurement level 0.9 x VDDQ \Y
Voi(pc) DC output LOW measurement level 0.1 x VDDQ \Y

v DC output LOW measurement level (for I-V curve | VDDQ x {0.1+0.9 x v
oLpCjoDTenabled | inearity):ODT enabled DQS_t [RON / (RTT + RON)[}
Output leakage current (DQ, DM, DQS) Min 5 uA
loz (DQ, DQS are disabled; 0OV < VOUT =<
VDDQ) Max 5 UuA

Note 1: loy = —0.1mA.

Note 2: o, = 0.1mA.
Note 3: The minimum value is derived when using RTT,min and RON,max (£30% uncalibrated, +15%

calibrated).

Differential AC and DC Output Levels

Symbol Parameter LPDDR2 200-1066 Units
Vonditacy | AC differential output HIGH measurement level +0.20 x VDDQ \
Voudiiac) | AC differential output LOW measurement level -0.20 x VDDQ V

Note 1: loy = —0.1mA.
Note 2: Io. = 0.1mA.

i —
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BLOCK DIAGRAM
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AC Characteristics
(VDDZ, VDDQ, VDDCA:1-14~1-3OV| VDDl :170""’195V)

Parameter Symbol B Data Rate Unit
max 1600 1866 2133
Max. clock Frequency fck - 800 933 1066 MHz
Clock Timing
MIN 1.25 1.071 0.938
Average clock period tCK{avg) MAX 100 nS
MIN 0.45
Average HIGH pulse width tCH{avg) MAX 055 tCK{avg)
MIN 0.45
Average LOW pulse width tCL(ava) MAX 05 tCK{avg)
Absolute clock period tCK{abs) MIN tCK(avg)min + tJIT(permin nS
. tCH(abs), MIN 043
Absolute clock HIGH pulse width allowed WAX 057 tCK{avg)
) tCL{abs), MIN 043
Absolute clock LOW pulse width {allowed; MAX 057 tCK{avg)
o . . I (per), MIN -70 -60 50
Clock Period Jitter (with supported jitter) {allowed] MAX 70 50 2 ps
Maximum Clock Jitter between two consecutive clock tIM(ee),
cycles (with allowed jitter) allowed MAX 140 120 100 pS
MIN min({tCl—!tabs},min —.tCH[fivg).min). . 5
Duty cycle Jitter {(with supported jitter) IT(duty), (tCLiabs) min - CL{avg)min)) * ICkiavg) ’
allowed MAX max((tCH(abs),max - {CH{avg),max), 5
(tCL{abs),max - tCL{avg)max)) * tCK{avg) P
MIN -103 -88 -74
Cumulative error across 2 cycles tERR(2per), pS
(allowed) MAX 103 88 74
MIN -122 -105 -87
. tERR(3per),
Cumulative ermor across 3 cycles (allowed) MAX 3 05 87 pS
. tERR(4per), MIN -136 -117 47
Cumulative error across 4 cycles (allowed) MAX 136 7 o7 psS
MIN -147 -126 -105
Cumulative error across 5 cycles li: E{“S’epg;]. MAX 147 196 105 ps
MIN -155 -133 -1
Cumulative error across 6 cycles li;zfepz;]' MAX 165 1 1 pS
MIN -163 -139 -116
Cumulative error across 7 cycles li;ﬁ{;epg;]' TAX e 9 10 pS
MIN -169 -145 -121
Cumulative error across 8 cycles li;zfepg;]' MAX 169 145 21 pS
MIN -175 -150 -125
Cumulative error across 9 cycles "i; E{\iepg;]' MAX 175 150 25 psS
) MIN -180 -154 -128
. tERR({10per),
Cumulat 10 cydl S
umulative error across 10 cycles (allowed) MAX 180 154 128 p
. tERR{11per), MIN -184 -158 -132
Cumulative error across 11 cycles {allowed) MAX 184 158 132 psS
) MIN -188 -161 -134
Cumulative error across 12 cycles IE{EEL?;%TL TAX 158 o 22 pS
MIN tERR(nper),allowed MIN = (1 + 0.68In{n)) x
I llowed MIN
Cumulative error across n =13, 14, 15._, 19, 20 cycles {ERR(nper), {per) allowe - pS
(allowed) MAX tERR({nper),allowed,max = (1 + 0.68In{n}) x
tIT(per),allowed MaX

i —
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ZQ) Calibration Parameters

Initialization calibration time tzaiT MIN 1 us
Long calibration time tracL MIN 360 ns
Short calibration time tracs MIN 0 ns
Calibration Reset time {ZQRESET MIN max(50n3,3nCK) ns
Read Parameters™
DQS output access time from CK_t/CK_c tDQSCK MIN 2500 ps
MAX 5500

DQASCK delta short™ tDOSCKDS MAX 220 190 165 pS
DQSCK delta medium™ tDQSCKDM MAX 511 435 380 pS
DQSCK delta long™ tDasSCKDL MAX 614 525 460 pS
DAS-DA skew toasa MAX 135 115 100 pS
DQS output High pulse width tasH MIN tCH(abs) - 0.05 tCK{ava)
DQS output Low pulse width tasL MIN tCL(abs) - 0.05 tCK{avg)
DQYDAS output hold time from DQS toH MIN min(tQsH, tasL) 1CK (avg)
Read preamble™®10 tRPRE MIN 0.9 tCK{avg)
Read postamble®" tREST MIN 03 tCK(avg)
DQS Low-Z from clock™ tLz(Das) MIN toascKMIN - 300 pS
DQ Low-Z from clock™ tLz{Da) MIN tDQSCK{MING - 300 pS
DQS High-Z from clock™® tHz(Das) MAX toasckimax) - 100 pS
DQ High-Z from clock™® tHZ(DQ) MAX tDQSCK(MAX) + (1.4 x tDQsSQMAX)) pS
Write Parameters™
DQ and DM input hold time (VREF based) tDH MIN 150 130 115 pS
DQ and DM input setup time (VREF based) tDs MIN 150 130 115 pS
DQ and DM input pulse width toiPw MIN 0.35 tCK(avyg)
Write command to 1st DQS latching transition toass Sﬂ [:;: tCK(avg)
DQS input high-level width tDasH MIN 04 tCK(avg)
DQS input low-level width tDasL MIN 04 tCK{avg)
DS falling edge to CK setup time tDss MIN 02 tCK(avyg)
DQS falling edge hold time from CK tDSH MIN 02 tCK(avg)
Write postamble tWPST MIN 0.4 tCK{avg)
Write preamble tWPRE MIN 0.8 tCK(avyg)
CKE Input Parameters
CKE minimum. pulse width (HIGH and LOW pulse width) tCKE MIN max(7.5nS,3nCK) nSs
CKE input setup time tISCKE™? MIN 0.25 tCK(avg)
CKE input hold time tIHCKE ** MIN 0.25 tCK(avg)
Command path disable delay tCPDED MIN 2 tCK(avyg)
Command Address Input Parameters™
Address and control input setup time tisCca™+ MIN 150 130 115 p3
Address and control input hold time tiHCA™™ MIN 150 130 115 p3
CS_n input setup time tiscs MIN 270 230 205 pS
CS_n input hold time tHCS™ MIN 270 230 205 pS
Address and control input pulse width tiPwCA MIN 0.35 tCK(avg)
C5_n input pulse width tPwCs MIN 07 tCK(avg)
Boot Parameters (10 MHz-55 MHz)"' & 17

