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Mobile LPDDR3 Die

TCMEO8CALAR-BDE: - 512 Meg x 16, 256 Meg x 32

TCMEOSCALAR-BDE
LPDDR3 8Gb (x16/x32)

Features

Ultra-low-voltage core and I/O power supplies

— VDD1 =1.70-1.95V

— VDD2, VDDCA. VDDQ =1.14-1.30V

Organization

- 64M words x 16 bits x 8 banks

- 32M words x 32 bits x 8 banks

JEDEC LPDDR3-compliant

4KB page size

- Row address: RO toR14

- Columnaddress: COto C10 (x16 bits), COto C9
(x32 bits)

Data rate: 1600 Mb/s MAX (RL = 14)

Auto precharge option for each burst access

Eight-bit prefetch DDRarchitecture

Eight internal banks for concurrent operation

Double datarate,command/address inputs; com-

mands entered on each CK edge

Bidirectional/differential datastrobe (DQS)

Differential clock inputs (CK_tand CK_c)

Data mask (DM) for write data

Command/Address (CA) training for CAinputtim-

ing adjustment

Write leveling for clock to DQ, DQS, and DM timing

adjustment

Interface: HSUL_12

Read latency (RL): 3,6, 8,9,10,11,12, 14

Burst length (BL): 8

Burst type (BT): Sequential

Per-bank refresh for concurrent operation

Auto temperature compensated self refresh (ATCSR)

Auto refresh and self refresh

Refresh cycles: 8192 cycles/32ms

- Average refresh period: 3.9us

Partial-array self refresh (PASR)

- Bank masking

- Segment masking

Deep power-down (DPD)

Programmable drive strength (DS)

On-die termination (ODT)

Operating temperature range

—T,;=-30°Cto +85°C

Die Database VO1M

« Die outline, see Figure 2 (page 18)

« Die size (stepping interval), see Physical Specifica-
tions (page 19)

» Bond pad location and identification, see Bond Pad
Location and Identification Tables (page 13)

General Physical Specifications

« Wafer thickness
—775pm

» Typical bond pad metal thickness: 0.97um

« Metallization composition of bond pad: TIN/
ALCU/TIN/TI

« Typical topside passivation: ~8um polyimide over
8kA nitride over 10kA of undoped oxide

« Passivation openings (MIN): 59um X 45um
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Table 1: Ordering Information

TCMEOSCALAR-BDE
LPDDR3 8Gb (x16/x32)

Organization Clock
Part Number (Words x Bits) | Frequency Data Rate | Read Latency | Package
TCMEO8CALAR-BDE 512 Meg x 16 800 MHz 1600 Mb/s 14 Bare die
256 Meg x 32
Figure 1: Ordering Information
I € M E 08€C A LA R- B D E
Target Memory. Internal NO.
Type:Bare die emperat: Standard
-30C ~ 85 C
Wafer Manufacturers: DRAM Speed:
Micron 1600 Mbps
Product Mode :LPDDR3

Density:08Gb(*32)
Operation Voltage

Package Material:

Lead & Halogen Free

Package Type:

A VDDL = 1.8V
VDD2= VDDCA= VDDQ = 1.2V

FBGA 178 Ball 11x11.5
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General Description

The 8Gb Mobile low-power DDR3 SDRAM (LPDDR3) is a high-speed CMOS, dynamic
random-access memory containing 8,589,934,592 bits. The device is internally config-
ured as an eight-bank DRAM. Each of the x16's 1,073,741,824-bit banks is organized as
32,768 rows by 2048 columns by 16 bits. Each of the x32's 1,073,741,824-bit banks is or-
ganized as 32,768 rows by 1024 columns by 32 bits.

Die Testing Procedures

Standard Probe Die Testing Procedures (KGD-C1)

Micron®die products are tested with a standard probe (KGD-C1) test level. Wafer probe
is performed at an elevated temperature to ensure product functionality in Micron’s
standard package. Because the package environment is not within Micron’s control, the
user must determine the necessary heat sink requirements to ensure that the die junc-
tion temperature remains within specified limits. A high-voltage functional stress test is
performed at probe to ensure minimum junction breakdown integrity. Vges (substrate
bias voltage) is a forced condition at KGD-C1 wafer probe.

KGD-C1 wafer probe consists of various functional and parametric tests of each die.
Test patterns, timing, voltage margins, limits, and test sequence are determined by indi-
vidual product yields and reliability data.

Micron retains a wafer map of each wafer as part of the probe records, along with a lot
summary of wafer yields, for each lot probed. Micron reserves the right to change the
probe program at any time to improve the reliability, packaged device yield, or perform-
ance of the product. Die users may experience differences in performance relative to
Micron’s data sheets. This is due to differences in package capacitance, inductance, re-
sistance, and trace length.

Enhanced Probe Die Testing Procedures (KGD-C2)

Inaddition to the standard probe flow (KGD-C1), Micron offers an enhanced probe flow
(KGD-C2). KGD-C2 probe complies with the packaged part specifications. Test patterns,
timing, voltage margins, limits, and test sequences are selected to ensure full data sheet
functionality.

Rev.B-04/16
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Bonding Instructions

Wafer Thinning

Refer to the Bond Pad Location and Identification Tables for a complete list of bond
pads and coordinates.

Pin 8 determines which of two bonding options (BOP) will be used on the x16 device:
Vss swaps DQS to both edges of the die (swap DQ) and Vppca does not (non swap DQ).
Pin 9 determines the device configuration: Vppca for x16 and Vss for x32.

The die has an internal substrate bias generator for normal operation. All Vppo, Vob,
Vssg, and Vss pads must be bonded. Micron recommends that the back of the die be
kept electrically isolated from any other device sharing a common package or substrate.

The die also has several pads defined as “do not use.” These pads are for engineering
purposes and should not be used. Bonding these pads could result in a nonfunctional
die.

Customers who will backgrind to less than 100um should consult Micron technical sup-
port. Additional information is available at Micron’s bare die Web site: www.mi-
cron.com/products/baredie.

Wafer-Level Processing

For wafer sawing, street widths and die stepping interval are provided in the Physical
Specifications section. Features may be visible within the streets that do not impact wa-
fer sawing. Any chipping or peeling that extends to these features within the streets will
not impact device reliability as long as chipping or peeling is confined to within the
published street widths. For post-processing of wafers (such as adding extra passiva-
tion, metal layers, or bumping bond pads), a reference from the center of bond pad 1 to
the center of the intersection of two streets is provided for easy alignment.

Storage Requirements

Target wafer products are packaged for shipping in a cleanroom environment. Upon
receipt, the customer should transfer the wafers to a similar environment for storage.
Target recommends the wafers be maintained in a filtered nitrogen atmosphere until
removed for assembly. The moisture content of the storage facility should be main-
tained at 30% =10% relative humidity. ESD damage precautions are necessary during
handling. The wafers must be in an ESD-protected environment at all times for inspec-
tion and assembly.

Rev.B-04/16
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Bond Pad Location and Identification Tables

Table 2: Pad Location from Center of Die (0,0)

TCMEOSCALAR-BDE

LPDDR3 8Gb (x16/x32)

Recommended
x16 DQ Pad Coordinate Bonding Coordinate Pad Size
Pad x32 DQ x16 DQ Swap X (um)'! Y (um)’ X (pm) Y (um) | X (pm)|Y (pm)| Pitch
1 Vo2 Vb2 Vob2 -4931 3801.6 -4931 3826.1 59 79 92
2 Vs Vo Vs -4931 3709.6 -4931 3734.1 59 79 92
3 Vss Vss Vss -4931 3617.6 -4931 3642.1 59 79 92
4 Vob Vob Vob -4931 3525.6 -4931 3550.1 59 79 92
5 Vb2 Vob2 Vob2 -4931 3433.6 -4931 3458.1 59 79 519
6 Vob2 Vob2 Vob2 -4931 2914.6 -4931 2939.1 59 79 92
7 Vss Vss Vss -4931 2822.6 -4931 2847.1 59 79 77
8(BOP)}| Vppca VoA Vss -4931 2745.6 -4931 2745.6 59 45 60
9(BOP)3| Vs Vooca Vooca | -4931 2685.6 -4931 2685.6 59 45 60
10 DNU? DNU DNU -4931 2625.6 - - 59 49 79
11 Vssca Vssca Vssca -4931 2546.6 -4931 2571.1 59 79 77
12 Vssca Vssca Vssca -4931 2469.6 -4931 2469.6 59 45 60
13 Vobca Vobca Vopca -4931 2409.6 -4931 2409.6 59 45 75
14 ZQ ZQ ZQ -4931 2334.6 -4931 2310.1 59 79 342
15 Vss Vss Vss -4931 1992.6 -4931 1968.1 59 79 310
16 Vb2 Vb2 Vbb2 -4931 1682.6 -4931 1658.1 59 79 92
17 CA9 CA9 CA9 -4931 1590.6 -4931 1566.1 59 79 92
18 CA8 CA8 CA8 -4931 1498.6 -4931 1474.1 59 79 92
19 Vssca Vssca Vssca -4931 1406.6 -4931 1382.1 59 79 92
20 Vbbca Vbbca Vbbca -4931 1314.6 -4931 1290.1 59 79 92
21 CA7 CA7 CA7 -4931 1222.6 -4931 1198.1 59 79 92
22 CA6 CA6 CA6 -4931 1130.6 -4931 1106.1 59 79 92
23 CA5 CA5 CA5 -4931 1038.6 -4931 1014.1 59 79 387.6
24 Vss Vss Vss -4931 651 -4931 626.5 59 79 92
25 Vb2 Vb2 Vobz -4931 559 -4931 534.5 59 79 472
26 Vb2 Vb2 Vbb2 -4931 87 -4931 111.5 59 79 92
27 VREFcA VREFCA VREFCA -4931 -5 -4931 19.5 59 79 92
28 Vss Vss Vss -4931 -97 -4931 -72.5 59 79 259
29 Vbbea Vbbea Vbbea -4931 -356 -4931 -356 59 45 60
30 Vssca Vssca Vssca -4931 -416 -4931 -416 59 45 77
31 CK_c CK_c CK_c -4931 -493 -4931 -517.5 59 79 92
32 CK_t CK_t CK_t -4931 -585 -4931 -609.5 59 79 92
33 CKE CKE CKE -4931 -677 -4931 -701.5 59 79 92
34 CS_n CS_n CS_n -4931 -769 -4931 -793.5 59 79 387.6
35 CA4 CA4 CA4 -4931 -1156.6 -4931 -1132.1 59 79 75
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Table 2: Pad Location from Center of Die (0,0) (Continued)

TCMEOSCALAR-BDE

LPDDR3 8Gb (x16/x32)

Recommended
x16 DQ Pad Coordinate Bonding Coordinate Pad Size
Pad x32DQ | x16 DQ Swap X @Em)' | Y (um)' | X (um) Y (um) (X (um) |Y (um) | Pitch
36 Vbpea Vbpea Vbpea -4931 -1231.6 -4931 -1231.6 59 45 60
37 Vssca Vssca Vssca -4931 -1291.6 -4931 -1291.6 59 45 77
38 Vss Vss Vss -4931 -1368.6 -4931 -1393.1 59 79 92
39 CA3 CA3 CA3 -4931 -1460.6 -4931 -1485.1 59 79 92
40 CA2 CA2 CA2 -4931 -1552.6 -4931 -1577.1 59 79 92
41 CA1 CA1 CA1 -4931 -1644.6 -4931 -1669.1 59 79 92
42 CAO CAO CAO -4931 -1736.6 -4931 -1761.1 59 79 92
43 Vob2 Vob2 Vob2 -4931 -1828.6 -4931 -1853.1 59 79 276
44 Vbpea Vobea Vbpea -4931 -2104.6 -4931 -2129.1 59 79 92
45 Vssca Vssca Vssca -4931 -2196.6 -4931 -2221.1 59 79 79
46 DNU DNU DNU -4931 -2275.6 - - 59 49 62
47 DNU DNU DNU -4931 -2337.6 - - 59 49 62
48 DNU DNU DNU -4931 -2399.6 - - 59 49 62
49 DNU DNU DNU -4931 -2461.6 - - 59 49 62
50 DNU DNU DNU -4931 -2523.6 - - 59 49 62
51 DNU DNU DNU -4931 -2585.6 - - 59 49 62
52 DNU DNU DNU -4931 -2647.6 - - 59 49 77
53 Vss Vss Vss -4931 -2724.6 -4931 -2700.1 59 79 98
54 Vss Vss Vss -4931 -2822.6 -4931 -2798.1 59 79 92
55 Vob2 Vob2 Vob2 -4931 -2914.6 -4931 -2890.1 59 79 519
56 Vob2 Vob2 Vob2 -4931 -3433.6 -4931 -3409.1 59 79 92
57 Vbp Vb Vop -4931 -3525.6 -4931 -3501.1 59 79 92
58 Vss Vss Vss -4931 -3617.6 -4931 -3593.1 59 79 92
59 Vss Vss Vss -4931 -3709.6 -4931 -3685.1 59 79 92
60 Vob2 Vob2 Vob2 -4931 -3801.6 -4931 -3777 1 59 79 -
61 Vob2 Vob2 Vob2 4930.92 3858.7 4930.92 3883.2 59 79 92
62 Vss Vss Vss 4930.92 3766.7 4930.92 3791.2 59 79 92
63 Vss Vss Vss 4930.92 3674.7 4930.92 3699.2 59 79 92
64 Vop Vop Vb 4930.92 3582.7 4930.92 3607.2 59 79 92
65 Vob2 Vob2 Vob2 4930.92 3490.7 4930.92 3515.2 59 79 268.7
66 Vbba DNU Vbba 4930.92 3222 4930.92 3222 59 45 61.16
67 Vssa DNU Vssa 4930.92 | 3160.84 | 4930.92 3160.84 59 45 60.16
68 DQ31 DNU DQ15 4930.92 | 3100.68 | 4930.92 3100.68 59 45 60.16
69 DQ30 DNU DQ14 4930.92 | 3040.52 | 4930.92 3040.52 59 45 60.16
70 Vbpa DNU Vbba 4930.92 | 2980.36 | 4930.92 2980.36 59 45 60.16
71 DQ29 DNU DQ13 4930.92 2920.2 4930.92 2920.2 59 45 60.16
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Table 2: Pad Location from Center of Die (0,0) (Continued)

TCMEOSCALAR-BDE

LPDDR3 8Gb (x16/x32)

Recommended
x16 DQ Pad Coordinate Bonding Coordinate Pad Size

Pad x32DQ | x16 DQ Swap X @Em)' | Y (um)' | X (um) Y (um) (X (um) |Y (um) | Pitch
72 DQ28 DNU DQ12 4930.92 | 2860.04 | 4930.92 2860.04 59 45 60.16
73 Vssa DNU Vssq 4930.92 | 2799.88 | 4930.92 2799.88 59 45 60.16
74 DQ27 DNU DQ11 4930.92 | 2739.72 | 4930.92 2739.72 59 45 60.16
75 DQ26 DNU DQ10 4930.92 | 2679.56 | 4930.92 2679.56 59 45 60.16
76 Voba DNU Vbba 4930.92 2619.4 4930.92 2619.4 59 45 60.16
77 DQ25 DNU DQ9 4930.92 | 2559.24 | 4930.92 2559.24 59 45 60.16
78 DQ24 DNU DQ8 4930.92 | 2499.08 | 4930.92 2499.08 59 45 60.16
79 Vssa DNU Vssa 4930.92 | 2438.92 | 4930.92 2438.92 59 45 60.16
80 DQS3_t DNU DQS1_t 4930.92 | 2378.76 | 4930.92 2378.76 59 45 60.16
81 DQS3_c DNU DQS1_c | 4930.92 2318.6 4930.92 2318.6 59 45 60.16
82 Vbba DNU Vbba 4930.92 | 2258.44 | 4930.92 2258.44 59 45 60.16
83 DM3 DNU DM1 4930.92 | 2198.28 | 4930.92 2198.28 59 45 78

84 Vss Vss Vss 4930.92 | 2120.28 | 4930.92 2095.78 59 79 78

85 DNU DNU DNU 4930.92 | 2042.28 - - 59 49 78.01
86 Vob2 Vop2 Vob2 4930.92 | 1964.27 | 4930.92 1988.77 59 79 134.47
87 Vssa Vssq DNU 4930.92 1829.8 4930.92 1829.8 59 45 60.16
88 DQ15 DQ15 DNU 4930.92 | 1769.64 | 4930.92 1769.64 59 45 60.16
89 DQ14 DQ14 DNU 4930.92 | 1709.48 | 4930.92 1709.48 59 45 60.16
90 Voba Vbpa DNU 4930.92 | 1649.32 | 4930.92 1649.32 59 45 60.16
91 DQ13 DQ13 DNU 4930.92 | 1589.16 | 4930.92 1589.16 59 45 60.16
92 DQ12 DQ12 DNU 4930.92 1529 4930.92 1529 59 45 60.16
93 Vssa Vssq DNU 4930.92 | 1468.84 | 4930.92 1468.84 59 45 60.16
94 DQ11 DQ11 DNU 4930.92 | 1408.68 | 4930.92 1408.68 59 45 60.16
95 DQ10 DQ10 DNU 4930.92 | 1348.52 | 4930.92 1348.52 59 45 60.16
96 Voba Vbpa DNU 4930.92 | 1288.36 | 4930.92 1288.36 59 45 60.16
97 DQ9 DQ9 DNU 4930.92 1228.2 4930.92 1228.2 59 45 60.16
98 DQ8 DQ8 DNU 4930.92 | 1168.04 | 4930.92 1168.04 59 45 77.16
99 Vssa Vssq DNU 4930.92 | 1090.88 | 4930.92 1066.38 59 79 88.28
100 DQS1_t DQS1_t DNU 4930.92 1002.6 4930.92 1002.6 59 45 60.16
101 DQS1_c DQS1_c DNU 4930.92 942.44 4930.92 942.44 59 45 78.56
102 Vbpa Vbpa DNU 4930.92 863.88 4930.92 839.38 59 79 94

103 DM1 DM1 DNU 4930.92 769.88 4930.92 745.38 59 79 400.36
104 Vob2 Vob2 Vob2 4930.92 369.52 4930.92 394.02 59 79 77

105 oDT oDT oDT 4930.92 292.52 4930.92 292.52 59 45 60.16
106 Vss Vss Vss 4930.92 232.36 4930.92 232.36 59 45 77

107 Vrerpq Vrerpg Vrerpq 4930.92 155.36 4930.92 130.86 59 79 92
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Table 2: Pad Location from Center of Die (0,0) (Continued)

TCMEOSCALAR-BDE

LPDDR3 8Gb (x16/x32)

Recommended
x16 DQ Pad Coordinate Bonding Coordinate Pad Size

Pad x32DQ | x16 DQ Swap X (um)! [ Y (um)? X (pm) Y (um) | X (um)|Y (um)| Pitch
108 Vss Vss Vss 4930.92 63.36 4930.92 38.86 59 79 274.68
109 Vop2 Vop2 Vob2 4930.92 -211.32 4930.92 -186.82 59 79 558.56
110 DMO DMO DNU 4930.92 -769.88 4930.92 -745.38 59 79 94

111 Vbbq Vbbq DNU 4930.92 -863.88 4930.92 -839.38 59 79 78.56
112 DQS0_c DQS0_c DNU 4930.92 -942.44 4930.92 -942.44 59 45 60.16
113 DQSO_t DQSO_t DNU 4930.92 -1002.6 4930.92 -1002.6 59 45 88.28
114 Vssq Vssq DNU 4930.92 | -1090.88 | 4930.92 | -1066.38 59 79 77.16
115 DQ7 DQ7 DNU 4930.92 | -1168.04 | 4930.92 | -1168.04 59 45 60.16
116 DQ6 DQ6 DNU 4930.92 -1228.2 4930.92 -1228.2 59 45 60.16
117 Vbbq Vbbq DNU 4930.92 | -1288.36 | 4930.92 | -1288.36 59 45 60.16
118 DQ5 DQ5 DNU 4930.92 | -1348.52 | 4930.92 | -1348.52 59 45 60.16
119 DQ4 DQ4 DNU 4930.92 | -1408.68 | 4930.92 | -1408.68 59 45 60.16
120 Vssq Vssq DNU 4930.92 | -1468.84 | 4930.92 | -1468.84 59 45 60.16
121 DQ3 DQ3 DNU 4930.92 -1529 4930.92 -1529 59 45 60.16
122 DQ2 DQ2 DNU 4930.92 | -1589.16 | 4930.92 | -1589.16 59 45 60.16
123 Vbbq Vbbq DNU 4930.92 | -1649.32 | 4930.92 | -1649.32 59 45 60.16
124 DQ1 DQ1 DNU 4930.92 | -1709.48 | 4930.92 | -1709.48 59 45 60.16
125 DQO DQO DNU 4930.92 | -1769.64 | 4930.92 | -1769.64 59 45 60.16
126 Vssq Vssq DNU 4930.92 -1829.8 4930.92 -1829.8 59 45 134.47
127 Vpp2 Vbb2 Vop2 4930.92 | -1964.27 | 4930.92 | -1988.77 59 79 78.01
128 DNU DNU DNU 4930.92 | -2042.28 - - 59 49 78