. MAX 100
Clock Cycle Time tCKb MIN B nS
CKE Input setup time tISCKED MIN 25 n3
CKE Input hold time tHCKED MIN 25 n3
Address and control input setup time tish MIN 1150 p3
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Address and control input hold time tiHb MIN 1150 psS
) MIN 20
DQS output data access time from CK_t/ICK_c tDASCKL MAX 100 nS
Data strobe edge to output data edge tDQsab MAX 12 ns
Mode Register Parameters
Mode Register Write command penod tMRW MIN 10 tCK{ava)
Mode Register Read command period tMRR MIN 4 tCK{ava)
ﬁniiljtti}c;nglshngg after txP has expired until MRR command tMRRI MIN tRCD(MIN) ns
Core Parameters™®
Read Latency RL MIN 12 14 16 tCK{avg)
Write Latency (set A) WL MIN 6 8 8 tCK{ava)
Activate to Activate command penod tRC MIN tﬁ;:tl;;:bb(ﬁ&h ; élgiinnkk%rri?h:;?;}) nS
(o pise widt dung Sel Rerash) foress | MIN max(15nS,3nCK) ns
Self Refresh exit to next valid command delay txsR MIN max(tRFCab +10nS,2nCK) nS
Exit power-down to next valid command delay txp MIN max(7.5n5,3nCK) ns
CAS-to-CAS delay tcco MIN 4 tCK(ava)
Internal Read to Precharge command delay tRTP MIN max(7.5n3,4nCK) nS
RAS to CAS Delay tRCD (typ) MIN max(18nS,3nCK) nS
Row precharge time (single bank) tRPpb (typ) MIN max(18n3,3nCK) ns
Row precharge time (all banks) tRPab (typ) MIN max(21n3,3nCK) ns
Row active fime (RAS MIN max(42nS,3nCK) ns
MAX min(70.2, 9 x RM x tREFI) us
Write Recovery Time tWR MIN max(15n3,4nCK) ns
Internal Write-to-Read command delay tWTR MIN max(7.5n5,4nCK) ns
Active bank A to active bank B tRRD MIN max{10n3,2nCK) nsS
Four-bank Activate Window tFaw MIN max(50n3,3nCK) ns
Minimum deep power-down time tDPD MIN 500 ps
ODT Parameters
) MIN 1.75
Asynchronous RTT turn-on delay from ODT input toDTon MAX 15 nS
Asynchronous RTT turn-off delay from ODT input tODToff MIN 175 nS
MAX 35
Automatic RTT turn-on delay after Read data tA0DTon MAX tDQSCK + 1.4 = tDQS0,max + tCK{avg,min) psS
Automatic RTT tumn-off delay after Read data tAODToff MIN tDQSCK,min - 300 pS
RTT disable delay from power down entry toDTd MAX 12 n3
?;:«rmdiesﬁtl;;e delay from self-refresh, and deep power toDTa MAX 12 + 051K ns
RTT enable delay from power down and self refresh exit toDTe MAX 12 nS
CA Training Parameters
E:-rosérgfinr{:;gidbmtion command after CA calibration mode is {CAMRD MIN 20 teK(ava)
First CA calibration command after CKE is LOW tCAENT MIN 10 tCK(avg)
CA calibration exit command after CKE is HIGH tCAEXT MIN 10 tCK(avg)
CKE LOW after CA calibration mode is programmed ICACKEL MIN 10 tCK(avg)
CKE HIGH after the last CA calibration results are driven tCACKEH MIN 10 tCK(avg)
E;l;r:g;rgzgay after CA training calibration command is 1ADR MAX 20 ns
MRW CA exit command to DQ tri-state tMRZ MIN 3 n3
CA calibration command to CA calibration command delay tcacD MIN RU(taDR+2 = tCK) tCK(avg)
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Write Leveling Parameters

DQS_t/DQS_c delay after write leveling mode is MIN 25

programmed tWLDQSEN MAX - nS

First DQS_tDQS_c edge after wnte leveling mode is tWLMRD MIN 40 ns

programmed MAX -

Write leveling output dela twLo MIN g nS
godpuceay MAX 20

Wite leveling hold time twLH MIN 175 150 135 ps

Write leveling setup time twLs MIN 175 150 135 pS

MIN ax(14nS, 10nCK
Mode register set command delay tMRD MAX max(14nS, 10nCK ) ns

Temperature Derating™

DAS output access time from CK_t/CK_c (derated) tDasc MAX 5620 pS
RAS-to-CAS delay (derated) tRCD MIN tRCD + 1.875 nS
Activate -to- Activate command period (derated) tRC MIN trRc + 1.875 nS
Row active time (derated) tRAS MIN tras + 1.875 nS
Row precharge time (derated) tRP MIN tRP + 1.875 nS
Active bank A to active bank B (derated) tRRD MIN tRRD + 1.875 nS
Note 1: Frequency values are for reference only. Clock cycle time (Tck) is used to determine device capabilities.
Note 2: All AC timings assume an input slew rate of 2 V/ns.
Note 3: Measured with 4 V/ns differential CK_t/CK_c slew rate and nominal VIX
Note 4: READ, WRITE, and input setup and hold values are referenced to VREF.

Note 5:

Note 6:

Note 7:

Note 8:

tDQSCKDS is the absolute value of the difference between any two tDQSCK measurements(in a byte lane)
within a contiguous sequence of bursts in a 160ns rolling window. tDQSCKDS is not tested and is
guaranteed by design. Temperature drift in the system is <10°C/s. Values do not include clock jitter.
tDQSCKDM is the absolute value of the difference between any two tDQSCK measurements

(in a byte lane) within a 1.6 ¢ s rolling window. tDQSCKDM is not tested and is guaranteed by design.
Temperature drift in the system is <10°C/s. Values do not include clock jitter.

tDQSCKDL is the absolute value of the difference between any two tDQSCK measurements (in a byte lane)
within a 32ms rolling window. tDQSCKDL is not tested and is guaranteed by design. Temperature drift in the
system is <10°C/s. Values do not include clock jitter.

For LOW-to-HIGH and HIGH-to-LOW transitions, the timing reference is at the point when the signal
crosses the transition threshold (VTT). tHZ and tLZ transitions occur in the same access time (with respect
to clock) as valid data transitions. These parameters are not referenced to a specific voltage level but to the
time when the device output is no longer driving (for tRPST, tHZ(DQS) and tHZ(DQ)), or begins driving (for
tRPRE, tLZ(DQS) and tLZ(DQ)). The figure below shows a method to calculate the point when the device is
no longer driving tHZ(DQS) and tHZ(DQ) or begins driving tLZ(DQS) and tLZ(DQ) by measuring the signal
at two different voltages. The actual voltage measurement points are not critical as long as the calculation is
consistent. The parameters tLZ(DQS), tLZ(DQ), tHZ(DQS), and tHZ(DQ) are defined as single-ended. The
timing parameters tRPRE and tRPST are determined from the differential signal DQS.

_—— - —
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Output Transition Timing

Vou r
X3 Vg - XmV
Vip+2xY mV 2 X o=
Vo - 2x X mV
Vrr+YmV | Uz(DQs), 1z(do) on
tual w e
Vi ———(¥ : tHZ(DQS), "HZ(DQ) Vir
2 Y
Vir-ymV i Vg, +2x X mV
Vir-2xY mV ' VoL + X mV
— Y
T172 ot 172
Start driving point=2 x T1-T2 End driving point=2 xT1-T2

Note 9: Measured from the point when DQS begins driving the signal, to the point when DQS begins driving the first

rising strobe edge.

Note 10: Measured from the last falling strobe edge of DQS to the point when DQS finishes driving the signal.

Note 11: CKE input setup time is measured from CKE reaching a HIGH/LOW voltage level to CK crossing.

Note 12: CKE input hold time is measured from CK crossing to CKE reaching a HIGH/LOW voltage level.

Note 13: Input setup/hold time for signal (CA[9:0], /CS).

Note 14: To ensure device operation before the device is configured, a number of AC boot timing parameters are
defined in this table. Boot parameter symbols have the letter b appended (for example, tCK during boot is
tCKb).

Note 15: Mobile LPDDR3 devices set some mode register default values upon receiving a RESET (MRW) command,
as specified in Mode Register Definition.

Note 16: The output skew parameters are measured with default output impedance settings using the reference

load.
Note 17: The minimum tCK column applies only when tCK is greater than 6ns.

- —
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Simplified State Diagram
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N
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&
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~ /\
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| with with
Precharging |
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Command Truth Table

SDR Command Pins DDR. CA Pins (10) Kt
SDRAM CKE EDGE
CS_ n| CAD | CA1 CA2 CA3 CA4 CAS CA6 | CAT CAB CA9
Command  |CK_tin-1)| CK_tin) | ~—
L L L L L MAD MA1 MAZ | MA3 MA4
MRW H H
X MAG | MAT | OPOD oP1 oP2 OP3 oP4 OPS OP6
L L L L H MAD MA1 MAZ | MA3 MA4
MRR H H
X MAG | MAT X
Refresh L L L H ‘ L ‘ X
H H
{per bank) X X
Refresh L L | L ‘ H ‘ H ‘ X
H H
{all bank) X X
Enter H . L L | L ‘ H ‘ X
Self Refresh x X X
Activate y » L L H R8 R9 R10 R11 R12 BAD BA1
(bank) X | o | R | R2 | R3 R4 RS RS | R7 X
Write y » L H L L RFU RFU C1 c2 BAD BA1
(bank) X |ap=| 3 | c4 | o5 B c7 cs | co X
Read ’ y L H L H RFU RFU C1 c2 BAD BA1
(bank) X |ap=| 3 | c4 | o5 B c7 cs | co X
" ;
Precharge™ L H H L H AB* X X BAD BA1
H H
{per bank, all bank) X X X % " ¥ X ¥ X X
Enter Desp H L L i ‘ ] | L | .
Power Down X X X
L H | H | H | =
NOP H H
X x
Maintain L H ‘ H | H | x
PD, SREF, DPD L L
(NOP) % x
Seenote 4
H X
NOP H H
X X
Maintain x X
PD, SREF, DPD L L
See note 4 X X
Enter H H x
Power Down L
X X X
Exit PD, L ; H i
SREF,DPD X X x

Note 1: All commands are defined by states of CS_n, CA0, CA1, CA2, CA3, and CKE at the rising edge of the clock.

Note 2: Bank addresses BAO, BA1, BA2 (BA) determine which bank is to be operated upon.

Note 3: AP “high” during a Read or Write command indicates that an auto-precharge will occur to the bank
associated with the Read or Write command.

Note 4:  “X"means “H or L (but a defined logic level)”, except when the LPDDR3 SDRAM is in PD, SREF, or DPD,

in which case CS_n, CK_t/CK_c, and CA can be floated after the required tCPDED time is satisfied, and
until the required exit procedure is initiated as described in the respective entry/exit procedure.

Note 5: Self refresh exit and Deep Power Down exit are asynchronous.

Note 6: VREF must be between 0 and VDDQ during Self Refresh and Deep Down operation.
Note 7: CAxr refers to command/address bit “x” on the rising edge of clock.

Note 8: CAxf refers to command/address bit “x” on the falling edge of clock.

e —
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Note 9: CS_n and CKE are sampled at the rising edge of clock.

Note 10: The least significant column address CO is not transmitted on the CA bus, and is inferred to be zero.

Note 11: AB HIGH during a PRECHARGE command indicates that an all-bank precharge will occur. In this case,
bank address is a "Don't Care."

Note 12: When CS_nis HIGH, LPDDR3 CA bus can be floated.

CKE Truth Table

Item Command(n) Operation ICS n_fKEn Notes
Active X Maintain Active Power Down X L L
Power Down NOP Exit Active Power Down H L H 6,7
Idle X Maintain Idle Power Down X L L
Power Down NOP Exit Idle Power Down H L H 6,7
Resetting X Maintain Resertting Power Down X L L
Power Down NOP Exit Resetting Power Down H L H | 678
Deep X Maintain Deep Power Down X L L
Power Down NOP Exit Deep Power Down H L H 9
X Maintain Self Refresh X L L
Self Refresh :
NOP Exit Self Refresh H L H 10,11
Bank(s) Active NOP Enter Active Power Down H H L
NOP Enter Idle Power Down H H L 12
All Banks Idle | Enter Self-Refresh | Enter Self Refresh L H L 12
DPD Enter Deep Power Down L H L 12
Resetting NOP Enter Resetting Power Down H H L
Other states Refer to the Command Truth Table H H
Note 1: All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this

document.
Note 2:  “X’means ‘Don't care’.
Note 3: “Current state” is the state of the LPDDRS3 device immediately prior to clock edge n.
Note 4: “CKEn” is the logic state of CKE at clock rising edge n; “CKEn-1" was the state of CKE at the previous
clock edge.
Note 5: “CS_n"is the logic state of CS_n at the clock rising edge n;
Note 6: “Command n” is the command registered at clock edge N, and “Operation n” is a result of “Command n”.
Note 7: Power Down exit time (tXP) should elapse before a command other than NOP is issued. The clock must
toggle at least twice during the tXP
period.
Note 8: Self-Refresh exit time (tXSR) should elapse before a command other than NOP is issued. The clock must
toggle at least twice during the tXSR time.
Note 9: The Deep Power-Down exit procedure must be followed as discussed in the Deep Power-Down section of
the Functional Description.
Note 10: Upon exiting Resetting Power Down, the device will return to the idle state if tINIT5 has expired.
Note 11: In the case of ODT disabled, all DQ output shall be Hi-Z. In the case of ODT enabled, all DQ shall be
terminated to VDDQ.
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Current State Bank n — Command to Bank n