129 Vss Vs Vs 4930.92 | -2120.28 | 4930.92 | -2095.78 59 79 78

130 DM2 DNU DMO 4930.92 | -2198.28 | 4930.92 | -2198.28 59 45 60.16
131 Vbbq DNU Vbbq 4930.92 | -2258.44 | 4930.92 | -2258.44 59 45 60.16
132 DQS2_c DNU DQSO_c 4930.92 -2318.6 4930.92 -2318.6 59 45 60.16
133 DQS2_t DNU DQSO_t 4930.92 | -2378.76 | 4930.92 | -2378.76 59 45 60.16
134 Vssq DNU Vssq 4930.92 | -2438.92 | 4930.92 | -2438.92 59 45 60.16
135 DQ23 DNU DQ7 4930.92 | -2499.08 | 4930.92 | -2499.08 59 45 60.16
136 DQ22 DNU DQ6 4930.92 | -2559.24 | 4930.92 | -2559.24 59 45 60.16
137 Vbbq DNU Vbbq 4930.92 -2619.4 4930.92 -2619.4 59 45 60.16
138 DQ21 DNU DQ5 4930.92 | -2679.56 | 4930.92 | -2679.56 59 45 60.16
139 DQ20 DNU DQ4 4930.92 | -2739.72 | 4930.92 | -2739.72 59 45 60.16
140 Vssq DNU Vssq 4930.92 | -2799.88 | 4930.92 | -2799.88 59 45 60.16
141 DQ19 DNU DQ3 4930.92 | -2860.04 | 4930.92 | -2860.04 59 45 60.16
142 DQ18 DNU DQ2 4930.92 -2920.2 4930.92 -2920.2 59 45 60.16
143 Vbbq DNU Vbbq 4930.92 | -2980.36 | 4930.92 | -2980.36 59 45 60.16
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Table 2: Pad Location from Center of Die (0,0) (Continued)

Recommended
x16 DQ Pad Coordinate Bonding Coordinate Pad Size
Pad x32 DQ x16 DQ Swap X (um)! [ Y (um)? X (um) Y (um) | X (um)|Y (um)| Pitch
144 DQ17 DNU DQ1 4930.92 | -3040.52 4930.92 | -3040.52 59 45 60.16
145 DQ16 DNU DQO 4930.92 | -3100.68 4930.92 -3100.68 59 45 60.16
146 Vssq DNU Vssq 4930.92 | -3160.84 4930.92 | -3160.84 59 45 61.16
147 Vbba DNU Vbba 4930.92 -3222 4930.92 -3222 59 45 268.7
148 Vpp2 Vop2 Vpp2 4930.92 -3490.7 4930.92 -3515.2 59 79 92
149 Vb Vbp Vo 4930.92 -3582.7 4930.92 -3607.2 59 79 92
150 Vss Vss Vss 4930.92 -3674.7 4930.92 -3699.2 59 79 92
151 Vss Vss Vss 4930.92 -3766.7 4930.92 -3791.2 59 79 92
152 Vbp2 Vbp2 Vpp2 4930.92 -3858.7 4930.92 -3883.2 59 79 -
Notes: 1. Reference to center of each bond pad from center of die.

1

2. DNU = do not use. See Bonding Instructions (page 12).

3. See Bonding Instructions (page 12).

4. This pad could be kept open if it is difficult to connect it to Vppca.
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Die Features

Figure 2: Die Outline
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Physical Specifications

Table 3: Die Dimensions and Specifications

Features Symbol' Dimensions
Wafer diameter 300mm (12in)
Wafer thickness 775pm

Die size (stepping interval) 10,030pm x 7,920pm
Street widths (X-axis x Y-axis) (MIN) 80um x 80um
Minimum bond pad pitch A 60pm

Width of pad window (MIN) B 59um

Length of pad window (MIN) C 45um

Metal overlap of pad window edge (MAX) D 4.5um

Scribe center to pad edge (MIN) E 54.5 pm
Scribe center to bulk metal (MIN) F 40.7um

Pad edge to metal (MIN) G 5pum

Number of valid die 801

Note: 1. The symbols in this table refer to the dimensions shown in the Pad Area Outline figure.

Figure 3: Pad Area Outline
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L ————————————————————————————
Pin Descriptions

The pin description table below is a comprehensive list of signals for the device family.
All signals listed may not be supported on this device. See Bond Pad tables for informa-
tion specific to this device.

Table 4: Pin Descriptions

Symbol Type Description

CA[9:0] Input Command/address inputs: Provide the command and address inputs according to the
command truth table.

CK_t, CK_c Input Clock: Differential clock inputs. All CA inputs are sampled on both rising and falling
edges of CK. CS and CKE inputs are sampled at the rising edge of CK. AC timings are ref-
erenced to clock.

CKE Input Clock enable: CKE HIGH activates and CKE LOW deactivates the internal clock signals, in-
put buffers, and output drivers. Power-saving modes are entered and exited via CKE tran-
sitions. CKE is considered part of the command code. CKE is sampled on the rising edge of

CK.
CS_n Input Chip select: Considered part of the command code and is sampled on the rising edge of
CK.
DM[3:0] Input Input data mask: Input mask signal for write data. Although DM balls are input-only,

the DM loading is designed to match that of DQ and DQS balls. DM[3:0] is DM for each of
the four data bytes, respectively.

oDT Input On-die termination: Enables and disables termination on the DRAM DQ bus according
to the specified mode register settings. For packages that do not support ODT, the ODT
signal may be grounded internally.

DQ[31:0] 1/0 Data input/output: Bidirectional data bus.
DQS[3:0]_t, 1/0 Data strobe: Bidirectional (used for read and write data) and complementary (DQS_t
DQS[3:0]_c and DQS_c). It is edge-aligned output with read data and centered input with write data.
DQS[3:0]_t/DQS[3:0]_c is DQS for each of the four data bytes, respectively.
Vbbq Supply DQ power supply: Isolated on the die for improved noise immunity.
Vssq Supply DQ ground: Isolated on the die for improved noise immunity.
Vbbpca Supply Command/address power supply: Command/address power supply.
Vssca Supply Command/address ground: Isolated on the die for improved noise immunity.
Vb1 Supply Core power: Supply 1.
Vb2 Supply Core power: Supply 2.
Vss Supply |Common ground.
Vrercar VRerpQ Supply Reference voltage: Vrerca is reference for command/address input buffers, Vrerpq is ref-
erence for DQ input buffers.
ZQ Reference |External reference ball for output drive calibration: This ball is tied to an external
2400 resistor (RZQ), which is tied to Vssq.
DNU - Do not use: Do not connect.
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Iop Specifications

Table 5: Ipp Specifications (T,

=-30°C to +85°C)

TCMEOSCALAR-BDE
LPDDR3 8Gb (x16/x32)

TJ =-30°C to +85°C; VD[)1 =1.70-1 .95V; V[)Dz, VDDQ, VDDCA =1.14-1.30V

Speed
Symbol Supply 1333 1600 1866 Unit |Parameter/Condition
lppo1 Vb1 TBD TBD TBD mA |Operating one bank active-precharge current
Ioo2 Vpp2 TBD TBD TBD t{CK = tCK(avg) MIN; tRC = tRC (MIN);
CKE is HIGH; CS_n is HIGH between valid commands;
IpDo, in V\D/DCA * TBD TBD 8D CA bus inputs are SWITCHING;
bbQ Data bus inputs are STABLE;
ODT disabled
Iop2p1 Vpp1 TBD TBD TBD mA |ldle power-down standby current
IDDZPZ VDDZ TBD TBD TBD CK = tCK(an) M|N; CKE is LOW; CS_nis H|GH;
All banks idle; CA bus inputs are SWITCHING;
loo2p,in V\D/DCA " 8D 8D 8D Data bus inputs are STABLE;
bba ODT disabled
Ibp2ps1 Vb1 TBD TBD TBD mA |ldle power-down standby current with clock stop
lop2ps2 Vop2 TBD TBD TBD CK_t = LOW, CK_c = HIGH; CKE is LOW;
CS_n is HIGH; All banks idle;
loo2ps,in V\D/DCA " 8D 8D 8D CA bus inputs are STABLE;
bbQ Data bus inputs are STABLE;
ODT disabled
Ibp2N1 Vpp1 TBD TBD TBD mA |ldle non power-down standby current
lppanz Voo2 TBD TBD TBD tCK = tCK(avg) MIN; CKE is HIGH;
CS_n is HIGH; All banks idle;
loo2n,in V{’/DCA " 8D 8D 8D CA bus inputs are SWITCHING;
bbQ Data bus inputs are STABLE;
ODT disabled
Ibp2Nns1 Vb1 TBD TBD TBD mA |ldle non power-down standby current with clock stop
lop2NS2 Vob2 TBD TBD TBD CK_t = LOW, CK_c = HIGH; CKE is HIGH;
CS_n is HIGH; All banks idle;
loo2ns, in V\D/DCA N 8D 8D 8D CA bus inputs are STABLE;
bbQ Data bus inputs are STABLE;
ODT disabled
Ibp3p1 Vb1 TBD TBD TBD mA | Active power-down standby current
IDD3P2 VDDZ TBD TBD TBD t(CK = tCK(an) M|N; CKE is LOW;
CS_n is HIGH; One bank active;
'oo3e, in V\D/DCA " 8D 8D 8D CA bus inputs are SWITCHING;
pbQ Data bus inputs are STABLE;
ODT disabled
Ibp3psi Vb1 TBD TBD TBD mA | Active power-down standby current with clock stop
lop3ps2 Vop2 TBD TBD TBD CK_t = LOW, CK_c = HIGH; CKE is LOW;
CS_nis HIGH; One bank active;
loo3ps,in V\D/DCA N 8D 8D 8D CA bus inputs are STABLE;
bbQ Data bus inputs are STABLE;
ODT disabled
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Table 5: Ipp Specifications (T, =-30°C to +85°C) (Continued)
T,=-30°C to +85°C; Vpp1 = 1.70-1.95V; Vb2, Vopa, Vooca = 1.14-1.30V

Speed
Symbol Supply 1333 1600 1866 Unit |Parameter/Condition
lpp3nt Vb1 TBD TBD TBD mA |Active non power-down standby current
IDD3N2 VDDZ TBD TBD TBD t(CK = tCK(an) MIN; CKE is H|GH;
CS_n is HIGH; One bank active;
loo3nin V{’/DCA " TBD TBD TBD CA bus inputs are SWITCHING;
bbQ Data bus inputs are STABLE;
ODT disabled
Ibp3Nst Vb1 TBD TBD TBD mA | Active non power-down standby current with clock stop
loD3NS2 Vob2 TBD TBD TBD CK_t = LOW, CK_c = HIGH; CKE is HIGH;
CS_nis HIGH; One bank active;
loo3ns, in V\D/DCA " 8D 8D 8D CA bus inputs are STABLE;
bbQ Data bus inputs are STABLE;
ODT disabled
IbD4r1 Vpp1 TBD TBD TBD mA | Operating burst read current
lopar2 Vob2 TBD TBD TBD 'CK = 'CK(avg) MIN; CS_n is HIGH between valid com-
mands;
'oo4g in Vooca 8D 8D 8D One bank active; BL = 8; RL = RL (MIN);
CA bus inputs are SWITCHING;
50% data change each burst transfer;
ODT disabled
Values in parenthesis are for x16 bits
lbpaw1 Vb1 TBD TBD TBD mA | Operating burst write current
lopaw2 Vb2 TBD TBD TBD 'CK = 'CK(avg) MIN; CS_n is HIGH between valid com-
mands;
lopaw,in V\D/DCA " 8D 8D 8D One bank active; BL = 8; WL = WL (MIN);
bbQ CA bus inputs are SWITCHING;
50% data change each burst transfer;
ODT disabled
Values in parenthesis are for x16 bits
Ibps1 Vo1 TBD TBD TBD mA | All bank auto-refresh burst current
Ipps2 Vb2 TBD TBD TBD 'CK = tCK(avg) MIN; CKE is HIGH between valid com-
mands;
'oos, in V{’/DCA " 8D 8D 8D tRC = 'RFCab (MIN); Burst refresh;
bbQ CA bus inputs are SWITCHING;
Data bus inputs are STABLE;
ODT disabled
IbpsAB1 Vb1 TBD TBD TBD mA | All bank auto-refresh average current
IoDsAB2 Voo2 TBD TBD TBD 'CK = *CK(avg) MIN; CKE is HIGH between valid com-
mands;
IpD5AB, in V\D/DCA + TBD TBD TBD tRC = REFI;
bbQ CA bus inputs are SWITCHING;
Data bus inputs are STABLE;
ODT disabled
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Table 5: Ipp Specifications (T,

TCMEOSCALAR-BDE
LPDDR3 8Gb (x16/x32)

=-30°C to +85°C) (Continued)

T,=-30°C to +85°C; Vpp1 = 1.70-1.95V; Vbp2, Vopg, Vopca = 1.14-1.30V

Speed

Symbol Supply 1333 1600 1866 Unit |Parameter/Condition

IbpspB1 Vb1 TBD TBD TBD mA |Per bank auto-refresh average current

lopsPB2 Vobz TBD TBD TBD 'CK = 'CK(avg) MIN; CKE is HIGH between valid com-
mands;

IpD5PB,in V\D/DCA + TBD TBD TBD tRC =*REFIpb;

bbQ CA bus inputs are SWITCHING;
Data bus inputs are STABLE;
ODT disabled
Notes: 1. Published Ipp values are the maximum of the distribution of the arithmetic mean.

2. Ipp current specifications are tested after the device is properly initialized.

Table 6: Ippe Partial-Array Self Refresh Current at 25°C

Vpp1 = 1.70-1.95V; Vpp2, Vbpa, Vooca = 1.14-1.30V

PASR Supply Value Unit Parameter/Conditions
Full array Vb1 TBD HA Self-refresh current
Vob2 TBD CK_t = LOW, CK_c = HIGH;
CKE is LOW; CA bus inputs are STABLE;
Vooca + Voog 8D Data bus inputs are STABLE;
1/2 array Vo1 TBD ODT disabled
Vop2 TBD
Vboca + Voba TBD
1/4 array Vb1 TBD
Vop2 TBD
Vooca + Vopa TBD
1/8 array Vbp1 TBD
Vop2 TBD
Vboca + Voba TBD
Note: 1. lppe 25°C is the maximum of the distribution of the arithmetic mean.
Rev.B-04/16 23




-3, N TCMEOSCALAR-BDE
TARGET LPDDR3 8Gb (x16/x32)

Table 7: Ippe Partial-Array Self Refresh Current at 85°C
Vop1 = 1.70-1.95V; Vopz, Vopa, Vooca = 1.14-1.30V

PASR Supply Value Unit Parameter/Conditions
Full array Vbb1 TBD MA Self-refresh current
Vbb2 TBD CK_t = LOW, CK_c = HIGH;
CKE is LOW;
Vooca + Voog 8D CA bus inputs are STABLE;
1/2 array Vo1 TBD Data bus inputs are STABLE;
Vb2 TBD ODT disabled
Vbpca *+ Vopg TBD
1/4 array Vb1 TBD
Vop2 TBD
Vboca + Vobg TBD
1/8 array Vbp1 TBD
Vop2 TBD
Vbbea *+ Vopg TBD

Note: 1. lppe 85°C is the typical of the distribution of the arithmetic mean.
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Input/Output Capacitance

Table 8: Input/Output Capacitance

LPDDR3 1866-1333
Parameter Symbol Min Max Unit Notes
Input capacitance, CK_t and CK_c Cek 0.5 1.2 pF 1,2
Input capacitance, all other input-only pins Ci 0.5 1.1 pF 1,2
Datainput/output capacitance, DQ[31:0], DM[3:0], Co 1.0 1.8 pF 1,2,3
DQS[3:0]_t, DQS[3:0]_c
Input/output capacitance, ZQ Czq 0 2.0 pF 1,2,3

Notes: 1. This parameter is not subject to production testing. It is verified by design and character-
ization.

2. These parameters are measured on f = 100 MHz, Vour = Vopa/2, Ta=25°C.
3. Dour circuits are disabled
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Functional Description

Mobile LPDDR3isahigh-speed SDRAM internally configured as an 8-bank memory de-
vice. LPDDR3 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 is used to transmit
command, address, and bank information. Each command uses one clock cycle, during
which command information is transferred on both the rising and falling edges of the
clock.

LPDDRS3 uses a double data rate architecture on the DQ pins to achieve high-speed op-
eration. The double data rate architecture is essentially an 8n 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 LPDDR3 effectively consists of a single 8n-bit-wide,
one-clock-cycle data transfer at the internal SDRAM core and eight corresponding n-
bit-wide, one-half-clock-cycle data transfers at the 1/O pins.

Read and write accesses to the device are burst oriented; accesses start at a selected lo-
cation and continue for a programmed number of locations in a programmed se-
guence.

Accesses beginwiththeregistration ofan ACTIVATE command followed byaREAD or
WRITE command. Theaddress and BA bitsregistered coincident withthe ACTIVATE
command are used to select the row and bank to be accessed. The address bits regis-
tered coincident with the READ or WRITE command are used to select the bank and the
starting column location for the burst access.

Rev.B-04/16
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Figure 4: Functional Block Diagram
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Simplified Bus Interface State Diagram

The state diagram provides a simplified illustration of the bus interface, supported state
transitions, and the commands that control them. For a complete description of device
behavior, use the information provided in the state diagram with the truth tables and
timing specifications. The truth tables describe device behavior and applicable restric-
tions when considering the actual state of all banks. For command descriptions, see the
Commands and Timing section.
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Figure 5: Simplified State Diagram
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PRA = PRECHARGE ALL

ACT = ACTIVATE

WR(A) =WRITE (with auto precharge)

RD(A) = READ (with auto precharge)
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MRW command

MRW = MODE REGISTER WRITE
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SREF = Enter self refresh
SREFX = Exit self refresh
DPD = Enter deep power-down
DPDX = Exit deep power-down
REF = REFRESH

Precharging

1. All banks are precharged in the idle state.

2. In the case of using MRW to enter CA training mode or write leveling mode, the state
machine will not automatically return to the idle state. In these cases, an additional
MRW command is required to exit either operating mode and return to the idle state.
See the CA Training Mode or Write Leveling Mode sections.

3. Terminated bursts are not allowed. For these state transitions, the burst operation must
be completed before a transition can occur.

Notes:
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4. The state diagram is intended to provide a floorplan of the possible state transitions
and commands used to control them, but it is not comprehensive. In particular, situa-
tions involving more than one bank are not captured in full detail.

Power-Up and Initialization

The device must be powered up and initialized in a predefined manner. Power-up and
initialization by means other than those specified will result in undefined operation.

Voltage Ramp and Device Initialization

The following sequence must be used to power up the device. Unless specified other-
wise, this procedure is mandatory.

1.Voltage Ramp: While applying power (after Ta), CKE must be held LOW, and all other
inputs must be between V min and Vinmax. The device outputs remain at High-Z while
CKE is held LOW.

Following completion of the voltage ramp (Tb), CKE must be held LOW. DQ, DM and
DQS voltage levels must be between Vssq and Vppg during voltage ramp to avoid latch-
up. CK, CS_n, and CA input levels must be between Vssca and Vppca during voltage
ramp to avoid latch-up. VVoltage ramp power supply requirements are provided in the
table below.

Table 9: Voltage Ramp Conditions

After Applicable Conditions

Ta is reached Vpp1 must be greater than Vpp; - 200mV

Vop1 and Vpp2 must be greater than Vppca - 200mV

Vpp1 and Vpp; must be greater than Vppq - 200mV

Vrer must always be less than all other supply voltages

Notes: 1. Tais the point when any power supply first reaches 300mV.
2. Noted conditions apply between Ta and power-down (controlled or uncontrolled).
3. Tbis the point at which all supply and reference voltages are within their defined oper-
ating ranges.
4. For supply and reference voltage operating conditions, see the Recommended DC Oper-
ating Conditions table.
5. The voltage difference between any Vss, Vssq, and Vssca pins must not exceed 100mV.

Beginning at Th, CKE must remain LOW for at least 'INIT1, after which CKE can be as-
serted HIGH. The clock must be stable at least YINIT2 prior to the first CKE LOW-to-
HIGH transition (Tc). CKE, CS_n, and CA inputs must observe setup and hold require-
ments ('S, YIH) with respect to the first rising clock edge and to subsequent falling and
rising edges.

If any MRRs are issued, the clock period must be within the range defined for 'CKb.
MRWs can be issued at normal clock frequencies as long as all AC timings are met.
Some AC parameters (for example, 'DQSCK) could have relaxed timings (such as
'DQSCKDb) before the system is appropriately configured. While keeping CKE HIGH,
NOP commands must be issued for at least YINIT3 (Td). The ODT input signal may be in
an undefined state until IS before CKE is registered HIGH. When CKE is registered
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HIGH, the ODT input signal must be statically held either LOW or HIGH. The ODT in-
put signal remains static until the power-up initialization sequence is finished, includ-

ing the expiration of ZZQINIT.

2.RESET Command: After INIT3 is satisfied, the MRW RESET command must be is-
sued (Td). An optional PRECHARGE ALL command can be issued prior to the MRW RE-
SET command. Wait at least 'INIT4 while keeping CKE asserted and issuing NOP com-
mands. Only NOP commands are allowed during 'INIT4.

3. MRRs and Device Auto Initialization (DAI) Polling: After IINIT4 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 INIT5 (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.

Afterthe DAI bit (MRO, DAI) issetto zero by the memory device (DAI complete), the
deviceisintheidle state (Tf). DAI status can be determined by issuing the MRR com-
mand to MRO. The device sets the DAI bit no later than 'INIT5 after the RESET com-
mand. The controller must wait at least INIT5 (MAX) or until the DAI bit is set before
proceeding.

4.ZQCalibration: IfCAtrainingisnotrequired,the MRW INITIALIZATION CALIBRA-
TION (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. Afterthe completion of CAtraining (Tf"), the MRW INITIALIZATION CALIBRA-
TION (ZQ_CAL) command can be issued to the memory.

This command is used to calibrate output impedance over process, voltage, and tem-
perature. In systems where more than one LPDDR3 device exists on the same bus, the
controller mustnot overlap MRW ZQ_CAL commands. The device isready for normal

operation after ZQINIT.

5. Normal Operation: After'ZQINIT (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 fre-
guency 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 In-
put Clock Frequency Changes and Clock Stop Events section.
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Figure 6: Voltage Ramp and Initialization Sequence
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Notes: 1. High-Z on the CA bus indicates a valid NOP.
2. For UINIT values, see the Initialization Timing Parameters table.
3. After RESET command time (Tf), Rrris disabled until ODT function is enabled by MRW to
MR11 following Tg.

4. CA training is optional.
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Table 10: Initialization Timing Parameters

Parameter Min Max Unit Comment
YINITO - 20 ms Maximum voltage ramp time (Note 1)
YINITA 100 - ns Minimum CKE LOW time after completion of voltage ramp
YUNIT2 5 - tCK Minimum stable clock before first CKE HIGH
YUNIT3 200 - Hs Minimum idle time after first CKE assertion
YUNIT4 1 - ps Minimum idle time after RESET command
YNITS - 10 HS Maximum duration of device auto initialization (Note 2)
ZQINIT 1 - Hs ZQ initial calibration
tCKb 18 100 ns Clock cycle time during boot

Notes: 1. The UINITO maximum specification is not a tested limit and should be used as a general
guideline. For voltage ramp times exceeding 'INITO MAX, please contact the factory.

2. If the DAI bit is not read via MRR, the device will be in the idle state after INIT5 (MAX)
has expired.

Initialization After Reset (Without Voltage Ramp)

Ifthe RESET command is issued before or after the power-up initialization sequence,
the reinitialization procedure must begin at Td.
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Power-Off Sequence
The following procedure is required to power-off the device.

While powering off, CKE must be held LOW; all other inputs must be between V ii_min
and Viumax. The device outputs remain at High-Z while CKE is held LOW.

DQ, DM, and DQS voltage levels must be between Vssq and Vppg during the power-off
sequence to avoid latch-up. CK, CS_n, and CA input levels must be between Vssca and
Vbboca during the power-off sequence to avoid latch-up.

Tx is the point where any power supply drops below the minimum value specified in
the Recommended DC Operating Conditions table.

Tzisthe pointwhere all power supplies are below 300mV. After Tz, the device is pow-
ered off.

Table 11: Power Supply Conditions

Between... Applicable Conditions

Tx and Tz Vop1 must be greater than Vppz - 200mV

Vpp1 must be greater than Vppca - 200mV

Vpp1 must be greater than Vppq - 200mV

Vrer must always be less than all other supply voltages

Notes: 1. The voltage difference between any Vss, Vssq, and Vssca pins must not exceed 100mV.

2. For supply and reference voltage operating conditions, see Recommended DC Operating
Conditions table.

Uncontrolled Power-Off Sequence
When an uncontrolled power-off occurs, the following conditions must be met.

« At TX, when the power supply drops below the minimum values specified in the Rec-
ommended DC Operating Conditions table, all power supplies must be turned off and
all power supply current capacity must be at zero, except for any static charge remain-
ing in thesystem.

» After Tz (the point at which all power supplies first reach 300mV), the device must
power-off. During this period, the relative voltage between power supplies is uncon-
trolled. Vpp1 and Vpp2 must decrease with a slope lower than 0.5 V/us between Tx
and Tz.

An uncontrolled power-off sequence can occur a maximum of 400 times over the life of
the device.

Table 12: Power-Off Timing

Parameter Symbol Min Max Unit
Maximum power-off ramp time POFF - 2 sec
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Standard Mode Register Definition

For LPDDR3, aset of mode registers is used for programming device operating parame-
ters, reading device information and status, and for initiating special operations such as

DQ calibration, ZQ calibration, and device reset.

Mode Register Assignments and Definitions

Mode register definitions are provided in the Mode Register Assignments table. An"R"
in the access column of the table indicates read-only; "W" indicates write-only; "R/W"
indicates read- or write-capable or enabled. The MRR command is used to read from a
register. The MRW command is used to write to a register.

Table 13: Mode Register Assignments

Notes 1-5 apply to entire table

MR# MA[7:0] Function Access | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO Link
0 00h Device info R RL3 | WL-B | RFU RzQl RFU DAl |Go to MRO
01h Device feature 1 \W nWR (for AP) RFU BL Go to MR1
2 02h Device feature 2 w WR | WL | RFU |nWRE RL and WL Go to MR2
Lev |Select
3 03h 170 config-1 \%% RFU DS Go to MR3
4 04h SDRAM refresh R TUF RFU Refresh rate Go to MR4
rate
5 05h Basic config-1 R Manufacturer ID Go to MR5
6 06h Basic config-2 R Revision ID1 Go to MR6
7 07h Basic config-3 R Revision ID2 Go to MR7
8 08h Basic config-4 R I70 width Density ‘ Type Go to MR8
9 0%h Test mode \W Vendor-specific test mode Go to MR9
10 OAh 170 calibration w Calibration code Go to MR10
11 0Bh oDT w RFU ‘ PD ctl‘ DQ ODT |Go to MR11
12-15 0Ch-OFh |Reserved - RFU Go to MR12
16 10h PASR_Bank w PASR bank mask Go to MR16
17 11h PASR_Seg w PASR segment mask Go to MR17
18-31 12h-1Fh |Reserved - RFU Go to MR18-
MR31
32 20h DQ calibration R See Data Calibration Pattern Description
pattern A
33-39 21h-27h |Do not use - Go to MR33
40 28h DQ calibration R See Data Calibration Pattern Description
pattern B
41 2%9h CA training 1 w See MRW - CA Training Mode
42 2Ah CA training 2 w See MRW - CA Training Mode
43-47 2Bh-2Fh |Do not use - Go to MR43
48 30h CA training 3 w See MRW - CA Training Mode
49-62 31h-3Eh |Reserved - RFU Go to MR49
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Table 13: Mode Register Assignments (Continued)

Notes 1-5 apply to entire table

MR# | MA[7:0] Function Access | OP7 \ OPé6 \ OP5 \ OP4 \ OP3 \ oP2 \ OP1 \ OPO Link
63 3Fh  |RESET W X Go to MR63
64-255 40h-FFh |Reserved - RFU Go to MR64

Notes: 1. RFU bits must be set to 0 during MRW.
2. RFU bits must be read as 0 during MRR.

3. For Reads to a write-only or RFU register, DQS is toggled and undefined data is re-
turned.

4. RFU mode registers must not be written.
5. Writes to read-only registers must have no impact on the functionality of the device.

Table 14: MRO Device Feature 0 (MA[7:0] = 00h)

oP7 OP6 OP5 OP4 ] OP3 oP2 OP1 OPO
RL3 WL-B RFU RZQ RFU DAI

Table 15: MRO Op-Code BIt Definitions

Register

Information Tag Type OoP Definition

Device auto initializa- DAI Read-only OPO Ob: DAI complete

tion status 1b: DAl in progress

Built-in self-test for RZQl' Read-only OP[4:3] 00b: RZQ self-test not supported

RZQ information 01b: ZQ pin can connect to Vppca or float
10b: ZQ pin can short to GND
11b: ZQ pin self-test completed, no error condition
detected (ZQ pin must not float; connect to Vpp or
short to GND

WL Set B support WL-B Read-only OPJ[6] Ob: Device does not support WL Set B
1b: Device supports WL Set B

RL3 support RL3 Read-only OP[7] Ob: Device does not support RL = 3, nWR = 3, WL = 1
1b: Device supports RL= 3, nWR = 3, WL = 1 for fre-
quencies €166 MHz

Notes: 1. RZQI will be set upon completion of the MRW ZQ INITIALIZATION CALIBRATION com-
mand.

2. If ZQ is connected to Vppca to set default calibration, OP[4:3] must be set to 01. If ZQ is
not connected to Vppca, either OP[4:3] = 01 or OP[4:3] = 10 may indicate a ZQ pin as-
sembly error.

3. Inthe case of a possible assembly error, the 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.

4, If the ZQ self-test returns a value of 11b, it indicates that the device has detected a resis-
tor connection to the ZQ pin. However, that result cannot be used to validate the ZQ
resistor value or that the ZQ resistor tolerance meets the specified limit of 240Q +1%.
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Table 16: MR1 Device Feature 1 (MA[7:0] = 01h)

oP7 OP6 \ OP5 OP4 \ OP3 oP2 OP1 OPO
nWR (for AP) RFU BL

Table 17: MR1 Op-Code Bit Definitions

Feature Type oP Definition Notes

BL Write-only OP[2:0] 011b: BL8 (default)

All others: Reserved
nWR Write-only OP[7:5] If NnWR (MR2 OP[4]) =0 1,2
001b: NnWR =3

100b: NWR =6

110b: NWR =8

111b: NWR =9

If NWR (MR2 OP[4]) =1

000b: nWR = 10 (default)
001b: nWR =11

010b: NnWR =12

100b: NWR =14

110b: NWR =16

All others: Reserved

Notes: 1. The programmed value in the nWR register is the number of clock cycles that determine
when to start the internal precharge operation for a WRITE burst with AP enabled. It is
determined by RU (*WR/tCK).

2. The range of nWR is extended (MR2 OP[4] = 1) by using an extra bit ("WRE) in MR2.

Table 18: Burst Sequence

Burst Cycle Number and Burst Address Sequence
Cc2 c1 co BL 1 2 3 4 5 6 7 8
0Ob 0Ob Ob 0 1 2 3 4 5 6 7
0b 1b Ob 8 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
Note: 1. COinput is not present on CA bus; it is implied zero.
Table 19: MR2 Device Feature 2 (MA[7:0] = 02h)
OP7 OPé6 OP5 OP4 OP3 OP2 OP1 OPO

WR Lev WL Sel RFU nWRE RL and WL
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Table 20: MR2 Op-Code Bit Definitions

Feature Type OoP Definition

RL and WL Write-only OP[3:0] If OP[6] = O (default, WL Set A)
0001b: RL3/WL1 (166 MHz)'
0100b: RL6/WL3 (400 MHz)
0110b: RL8/WL4 (=533 MHz)
0111b: RL9/WL5 (600 MHz)
1000b: RL10/WL6 (£667 MHz, default)
1001b: RL11/WL6 (£733 MHz)
1010b: RL12/WL6 (<800 MHz)
1100b: RL14/WL8 (€933 MHz)
1110b: RL16/WL8 (1066 MHz)
All others: Reserved

If OP[6] = 1 (WL Set B)

0001b: RL3/WL1 (€166 MHz)'
0100b: RL6/WL3 (400 MHz)
0110b: RL8/WL4 (S533 MHz)
0111b: RL9/WL5 (600 MHz)
1000b: RL10/WL8 (667 MHz, default)
1001b: RL11/WL9 (£733 MHz)
1010b: RL12/WL9 (<800 MHz)
1100b: RL14/WL11 (933 MHz)
1110b: RL16/WL13 (£1066 MHz)
All others: Reserved

nWRE Write-only OP[4] Ob: Enable nWRE programming <9

1b: Enable nWRE programming >9 (default)
WL select Write-only OP[6] Ob: Use WL Set A (default)

1b: Use WL Set B2
WR Lev Write-only OP[7] Ob: Disable write leveling (default)

1b: Enable write leveling

Notes: 1. See MRO OP7.
2. See MRO OP6.

Table 21: LPDDR3 READ and WRITE Latency

Data Rate

(Mb/p/s) 333 800 1066 1200 1333 1466 1600 1866 2133
tCK(ns) 6 2.5 1.875 1.67 1.5 1.36 1.25 1.071 0.938
RL 3 8 9 10 11 12 14 16
WL (Set A) 1 4 5 6 6 6 8 8
WL (Set B) 1 4 5 8 9 9 11 13
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Table 22: MR3 I/0 Configuration 1 (MA[7:0] = 03h)

OP7 OPé6 \ OP5 \ OP4 OP3 OP2 OP1 OPO
RFU DS

Table 23: MR3 Op-Code Bit Definitions

Feature Type OoP Definition

DS Write-only OP[3:0] 0001b: 34.3Q typical

0010b: 40Q typical (default)

0011b: 48Q typical

0100b: Reserved

0110b: Reserved

1001b: 34.3Q pull-down, 40Q pull-up
1010b: 40Q pull-down, 48Q pull-up
1011b: 34.3Q pull-down, 48Q pull-up
All others: Reserved

Table 24: MR4 Device Temperature (MA[7:0] = 04h)

oP7 OP6 OP5 ] OP4 ] OP3 oP2 OP1 OPO
TUF RFU SDRAM refresh rate

Table 25: MR4 Op-Code Bit Definitions

Notes 1-8 apply to entire table

Feature Type OoP Definition
SDRAM refresh Read-only OP[2:0] |000b: SDRAM low-temperature operating limit exceeded
rate 001b: 4 x 'REFI, 4 x ‘REFIpb, 4 x tREFW

010b: 2 x 'REFI, 2 x ‘REFIpb, 2 x ‘REFW

011b: 1 x 'REFI, 1 x '‘REFIpb, 1 x ‘REFW (£85°C)

100b: 0.5 x 'REFI, 0.5 x '‘REFIpb, 0.5 x 'REFW, no AC timing derating

101b: 0.25 x tREFI, 0.25 x 'REFIpb, 0.25 x 'REFW, no AC timing derating
110b: 0.25 x 'REFI, 0.25 x '‘REFIpb, 0.25 x ‘REFW, timing derating required
111b: SDRAM high-temperature operating limit exceeded

Temperature up- | Read-only OoP7 Ob: OP[2:0] value has not changed since last read of MR4

date flag (TUF) 1b: OP[2:0] value has changed since last read of MR4

Notes: 1. A mode register read from MR4 will reset OP7 to 0.

OP7 is reset to 0 at power-up.

If OP2 = 1, the device temperature is greater than 85°C.

OP7 is set to 1 if OP[2:0] has changed at any time since the last MR4 read.
The device might not operate properly when OP[2:0] = 000b or 111b.

For the specified operating temperature range and maximum operating temperature,
refer to the Operating Temperature Range table.

oS U1 AN WN =
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7. LPDDR3 devices must be derated by adding 1.875ns to the following core timing param-
eters: tRCD, 'RC, 'RAS, 'RP, and tRRD. The tDQSCK parameter must be derated as speci-
fied in the AC Timing table. Prevailing clock frequency specifications and related setup
and hold timings remain unchanged.

8. The recommended frequency for reading MR4 is provided in the Temperature Sensor
section.

Table 26: MR5 Basic Configuration 1 (MA[7:0] = 05h)

OP7 OPé6 OP5 \ OP4 \ OP3 OP2 OP1 OPO
Manufacturer ID

Table 27: MR5 Op-Code Bit Definitions

Feature Type OoP Definition
Manufacturer ID Read-only OP[7:0] 0000 0011b: Micron

1111 1111b: Micron

All others: Reserved

Table 28: MR6 Basic Configuration 2 (MA[7:0] = 06h)

oP7 OPé6 OP5 \ OP4 \ OP3 oP2 OP1 OPO
Revision ID1

Note: 1. MR6 is vendor-specific.

Table 29: MR6 Op-Code Bit Definitions

Feature Type OoP Definition
Revision ID1 Read-only OP[7:0] 0000 0000b: Revision A

0000 0001b: Revision B

0000 0010b: Revision C

Table 30: MR7 Basic Configuration 3 (MA[7:0] = 07h)

oP7 OP6 OP5 \ OP4 \ OP3 oP2 OP1 OPO

Revision ID2
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Table 31: MR7 Op-Code Bit Definitions

Feature Type OoP Definition
Revision ID2 Read-only OP[7:0] RFU
Note: 1. MR7 is vendor-specific.
Table 32: MR8 Basic Configuration 4 (MA[7:0] = 08h)
oP7 0P6 o5 | opa | oOP3 OP2 OP1 0PO
1/0 width Density Type
Table 33: MR8 Op-Code Bit Definitions
Feature Type OoP Definition
Type Read-only OP[1:0] 11b: LPDDR3
All other states reserved
Density Read-only OP[5:2] 0110b: 4Gb
1110b: 6Gb
0111b: 8Gb
1101b: 12Gb
1000b: 16Gb
1001b: 32Gb
All others: Reserved
170 width Read-only OP[7:6] 00b: x32
01b: x16
All others: Reserved
Table 34: MR9 Test Mode (MA[7:0] = 09h)
oP7 o6 | ops | oP4 oP3 oP2 OP1 0PO
Vendor-specific test mode
Table 35: MR10 Calibration (MA[7:0] = OAh)
oP7 o6 | ops | op4a | oOP3 oP2 oP1 0PO

Calibration code
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Table 36: MR10 Op-Code Bit Definitions

Notes 1-4 apply to entire table

Feature Type OoP Definition

Calibration code Write-only OP[7:0] OxFF: CALIBRATION command after initialization
0xAB: Long calibration

0x56: Short calibration

0xC3: ZQ reset

All others: Reserved

Notes: 1. The device ignores calibration commands when a reserved value is written into MR10.

2. See AC Timing table for the calibration latency.

3. If ZQis connected to Vssca through Rzq, either the ZQ calibration function (see MRW ZQ
CALIBRATION Command) or default calibration (through the ZQ RESET command) is sup-
ported. If ZQ is connected to Vpoca, the device operates with default calibration and ZQ
CALIBRATION commands are ignored. In both cases, the ZQ connection must not change
after power is supplied to the device.