Current :
State Command Operation Next State Notes
Any NOP Continue previous operation Current State
ACTIVATE Select and activate row Active
Refresh (Per Bank) | Begin to refresh Refreshing (Per Bank) 6
Refresh (All Bank) Begin to refresh Refreshing (AllBank)
Idle MRW Load value from Mode Register MR Writing 7
MRR Read value from Mode Register Idle / MR Reading
Reset Begin Device Auto-initialization Resetting 7,8
Precharge Deactivate row in bank or banks Precharging 9,10
Read Select column, Read and start read burst | Reading
Row Write Select column, and start write burst Writing
Active MRR Read value from Mode Register Active MR Reading
Precharge Deactivate row in bank or banks Precharging 9
Read Select column, and start new read burst | Reading 11,12
Reading Write Select column, and start write burst Writing E'lz'
Write Select column, and start new write burst | Writing 11,12
Writing Read Select column, and start read burst Reading ﬂ'lz'
Power On | MRW Reset Begin Device Auto-initialization Resetting 7,9
Resetting | MRR Read value from Mode Register Resetting MR Reading

Note 1: Values in this table apply when both CKEn -1 and CKEn are HIGH, and after tXSR or tXP has been met,
if the previous state was power-down.

Note 2: All states and sequences not shown are illegal or reserved.

Note 3: Current state definitions:

State Definition
Idle The bank or banks have been precharged, and tRP has been met.
Active Arow in the bank has been activated, and tRCD has been met. No data bursts or accesses,
and no register accesses, are in progress.
Reading | A READ burst has been initiated with auto precharge disabled, and has not yet terminated.
Writing | AWRITE burst has been initiated with auto precharge disabled, and has not yet terminated.

Note 4: The states listed below must not be interrupted by a command issued to the same bank.NOP commands or
supported commands to the other bank should be issued on any clock edge occurring during these states.
Supported commands to the other banks are determined by that bank’s current state, and the definitions
given in the table: Current State Bank n to Command to Bank m..

State Starts With... Ends When.. Notes
_ Registration of a _ After tRP is met, the bank is in the idle
Precharging tRP is met
PRECHARGE command state.
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State Starts With... Ends When.. Notes

Row Registration of an ACTIVATE . After tRCD is met, the bank is in the

SO tRCD is met .

activating command active state.
) Registration of a READ ) o )
READ with . ) After tRP is met, the bank is in the idle
command with auto tRP is met

AP enabled state.

precharge enabled

. Registration of a WRITE ) o )
WRITE with ) ) After tRP is met, the bank is in the idle
command with auto tRP is met
AP enabled state.
precharge enabled

Note 5: The states listed below must not be interrupted by any executable command. NOP commands must be
applied to each positive clock edge during these states.

State Starts With... Ends When.. Notes
Refreshing Registration of a REFRESH tRFCpb is After tRFCpb is met, the bank is in the
(per bank) (per bank) command met idle state.
Refreshing Registration of a REFRESH tRECab is After tRFCab is met, the device is in
(all banks) (all banks) command met the all banks idle state.
Idle MR Registration of the MRR _ After tMRR is met, the device is in the
) tMRR is met ]
reading command all banks idle state.
Resetting Registration of the MRR _ After tMRR is met, the device is in the
) tMRR is met ]
MR reading command all banks idle state.
Active MR Registration of the MRR _ After tMRR is met, the bank is in the
) tMRR is met ]
reading command active state.
. Registration of the MRW _ After tMRW is met, the device is in the
MR writing tMRW is met )
command all banks idle state.
Precharging | Registration of a {RP | ) After tRP is met, the device is in the all
is me
all PRECHARGE ALL command banks idle state.

Note 6: Bank-specific; requires that the bank is idle and no bursts are in progress.

Note 7: Not bank-specific; requires that all banks are idle and no bursts are in progress.

Note 8: Not bank-specific. reset command is achieved through Mode Register Write command.

Note 9: This command may or may not be bank-specific. If all banks are being precharged, they must be in a valid
state for precharging.

Note 10: If a PRECHARGE command is issued to a bank in the idle state, tRP still applies.

Note 11: A command other than NOP should not be issued to the same bank while a READ or WRITE with auto

precharge is enabled.

Note 12: The new READ or WRITE command could be auto precharge enabled or auto precharge disabled.

Note 13: AWRITE command can be issued only after the completion of the READ burst.

Note 14: A READ command can be issued only after completion of the WRITE burst.
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Current State Bank n — Command to Bank m

Current State | Command Operation Next State Notes
Any NOP Continue previous operation Current State
Idle Any Any command allowed to Bank m -
Activate Select and activate row in Bank m Active 6
Row Activati Read Select column, and start read burst from Bank m | Reading 7
ow Activating, , ; —
Active. or g Write Select column, and start write burst to Bank m Writing 7
Precharging Precharge | Deactivate row in bank or banks Precharging 8
. Idle MR Reading or | 9,10,
MRR Read value from Mode Register Active MR Reading | 11
Read Select column, and start read burst from Bank m | Reading 7
Reading Write Select column, and start write burst to Bank m Writing 7,12
(AP disabled) Activate | Select and activate row in Bank m Active
Precharge | Deactivate row in bank or banks Precharging 8
Read Select column, and start read burst from Bank m | Reading 7,13
Writing Write Select column, and start write burst to Bank m Writing 7
(AP disabled) Activate | Select and activate row in Bank m Active
Precharge | Deactivate row in bank or banks Precharging 8
Read Select column, and start read burst from Bank m | Reading 7,14
Reading with Write Select column, and start write burst to Bank m Writing 12112’
Auto-Precharge Activate Select and activate row in Bank m Active
Precharge | Deactivate row in bank or banks Precharging 8
Read Select column, and start read burst from Bank m | Reading 1233’
Writing with Write Select column, and start write burst to Bank m Writing 7,14
Auto-Precharge Activate Select and activate row in Bank m Active
Precharge | Deactivate row in bank or banks Precharging 8
Power On Reset Begin Device Auto-initialization Resetting 15,16
: : Resetting
Resetting MRR Read value from Mode Register MR Reading

Note 1: This table applies when:
° The previous state was self refresh or power-down;
e  After tXSR or tXP has been met; and when both CKEn -1 and CKEn are HIGH.
Note 2: All states and sequences not shown are illegal or reserved..
Note 3: Current state definitions:.