4. Devices that do not support calibration ignore the ZQ CALIBRATION command.

Table 37: MR11 ODT Control (MA[7:0] = OBh)

oP7 OP6 | OP5 ] OP4 ] OP3 oP2 OP1 OPO
Reserved PD CTL DQ ODT

Table 38: MR11 Op-Code Bit Definitions

Feature Type oP Definition

DQ ODT Write-only OP[1:0] 00b: Disable (default)
01b: RZQ/4 (Note1)
10b: RZQ/2

11b: RZQ/1

PD control Write-only OP[2] 00b: ODT disabled by DRAM during power-down (default)
01b: ODT enabled by DRAM during power-down

Note: 1. RZQ/4is supported for LPDDR3-1866 and LPDDR3-2133 devices. RZQ/4 support is option-
al for LPDDR3-1333 and LPDDR3-1600 devices. Consult Micron specifications for RZQ/4
support for LPDDR3-1333 and LPDDR3-1600.

Table 39: MR16 PASR Bank Mask (MA[7:0] = 010h)

oP7 OPé6 \ OP5 \ OP4 \ OP3 OP2 OP1 OPO
PASR bank mask
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Table 40: MR16 Op-Code Bit Definitions

Feature Type OoP Definition

Bank[7:0] mask Write-only OP[7:0] 0b: Refresh enable to the bank = unmasked (default)
1b: Refresh blocked = masked

Table 41: MR17 PASR Segment Mask (MA[7:0] = 011h)

oP7 oP6 OP5 \ OP4 \ oP3 oP2 OP1 OPO
PASR segment mask

Table 42: MR17 PASR Segment MaskDefinitions

Feature Type OoP Definition

Segment[7:0] mask| Write-only OP[7:0] |Ob: Refresh enable to the segment = unmasked (default)
1b: Refresh blocked = masked

Table 43: MR17 PASR Row Address Ranges in Masked Segments

6Gb2, 8Gb,

4Gb 12Gb2 & 16Gb 32Gb

Segment oP Segment Mask R[13:11] R[14:12] TBD
0 0 XXXXXXX1 000b
1 1 XXXXXX1X 001b
2 2 XXXXX1XX 010b
3 3 XXXX1TXXX 011b
4 4 XXXTXXXX 100b
5 5 XXTXXXXX 101b
6 6 X1 XXXXXX 110b
7 7 TXXXXXXX 111b

Notes: 1. X = “Don’t Care” for the designated segment.

2. No memory present at addresses with R13 = R14 = HIGH. Segment masks 6 and 7 are ig-
nored.

Table 44: MR63 RESET (MA[7:0] = 3Fh) - MRW Only

OP7 OP6 \ OP5 \ OP4 OP3 oP2 OP1 OPO
X or OxFCh

Note: 1. For additional information on MRW RESET, see the Mode Register Write (MRW) section.
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Table 45: Reserved Mode Registers

Mode

Register MA Address Restriction OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
MR[12:15] MA[7:0] | OCh-OFh Reserved Reserved

MR[18:31] 12h-1Fh Reserved Reserved

MR[33:39] 21h-27h DNU DNU

MR[43:47] 2Bh-2Fh DNU DNU

MR[49:62] 31h-3Eh Reserved Reserved

MR[64:255] 40h-FFh Reserved Reserved

Note: 1. DNU = Do not use; RVU = Reserved for vendor use.
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Commands and Timing

The setup and hold timings shown in the figures below apply for all commands.

Figure 7: Command and Input Setup and Hold

T1 T2 T3
CK_c ~y Vi \/ y/
CK_t /A 7\ N 3
CusHH o HSHH Vi
777777 ‘ A ‘
s L W X |
ViLac VlL(qC)
usug s
CA \V/ CA 4F CAYV/ CA W/ CA % CA 1/ CA Y/ CA
CA[9:O]<Zrise ' all 4 rise b fatl S8 rise 24 fau bl rise 24 fall

cMD < NoP

;~  Command < NOP

~ Command —

ISon’t Care Transitioningdata

Note: 1. Setup and hold conditions also apply to the CKE pin. For timing diagrams related to the

CKE pin, see the Power-Downsection.

Figure 8: CKE Input Setup and Hold

tIHCKE | tISCKE

| HHCKE§ YISCKE
CKE vIHC/'EFV// ,// /// Xy
H V H

IHCKE
ILCKE

ILCKE

HIGH or LOW, but defined

Notes:

1. After CKE is registered LOW, the CKE signal level is maintained below V.cke for 'CKE
specification (LOW pulse width).

2. After CKE is registered HIGH, the CKE signal level is maintained above Vycke for tCKE
(HIGH pulse width).
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ACTIVATE Command

The ACTIVATE command is issued by holding CS_n LOW, CA0 LOW, and CA1 HIGH at
the rising edge of the clock. The bank addresses BA[2:0] are used to select the desired
bank. Row addresses are used to determine which row to activate in the selected bank.
The ACTIVATE command must be applied before any READ or WRITE operation can be
executed. The device can accept a READ or WRITE command at 'RCD after the ACTI-
VATE command is issued. After a bank has been activated, it must be precharged before
another ACTIVATE command can be applied to the same bank. The bank active and
precharge times are defined as 'RAS and RP, respectively. The minimum time interval
between successive ACTIVATE commands to the same bank is determined by the RAS
cycle time of the device (‘RC). The minimum time interval between ACTIVATE com-
mands to different banks is 'RRD.

Figure 9: ACTIVATE Command

X XeBarkiaKow adar)

a0y @B Y D@D Emy @), | ) )X

tRRD '\
tReD [ |
V1 'RAS V)
(( ®Re [ |
CMD < ACTIVATE +  NOP 2 Z~« ACTIVATE »{ READ ) N< PRECHARGE )~ NOP  * ACTIVATE >

Note: 1. A PRECHARGE ALL command uses tRPab timing, and a single-bank PRECHARGE com-

mand uses 'RPpb timing. In this figure, ‘RP denotes either an all-bank PRECHARGE or a
single-bank PRECHARGE.

8-Bank Device Operation

Certain restrictions must be taken into consideration when operating 8-bank devices;
one restricts the number of sequential ACTIVATE commands that can be issued and
one provides additional RAS precharge time foraPRECHARGE ALL command.

The 8-Bank Device Sequential Bank Activation Restriction: No more than four banks
can be activated (or refreshed, in the case of REFpb) in a rolling 'FAW window. The
number of clocks in a 'fFAW period depends on the clock frequency, which may vary. If
the clock frequency is not changed over this period, convert to clocks by dividing
'FAWIns] by 'CK[ns] and then rounding up to the next integer value. As an example of
the rolling window, if RUCFAW/'CK) is 10 clocks, and an ACTIVATE command is issued
in clock n, no more than three further ACTIVATE commands can be issued at or be-
tween clock n + 1 and n + 9. REFpb also counts as bank activation for purposes of 'FAW.
If the clock is changed during the 'FAW period, the rolling 'FAW window may be calcula-
ted in clock cycles by adding together the time spent in each clock period. The FFAW re-
quirement is met when the previous n clock cycles exceeds the IFFAW time.

The 8-Bank Device PRECHARGE ALL Provision: 'RP foraPRECHARGE ALL command
must equal 'RPab, which is greater than ‘RPpb.
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Figure 10: tFAW Timing

Tn Tn+ Tm Tm+ Tx Tx+ Ty Ty +1 Ty +2 Tz Tz +1 Tz +2
CK_c ! ,‘“"\' N
CK_t P
I 1 | | [ |
I 1 I I
CAI9:0] “ﬂ m m r@@... II@@I
I
| ‘RRD ) | tRRD )) | {RRD ) | | |
|‘ [ I L T \ I I |
7 —_ /_I ___________ | M ——

______ _l___ P . —_ —_ I'_l____ —_— e _——— \
CMD ‘QACTIVAT NOP? ?‘(ACTIVATE" NOP? Z,YQCTIVATE\,"\ NOPP RKACTIVATEV NOP ,‘( NOP ¥ NOP )(ACTIVATEY NOP

—_———— emr——— —_———— e AN S R

| tFAW ) ) | | | YY) | I
‘ (

| ( ( T T T ( T [ |

Read and Write Access Modes

After a bank is activated, a READ or WRITE command can be issued with CS_n LOW,
CAOQ HIGH, and CA1 LOW at the rising edge of the clock. CA2 must also be defined at
this time to determine whether the access cycle is a READ operation (CA2 HIGH) or a
WRITE operation (CA2 LOW). A single READ or WRITE command initiates a burst
READ or burst WRITE operation on successive clock cycles. Burst interrupts are not al-
lowed.
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Burst READ Command

The burst READ command is initiated with CS_n LOW, CAOHIGH, CA1 LOW, and CA2
HIGH at the rising edge of the clock. The command address bus inputs, CA5r—CA6r and
CA1f-CAO9f, determine the starting column address for the burst. The read latency (RL)
is defined from the rising edge of the clock on which the READ command is issued to
the rising edge of the clock from which the 'tDQSCK delay is measured. The first valid
data is available RL x 'CK + 'DQSCK + 'DQSQ after the rising edge of the clock when the
READ command is issued. The data strobe output is driven LOW 'RPRE before the first
valid rising strobe edge. The first bit of the burst is synchronized with the first rising
edge of the data strobe. Each subsequent data-out appears on each DQ pin, edge-
aligned with the data strobe. The RL is programmed in the mode registers. Pin input
timings for the data strobe are measured relative to the crosspoint of DQS_t and its
complement, DQS_c.

Figure 11: READ Output Timing

RLTy, R RL+BL/2
- |- — =]
o .Jﬁ' D G G D G T G D G
< 1) tDQSCK < tHZ(DQS) -
gg tL7(DQS) tRPRE '| tRPST
((
bs.c | ) S G G S S G
Lo,
‘DQSQmax_ »| |« DQSQmMax _»f |~
o ) @) o ) by o) )
I [) 8 17(DQ) | ‘HZ(DQ)

D Transitioning data

Note: 1. '™DQSCK can span multiple clock periods.

Figure 12: Burst READ - RL = 12, BL = 8, 'DQSCK > 'CK

TO T1 T2 T12 Ta-1 Ta Ta+1 Ta+2 Ta+3

RL =12

eat:0) @ ) X I OC AT XX OO XX KX XX

CMD { READ »{ NOP N‘b% o4 Ni%)% W nop 0 Nop W NoP X Nop X NoP »{  NOP >

<_< ) tD(iSCK )

DQS ; \ / \ / \ / \ / \

o ) - X X
DQ E 8 E 3 (DOUT/§§ aouTMé;aTAZ ?o;£3 DOQW DOUT¥ %OUTAé BQUTAJ ) 2 _>——

D Transitioning data
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Figure 13: Burst READ - RL = 12, BL = 8, 'DQSCK < tCK
T0 T1 T T12 T13 T14 T15

el S G S SIS N1 G

RL =12

T17

cxo) @B X 1L X O X XXX

CMD £{ READ »{  NOP ‘,‘;_<: N@)(E >—< NOP >—< NOP ~ NOP b NOP ~ NOP = NOP

tDQSCK

DQS_c
DQS_t

DQ

—_
———

lD%QSCK
DQS_c )) {
DQS_t 8 \ T T
bQ ! {t !

D Transitioning Data

The minimum time from the burst READ command to the burst WRITE command is
defined by the read latency (RL) and the burst length (BL). Minimum READ-to-WRITE
latency is RL + RU('DQSCK(MAX)/'CK) + BL/2 + 1 - WL clock cycles.
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Figure 15: Seamless Burst READ - RL = 6, BL = 8, 'CCD = 4

CMD £ READ

DQS_c
DQS_t

D Transitioning data

bQ

The seamless burst READ operation is supported by enablinga READ command at ev-
ery fourth clock cycle for BL = 8 operation. This operation is supported as long as the
banks are activated, whether the accesses read the same or different banks.

tDQSCK Delta Timing
To allow the system to track variations in {DQSCK output across multiple clock cycles,
three parameters are provided: 'DQSCKDL (delta long), {DQSCKDM (delta medium),
and 'DQSCKDS (delta short). Each of these parameters defines the change in 'DQSCK
over a short, medium, or long rolling window, respectively. The definition for each
'DQSCK-delta parameter is shown in the figures below.
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Figure 16: 'tDQSCKDL Timing

Tn Tn+1 Tn+2 Tn+9 Tn+10

CK_c | / | y / / y / \

o A XK XK XL X Xk X
)

RL =10

o ERER X XD XA XX

g S

Y

cmp { READ »{ Nop  {  Nop X NNOP = Nop M NOP H

tDQSCKn P

Hooonop K NOP“

<

|
|
|
. ; . I
o ] 6 e s e s
|
|
|
bQ 8 8 8 Dou DOUT}AOUTAZ}TA:‘ 8‘?‘
‘ 32rﬁ maxim m... [
- 88 iS a iu BB—E—
|
I Tm Tm + 1 Tm+2 Tm+9 Tb +2
LIS T G T G S G G X
i - RL=10 )) N
|
o MEER X X O A D X X X AT XD
|
|
|
CMDU—%{ READ »{ Nop 3 NOP HB fnop  —{ Nnop . nop | [ Nor HooNop M NOP
|
|
| y 7 N 7
st (1 § XX
|
|
|
oa ! A T X
! ...32ms maximum 1) -
| (¢ -
|

l:’ Transitioning data

Notes: 1. 'DQSCKDL = (*DQSCKn -tDQSCKm).
2. 'DQSCKDL (MAX) is defined as the maximum of ABS (*‘DQSCKn - tDQSCKm) for any
(*DQSCKn, tDQSCKm) pair within any 32ms rolling window.
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Figure 17: tDQSCKDM Timing

Tn Tn+1 Tn+2 Tn+9 Tn +10 Ta+1 Ta+2 |
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|
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|
|
|
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]
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|
|
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|
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o & X
|
|
I
DQ 8 8 [) Dougg DOUT§ éouﬁ‘zgguﬂu '%X- H—
B ) 16psmax1mum :
N S ‘ ‘ L
I Tm Tm +1 Tm +2 Tm+9 Tb + 1 Tb +2
ey ; ; \ g =
ac | LK % Ao L X & A >\_
i B RL=10 )) _
I 5 9
oo { Ot ) XXX O O X X X X X X X
|
|
|
CMDB : READ »{ NOP »{ NOP :}(::ZRNOP »{ Nop ¥ NOP N Nop X Nop  3{ NOP
| ! T
|
Dqs_ce)i ) )
pas_t { (] ((
|
|
|
|
) ]
_B )! ...1.6ps maximum V) N
(: ‘ 1 [

m Transitioning data

Notes: 1. 'DQSCKDM = (*DQSCKn - tDQSCKm).
2. 'DQSCKDM (MAX) is defined as the maximum of ABS (*‘DQSCKn - tDQSCKm) for any
(*DQSCKn, tDQSCKm) pair within any 1.6ps rolling window.
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Figure 18: 'tDQSCKDS Timing
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1.

tDQSCKDS =

(tDQSCKn - tDQSCKm).

3-"§QUTA <Dou-rA5 éOUTAé
£

Transitioning data

2. 'DQSCKDS (MAX) is defined as the maximum of ABS (!DQSCKn - tDQSCKm) for any
(*DQSCKn, tDQSCKm) pair for READs within a consecutive burst, within any 160ns rolling

window.
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Burst WRITE Command

The burst WRITE command is initiated with CS_n LOW, CAOHIGH, CA1 LOW, and CA2
LOW at the rising edge of the clock. The command address bus inputs, CA5r—CAG6r and
CALf-CAO9f, determine the starting column address for the burst. Write latency (WL) is
defined from the rising edge of the clock on which the WRITE command is issued to the
rising edge of the clock from which the 'DQSS delay is measured. The first valid data
must be driven WL x 'CK + 'DQSS from the rising edge of the clock from which the
WRITE command is issued. The data strobe signals (DQS) must be driven as shown in
Figure 21 (page 54). The burst cycle data bits must be applied to the DQ pins ‘DS prior
to the associated edge of the DQS and held valid until 'DH after that edge. Burst data is
sampled on successive edges of the DQS _t until the burst length is completed. After a
burst WRITE operation, '"WR must be satisfied before a PRECHARGE command to the
same bank can be issued. Pin input timings are measured relative to the crosspoint of
DQS_tand its complement, DQS _c.

Figure 19: Data Input (WRITE) Timing

DQSL DQSH DQSL ‘WPST
DQS_c 7~ N \/ N/ \/ A/
DQS_t £ A N A 2 2 N i
‘WPRE
Vinac) ‘YIH(DC) VIH(AS) ‘\//m(og
pa 0, 9 ] e 777
Vu_(Ac,;D_S‘,dg Vg pC) DS tDH s ¢ H‘Q(AC) s foH V| Q) |
VIH(A(\Z‘) VIH(DC) ‘YIH(AC) Vn—(’PC)
744 kg B 7
om 77 X -
V, V, Vv V,
IL(AC) IL(DC) IL(AC) IL(DC) Don’t Care
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Figure 20: Burst WRITE
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Figure 21:

Method for Calculating *'WPRE Transitions and Endpoints

T
'WPRE begins

DQS_t - DQS_c ¥

'WPRE

Resulting differential
signal relevant for
tWPRE specification

T2
tWPRE ends
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Figure 22: Method for Calculating *'WPST Transitions and Endpoints

tWPST
DQS_t - DQS_c v
Resulting differential L
signal relevant for YWPST begins
tWPST specification
§ - T2
tWPST ends
Figure 23: Burst WRITE Followed by Burst READ
TO Tx Tx+1 Tx +2 Tx+5 Tx+9 Tx+10 Tx + 11
CK_c ™™ P e — ; J ; PR — .,
el I e B G S G G ‘
WL RL
CA[9:0] <_§f2'5 W Xcm addr}< >< >< >< >< ? ( >< >< >QD< ><;0Bla:: o ><Col addr>< >< >< X )

WITR )

CMD{ WRITE »{ NoP > NOP N@% —  NoP ¥ P?NOP »  READ 3 NOP  NOP

o I X XX X\, T T T T

[7] pon’t care |:| Transitioning Data

Notes: 1. The minimum number of clock cycles from the burst WRITE command to the burst READ
command for any bank is [WL + 1 + BL/2 + RU(*'WTR/CK)].

2. 'WTR starts at the rising edge of the clock after the last valid input data.
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Figure 24: Seamless Burst WRITE - WL = 4, BL = 8, '*CCD = 4

(0 O O O, 0 0 G4 0 X (o, 0 X X X G X G X X
Don’t Care D Transitioning Data

Note: 1. The seamless burst WRITE operation is supported by enabling a WRITE command every
four clocks for BL = 8 operation. This operation is supported for any activated bank.
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Write Data Mask

LPDDR3 devices support one write data mask (DM) pin for each data byte (DQ), which
isconsistentwith LPDDR2 devices. Each DM can mask its respective DQ for any given
cycle of the burst. Data mask timings match data bit timing, but are inputs only. Inter-

nal data mask loading is identical to data bit loading to ensure matched system timing.

Figure 25: Data Mask Timing

DQS_c
DQS_t

DQ
DS DH DS DH
ViHac) ! ViHeo) Vi) ' Vin(c)
DM 7 ¢ 7z ";" i’-‘,”)j‘,’j’ A *{{\’,/‘ {7, £ '/ ,.e‘>§, Ifiii #77]
7 d
ViLao) ViLoe) Vicac) ViLoc)
Don’t Care

Figure 26: Write Data Mask - Second Data Bit Masked
TP G S S G | D G G G G S S S G G G G S .

Doyr!

" /"' fXDOUTODOUTZXOUT?’ %UT“ DXUT5 D(XT6 DOLX7 X"/ '/[",i,"’fl/j/
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Fem—————————

Don’t Care
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PRECHARGE Command

The PRECHARGE command is used to precharge or close a bank that has been activa-
ted. ThePRECHARGE commandisinitiatedwithCS_nLOW,CAOHIGH,CA1HIGH,
CA2LOW,and CA3HIGH attherisingedge oftheclock. The PRECHARGE command
can be used to precharge each bank independently or all banks simultaneously. The AB
flag and the bank address bits BAO, BA1, and BA2 are used to determine which bank(s)
to precharge. The precharged bank(s) will be available for subsequent row access 'RPab
after anall-bank PRECHARGE command is issued, or ‘RPpb after a single-bank PRE-
CHARGE command isissued.

Toensure that LPDDR3 devices can meet the instantaneous current demand required
to operate, the row precharge time (‘RP) for an all bank PRECHARGE (‘RPab) will be lon-
gerthantherow precharge time forasingle-bank PRECHARGE ({RPpb). ACTIVATEto
PRECHARGE timing is shown inthe ACTIVATE Command figure.

Table 46: Bank Selection for PRECHARGE by Address Bits

Precharged Bank(s)
AB (CA4r) BA2 (CA9r) BA1 (CAS8r) BAO (CAT7r) 8-Bank Device
0 0 0 0 Bank 0 only
0 0 0 1 Bank 1 only
0 0 1 0 Bank 2 only
0 0 1 1 Bank 3 only
0 1 0 0 Bank 4 only
0 1 0 1 Bank 5 only
0 1 1 0 Bank 6 only
0 1 1 1 Bank 7 only
1 Don’t Care Don’t Care Don’t Care All banks
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Burst READ Operation Followed by PRECHARGE

For the earliest possible precharge, the PRECHARGE command can be issued BL/2
clock cycles after a READ command. A new bank ACTIVATE command can be issued to

the same bank after the row precharge time (RP) has elapsed. A PRECHARGE com-
mand cannot be issued until after (RAS is satisfied.

For LPDDR3 devices, the minimum READ-to-PRECHARGE time (‘RTP) must also satisfy
a minimum analog time from the rising clock edge that initiates the last 8-bit prefetch

of a READ command. 'RTP begins BL/2 - 4 clock cycles after the READ command. For
LPDDR3READ-to-PRECHARGEtimings,seethe PRECHARGE and AutoPrecharge Clar-
ification table.

Figure 27: Burst READ Followed by PRECHARGE - BL = 8, RU(*RTP(MIN)/tCK) = 2

Tx Tx +1 Tx+2 Tx +3 Tx + 4 Tx+5

CAT9:0] (ot acar $ 20972 X

EDED X X @B XX XD

CMD { READ < % PRECHARGE)< NOP  »{ NOP  » ACTIVATE 3 NOP ¥ NOP

DQS_c

DQS_t W X X XX
éoUTAO)géUTM D '%AZ Do Qﬁs DOUT;{(DOUTA? %UTA6 §%2TA7 ) ( )

DQ

—l
S [

D Transitioning Data
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Burst WRITE Followed by PRECHARGE

ForWRITE cycles, aWRITE recovery time (‘"WR) must be provided beforea PRECHARGE
command can be issued. This delay is referenced from the last valid burst input data to
the completion of the burst WRITE. The PRECHARGE command must not be issued
prior to the 'WR delay. For LPDDR3 WRITE-to-PRECHARGE timings, see the PRE-
CHARGE and Auto Precharge Clarification table.

LPDDR3 devices write data to the array in prefetch multiples (prefetch = 8). Aninternal
WRITE operation can begin only after a prefetch group has been completely latched, so
"WR starts at prefetch bondaries.

The minimum WRITE-to-PRECHARGE time for commands to the same bank is WL +
BL/2 + 1 + RU("WR/'CK) clock cycles.

Figure 28: Burst WRITE Followed by PRECHARGE - BL = 8
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DQ /,
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I:l Don’t Care D Transitioning Data
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Auto Precharge

Before a new row can be opened in an active bank, the active bank must be precharged
using either the PRECHARGE command or the auto precharge function. Whena READ
or WRITE command is issued to the device, the AP bit (CAOf) can be set to enable the
active bank to automatically begin precharge at the earliest possible moment during the
burst READ or WRITE cycle.

If AP is LOW when the READ or WRITE command is issued, anormal READ or WRITE
burst operation is executed and the bank remains active at the completion of the burst.

If AP isHIGH whenthe READ or WRITE command is issued, the auto precharge func-
tionisengaged. This feature enables the PRECHARGE operation to be partially or com-
pletely hidden during burst READ cycles (dependentupon READ or WRITE latency),
thus improving system performance for random data access.

Burst READ with Auto Precharge

If AP (CAOf) is HIGH when a READ command is issued, the READ with auto precharge
function is engaged. The device starts an auto precharge on the rising edge of the clock,
BL/2 or BL/2 - 4 + RU('*RTP/'CK) clock cycles later than the READ with auto precharge
command, whichever is greater. For LPDDR3 auto precharge calculations, see the PRE-
CHARGE and Auto Precharge Clarification table.

Following an auto precharge operation, an ACTIVATE command can be issued to the
same bank if the following two conditions are satisfied simultaneously:

« The RAS precharge time (RP) has been satisfied from the clock at which the auto pre-
charge begins.
« The RAS cycle time (fRC) from the previous bank activation has been satisfied.

Figure 29: LPDDR3 - Burst READ with Auto Precharge
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Burst WRITE with Auto Precharge

If AP (CAOf) is HIGH when aWRITE command is issued, the WRITE with auto precharge
function is engaged. The device starts an auto precharge at the clock rising edge 'WR

cycles after the completion of the burst WRITE.

FollowingaWRITE withauto precharge,an ACTIVATE command canbeissuedtothe

same bank if the following two conditions are met:

« The RAS precharge time ({RP) has been satisfied from the clock at which the auto pre-

charge begins.
« The RAS cycle time (*RC) from the previous bank activation has been satisfied.

Figure 30: Burst WRITE with Auto Precharge - BL = 8
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Table 47: PRECHARGE and Auto Precharge Clarification

From
Command To Command Minimum Delay Between Commands Unit |Notes
READ PRECHARGE to same bank as READ BL/2 + MAX (4, RU(*RTP/tCK)) - 4 CLK 1
PRECHARGE ALL BL/2 + MAX (4, RU(*RTP/CK)) - 4 1
READ w/AP PRECHARGE to same bank as READ w/AP |BL/2 + MAX (4, RU(tRTP/tCK)) - 4 CLK 1,2
PRECHARGE ALL BL/2 + MAX(4, RU(*RTP/tCK)) - 4 1
ACTIVATE to same bank as READ w/AP BL/2 + MAX(4, RU(RTP/tCK)) - 4 + RU(RPpb/ 1
t(CK)
WRITE or WRITE w/AP (same bank) Illegal 3
WRITE or WRITE w/AP (different bank) RL + BL/2 + RU('DQSCKmax/tCK) - WL + 1 3
READ or READ w/AP (same bank) Illegal 3
READ or READ w/AP (different bank) BL/2 3
WRITE PRECHARGE to same bank as WRITE WL + BL/2 + RU(*WR/tCK) + 1 CLK 1
PRECHARGE ALL WL + BL/2 + RU(*'WR/tCK) + 1 1
WRITE w/AP  |PRECHARGE to same bank as WRITE w/AP |WL + BL/2 + RU(*WR/CK) + 1 CLK 1
PRECHARGE ALL WL + BL/2 + RU(*'WR/tCK) + 1 1
ACTIVATE to same bank as WRITE w/AP  |WL + BL/2 + RU(*WR/tCK) + 1 + RU(*RPpb/tCK) 1
WRITE or WRITE w/AP (same bank) Illegal 3
WRITE or WRITE w/AP (different bank) BL/2 3
READ or READ w/AP (same bank) Illegal 3
READ or READ w/AP (different bank) WL + BL/2 + RU(*'WTR/tCK) + 1 3
PRECHARGE |PRECHARGE to same bank as PRECHARGE |1 CLK 1
PRECHARGE ALL 1 1
PRECHARGE |PRECHARGE 1 CLK 1
ALL PRECHARGE ALL 1 1

Notes: 1. For a given bank, the PRECHARGE period should be counted from the latest PRECHARGE
command, which will be either a one-bank PRECHARGE command or a PRECHARGE ALL
command, issued to that bank. The PRECHARGE period is satisfied after ‘RP, depending
on the latest PRECHARGE command issued to that bank.

2. Any command issued during the specified minimum delay time is illegal.

3. After a READ with auto precharge command, seamless READ operations to different
banks are supported. After a WRITE with auto precharge command, seamless WRITE op-
erations to different banks are supported. READ with auto precharge and WRITE with
auto precharge commands must not be interrupted or truncated.
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REFRESH Command

The REFRESH command is initiated with CS_n LOW, CAO0 LOW, CA1 LOW, and CA2
HIGH at the rising edge of the clock. Per-bank REFRESH is initiated with CA3 LOW at
the rising edge of the clock. All-bank REFRESH is initiated with CA3 HIGH at the rising
edge of the clock.

A per-bank REFRESH command (REFpb) performs a per-bank REFRESH operation to
the bank scheduled by the bank counter in the memory device. The bank sequence for
per-bank REFRESH is fixed to be a sequential round-robin: 0-1-2-3-4-5-6-7-0-1-.... The
bank count is synchronized between the controller and the SDRAM by resetting the
bank count to zero. Synchronization can occur upon issuing a RESET command or at
every exit from self refresh.

A bank must be idle before it can be refreshed. The controller must track the bank being
refreshed by the per-bank REFRESH command.

The REFpb command must not be issued to the device until the following conditions
have been met (see the REFRESH Command Scheduling Separation Requirements ta-
ble):

« 'RFCab has been satisfied after the prior REFab command

» 'RFCpb has been satisfied after the prior REFpb command

 'RP has been satisfied after the prior PRECHARGE command to that bank

« 'RRD has beensatisfied after the prior ACTIVATE command (if applicable, for exam-

ple after activating a row in a different bank than the one affected by the REFpb com-
mand)

Thetargetbankisinaccessible during per-bank REFRESH cycle time (‘RFCpb); howev-
er, other banks within the device are accessible and can be addressed during the cycle.
During the REFpb operation, any of the banks other than the one being refreshed can
be maintained in an active state or accessed by a READ or WRITE command. When the
per-bank REFRESH cycle has completed, the affected bank will be in the idle state.

Afterissuing REFpb, the following conditions must be met (see the REFRESH Com-
mand Scheduling Separation Requirements table):

 'RFCpb must be satisfied before issuing a REFab command
 'RFCpb must be satisfied before issuing an ACTIVATE command to the same bank

« 'RRD must be satisfied before issuing an ACTIVATE command to a different bank
» 'RFCpb must be satisfied before issuing another REFpb command

An all-bank REFRESH command (REFab) issues a REFRESH command to all banks. All
banks mustbeidlewhen REFabisissued (forinstance, byissuingaPRECHARGE ALL
command prior to issuing an all-bank REFRESH command). REFab also synchronizes
the bank count between the controller and the SDRAM to zero. The REFab command
must not be issued to the device until the following conditions have been met (see the
REFRESH Command Scheduling Separation Requirements table):

« 'RFCab has been satisfied following the prior REFab command
 'RFCpb has been satisfied following the prior REFpb command
« 'RP has been satisfied following the prior PRECHARGE commands

When an all-bank REFRESH cycle has completed, all banks will be idle. After issuing RE-
Fab:
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» 'RFCab latency must be satisfied before issuing an ACTIVATE command
» 'RFCab latency must be satisfied before issuing a REFab or REFpb command

Table 48: REFRESH Command Scheduling Separation Requirements

Minimum
Symbol Delay From To Notes
tRFCab REFab REFab
ACTIVATE command to any bank
REFpb
tRFCpb REFpb REFab
ACTIVATE command to same bank as REFpb
REFpb
‘RRD REFpb ACTIVATE command to a different bank than REFpb
ACTIVATE REFpb 1
ACTIVATE command to a different bank than the prior ACTIVATE command
Note: 1. A bank must be in the idle state before it is refreshed, so following an ACTIVATE com-

mand REFab is prohibited. REFpb is supported only if it affects a bank that is in the idle
state.

In general, an all bank REFRESH command needs to be issued to the device regularly
every 'REFI interval. To allow for improved efficiency in scheduling and switching be-
tween tasks, some flexibility in the absolute refresh interval is provided for postponing
and pulling in the refresh command. A maximum of eight REFRESH commands can be
postponed during operation of the device, but at no point in time are more than a total

of eight REFRESH commands allowed to be postponed. In the case where eight RE-
FRESH commands are postponed in a row, the resulting maximum interval between the
surrounding REFRESH commands is limited to 9 x 'REFI. A maximum of eight addition-
al REFRESH commands can be issued in advance (pulled in), with each one reducing

the number of regular REFRESH commands required later by one. Note that pulling in
more than eight REFRESH commands in advance does not reduce the number of regu-
lar REFRESH commands required later; therefore, the resulting maximum interval be-
tween two surrounding REFRESH commands is limited to 9 x 'REFI. At any given time, a
maximum of 16 REFRESH commands can be issued within 2 x 'REFI.

For per bank refresh, a maximum of 8 x 8 per bank REFRESH commands can be post-
poned or pulled in for scheduling efficiency. At any given time, a maximum of 2 x 8 x 8
per bank REFRESH commands may be issued within 2 x 'REFI.
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Figure 31: REFRESH Command Timing

DRAM must be idle DRAM must beidle

Notes: 1. Only NOP commands are allowed after the REFRESH command is registered until tRFC
(MIN) expires.
2. The time interval between two REFRESH commands may be extended to a maximum of
9 x'REFI.

Figure 32: Postponing REFRESH Commands
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Figure 33: Pulling In REFRESH Commands
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REFRESH Requirements

Minimum REFRESH Commands

LPDDRS3 requires a minimum number, R, of REFRESH (REFab) commands within any
rolling refresh window (‘REFW = 32ms @ MR4[2:0] =011 or Tc < 85°C). For actual values
per density and the resulting average refresh interval (‘REFI), see the Refresh Require-
ment Parameters (Per Density)table.

For 'REFW and 'REFI refresh multipliers at different MR4 settings, see the MR4 Device
Temperature (MA[7:0] = 04h) and the MR4 Op-Code Bit Definitions tables.

When using per-bank REFRESH, a REFab command can be replaced by a full cycle of
eight REFpb commands.

REFRESH Requirements and Self Refresh

Self refresh mode may be entered with a maximum of eight REFRESH commands being
postponed. After exiting self refresh mode with one or more REFRESH commands post-
poned, additional REFRESH commands may be postponed, but the total number of
postponed refresh commands (before and after the self refresh) must never exceed
eight. During self refresh mode, the number of postponed or pulled-in REFRESH com-
mands does notchange.

An internally timed refresh event can be missed when CKE is raised for exit from self
refresh mode. After exiting self refresh, the device requires aminimum of one extra RE-
FRESH command before it is put back into self refresh mode.
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Figure 34: All-Bank REFRESH Operation
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Figure 35: Per-Bank REFRESH Operation
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Notes: 1. In the beginning of this example, the REFpb bank counter points to bank 0.

2. Operations to banks other than the bank being refreshed are supported during the
‘RFCpb period.
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SELF REFRESH Operation

The SELF REFRESH command can be used to retain data in the array, even if the rest of
the system is powered-down. When in the self refresh mode, the device retains data
without external clocking. The device has a built-in timer to accommodate SELF RE-
FRESH operation. The SELF REFRESH command is executed by taking CKE LOW, CS_n
LOW, CAO LOW, CA1 LOW,and CA2 HIGH at the rising edge of the clock. CKE must be
HIGH during the clock cycle preceding a SELF REFRESH command. CKE must not go
LOW while MRR, MRW, READ, or WRITE operations are in progress.

To ensure that there is enough time to account for internal delay on the CKE signal
path, two NOP commands are required after CKE is driven LOW; this timing period is
definedas'CPDED. CKE LOW willresultindeactivation ofinputreceiversafter!CPDED
has expired. After the power-down command is registered, CKE must be held LOW to
keep the device in self refresh mode.

Mobile LPDDR3 devices can operate in self refresh mode in both the standard and ex-
tended temperature ranges. These devices also manage self refresh power consumption
when the operating temperature changes, resulting in the lowest possible power con-
sumption across the operating temperature range. See the Ipp Specification Parameters
and Operating Conditions table for details.

After the device has entered self refresh mode, all external signals other than CKE are
“Don’t Care.” For proper SELF REFRESH operation, power supply pins (Vob1, Vbb2,
Vbbg, and Vppca) must be at valid levels. Vppg can be turned off during self refresh. If
Vbpo is turned off, Vrerpg must also be turned off. Prior to exiting self refresh, both
Vbpg and Vrerpg must be within their respective minimum/maximum operating rang-
es (see AC and DC Operating Conditions). Vrerpg can be at any level between 0 and
Vbba; Vrerca €an be at any level between 0 and Vopca during self refresh.

Before exiting self refresh, Vrerpg and Vrerca must be within specified limits (see the AC
and DC Logic Input Measurement Levels for Single-Ended Signals section). After enter-
ing self refresh mode, the device initiates at least one all-bank REFRESH command in-
ternally during 'CKESR. The clock is internally disabled during SELF REFRESH opera-
tion to save power. The device must remain in self refresh mode for at least ICKESR. The
user can change the external clock frequency or halt the external clock one clock after

self refresh entry is registered; however, the clock must be restarted and stable before
the device can exit SELF REFRESH operation.

Exiting self refresh requires a series of commands. First, the clock must be stable prior
to CKE returning HIGH. After the self refresh exit isregistered, aminimum delay, at least
equal to the self refresh exit interval (:XSR), must be satisfied before a valid command
can be issued to the device. This provides completion time for any internal refresh in
progress. For proper operation, CKE must remain HIGH throughout tXXSR. NOP com-
mands must be registered on each rising clock edge during 'XSR. For the description of
ODT operation and specifications during self-refresh entry and exit, see "On Die Termi-
nation" section.

Using self refresh mode introduces the possibility that an internally timed refresh event
could be missed when CKE is driven HIGH for exit from self refresh mode. Upon exiting
self refresh, at least one REFRESH command (one all-bank command or eight per-bank
commands) must be issued before issuing a subsequent SELF REFRESH command.
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Figure 36: SELF REFRESH Operation
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Notes:

Don’t Care

1. Input clock frequency can be changed or stopped during self refresh, provided that
upon exiting self-refresh, a minimum of two cycles of stable clocks are provided, and the
clock frequency is between the minimum and maximum frequencies for the particular
speed grade.

2. The device must be in the all-banks-idle state prior to entering self refresh mode.

tXSR begins at the rising edge of the clock after CKE is driven HIGH.

. Avalid command can be issued only after tXXSR is satisfied. NOPs must be issued during

tXSR.

AW

Partial-Array Self Refresh (PASR) - Bank Masking

LPDDR3 SDRAMs comprise eight banks. Each bank can be configured independently
whether or nota SELF REFRESH operation will occur in that bank. One 8-bit mode reg-
ister (accessible viathe MRW command) is assigned to program the bank-masking sta-
tus of each bank up to eight banks. For bank-masking bit assignments, see the MR16
PASR Bank Mask (MA[7:0] =010h) and MR16 Op-Code Bit Definitions tables.

The mask bit to the bank enables or disables a refresh operation of the entire memory
space within the bank. If abank is masked using the bank-mask register, a REFRESH
operation to the entire bank is blocked, and bank data retention is not guaranteed in
self refresh mode. Toenable a REFRESH operation to a bank, the corresponding bank
mask bit must be programmed as “unmasked.” When a bank mask bit is unmasked, the
array space being refreshed within that bank is determined by the programmed status
of the segment mask bits.

Partial-Array Self Refresh - Segment Masking

Programming segment-mask bits is similar to programming bank-mask bits. Eight seg-
ments are used for masking (see the MR17 PASR Segment Mask (MA[7:0] =011h)and
MR17 PASR Segment Mask Definitions tables). Amode register isused for programming
segment-mask bits up to eight bits.
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When the mask bit to an address range (represented as a segment) is programmed as
“masked,” a REFRESH operation to that segment is blocked. Conversely, when a seg-
ment mask bit to an address range is unmasked, refresh to that segment is enabled.

A segment-masking scheme can be used in place of or in combination with a bank-
masking scheme. Each segment mask bit setting is applied across all banks. For seg-
ment-masking bit assignments, see the MR17 PASR Segment Mask (MA[7:0] =011h) and
MR17 PASR Segment Mask Definitions tables.