State Condition And... And...
Idle The bank has been precharged tRP is met
) Arow in the bank has been ) No data bursts/accesses and no
Active ) tRCD is met _ )
activated register accesses are in progress.
) A READ burst has been initiated The READ has
Reading ) . .
with auto precharge disabled not yet terminated
Wit AWRITE burst has been initiated | The WRITE has
ritin
g with auto precharge disabled not yet terminated
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Note 4: Refresh, self refresh, and MRW commands can only be issued when all banks are idle.
Note 5: The states listed below must not be interrupted by any executable command. NOP commands must be
applied during each clock cycle while in these states:

State Starts With... Ends When.. Notes
Idle MR Registration of the MRR , After tMRR is met, the device is in the
: tMRR is met i
reading command all banks idle state.
Resetting Registration of the MRR , After tMRR is met, the device is in the
. tMRR is met
MR reading | command all banks reset state.
Active MR Registration of the MRR ) After tMRR is met, the bank is in the
. tMRR is met .
reading command active state.
MR writi Registration of the MRW tMRW is met | After tMRW is met, the device is in the
writin
g command all banks idle state.

Note 6: tRRD must be met between the ACTIVATE command to bank n and any subsequent ACTIVATE command
to bank m.

Note 7: READs or WRITEs listed in the command column include READs and WRITEs with or without auto

precharge enabled.

Note 8: This command may or may not be bank-specific. If all banks are being precharged, they must be in a valid

state for precharging.

Note 9: MRR is supported in the row-activating state.

Note 10: MRR is supported in the precharging state.

Note 11: The next state for bank m depends on the current state of bank m (idle, row-activating, precharging, or
active).

Note 12: AWRITE command can be issued only after the completion of the READ burst.

Note 13: AREAD command can be issued only after the completion of the WRITE burst.

Note 14: A READ with auto precharge enabled or a WRITE with auto precharge enabled can be followed by any
valid command to other banks, provided that the timing restrictions in the PRECHARGE and Auto
Precharge Clarification table are met.

Note 15: Not bank-specific; requires that all banks are idle and no bursts are in progress.

Note 16: RESET command is achieved through the MODE REGISTER WRITE command.

_—— - —
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IDD Measurement Conditions

Switching for CA Input Signals

CK_t CK_t CK_t CK_t CK_t CK_t CK_t CK_t
(Rising) | (Falling) | (Rising) | (Falling) | (Rising) | (Falling) | (Rising) | (Falling)
ICK ¢ ICK ¢ ICK ¢ ICK ¢ ICK ¢ ICK ¢ ICK ¢ ICK ¢
(Falling) | (Rising) | (Falling) | (Rising) | (Falling) | (Rising) | (Falling) | (Rising)
Cycle N N+1 N+2 N+3

/ICS HIGH HIGH HIGH HIGH

CAO
CAl
CA2
CA3
CA4
CA5
CA6
CA7
CA8
CA9 H H

Notes 1: CS_n must always be driven HIGH.

Notes 2: For each clock cycle, 50% of the CA bus is changing between HIGH and LOW.

Notes 3: The noted pattern (N, N + 1, N + 2, N + 3...) is used continuously during IDD measurement for IDD
values that require switching on the CA bus.

I | r|IT|r|IT|rr|XIT|r

r|T|r|T|r|T |- |XIT|rr

I r|rr|r|r|lxT| T |xT|xT
rlrir|ir|ririmm ||
rlrir|ir|ririmm ||
r|T|r|T|C || |IT|C|X
r\rT|jr|T|rr|T|rr || |XT
I| T |TXT|T|T|T|XIT|XT|XI

Switching for IDD4R

Clock | CKE |cCS.n C';i;ﬁi‘;'e Command CA[2:0] CA[9:3] | AllDQ
Rising H L N Read_Rising HLH LHLHLHL L
Falling H L N Read_Falling LLL LLLLLLL L
Rising H H N+1 NOP LLL LLLLLLL H
Falling H H N+1 NOP LLL LLLLLLL L
Rising H H N+2 NOP LLL LLLLLLL H
Falling H H N+2 NOP LLL LLLLLLL H
Rising H H N+3 NOP LLL LLLLLLL H
Falling H H N+3 NOP HLH HLHLLHL L
Rising H L N+4 Read_Rising HLH HLHLLHL H
Falling H L N+4 Read_Falling LHH HHHHHHH H
Rising H H N+5 NOP HHH HHHHHHH H
Falling H H N+5 NOP HHH HHHHHHH L
Rising H H N+6 NOP HHH HHHHHHH L
Falling H H N+6 NOP HHH HHHHHHH L
Rising H H N+7 NOP HHH HHHHHHH H
Falling H H N+7 NOP HLH LHLHLHL L
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Notes 1: Data strobe (DQS _t) is changing between HIGH and LOW with every clock cycle.
Notes 2: The noted pattern (N, N + 1...) is used continuously during IDD measurement for IDD4R.

Switching for IDD4W

Clock CKE | CS n Clock Cycle Command CA[2:0] CA[9:3] All DQ
Number
Rising H L N Write_Rising HLL LHLHLHL L
Falling H L N Write_Falling LLL LLLLLLL L
Rising H H N+1 NOP LLL LLLLLLL H
Falling H H N+1 NOP LLL LLLLLLL L
Rising H H N+2 NOP LLL LLLLLLL H
Falling H H N+2 NOP LLL LLLLLLL H
Rising H H N+3 NOP LLL LLLLLLL H
Falling H H N+3 NOP HLL HLHLLHL L
Rising H L N+4 Write_Rising HLL HLHLLHL H
Falling H L N+4 Write_Falling LHH HHHHHHH H
Rising H H N+5 NOP HHH HHHHHHH H
Falling H H N+5 NOP HHH HHHHHHH L
Rising H H N+6 NOP HHH HHHHHHH L
Falling H H N+6 NOP HHH HHHHHHH L
Rising H N+7 NOP HHH HHHHHHH H
Falling H H N+7 NOP HLL LHLHLHL L

Notes 1: Data strobe (DQS _t) is changing between HIGH and LOW with every clock cycle.
Notes 2: Data masking (DM) must always be driven LOW.
Notes 3: The noted pattern (N, N + 1...) is used continuously during IDD measurement for IDD4W

Burst Sequence

Burst Cycle Number and Burst Address Sequence
Burst Length Cc2 C1 (60)
1 2 3 4 5 6 7 8
Ob Ob Ob 0 1 2 3 4 5 6 7
8 Ob 1b Ob 2 3 4 5 6 7 0 1
1b Ob Ob 4 5 6 7 0 1 2 3
1b 1b Ob 6 7 0 1 2 3 4 5

Notes 1: CO input is not present on CA bus. It is implied zero.
Notes 2: The burst address represents C2 — CO.

i —
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Power-up, Initialization, and Power-Off

Voltage Ramp and Device Initialization
The following sequence must be used to power up the device. Unless specified otherwise, this procedure are
mandatory.