Table 49: Bank- and Segment-Masking Example

Segment Mask (MR17) | Bank O | Bank 1 | Bank 2 | Bank 3 | Bank 4 | Bank 5 | Bank 6 | Bank 7

Bank Mask (MR16)

0 1 0 0 0 0] 0

-

Segment 0

Segment 1

Segment 2

Segment 3

Segment 4

Segment 5

Segment 6

Segment 7

OO0 O|—~|O|O
2T XXX
T[22

M M M M M M

Note:

1. This table provides values for an eight-bank device with REFRESH operations masked to
banks 1 and 7 and to segments 2 and 7.
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MODE REGISTER READ

Figure 37:

T0
CK_c ™7\

CK_t

MRR Timing

The MODE REGISTER READ (MRR) command is used to read configuration and status
data from SDRAM mode registers. The MRR command is initiated with CS_n LOW, CAO0
LOW, CA1 LOW, CA2 LOW, and CA3 HIGH at the rising edge of the clock. The mode reg-
ister is selected by CA1f—CAOf and CA9r—CAA4r. The mode register contents are available
on the first data beat of DQ[7:0] after RL x {CK + 'DQSCK +'DQSQ and following the ris-
ing edge of the clock where MRR is issued. Subsequent data beats contain valid but un-
defined content, except in the case of the DQ calibration function, where subsequent
data beats contain valid content as described in the Data Calibration Pattern Descrip-
tion table. All DQS are toggled for the duration of the mode register READ burst.

The MRR command has a burst length of eight. MRR operation (consisting of the MRR
command and the corresponding data traffic) must not be interrupted. The MRR com-
mand period istMRR.

¥ valid valid

:)-(‘

/

DQ[7:0]3

DQ[MAX:8]

Notes:

D Transitioning data E Undefined

1. MRRs to DQ calibration registers MR32 and MR40 are described in the DQ Calibration

section.
Only the NOP command is supported during tMRR.

Mode register data is valid only on DQ[7:0] on the first beat. Subsequent beats contain
valid but undefined data. DQ[MAX:8] contain valid but undefined data for the duration
of the MRR burst.

Minimum MRR to write latency is RL + RU(*DQSCK (MAX)/tCK) + 8/2 + 1 - WL clock cycles.
Minimum MRR to MRW latency is RL + RU(*DQSCK (MAX)/tCK) + 8/2 + 1 clock cycles.
In this example, RL = 8 for illustration purposes only.

4.
5.
6.

After a prior READ command, the MRR command must not be issued before BL/2 clock
cycles have completed. Following a WRITE command, the MRR command must not be
issued before WL + 1 + BL/2 + RU(*WTR/'CK) clock cycles have completed, as READ
bursts and WRITE bursts must not be truncated my MRR.
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Figure 38: READ to MRR Timing

DQS_c )] i ]
DQS_t 1 (
DQ[7:0] 8 | 8
DQ[MAX:8] 3 | 8

D Transitioning data E‘ Undefined
Notes: 1. The minimum number of clock cycles from the burst READ command to the MRR com-

mand is BL/2.
2. Only the NOP command is supported during tMRR.

Figure 39: Burst WRITE Followed by MRR
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I:l Transitioning data

Notes: 1. The minimum number of clock cycles from the burst WRITE command to the MRR com-
mand is [WL + 1 + BL/2 + RU(*WTR/CK)].
2. Only the NOP command is supported during tMRR.

MRR Following Idle Power-Down State

Following the idle power-down state, an additional time, tMRRI, is required prior to is-
suing the MODE REGISTER READ (MRR) command. This additional time (equivalent to
'RCD) is required in order to maximize power-down current savings by allowing more
power-up time for the MRR data path after exit from the idle power-down state.
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N

Figure 40: MRR After Idle Power-Down Exit
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Exit power-down mode

Note: 1. Any valid command except MRR.

Temperature Sensor

LPDDR3 devices feature a temperature sensor whose status can be read from MR4. This
sensor can be used to determine an appropriate refresh rate, determine whether AC
timing derating is required in the extended temperature range, and/or monitor the op-
erating temperature. Either the temperature sensor or the device operating temperature
can be used to determine whether operating temperature requirements are being met
(see the Operating Temperature Range table).

Temperature sensor data can be read from MR4 using the mode register read protocol.
Upon exiting self-refresh or power-down, the device temperature status bits will be no

older than'TSI.

When using the temperature sensor, the actual device case temperature may be higher
than the operating temperature specification that applies for the standard or extended
temperature ranges (see the Operating Temperature Range table). For example, Tcase
could be above 85°C when MR4[2:0] equals 011b.

To ensure proper operation using the temperature sensor, applications must accommo-
date the following table.

Table 50: Temperature Sensor Definitions and Operating Conditions

Parameter

Description Symbol Min/Max Value Unit

System temperature
gradient

Maximum temperature gradient experi- TempGradient| MAX | System-dependent| °C/s
enced by the memory device at the temper-
ature of interest over a range of 2°C

MR4 READ interval

Time period between MR4 READs from the ReadInterval MAX | System-dependent| ms
system

Temperature sensor
interval

Maximum delay between internal updates TSI MAX 32 ms
of MR4

System response
delay

Maximum response time from an MR4 READ | SysRespDelay MAX | System-dependent| ms
to the system response

Rev.B-04/16

74



N
N

TARGET

TCMEOSCALAR-BDE

LPDDR3 8Gb (x16/x32)

Table 50: Temperature Sensor Definitions and Operating Conditions (Continued)

Parameter

Description

Symbol

Min/Max

Value

Unit

margin

Device temperature

Margin above maximum temperature to
support controller response

TempMargin

MAX

These devices accommodate the temperature margin between the point at which the
device temperature enters the extended temperature range and the point at which the
controller reconfigures the system accordingly. To determine the required MR4 polling
frequency, the system must use the maximum TempGradient and the maximum re-

sponse time of the system according to the following equation:

TempGradient x (ReadInterval + ITSI + SysRespDelay) < 2°C

For example, if TempGradient is 10°C/s, and the SysRespDelay is 1ms:

10°C

S

x (ReadInterval + 32ms +1ms)<2°C

In this case, Readlnterval must not exceed 167ms.

Figure 41: Temperature Sensor Timing
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Host MR4 READ
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-

MRR MR4 =0x03
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DQ Calibration

LPDDRS3 devices feature a DQ calibration function that outputs one of two predefined
system timing calibration patterns. An MRR operation to MR32 (pattern A) or and MRR
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operation to MR40 (pattern B) will return the specified pattern on DQO and DQ8—for
x32 devices, on DQO, DQ8, DQ16 and DQ24.

For x16 devices, DQ[7:1] and DQ[15:9] drive the same information as DQO during the
MRR burst. For x32 devices, DQ[7:1], DQ[15:9], DQ[23:17], and DQ[31:25] drive the
same information as DQO during the MRR burst. MRR DQ calibration commands can

occur only in the idle state.

Figure 42: MR32 and MR40 DQ Calibration Timing
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D Transitioning data D Optionally driven the same as DQO or Ob

Table 51: Data Calibration Pattern Description

Bit Bit Bit Bit Bit Bit Bit Bit
Time | Time | Time | Time | Time | Time | Time | Time
Pattern| MR# 0 1 2 3 4 5 6 7
Pattern | MR32 1 0 1 0 1 0 1 0 [ReadstoMR32return DQ calibration pat-
A tern A
Pattern | MR40 0 0 1 1 0 0 1 1 Reads to MR40 return DQ calibration pat-
B tern B
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MODE REGISTER WRITE

The MRW command is used to write configuration data to the mode registers. The
MRW command isinitiated with CS_n LOW, CA0 LOW,CA1LOW,CA2 LOW,and CA3
LOW at the rising edge of the clock. The mode register is selected by CA1f-CAO0f, CA9r—
CAd4r. The data to be written to the mode register is contained in CA9f—CA2f. The MRW
command period is defined by 'IMRW. Mode register writes to read-only registers have
no impact on the functionality of the device.

Figure 43: MODE REGISTER WRITE Timing
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Notes:

1. At time Ty, the device is in the idle state.
2. Only the NOP command is supported during tMRW.

MRW can be issued only when all banks are in the idle precharge state. One method of
ensuring that the banks are in this state is to issue a PRECHARGE ALL command.

MRW RESET Command

The MRW RESET command brings the device to the device auto initialization (reset-
ting) state in the power-on initialization sequence (see the Voltage Ramp and Device In-
itialization section). The MRW RESET command can be issued from the idle state. This
command resets all mode registers to their default values. After MRW RESET, boot tim-
ings must be observed until the device initialization sequence is complete, and the de-
vice isinthe idle state. Array data is undefined after the MRW RESET command.

If the initialization is to be performed at-speed (greater than the recommended boot
clock frequency), then CA training may be necessary to ensure setup and hold timings.
Asthe MRW RESET commandisrequired priorto CA Training, an alternate MRW RE-
SET command with an op-code of OXFCh should be used. This encoding ensures that
no transitions occur on the CA bus. Prior to CA training, itis recommended to hold the
CA busstable for one cycle prior to, and one cycle after, the issuance of the MRW RESET
command to ensure setup and hold timings on the CA bus.

For MRW RESET timing, seethe figure below and see the Voltage Ramp and Initializa-
tion Sequence figure.
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Table 52: Truth Table for MRR and MRW

Current State Command Intermediate State Next State
All banks idle MRR Reading mode register, all banks idle All banks idle
MRW Writing mode register, all banks idle All banks idle

MRW (RESET) Resetting, device auto initialization All banks idle
Bank(s) active MRR Reading mode register, bank(s) active Bank(s) active
MRW Not allowed Not allowed

MRW (RESET) Not allowed Not allowed

Figure 44: MODE REGISTER WRITE Timing for MRW RESET
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Note: 1. Optional MRW RESET command and optional CS_n assertion are allowed. When the op-
tional MRW RESET command is used, tINIT4 starts at Td'.

MRW ZQ Calibration Commands

The MRW command is used to initiate a ZQ calibration command that calibrates output
driver impedance across process, temperature, and voltage. LPDDR3 devices support
ZQ calibration.

There are four ZQ calibration commands and related timings: 'ZQINIT, 'ZQRESET,
ZQCL,and'ZQCS.'ZQINITisusedforinitialization calibration; IZZQRESET isused for
resetting ZQ to the default output impedance; ZQCL is used for long calibration(s); and
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tZQCS is used for short calibration(s). See the MR10 Calibration (MA[7:0] = 0Ah) table
for ZQ calibration command code definitions.

Theinitialization ZQ calibration (ZQINIT) mustbe performed for LPDDR3. ZQINIT pro-
vides an output impedance accuracy of £15%. After initialization, the ZQ calibration
long (ZQCL) can be used to recalibrate the system to an output impedance accuracy of
+15%. A ZQ calibration short (ZQCS) can be used periodically to compensate for tem-
perature and voltage drift in the system.

ZQRESET resets the output impedance calibration to a default accuracy of +30% across
process, voltage, and temperature. This command is used to ensure output impedance
accuracy to £30% when ZQCS and ZQCL commands are not used.

One ZQCS command can effectively correctatleast 1.5% (ZQ correction) of output im-
pedance errors within 'ZQCS for all speed bins, assuming the maximum sensitivities
specified in the Output Driver Sensitivity Definition and Output Driver Temperature
and VVoltage Sensitivity tables are met. The appropriate interval between ZQCS com-
mands can be determined using these tables and system-specific parameters.

LPDDR3 devices are subject to temperature drift rate (T arifrate) @nd voltage drift rate
(Varifirate) IN various applications. To accommodate drift rates and calculate the neces-
sary interval between ZQCS commands, apply the following formula:

ZQcorrection
(Tsens>< Tdriftrate) + (Vsens>< Vdriftrate)

Where Tsens = MAX (dRondT) and Vsens = MAX (dRondV) define temperature and volt-
age sensitivities.

FOI’ eXampIe, |f Tsens = 075%/0(:, Vsens = OZO%/mV, Tdriftrate = IOC/SeC, and Vdriftrate =
15 mV/sec, then the interval between ZQCS commands is calculated as:

15 — 0.4s
(0.75 x 1) + (0.20 x 15)

A ZQ calibration command can be issued only when the device is in the idle state with
all banks precharged.

No other activities can be performed on the data bus during calibration periods
(‘ZQINIT,'ZQCL, ortZQCS). The quiet time on the data bus helps to accurately calibrate
output impedance. There is no required quiet time after the ZQRESET command. If
multiple devices share a single ZQ resistor, only one device can be calibrating at any giv-
en time. After calibration is complete, the ZQ ball circuitry is disabled to reduce power
consumption.

In systems sharing a ZQ resistor among devices, the controller must prevent 'ZQINIT,
tZQCS,and'ZQCL overlap between the devices. ZQRESET overlap is acceptable. Ifthe
ZQ resistor is absent from the system, ZQ must be connected to Vppca. In this situation,
the device must ignore ZQ calibration commands, and the device will use the default
calibration settings.
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Figure 45: ZQ Timings
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Notes: 1. Only the NOP command is supported during ZQ calibration.
2. CKE must be registered HIGH continuously during the calibration period.
3. All devices connected to the DQ bus should be High-Z during the calibration process.
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ZQ External Resistor Value, Tolerance, and Capacitive Loading

To use the ZQ calibration function, a 240Q (£1% tolerance) external resistor must be
connected between the ZQ pin and ground. A single resistor can be used for each de-
vice, or one resistor can be shared among multiple devices if the ZQ calibration timings
for each device do not overlap. The total capacitive loading on the ZQ pin must be limi-
ted (see the Input/Output Capacitance table).

MRW - CA TrainingMode

Because CA inputs operate as double data rate, it may be difficult for the memory con-
troller to satisfy CA input setup/hold timings at higher frequency. A CA training mecha-
nism is provided.

CA Training Sequence

1.
2.

3.
4,

5.

CA training mode entry: MODE REGISTER WRITE command to MR41

CA training session: Calibrate CAO, CAl, CA2, CA3, CA5, CA6, CA7 and CAS8 (see
the CA Training Mode Enable [MR41] table)

CA to DQ mapping change: MODE REGISTER WRITE command to MR48
Additional CA training session: Calibrate remaining CA pins (CA4 and CA9) (see
the CA Training Mode Enable [MR48] table)

CA training mode exit: MODE REGISTER WRITE command to MR42

Figure 46: CA Training Timing
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Notes:

1.

|:|0ptional CA I:I Optional CS_n D Don’t Care

Unused DQ must be valid HIGH or LOW during data output period. Unused DQ may
transition at the same time as the active DQ. DQS must remain static and not transition.
CA to DQ mapping change via MR 48 omitted here for clarity of the timing diagram.
Both MR41 and MR48 training sequences must be completed before exiting the training
mode (MR42). To enable a CA to DQ mapping change, CKE must be driven HIGH prior to
issuance of the MRW 48 command. (See the steps in the CA Training Sequence section
for details.)

. Because data-out control is asynchronous and will be an analog delay from when all the

CA data is available, 'ADR and 'MRZ are defined from the falling edge of CK.
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4. It is recommended to hold the CA bus stable for one cycle prior to and one cycle after
the issuance of the MRW CA TRAINING ENTRY command to ensure setup and hold tim-
ings on the CAbus.

5. Optional MRW 41, 48, 42 commands and the CA CALIBRATION command are allowed.
To complement these optional commands, optional CS_n assertions are also allowed. All
timing must comprehend these optional CS_n assertions: a) 'ADR starts at the falling
clock edge after the last registered CS_n assertion; b) ‘*CACD, *CACKEL, and '*CAMRD start
with the rising clock edge of the last CS_n assertion; c) 'rCAENT and 'CAEXT need to be
met by the first CS_n assertion; and d) 'MRZ will be met after the falling clock edge fol-
lowing the first CS_n assertion with exit (MRW42) command.

6. Clock phase may be adjusted in CA training mode while CS_n is HIGH and CKE is LOW,
resulting in an irregular clock with shorter/longer periods and pulse widths.

The device may not properly recognize a MODE REGISTER WRITE command at normal
operation frequency before CA training is finished. Special encodings are provided for
CA training mode enable/disable.

MR41 and MR42 encodings are selected so that rising-edge and falling-edge values are
the same. The device will recognize MR41 and MR42 at normal operation frequency
even before CA timing adjustments have been made. Calibration data will be output
through DQ pins. CA to DQ mapping is described in the CA to DQ mapping (CA training
mode enabled with MR41)table.

Aftertiming calibration with MR41 is finished, issue MRW to MR48 and calibrate the re-
maining CA pins (CA4 and CA9) using (DQ0/DQland DQ8/DQ9Y) as calibration data
output pins (see the CA to DQ mapping (CA training mode enabled with MR48) table).

Table 53: CA Training Mode Enable (MR41 (29H, 0010 1001b), OP = A4H (1010 0100b))

Clock Edge CAO CA1 CA2 CA3 CA4 CA5 CA6 CA7 CA8 CA9
CK rising edge L L L L H L L H L H
CK falling edge L L L L H L L H L H

Table 54: CA Training Mode Disable (MR42 (2AH, 0010 1010b), OP = A8H(1010 1000b))

Clock Edge CAO CA1 CA2 CA3 CA4 CA5 CA6 CA7 CA8 CA9
CK rising edge L L L L L H L H L H
CK falling edge L L L L L H L H L H

Table 55: CA to DQ Mapping (CA Training Mode Enabled with MR41)

Clock Edge CAO CA1 CA2 CA3 CA5 CA6 CA7 CA8
CK rising edge DQO DQ2 DQ4 DQ6 DQ8 DQ10 DQ12 DQ14
CK falling edge DQ1 DQ3 DQ5 DQ7 DQ9 DQ11 DQ13 DQ15

Note: 1. Other DQs must have valid output (either HIGH or LOW).
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Table 56: CA Training Mode Enable (MR48 (30H, 0011 0000b), OP = COH (1100 0000b))

Clock Edge CAO CA1 CA2 CA3 CA4 CA5 CAé6 CA7 CA8 CA9
CK rising edge L L L L L L L L H H
CK falling edge L L L L L L L L H H

Table 57: CA to DQ Mapping (CA Training Mode Enabled with MR48)

Clock Edge CA4 CA9
CK rising edge DQO DQ8
CK falling edge DQ1 DQ9

Note:

1. Other DQs must have valid output (either HIGH or LOW).

MRW - Write Leveling Mode

Toimprove signal integrity performance, the device provides a write-leveling feature to
compensate for timing skew, which affects timing parameters such as '{DQSS, 'DSS, and
'DSH.

The memory controller uses the write-leveling feature to receive feedback from the de-
vice, enabling it to adjust the clock-to-data strobe signal relationship for each DQS sig-
nal pair. The memory controller performing the leveling must have an adjustable delay
setting on the DQS signal pair to align the rising edge of DQS_t signals with that of the
clocksignal atthe DRAM pin. The device asynchronously feeds back CLK, sampled with
the rising edge of DQS_tsignals. The controller repeatedly delays DQS_tsignals untila
transition from O to 1 is detected. The DQS_t signal delay established through this exer-
cise ensures the '{DQSS specification can be met.

All data bits carry the leveling feedback to the controller (DQ[15:0] for x16 configura-
tion, DQ[31:0] forx32 configuration). AlIDQS_tsignals mustbeleveledindependently.

The device enters write-leveling mode when mode register MR2[7] is set HIGH. When
entering write-leveling mode, the state of the DQ pins is undefined. During write-level-
ing mode, only NOP commands are allowed, or a MRW command to exit the write-lev-
eling operation. Upon completion of the write-leveling operation, the device exits from
write-leveling mode when MR2[7] is reset LOW.

ThecontrollerdrivesDQS_tLOWand DQS_cHIGH afteradelay of WLDQSEN. After
time 'WLMRD, the controller provides DQS_tsignal input, which is used by the DRAM
tosample the clock signal driven fromthe controller. The delay time 'WLMRD (MAX) is
controller-dependent. The DRAM samples the clock input with the rising edge of DQS _t
and provides asynchronous feedback on all the DQ bits after time 'WLO. The controller
samples this information and either increments or decrements the DQS_t and/or
DQS_cdelay settings and launches the next DQS_t/DQS_c pulse. The sample time and
trigger time are controller-dependent. After the following DQS _t/DQS_c transition is
sampled, the controller locks the strobe delay settings, and write leveling is achieved for
the device.
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Figure 47: Write-Leveling Timing
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On-Die Termination (ODT)

On-die termination (ODT) is a feature that enables the device to enable/disable and
turn on/off termination resistance for each DQ, DQS, and DM signal viathe ODT con-
trol pin. ODT is designed to improve signal integrity of the memory channel by enabling
the DRAM controller to independently turn on/off the internal termination resistance
forany orall DRAM devices. The ODT pin directly controls ODT operation and is not
sampled by theclock.