Power Ramp

While applying power (after Ta), CKE must be held LOW (< 0.2 x VDDCA) and all other inputs must be between
VILmin and VIHmax. The device outputs remain at High-Z while CKE is held LOW.

Following the completion of the voltage ramp (Tb), CKE must be maintained LOW. DQ, DM, DQS_t and DQS _c¢
voltage levels must be between VSS and VDDQ during voltage ramp to avoid latch-up. CK_t, CK_c, CS_n, and CA
input levels must be between VSS and VDDCA during voltage ramp to avoid latch-up. Voltage ramp power supply
requirements are provided in Table below..

After Applicable Conditions

VDD1 must be greater than VDD2 - 200mV

VDD1 and VDD2 must be greater than VDDCA - 200mV

Ta is reached
VDD1 and VDD2 must be greater than VDDQ - 200mV

VREF must always be less than all other supply voltages

Notes 1: Ta is the point when any power supply first reaches 300mV.
Notes 2: Noted conditions apply between Ta and power-down (controlled or uncontrolled).
Notes 3: Tb is the point at which all supply and reference voltages are within their defined operating ranges.

Notes 4: Power ramp duration tINITO (Tb - Ta) must not exceed 20 mS.
Notes 5: The voltage difference between of VSS pin must not exceed 100 mV.

Beginning at Th, CKE must remain LOW for at least tINIT1, after which CKE can be asserted HIGH. The clock must
be stable at least tINIT2 prior to the first CKE LOW-to-HIGH transition (Tc). CKE, CS_n, and CA inputs must observe
setup and hold requirements (tIS, tIH) with respect to the first rising clock edge (as well as to subsequent falling and
rising edges).

If any MRR commands are issued, the clock period must be within the range defined for tCKb. MRW commands can
be issued at normal clock frequencies as long as all AC timings are met. Some AC parameters (for example,
tDQSCK) could have relaxed timings (such as tDQSCKDb) before the system is appropriately configured. While
keeping CKE HIGH, NOP commands must be issued for at least tINIT3 (Td). The ODT input signal may be in
undefined state until tIS before CKE is registered HIGH. When CKE is registered HIGH, the ODT input signal shall
be statically held at either LOW or HIGH. The ODT input signal remains static until the power up initialization
sequence is finished, including the expiration of tZQINIT.

Reset command

After tINIT3 is satisfied, a MRW(Reset) command must be issued (Td). An optional PRECHARGE ALL command
can be issued prior to the MRW RESET command. Wait at least tINIT4 while keeping CKE asserted and issuing
NOP commands. Only NOP commands are allowed during tINIT4.

_—— - —
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Mode Registers Reads and Device Auto-Initialization (DAI) polling
After tINIT4 is satisfied (Te), only MRR commands and POWER-DOWN ENTRY/EXIT commands are supported,
and CKE can go LOW in alignment with power-down entry and exit specifications (see Power-Down). MRR

commands are valid at this time only when the CA bus does not need to be trained. CA training can begin only after
time Tf. The MRR command can be initiated to poll the DAI bit, which indicates whether device auto initialization is
complete. When the bit indicates completion, the device is in an idle state. The device is also in an idle state after
tINIT5 (MAX) has expired, regardless whether the DAI bit has been read by the MRR command. Because the
memory output buffers are not properly configured by Te, some AC parameters must use relaxed timing
specifications before the system is appropriately configured. After the DAI bit (MRO, DAI) is set to zero by the
memory device (DAl complete), the device is in the idle state (Tf). DAI status can be determined by issuing the MRR
command to MRO. The device sets the DAI bit no later than tINIT5 after the RESET command. The controller must
wait at least tINIT5 (MAX) or until the DAI bit is set before proceeding.

ZQ Calibration

If CA training is not required, the MRW INITIALIZATION CALIBRATION (ZQ_CAL) command can be issued to the
memory (MR10) after Tf. No other CA commands (other than RESET or NOP) may be issued prior to the completion
of CA training. After the completion of CA training (Tf'), the MRW INITIALIZATION CALIBRATION (ZQ_CAL)
command can be issued to the memory. This command is used to calibrate output impedance over process, voltage,
and temperature. In systems where more than one LPDDR3 device exists on the same bus, the controller must not
overlap MRW ZQ_CAL commands. The device is ready for normal operation after tZQINIT.

Normal Operation

AftertZQINIT (Tg), MRW commands must be used to properly configure the memory (for example, output buffer
drive strength, latencies, and so on). Specifically, MR1, MR2, and MR3 must be set to configure the memory for the
target frequency and memory configuration. After the initialization sequence is complete, the device is ready for any
valid command. After Tg, the clock frequency can be changed using the procedure described in the Input Clock
Frequency Changes and Clock Stop Events section.

Mode Register Definition
For LPDDRS, a set of mode registers is used for programming device operating parameters, reading device

information and status, and for initiating special operations such as DQ calibration, ZQ calibration, and device reset.

Mode Register Assignment and Definition

The table listed below shows the mode registers for LPDDR3 SDRAM. Each register is denoted as “R” if it can be
read but not written, “W” if it can be written but not read, and “R/W” if it can be read and written. A Mode Register
Read command is used to read a mode register. A Mode Register Write command is used to write a mode register.
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Mode Register Assignments

MR# MA[7:0] Function Access | OPT OP& oP5 OP4 [ OP3 op2 [ oP1 OPO

0 00y Device Info. R RL3 {SI::;LB} (RFU) RZaQl (RFU) DAl

1 01H Device Feature 1 W nWR (for AP) (RFU) BL

2 02H Device Feature 2 W WR s (RFU) | NWRE RL & WL

Lev Select

3 03H 0 Config-1 W (RFUY Ds

4 044 Refresh Rate R TUF (RFU) Refresh Rate

5 05H Basic Config-1 R Manufacturer 1D

5] 06H Basic Config-2 R Revision 1D1

T 07TH Basic Config-3 R Revision 1D2

8 08H Basic Config-4 R 10 width Density Type

9 09H (Reserved) W (RFU)

10 DAH IfO Calibration W Calibration Code

11 DBH QDT Feature - (RFU) (?'IF)L DQ oDT
12:15 | OCH~0FH (Reserved) - (RFU)

16 10H PASR_Bank W PASR Bank Mask

17 11H PASR_Seq W PASR Segment Mask
18-31 | 124~1FH {Reserved) - (RFU)

32 20H DQ Calibration Pattern A| R DQ Calibration Pattern A
3339 | 214~2TH (Do Mot Use) -

40 28H DQ Calibration Pattern B R DQ Calibration Pattern B

41 29H CA Training 1 W CA Training 1

42 2AH CA Training 2 W CA Training 2
43:47 | 2BH~2FH (Do Not Use) -

48 30H CA Training 3 W CA Training 3
49:62 | 31H~3EH (Reserved) - (RFU)

63 3IFH Reset W X
64:255 | 40H~FFH (Reserved) - (RFU)

Notes 1: RFU bits must be set to “0” during Mode Register writes.

Notes 2: RFU bits must be read as “0” during Mode Register reads.

Notes 3: All mode registers that are specified as RFU or write-only shall return undefined data when read and
DQS_t, DQS_c shall be toggled.

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

Notes 5: Writes to read-only registers shall have no impact on the functionality of the device.
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MRO_Device Information (MA[7:0] = O0H)

OP7 OP6 OP5 OP4 \ OP3 OP2 \ OP1 OPO
RL3 | WL (SetB)Support | (RFU) RZQl (RFU) DAI

Op: DAl complete
DAl (Device Auto-Initialization Status) Read-only OFP0 -
1p: DAl still in progress

00p: RZQ self test not executed.
01p: ZQ-pin may connect to VDDCA or float

RZQI
Read-only | OP[4:3] | 10y: ZQ-pin may short to GND 1-4

(Built in Self Test for RZQ Information)
11p: £Q-pin self test completed, no error condition detected

(£Q-pin may nat connect to VDDCA or float nor short to GND)

WL (Set B) Support Read-only OP[6] Op: DRAM does not support WL (Set B)

Op: DRAM does not support

RL3 Option Support Read-onl OP
P PP Y 17l RL=3, nWR=3, WL=1

Notes 1: RZQI will be set upon completion of the MRW ZQ Initialization Calibration command.

Notes 2: If ZQ is connected to VDDCA to set default calibration, OP[4:3] shall be set to 01. If ZQ is not connected to
VDDCA, either OP[4:3]=01 or OP[4:3]=10 might indicate a ZQ-pin assembly error. It is recommended that
the assembly error is corrected.

Notes 3: In the case of possible assembly error (either OP[4:3]=01 or OP[4:3]=10 per Note 4), the LPDDR3 device
will default to factory trim settings for RON, and will ignore ZQ calibration commands. In either case, the
system may not function as intended.

Notes 4: In the case of the ZQ self-test returning a value of 11b, this result indicates that the device has detected a
resistor connection to the ZQ pin.However, this result cannot be used to validate the ZQ resistor value or
that the ZQ resistor tolerance meets the specified limits (i.e. 240Q $1%).

MR1_Device Feature 1 (MA[7:0] = 01H)

o7 | ope | oPs oP4 | op3 OP2 OP1 OP0
nWR (for AP) (RFU) BL
011p: BL8 (default)
BL Write-only OP[2:0]

All others: Reserved

If 'WWRE (MR2 OP<4>)=10
001p: NWR=3

100p: NWR=6

110p: NWR=8

111p: NWR=9

If 'WRE (MR2 OP<4>) =1
000p: NWR=10 (default)
001 NWR=11

010p: NWR=12

100p: nNWR=14

110p: nNWR=16

All others: Reserved

nWR Write-only OP[7:5]

Notes 1. Programmed value in nWR register is the number of clock cycles which determines when to start internal
precharge operation for a write burst with AP enabled. It is determined by RU(WR/tCK).
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MR2_Device Feature 2 (MA[7:0] = 02H)

OP7 OP6 oP5 OP4 OP3 oz | opt | opo
WR Lev WL Select (RFU) NWRE RL & WL

OP<6>=0 (WL Set A, default)

0001y: (Reserved)

0100p: RL =6 /WL = 3 (<400 MHz)
0110p: RL =8 /WL = 4 (=533 MHz)
0111: RL =9 /WL = 5 (600 MHz)
RL & WL Write-only OP[3:0] 1000p: RL =10 /WL = 6 (=667 MHz, default)
1001p: RL=11/WL =6 (=733 MHz)
1010,: RL =12 /WL = 6 (<800 MHz)
1100p: RL =14 /WL = 8 (=933 MHz)
1110p: RL =16 /WL = 8 (1066 MHz)
All others: Reserved

Op: enable nWR programming = 9

nWRE Write-anly OP[4] 1p: enable nWR programming > 9 (default)
. Op: Select WL Set A (default)
WL Select Write-anly OP[8] 1p: (Reserved)
) . Op: Disable (default)
WR Leveling Write-only OP[7] 1p: Enable
MR3_I/O Configuration 1 (MA[7:0] = O3H)
| opr | ore | ops | ors OP3 oP2 OP1 OPO
(RFU) DS

0001p: 34 30typical pull-down/pull-up

0010p: 400 typical pull-down/pull-up (default))
0011: 48Q typical pull-down/pull-up

0100y: 600 typical pull-down/pull-up

Ds Write-only OP[3:0] 0110p: 800 typical pull-down/pull-up

1001p,: 34.30Q typical pull-down, 40Q typical pull-up
1010p: 40Q typical pull-down, 480 typical pull-up
1011p: 34.30 typical pull-down, 480 typical pull-up
All others: Reserved

MR4_Device Temperature (MA[7:0] = 04H)

OP7 o6 | ops | oP4 | oP3 oP2 OP1 OPO
TUF (RFU) SDRAM Refresh Rate

000y: SDRAM Low temperature operating imit exceeded

001b: RM = 4; tREFIM = 4 x tREFI, tREFIMpb = 4 x tREFIpb, tREFWM = 4 x tREFW
010p: RM = 2; tREFIM = 2 x tREFI, tREFIMpb = 2 x tREFIpb, tREFWM = 2 x tREFW

011p: RM = 1; tREFIM = tREFI, tREFIMpb = tREFIpb, tREFWM = tREFW (< 85°C)

SDRAM Refresh 100p: RM = 0.5; tREFIM = 0.5 x tREFI, tREFIMpb = 0.5 x tREFIpb, tREFWM = 0.5 x
Rate, Refresh Read-only OP[2:0] tREFW, do not de-rate SDRAM AC timing
Multiplier (RM) 101,: RM= 0.25: tREFIM = 0.25 x tREFI, tREFIMpb = 0.25 x tREFIpb, tREFWM = 0.25 x

tREFW, do not de-rate SDRAM AC timing

110p: RM = 0.25; tREFIM = 0.25 x tREFI, tREFIMpb = 0.25 x tREFIpb, tREFWM = 0.25 x
tREFW, de-rate SDRAM AC timing

111: SDRAM High temperature operating limit exceeded

0p: OP[2:0] value has not changed since last read of MR4
1p: OP[2:0] value has changed since last read of MR4

Temperature

Update Flag (TUF) | Read-only op7

Notes 1: A Mode Register Read from MR4 will reset OP7 to ‘0'.