ODT is turned off and not supported in self refresh and deep power-down modes. The
device will also disable termination during READ operations. ODT operation can be en-
abled optionally during power-down mode via a mode register. Note that if ODT is ena-
bled during power-down mode, Vpbpg may not be turned off during power down. The
DRAM will also disable termination during READ operations.

A simple functional representation of the ODT feature is shown below.

Figure 48: Functional Representation of On-Die Termination

To other
circuitry

such as i
RCV, E Switch '
. ; oDQ, DQS, DM

The switch is enabled by the internal ODT control logic, which uses the external ODT
pin and other control information. The value of R+t (ODT termination resistance value)
is determined by the settings of several mode register bits. The ODT pin will be ignored
if MR11 is programmed to disable ODT in self refresh, in deep power-down, in CKE
power-down (mode register option), and during READ operations.

ODT Mode Register

ODT mode is enabled if MR11[1:0] are non-zero. In this case, the value of Rt is deter-
mined by the settings of those bits. ODT mode is disabled if MR11[1:0] are zero.
MR11[2] determines whether ODT will operate during power-down mode if enabled
through MR11[1:0].

Asychronous ODT

When enabled, the ODT feature is controlled asynchronously based on the status of the
ODT pin. ODT is off under any of the following conditions:

» ODT is disabled throughMR11[1:0]

 Device is performing a READ operation (READ or MRR)

» Device is in power-down mode and MR11[2] is zero

» Device is in self refresh or deep power-down mode

 Device is in CA training mode

In asynchronous ODT mode, the following timing parameters apply when ODT opera-
tion is controlled by the ODT pin 'ODToff, 'ODTon.
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Minimum Rt turn-on time (*ODTon [MIN]) is the point in time when the device termi-
nation circuit leaves High-Z state and ODT resistance begins to turn on. Maximum Rt
turn-on time (*ODTon,max) is the point in time when ODT resistance is fully on. tOD-
Ton (MIN) and 'ODTon (MAX) are measured from ODT pin HIGH.

Minimum Rrrturn-off time (‘'ODToff [MIN]) is the point in time when the device termi-
nation circuit starts to turn off the ODT resistance. Maximum ODT turn off time ({ODT-
off [MAX]) is the point in time when the on-die termination has reached High-Z.'ODT-
off,min and 'ODToff (MAX) are measured from ODT pin LOW.

ODT During READ Operations (READ or MRR)

During READ operations, the device will disable termination and disable ODT control
through the ODT pin. After READ operations are completed, ODT control is resumed
through the ODT pin (if ODT mode is enabled).

ODT During Power-Down

When MR11[2] is zero, termination control through the ODT pin will be disabled when
the DRAM enters power-down. After apower-down entry isregistered, termination will
be disabled withinatime window specified by 'ODTd (MIN) (MAX). ODT pin control is
resumed when power-down is exited (if ODT mode is enabled). Between the POWER-
DOWN EXIT command and until tXXP is satisfied, termination will transition from disa-
bled to control by the ODT pin. When 'XP is satisfied, the ODT pin is used to control
termination.

Minimum R+t disable time (*ODTd [MIN]) is the point in time when the device termina-
tion circuit is no longer controlled by the ODT pin. Maximum ODT disable time ({ODTd
[MAX]) is the point in time when ODT will be in High-Z.

When MR11[2] is enabled and MR11[1:0] are non-zero, ODT operation is supported
during CKE power-down with ODT control through the ODT pin.

ODT During Self Refresh

The device disables the ODT function during self refresh. After a SELF REFRESH com-
mand is registered, termination will be disabled within a time window specified by
'ODTd (MIN) (MAX). During self refresh exit, ODT control through the ODT pin is re-
sumed (if ODT mode is enabled). Between the SELF REFRESH EXIT command and until
IXSR is satisfied, termination will transition from disabled to control by the ODT pin.
When 'SR is satisfied, the ODT pin is used to control termination.

ODT During Deep Power-Down

The device disables the ODT function during deep power-down. After a DEEP POWER-
DOWN command is registered, termination will be disabled within a time window
specified by 'ODTd (MIN) (MAX).

ODT During CA Training and Write Leveling

During CA training mode, the device will disable ODT and ignore the state of the ODT
control pin. For ODT operation during write leveling mode, refer to the DRAM Termina-
tion Function in Write-Leveling Mode table for termination activation and deactivation
forDQand DQS_t/DQS_c.IfODT isenabled, the ODT pin mustbe HIGH inwrite level-
ing mode.
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Table 58: DRAM Termination Function in Write-Leveling Mode

ODT Pin DQS Termination DQ Termination
De-asserted OFF OFF
Asserted ON OFF
Table 59: ODT States Truth Table
Read/DQ ZQ CA Write
Write Calibration Calibration Training Leveling
DQ Enabled Disabled Disabled Disabled Disabled
termination
DQS Enabled Disabled Disabled Disabled Enabled
termination
Figure 49: Asynchronous ODT Timing - RL = 12
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Figure 50: Automatic ODT Timing During READ Operation - RL = m
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Notes: 1. The automatic Ryrturn-off delay, tAODToff, is referenced from the rising edge of RL - 2
clock at Tm-2.

2. The automatic Ryt turn-on delay, tAODTon, is referenced from the rising edge of RL +
BL/2 clock at Tr+4.

Figure 51: ODT Timing During Power-Down, Self Refresh, Deep Power-Down Entry/Exit
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Note: 1. Upon exiting of deep power-down mode, a complete power-up initialization sequence
is required.
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Power-Down

Power-down is entered synchronously when CKE is registered LOW and CS_n is HIGH
at the rising edge of clock. A NOP command must be driven in the clock cycle following
the POWER-DOWN command. CKE must not go LOW while MRR, MRW, READ, or
WRITE operations are in progress. CKE can go LOW while any other operations, such as
ROW ACTIVATION, PRECHARGE, AUTO PRECHARGE, or REFRESH are in progress, but
the power-down Ipp specification is not applied until such operations are complete.

Entering power-down deactivates the input and output buffers, excluding CKE. To en-
sure enough time to account for internal delay on the CKE signal path, two NOP com-
mands are required after CKE is driven LOW. this timing period is defined as 'CPDED.
CKE LOW results in deactivation of input receivers after 'CPDED has expired. In power-
down mode, CKE must be held LOW; all other input signals are “Don’t Care.” CKE LOW
must be maintained until 'CKE is satisfied, and Vrerca must be maintained at a valid
level during power-down.

Vpbpg can be turned off during power-down. If Vppo is turned off, Vrerpg must also be
turned off. Prior to exiting power-down, both Vppg and Vrerpg must be within their re-
spective minimum/maximum operating ranges (see the AC and DC Operating Condi-
tions section).

No refresh operations are performed in power-down mode. The maximum duration in
power-down mode is only limited by the refresh requirements outlined in the REFRESH
Command section.

The power-down state is exited when CKE isregistered HIGH. The controller mustdrive
CS_nHIGH inconjunction with CKE HIGH when exiting the power-down state. CKE
HIGH must be maintained until ‘CKE is satisfied. A valid, executable command can be
applied with power-down exit latency 'XP after CKE goes HIGH. Power-down exit laten-
cy is defined in the AC Timing table.

If power-down occurs when all banks are idle, this mode is referred to as idle power-
down; if power-down occurs when a row is active in any bank, this mode is referred to
as active power-down. For the description of ODT operation and specifications during
power-down entry and exit, see the On-Die Termination section.
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Figure 52: Power-Down Entry and Exit Timing

2 tCK (MIN)
¥ i — W 1:;1;, FI77777 ,/, TTFT 7777777 ;l/”"‘// ! e , :
o § LV L LS L (0 g L L
~-'CPDED—> Input clock frequency can be changed
o t|H‘CKE or the input clock can be stopped during power-down. | tlHCKE 'CKE (MIN)
— 777
E ) AT
¢ | W
_>I YISCKE tISCKE
<—§ | 4—1
: : Fj Fii ; F77777777, F7iii7f :
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..... r ‘.,._..-.,r

Exit power-downmode
Don’t Care

Note: 1. Input clock frequency can be changed or the input clock stopped during power-down,
provided that the clock frequency is between the minimum and maximum specified fre-
quencies for the speed grade in use and that prior to power-down exit, a minimum of
two stable clocks complete.

Enter power-down mode

Figure 53: CKE Intensive Environment

CK_c

CK_t

CKE
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Figure 54: REFRESH to REFRESH Timing in CKE Intensive Environments

CK_c ™
CK_t /i

CKE

txp tXP
REFI

CMD { REFRESH ) { REFRESH ;

Note: 1. The pattern shown can repeat over an extended period of time. With this pattern, all
AC and DC timing and voltage specifications with temperature and voltage drift are en-
sured.

Figure 55: READ to Power-Down Entry

TO T T2 Tx Tx +1 Tx +2 Tx+3 Tx +4 Tx+5 Tx+6 Tx+7 Tx+8 Tx +9
CK_c - | ST / P 7 £ /
CK_t /°

\ i \
\ / \

YISCKE

CKE" 2

CMD—— READ }

—
—n—

DQ

DQS_c
DQS_t

Notes: 1. CKE must be held HIGH until the end of the burst operation.
2. CKE can be registered LOW at {RL + RU['DQSCK(MAX)/tCK] + BL/2 + 1} clock cycles after
the clock on which the READ command is registered.
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Figure 56: READ with Auto Precharge to Power-Down Entry

TO T1
CK_c \
CK_t /A

Tx+5 Tx+6 Tx+7 Tx+8 Tx +9

YSCKE

CKE' 2 \

CMD { READ w/AB {  PRE*

DQ

DQS_c
DQS_t

Notes: 1. CKE must be held HIGH until the end of the burst operation.
2. CKE can be registered LOW at [RL + RU(*DQSCK/CK) + BL/2 + 1] clock cycles after the
clock on which the READ command is registered.
3. BL/2 with 'RTP = 7.5ns and tRAS (MIN) is satisfied.
4. Start internal PRECHARGE.

Figure 57: WRITE to Power-Down Entry

TO T Tm Tm +1 Tm+2 Tm+3 Tm+4 Tm+5 Tx Tx +1 Tx+2 Tx+3 Tx +4
CK_c ™ £ fa— | / |

CK_t /

........

A \ / / \ / 7 )

\ / \
\ / / \

BL/2 YISCKE

CKE!

(
‘_{2 WR
cmp ———wRiTg) | {t

DQ

DQS_c
DQS_t

)
(

—_

Note: 1. CKE can be registered LOW at [WL + 1 + BL/2 + RU(*WR/'*CK)] clock cycles after the clock
on which the WRITE command is registered.
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Figure 58: WRITE with Auto Precharge to Power-Down Entry

TO T1 Tm Tm+1 Tm+2 Tm+3 Tm+4 Tm+5 Tx +2 Tx+3 Tx +4
CK_c ™ ) ; ‘ P ST 7 P £ P o P ;
CK_t /*
7? BL/2 YISCKE
CKE' ((

CMD ———WRITE W/AP}—R

——

DQ

DQS_c
DQS_t

Notes: 1. CKE can be registered LOW at [WL + 1 + BL/2 + RU(*WR/CK) + 1] clock cycles after the
WRITE command is registered.
2. Start internal PRECHARGE.

Figure 59: REFRESH Command to Power-Down Entry

TO T
CK_c ™ TN
CK_t

YSCKE

CKE'

YHCKE

CMD - { REFRESH )

\

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

Note: 1. CKE can go LOW YHCKE after the clock on which the REFRESH command is registered.
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Figure 60: ACTIVATE Command to Power-Down Entry

TO T1
CK_c

T4 T T6 T7
CK_t /r

T10 T11

YSCKE

CKE!

YIHCKE

CMD ——ACTIVATE }

Note: 1. CKE can go LOW at 'IHCKE after the clock on which the ACTIVATE command is regis-
tered.

Figure 61: PRECHARGE Command to Power-Down Entry

TO T
CK_c ™ /TN
CK_t

YISCKE

CKE'

CMD —— PRE

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

Note: 1. CKE can go LOW 'IHCKE after the clock on which the PRECHARGE command is regis-
tered.
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Figure 62: MRR Power-Down Entry

.............. \ R
\

\

TO T T2 Tx Tx+1 Tx +2 Tx+3 Tx +4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9
CK_c- N P ST ; Pt Y y

CK_t /N

CKE!

H
H
H
H
—
———

CMD—— MRR

DQ

DQS_c ) /
DQS_t ( 2_\

Note: 1. CKE can be registered LOW at [RL + RU(*DQSCK/'CK)+ BL/2 + 1] clock cycles after the
clock on which the MRR command is registered.

—L_
——

Figure 63: MRW Command to Power-Down Entry

TO T1
CK_c ™
CK_t /r

T9 T10 T11

CKE!

‘MRW

CMD -

Note: 1. CKE can be registered LOW 'MRW after the clock on which the MRW command is regis-
tered.

Deep Power-Down

Deep power-down (DPD) is entered when CKE is registered LOW with CS_n LOW, CAOQ
HIGH, CA1 HIGH, and CA2 LOW at the rising edge of the clock. All banks must be in the
idle state with no activity on the data bus prior to entering DPD mode. During DPD,
CKE must be held LOW. The contents of the device will be lost upon entering DPD
mode.

In DPD mode, all input buffers except CKE, all output buffers, and the power supply to
internal circuitry are disabled within the device. To ensure that there is enough time to
account for internal delay on the CKE signal path, two NOP commands are required af-

ter CKE is driven LOW; this timing period is defined as 'CPDED. CKE LOW will result in
deactivation of command and address receivers after 'CPDED has expired. Vrerpg can
be at any level between 0 and Vppo, and Vrerca can be at any level between 0 and Vppca
during DPD. All power supplies, including Vrer, must be within the specified limits pri-
or to exiting DPD (see AC and DC Operating Conditions).
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DPD mode isexited when CKE isregistered HIGH while meeting ISCKE, and the clock
must be stable. The device must be fully reinitialized using the power-up initialization
sequence. For a description of ODT operation and specifications during DPD entry and
exit, see the ODT During Deep Power-Down section.

Figure 64: Deep Power-Down Entry and Exit Timing

c fIE1T ]

W

le—tCPDED—»

CKE

Input clock frequency can be changed
or the input clock can be stopped during DPD.

CS_n

Enter DPD mode

Notes:

Exit DPD mode |___| Don’t Care

1. The initialization sequence can start at any time after Tx + 1.
2. UNIT3 and Tx + 1 refer to timings in the initialization sequence. For details, see the
Mode Register Definition section.

Input Clock Frequency Changes and Stop Events

Input Clock Frequency Changes and Clock Stop with CKE LOW

During CKE LOW, the device supports input clock frequency changes and clock stop
under the followingconditions:

Refresh requirements are met

Only REFab or REFpb commands can be in process

Any ACTIVATE or PRECHARGE commands have completed prior to changing the fre-
quency

Related timing conditions, 'RCD and 'RP, have been met prior to changing the fre-
quency

The initial clock frequency must be maintained for a minimum of two clock cycles af-
ter CKE goesLOW

The clock satisfies 'CH(abs) and 'CL(abs) for a minimum of two clock cycles prior to
CKE going HIGH

Forinput clock frequency changes, 'CK (MIN) and 'CK (MAX) must be met for each
clock cycle.

After the input clock frequency changes and CKE is held HIGH, additional MRW com-
mands may be required to set the WR, RL, and so on. These settings may require adjust-
ment to meet minimum timing requirements at the target clock frequency.
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For clock stop, CK_t is held LOW and CK_c is held HIGH.

Input Clock Frequency Changes and Clock Stop with CKE HIGH

During CKE HIGH, the device supports input clock frequency changes and clock stop
under the following conditions:

» Refresh requirements are met

< Any ACTIVATE, READ, WRITE, PRECHARGE, MRW, or MRR commands have comple-
ted, including any associated data bursts, prior to changing the frequency

 Related timing conditions, 'RCD, 'WR, 'WRA, 'RP,'MRW, 'MRR, and so on, are met
e CS_n must be held HIGH
« Only REFab or REFpb commands can be in process

The device is ready for normal operation after the clock satisfies '‘CH(abs) and 'CL(abs)
for a minimum of 2 x ICK + tXP.

After the input clock frequency changes, 'CK (MIN) and 'CK (MAX) must be met for
each clockcycle.

After the input clock frequency changes, additional MRW commands may be required
to set the WR, RL, and so on. These settings may require adjustment to meet minimum
timing requirements at the target clock frequency.

For clock stop, CK_t is held LOW and CK_c is held HIGH.

NO OPERATION Command

The NO OPERATION (NOP) command prevents the device from registering any unwan-
ted commands issued between operations. A NOP command can be issued only at

clock cycle n when the CKE level is constant for clock cycle n - 1 and clock cycle n. A
NOP command has two possible encodings:

1. CS_n HIGH at the clock rising edge n.
2.CS_nLOW with CAQ, CA1, CA2 HIGH at the clock rising edge n.

The NOP command does not terminate a previous operation that is still in process,
such as a READ burst or WRITE burst cycle.
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Truth Tables

Truth tables provide complementary information to the state diagram. They also clarify
device behavior and applicable restrictions when considering the actual state of the
banks.

Unspecified operations and timings are illegal. To ensure proper operation after an ille-
gal event, the device must be powered down and then restarted using the specified initi-
alization sequence before normal operation can continue.

Table 60: Command Truth Table

Notes 1-13 apply to entire table

Command Pins CA Pins

CKE cs_ CK
Command CK(n-1) | CK(n) | n | CAO | CA1 | CA2 | CA3 | CA4 | CA5 | CA6 | CA7 | CA8 | CA9 | Edge
MRW H H L] L L L L | MAO | MAT | MA2 | MA3 | MA4 | MA5 | _F
X | MA6 | MA7 [ oPo | op1 | oP2 | oP3 | oP4 | OP5 | OPe | OP7 | L

MRR H H L] L L L H | MAO | MA1 | MA2 | MA3 | MA4 | MAS | _F
X | MA6 | MA7 X +

REFRESH H H L | L L H ‘ L ] X £
(per bank) X X <+
REFRESH H H L | L ‘ L ‘ H ‘ H ] X £
(all banks) X X <+
Enter self re- H L L | L ‘ L ‘ H ] X £
fresh X X X =N
ACTIVATE H H L] L H | R8 | RO | R10 | R11 | R12 | BAO | BAT | BA2Z | _F
(bank) X | RO| Rl | R |R3 | R4 | RS | R6 | R7 | R13 | R14 | L
WRITE (bank) H H L | H L L |RFU|RFU | ¢c1 | c2 | BAO | BAT1 | BAZ | _F
X | AP | &3 ca| 5] 6| cz | e8| co|ciolcit]|

READ (bank) H H L | H L H |RFU| RFU | ¢1 | c2 | BAO | BA1 | BAZ | _F
X | AP | &3 | ca | 5| coe | cz | e8| co |crolct|

PRECHARGE H H L | H H L H | AB | X X | BAO | BA1 | BAZ | _F
(per bank, all X X =N

banks)

ENTER DPD H L L | H ‘ H ‘ L ‘ X Ny
X X X <

NOP H H L | H ‘ H \ H ‘ X Ny
X X =

MAINTAIN PD, L L L | H ‘ H \ H ‘ X £
SREF, DPD = x =3

(NOP)

NOP H H H X Ny
X X N
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the rising edge of theclock.
2. Bank addresses (BA) determine which bank will be operated upon.
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.
4. Xindicates a “Don’t Care” state, with a defined logic level, either HIGH (H) or LOW (L).
For PD, SREF and DPD, CS_n, CK can be floated after tCPDED has been met and until the
required exit procedure is initiated as described in their respective entry/exit procedures.

Self refresh exit and DPD exit are asynchronous.
Vrer must be between 0 and Vppq during SREF and DPD operation.
CAxr refers to command/address bit “x” on the rising edge of clock.
CAxf refers to command/address bit “x” on the falling edge of clock.
CS_n and CKE are sampled on the rising edge of the clock.