Notes 2: OP7 is reset to ‘0’ at power-up. OP[2:0] bits are undefined after power-up.
Notes 3: If OP2 equals ‘1’, the device temperature is greater than 85°C.

Notes 4: OP7 is set to ‘1’ if OP[2:0] has changed at any time since the last read of MR4.
Notes 5: SDRAM might not operate properly when OP[2:0] = 000b or 111b.
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MR5_Basic Configuration 1 (MA[7:0] = 05H)

or7 | ope | ops | oPa ors | o2 | op1 | opo
LPDDR3 Manufacturer 1D
| LPDDR3 Manufacturer ID | Read-only | OP[7:0] | 0000 1000b:
MR8_Basic Configuration 4 (MA[7:0] = 08H)
OP7 | OP6 OP5 | OP4 | OP3 0oP2 OP1 OPO
1/0 width Density Type
T Read-onl OP[10 11p: LPDDR3 SDRAM
ype ead-only (1ol All others: Reserved
] B 0100p: 1Gb
Density Read-only OP[5:2] All others: Reserved
00p: x32
110 width Read-only OP[7:6] 01p: x16
All others: Reserved
MR10_Calibration (MA[7:0] = 0AH)
o7 | ops ops | or4 oP3 oP2 OP1 oPO
Calibration Code
0xFF: Calibration command after initialization
0xAB: Long calibration
Calibration Code Write-only OP[7:0] 0x56: Short calibration

0xC3: ZQ Reset
All others: Reserved

Notes 1: Host processor shall not write MR10 with “Reserved” values.
Notes 2: LPDDR3 devices shall ignore calibration command when a “Reserved” value is written into MR10.
Notes 3: See AC timing table for the calibration latency.
Notes 4: The MRW ZQ Initialization Calibration command will update MRO to indicate RZQ pin connection.

MR11_ODT Control (MA[7:0] = OBH)

o7 | ope | ops | opa | op3 oP2 OP1 OP0
RFU PD CTL DQ ODT
00p: Disable (Default)
. 01p: Rza /4
DQ ODT Write-only OP[1:0] 10p: RzQ /2
11p: Rza /1
N . Op: ODT disabled by DRAM during power down (default)
PD Control Write-only OP[2] 1p: ODT enabled by DRAM during power down
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MR16_PASR_Bank Mask (MA[7:0] = 10H)

OP7 | OP6 | OP5 | OP4 ‘ OoP3 OP2 OP1 OPO
Bank Mask
] . ) Op: Refresh enable to the bank (= unmasked, default)
Bank [7:0] Mask Write-only OP[7:0] 1p: Refresh blocked (= masked)
oP Bank Mask 8-Bank SDRAM
0 FHXXX XX Bank 0
1 FOOKK XK Bank 1
2 FHRKKTXXK Bank 2
3 FOOKA KKK Bank 3
4 HOXTXXKX Bank 4
5 FO HKAKHK Bank 5
5] KIXHKHKAKKX Bank 6
T E8.¢.9.0.9.9.4 Bank 7

MR17_PASR_Segment Mask (MA[7:0] = 11H)

OP7 | OP6 | OP5 | OP4 | OP3 OP2 OP1 QOPO
Segment Mask
. o . _ Op: Refresh enable to the bank (= unmasked, default)
Segment [7:0] Mask Write-only OP[7:0] 1p: Refresh blocked (= masked)
Segment OoP Segment Mask R[12:10]
0 0 HKXKXKXX 000b
1 1 HOXHKHHKTX 001b
2 2 HKXHXHKTKX 010b
3 3 HXXHXTXKX 011b
4 4 HOXKAIHKAKX 1000
5 5 HKXTXXKKX 1010
6 6 HIXXXKKX 1100
7 7 IXOOHKX 1110

Notes 1: This table indicates the range of row addresses in each masked segment. X is do not care for a particular
segment.
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Package Description
178-ball FBGA

TOP VIEW SIDE VIEW BOTTOM VIEW
JI Jbbb[S]
A 13121110 9 8 7 6 5 4 3 2 1
PIN A1 INDEX AL D1 PIN_Al INDEX
D +
| D2 *r eD |
= C{ T (N &) T
| IO 000 [  000C0COd|A
| I wteeooo0ooc , 0co00c00|B
m,r——;}oooo|ooooo C
| D000 | 00000 D
| i 00(1:00|<.>Ocoo E
| I 00000 00000 F
IO 00000, 000QO0 G
| i coooco|ooooo |H
w —+—-—--—- —_—t— — -1 T — — 00 00 O— - 00 O—0- O—— 1)
| :’}OOOD|OOC‘OO K
| » coooo !l oocooo L
0 cooool!loocooo M
| i coooo|ooooco [N
[ H OO0O0O0O0 | 0OCO0O0O0 P
| ‘[: 00000 | 00000 R
| s coocoooloococoao|T
I | 3 joopoo:occooou
! = /
> | EEm o /
| | [ o
I 1 1 '—SEATING PLANE SOLDER BALL DIAMETER REFERS.
[S SRS ) | (=] [ S S TO POST REFLOW CONDITION.
Controlling Dimension: Millimeters
DIMENSION DIMENSION
SYMBOL (MM) {Inch)
MIN. | NOM. | MAX. [ MIN_ [ NOM. | MAX
A 0.80 | 0.90 1.00 | 0.031 | 0.035 | 0.038 f—— BALL LAND —
Al 018 | 023 | 028 | o007 | 0009 | 0.011
b 026 | 031 | 036 [ 0010 | 0.012 | 0014
D 1080 | 11.00 |[11.10 | 0429 | 0433 | 0437
E 1140 [ 1150 [1160 | 0449 | 0453 [ 0457 |
D1 9.60 BSC. 0.378 BSC. K/
E1 10.40 BSC. 0.409 BSC.
D2 0.70 BSC. 0.028 BSC. &
E2 0.55 BSC. 0.022 BSC.
eD 0.80 BSC. 0.032 BSC. BALL OPENING
eE 0.65 BSC. 0.026 BSC.
aaa — - 0.15 - - 0.006
bbb — 0.10 — 0.004
coo — 0.10 — — | 0004 Note:
ddd — 0.15 — 0.006 1. Ball land: 0.38mm, Ball opening: 0.28mm,
[ — 0.05 — 0.002 PCB Ball land suggested < 0.38mm
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Revision History

Revision No. History Draft Date Editor Remark
0.1 Initial Release. June. 2023 Rico Yang N/A
1.0 First SPEC. release. July. 2023 Rico Yang N/A
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