Command Pins CA Pins
CKE csS_ CK
Command CK(n-1) CK(n) n | CAO | CA1 | CA2 | CA3 | CA4 | CA5 | CA6 | CA7 | CA8 | CA9 | Edge
MAINTAIN PD, L L X X 4
SREF, DPD X X =
ENTER POW- H L H X £
ER-DOWN X X X =
Exit PD, SREF, L H H X £
DPD X X X =
Notes: 1. All commands are defined by the current state of CS_n, CAO, CA1, CA2, CA3, and CKE at

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

. AB HIGH during a PRECHARGE command indicates that an all-bank precharge will occur.

In this case, bank address is a "Don't Care."

12.
13.

Table 61: CKE Truth Table

RFU needs to input H or L (defined logic level).
When CS_n is HIGH, the CA bus can be floated.

Notes 1-5 apply to entire table; L = LOW; H = HIGH; X = “Don’t Care”

Command
Current State CKEn-1 CKEn CS_n n Operation n Next State Notes
Active L L X X Maintain active power-down Active
power-down power-down
H H NOP Exit active power-down Active 6,7
Idle power-down L L X X Maintain idle power-down Idle
power-down
L H H NOP Exit idle power-down Idle 6,7
Resetting idle L L X X Maintain resetting power-down Resetting
power-down power-down
L H H NOP Exit resetting power-down Idle or resetting| 6, 7, 8
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Table 61: CKE Truth Table (Continued)

Notes 1-5 apply to entire table; L = LOW; H = HIGH; X = “Don’t Care”

Command
Current State CKEn-1 CKEn CS_n n Operation n Next State Notes
Deep power- L L X X Maintain deep power-down Deep
down power-down
L H H NOP Exit deep power-down Power-on 9
Self refresh L L X X Maintain self refresh Self refresh
L H H NOP Exit self refresh Idle 10, 11
Bank(s) active H L H NOP Enter active power-down Active
power-down
All banks idle H L H NOP Enter idle power-down Idle 12
power-down
H L L ENTER SELF |Enter self refresh Self refresh 12
REFRESH
H L L DPD Enter deep power-down Deep 12
power-down
Resetting H L H NOP Enter resetting power-down Resetting
power-down
Other states H H Refer to the command truth table
Notes: 1. Current state is the state of the device immediately prior to clock edge n.

All states and sequences not shown are illegal or reserved unless explicitly described
elsewhere in this document.

CKEn is the logic state of CKE at clock rising edge n; CKEn-1 was the state of CKE at the
previous clock edge.

4. CS_nis the logic state of CS_n at the clock rising edge n.

10.
1.
12.

Command n is the command registered at clock edge n, and operation n is a result of
command n.

Power-down exit time (tXP) must elapse before any command other than NOP is issued.
The clock must toggle at least twice prior to the tXP period.

Upon exiting the resetting power-down state, the device will return to the idle state if
YINITS has expired.

The DPD exit procedure must be followed as described in Deep Power-Down.
Self refresh exit time (!XSR) must elapse before any command other than NOP is issued.
The clock must toggle at least twice prior to the tXSR time.

In the case of ODT disabled, all DQ output must be High-Z. In the case of ODT enabled,
all DQ must be terminated to Vppq.

Table 62: Current State Bank n to Command to Bank n Truth Table

Notes 1-5 apply to entire table

Current State Command Operation Next State Notes
Any NOP Continue previous operation Current state
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Table 62: Current State Bank n to Command to Bank n Truth Table (Continued)

Notes 1-5 apply to entire table

Current State Command Operation Next State Notes
Idle ACTIVATE Select and activate row Active
REFRESH (per bank) |Begin to refresh Refreshing (per bank)
REFRESH (all banks) |[Begin to refresh Refreshing (all banks)
MRW Load value to mode register MR writing
MRR Read value from mode register Idle, MR reading
RESET Begin device auto initialization Resetting 7,8
PRECHARGE Deactivate row(s) in bank or banks Precharging 9,10
Row active READ Select column and start read burst Reading
WRITE Select column and start write burst Writing
MRR Read value from mode register Active MR reading
PRECHARGE Deactivate row(s) in bank or banks Precharging 9
Reading READ Select column and start new read burst Reading 11, 12
WRITE Select column and start write burst Writing 11, 12, 13
Writing WRITE Select column and start new write burst Writing 11, 12
READ Select column and start read burst Reading 11, 12, 14
Power-on MRW RESET Begin device auto initialization Resetting 7,9
Resetting MRR Read value from mode register Resetting MR reading
Notes: 1. Values in this table apply when both CKEn -1 and CKEn are HIGH, and after tXXSR or tXP
has been met, if the previous state was power-down.
2. All states and sequences not shown are illegal or reserved.
3. Current state definitions:
State Definition
Idle The bank or banks have been precharged, and 'RP has been met.
Active A row in the bank has been activated, and tRCD has been met. No da-
ta 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 A WRITE burst has been initiated with auto precharge disabled, and
has not yet terminated.
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.
Ends
State Starts with... when... Notes
Precharging |Registration of a PRE- 'RP is met After 'RP is met, the bank is
CHARGE command in the idle state.
Row activat- |Registration of an ACTIVATE |'RCD is met |After 'RCD is met, the bank
ing command is in the active state.
Rev.B-04/16 101



TARGET

N
N

0 N

charge enabled

TCMEOBCALAR-BDE
LPDDR3 8Gb (x16/x32)
e ——————
Ends
State Starts with... when... Notes
READ with  |Registration of a READ com- |'RP is met After 'RP is met, the bank is
AP enabled |mand with auto precharge in the idle state.
enabled
WRITE with |Registration of a WRITE 'RP is met After 'RP is met, the bank is
AP enabled |command with auto pre- in the idle state.

. The states listed below must not be interrup
mands must be applied to each positive cloc

k edge during t

ted by any executable command. NOP com-

hese states.

(all banks)

(all banks) command

Ends
State Starts with... when... Notes
Refreshing Registration of a REFRESH |tRFCpb is met | After tRFCpb is met, the
(per bank) (per bank) command bank is in the idle state.
Refreshing Registration of a REFRESH [tRFCab is met | After 'RFCab is met, the de-

vice is in the all banks idle
state.

all

CHARGE ALL command

Idle MR read-|Registration of the MRR t!MRR is met |After 'MRR is met, the de-

ing command vice is in the all banks idle
state.

Resetting MR |Registration of the MRR !MRR is met |After 'MRR is met, the de-

reading command vice is in the all banks idle
state.

Active MR Registration of the MRR t!MRR is met |After tMRR is met, the bank

reading command is in the active state.

MR writing |Registration of the MRW tMRW is met |After tMRW is met, the de-

command vice is in the all banks idle

state.

Precharging |Registration of a PRE- 'RP is met After 'RP is met, the device

is in the all banks idle state.

Bank-specific; requires that the bank is idle and no bursts are in progress.
Not bank-specific; requires that all banks are idle and no bursts are in progress.
Not bank-specific.

This command may or may not be bank-specific. If all banks are being precharged, they
must be in a valid state for precharging.
If a PRECHARGE command is issued to a bank in the idle state, 'RP still applies.

WRITE with auto precharge isenabled.
The new READ or WRITE command could be auto precharge enabled or auto precharge

disabled.

. A command other than NOP should not be issued to the same bank while a READ or

A WRITE command can be issued only after the completion of the READ burst.

Table 63: Current State Bank n to Command to Bank m Truth Table

Notes 1-6 apply to entire table

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

Current State
of Bank n

Command to Bank m

Operation

Next State for Bank m

Notes

Any

NOP

Continue previous operation

Current

state of bank m
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Table 63: Current State Bank n to Command to Bank m Truth Table (Continued)

Notes 1-6 apply to entire table

Current State
of Bank n Command to Bank m Operation Next State for Bank m Notes
Idle Any Any command supported to bank m -
Row activating, ACTIVATE Select and activate row in bank m Active 6
activg, or pre- READ Select column and start READ burst Reading 7
charging from bank m
WRITE Select column and start WRITE burst to Writing 7
bank m
PRECHARGE Deactivate row(s) in bank or banks Precharging 8
MRR READ value from mode register Idle MR reading or active | 9, 10, 11
MR reading
Reading READ Select column and start READ burst Reading 7
(auto precharge from bank m
disabled) WRITE Select column and start WRITE burst to Writing 7,12
bank m
ACTIVATE Select and activate row in bank m Active
PRECHARGE Deactivate row(s) in bank or banks Precharging 8
Writing READ Select column and start READ burst Reading 7,13
(auto precharge from bank m
disabled) WRITE Select column and start WRITE burst to Writing 7
bank m
ACTIVATE Select and activate row in bank m Active
PRECHARGE Deactivate row(s) in bank or banks Precharging 8
Reading with READ Select column and start READ burst Reading 7, 14
auto precharge from bank m
WRITE Select column and start WRITE burst to Writing 7,12, 14
bank m
ACTIVATE Select and activate row in bank m Active
PRECHARGE Deactivate row(s) in bank or banks Precharging 8
Writing with READ Select column and start READ burst Reading 7,13, 14
auto precharge from bank m
WRITE Select column and start WRITE burst to Writing 7, 14
bank m
ACTIVATE Select and activate row in bank m Active
PRECHARGE Deactivate row(s) in bank or banks Precharging 8
Power-on MRW RESET Begin device auto initialization Resetting 15, 16
Resetting MRR Read value from mode register Resetting MR reading
Notes: 1. This table applies when:
» The previous state was self refresh or power-down;
o After XSR or tXP has been met; and
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» When both CKEn -1 and CKEn are HIGH.
2. All states and sequences not shown are illegal or reserved.
3. Current state definitions:

State Condition And... And...
Idle The bank has been pre- tRP is met
charged
Active A row in the bank has been ['RCD is met |Nodatabursts/accessesand
activated no register accesses are in
progress.
Reading A READ burst has been initi- | The READ
ated with auto precharge has not yet
disabled terminated
Writing A WRITE burst has been ini- | The WRITE
tiated with auto precharge |has not yet
disabled terminated

4. Refresh, self refresh, and MRW commands can only be issued when all banks are idle.

5. The states listed below must not be interrupted by any executable command. NOP com-
mands must be applied during each clock cycle while in these states:

Ends
State Starts with... when... Notes
Idle MR read-|Registration of the MRR t!MRR is met |After '™MRR is met, the de-
ing command vice is in the all banks idle
state.
Resetting MR |Registration of the MRR t!MRR is met |After 'MRR is met, the de-
reading command vice is in the all banks reset
state.
Active MR Registration of the MRR tMRR is met |After tMRR is met, the bank
reading command is in the active state.
MR writing |Registration of the MRW '!MRW is met |After tMRW is met, the de-
command vice is in the all banks idle
state.

6. 'RRD must be met between the ACTIVATE command to bank n and any subsequent
ACTIVATE command to bank m.

7. READs or WRITEs listed in the command column include READs and WRITEs with or
without auto precharge enabled.

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

10. MRR is supported in the precharging state.

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

12. A WRITE command can be issued only after the completion of the READ burst.

13. A READ command can be issued only after the completion of the WRITE burst.

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.

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

16. RESET command is achieved through the MODE REGISTER WRITE command.
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Table 64: DM Truth Table

Functional Name DM DQ Notes
Write enable L Valid 1
Write inhibit H X 1

Note: 1. Used to mask write data; provided simultaneously with the corresponding input data.

Absolute Maximum Ratings

Stresses greater than those listed may cause permanent damage to the device. Thisisa
stress rating only, and functional operation of the device at these conditions, or any oth-
er conditions outside those indicated in the operational sections of this document, is
not implied. Exposure to absolute maximum rating conditions for extended periods
may adversely affectreliability.

Table 65: Absolute Maximum DC Ratings

Parameter Symbol Min Max Unit Notes
Voot supply voltage relative to Vss Vo1 -0.4 2.3 \" 1
Vopz2 supply voltage relative to Vss Vbp2 -0.4 1.6 \'% 1
Vooca supply voltage relative to Vssca Vbbca -0.4 1.6 \" 1,2
Vbpq supply voltage relative to Vssq Vbpa -0.4 1.6 \Y 1,3
Voltage on any ball relative to Vss Vine Vour -0.4 1.6 \

Storage temperature Tstg -55 125 °C 4

Notes: 1. For information about relationships between power supplies, see the Power-Up and Ini-
tialization section.

. Vrerca € 0.6 x Vppca; however, Vrerca may be 2 Vppea, provided that Veerca € 300mV.

Vrerpq € 0.7 x Vppg; however, Vrerpq may be 2 Vppq, provided that Vgerpq € 300mV.

. Storage temperature is the case surface temperature on the center/top side of the de-
vice. For measurement conditions, refer to the JESD51-2 standard.
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Electrical Specifications - Ipp Measurements and Conditions

The following definitions and conditions are used in the Ipp measurement tables unless
stated otherwise:

« LOW: VN =V pe)max

- HIGH: VIN ZVIH(DC)min

e STABLE: Inputs are stable ata HIGH or LOW level

* SWITCHING: See the following three tables

Table 66: 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)/
CK_c CK_c CK_c CK_c CK_c CK_c CK_c CK_c
(Falling) (Rising) (Falling) (Rising) (Falling) (Rising) (Falling) (Rising)
Cycle N N+ 1 N+2 N+3
CS_n HIGH HIGH HIGH HIGH
CAO H L L L L H H H
CA1 H H H L L L L H
CA2 H L L L L H H H
CA3 H H H L L L L H
CA4 H L L L L H H H
CA5 H H H L L L L H
CA6 H L L L L H H H
CA7 H H H L L L L H
CA8 H L L L L H H H
CA9 H H H L L L L H

Notes: 1. CS_n must always be driven HIGH.
2. For each clock cycle, 50% of the CA bus is changing between HIGH and LOW.
3. The noted pattern (N, N +1, N+ 2, N + 3...) is used continuously during Ipp measure-
ment for Ipp values that require switching on the CA bus.

Table 67: Switching for Ippsr

Clock Cycle
Clock CKE CS_n Number Command CA[2:0] CA[9:3] All DQ
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 LHLLHLH L
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Table 67: Switching for Ippsr (Continued)

Clock Cycle
Clock CKE CS_n Number Command CA[2:0] CA[9:3] All DQ
Rising H L N+ 4 Read_Rising HLH LHLLHLH H
Falling H L N+ 4 Read_Falling HHL 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

Notes: 1. Data strobe (DQS_t) is changing between HIGH and LOW with every clock cycle.
2. The noted pattern (N, N + 1...) is used continuously during Ipp measurement for Ipp4g.

Table 68: Switching for Ippsw

Clock Cycle
Clock CKE CS_n Number Command CA[2:0] CA[9:3] All DQ
Rising H L N Write_Rising LLH 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 LLH LHLLHLH L
Rising H L N+ 4 Write_Rising LLH LHLLHLH H
Falling H L N + 4 Write_Falling HHL 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 LLH LHLHLHL L

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

Ipp values are for the entire operating voltage range, and all of them are for the entire
standard range, with the exception of IppseT, Which is for the entire extended tempera-
ture range.

Table 69: Ipp Specification Parameters and Operating Conditions

Vpo2, Voba, Vooca = 1.14-1.30V; Vppr = 1.70-1.95V
Notes 1, 2, 3, and 5 apply to entire table; Note 4 applies to all "in" values

Power

Parameter/Condition Symbol Supply Notes
Operating one bank active-precharge current: tCK = 'CK Ibbo1 Vb1
(MIN); tRC =tRC (MIN); CKE is HIGH; CS_n is HIGH between valid lopoz Vob2
commands; CAbusinputsare switching; Data businputs aresta- o v y 2
ble; ODT isdisabled DD, in DDCA» TDDQ
Idle power-down standby current: 'CK = tCK (MIN); CKE is Iop2p1 Vb1
LOW; CS_n is HIGH; All banks are idle; CA bus inputs are switch- lop2p2 Vop2
ing; Data bus inputs are stable; ODT is disabled

IpD2p, in Voocas Vopq 2
Idle power-down standby current with clock stop: CK_t = Ibb2ps1 Vb1
LOW, CK_c = HIGH; CKE is LOW; CS_n is HIGH; All banks are idle; Ipp2pPs2 VA
CA bus inputs are stable; Data bus inputs are stable; ODT is disa-
bled Ibp2ps,in Vobocar Voba 2
Idle non-power-down standby current: tCK = tCK (MIN); CKE is IbD2NT Vbp1
HIGH; CS_n is HIGH; All banks are idle; CA bus inputs are switch- loo2Ng Vop2
ing; Data bus inputs are stable; ODT is disabled

IpD2N, in Voocas Vopq 2
Idle non-power-down standby current with clock stopped: Ibp2ns1 Vb1
CK_t = LOW; CK_c = HIGH; CKE is HIGH; CS_n is HIGH; All banks lop2NS2 Vb2
are idle; CA bus inputs are stable; Data bus inputs are stable; ODT | . v v 2
is disabled DD2NS, in DDCA> VDDQ
Active power-down standby current: 'CK = 'CK (MIN); CKE is Iop3p1 Vb1
LOW; CS_n is HIGH; One bank is active; CA bus inputs are switch- Ibp3p2 Voo2
ing; Data bus inputs are stable; ODT is disabled

IpD3p, in Voocas Vopq 2
Active power-down standby current with clock stop: CK_t = Ibp3ps1 Vb1
LOW, CK_c = HIGH; CKE is LOW; CS_n is HIGH; One bank is active; Iop3ps22 Vb2
CA bus inputs are stable; Data bus inputs are stable; ODT is disa-
bled IpD3PS, in Voocas Vbbq 3
Active non-power-down standby current: ‘CK = 'CK (MIN); Ipp3nt Vbp1
CKE is HIGH; CS_n is HIGH; One bank is active; CA bus inputs are lpp3N2 Vb2
switching; Data bus inputs are stable; ODT is disabled

IbD3N, in Voocar Vopq 3
Active non-power-down standby current with clock stop- Ipp3Ns1 Vo1
ped: CK_t = LOW, CK_c = HIGH; CKE is HIGH; CS_n is HIGH; One loD3NS2 Vob2
bank is active; CA bus inputs are stable; Data bus inputs are sta- | ' v v 3
ble; ODT is disabled DD3NS, in pbca, TDDQ
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Table 69: IppSpecification Parameters and Operating Conditions (Continued)

Vooz2, Vopq, Vooca = 1.14-1.30V; Vppr = 1.70-1.95V
Notes 1, 2, 3, and 5 apply to entire table; Note 4 applies to all "in" values

Power

Parameter/Condition Symbol Supply Notes
Operating burst READ current: 'CK = tCK (MIN); CS_n is HIGH IpD4R1 Vb1
between valid commands; One bank is active; BL = 8; RL = RL lppar2 Vpp2
(MIN); CA bus inputs are switching; 50% data change each burst | . v
transfer; ODT is disabled DD4R, in bDCA
Operating burst WRITE current: 'CK = tCK (MIN); CS_n is HIGH Iopaw1 Vob1
between valid commands; One bank is active; BL = 8; WL = WL lopaw2 VA
(MIN); CA bus inputs are switching; 50% data change each burst | . v y 3
transfer; ODT is disabled DD4W, in DDCA» TDDQ
All-bank REFRESH burst current: 'CK = *CK (MIN); CKE is HIGH Ipps51 Vbp1
between valid commands; tRC = tRFCab (MIN); Burst refresh; CA lpps2 Vb2
bus inputs are switching; Data bus inputs are stable; ODT is disa- . v v 3
bled DD5,in DDCA> VDDQ
All-bank REFRESH average current: 'CK = 'CK (MIN); CKE is IbpsAB1 Vb1
HIGH between valid commands; tRC = tREFI; CA bus inputs are Ibp5AB2 Vop2
switching; Data bus inputs are stable; ODT is disabled

IpD5AB,in Vbocar Voba 3
Per-bank REFRESH average current: tCK = tCK (MIN); CKE is lopspB1 Vbp1
HIGH between valid commands; ‘RC = 'REFI/8; CA bus inputs are loDsPE2 Vpp2
switching; Data bus inputs are stable; ODT is disabled

IpDspB,in Voocas Vopq
Self refresh current (-30°C to +85°C): CK_t = LOW, CK_c = Ibpe1 Vb1 4,5
HIGH; CKE is LOW; CA bus inputs are stable; Data bus inputs are lope2 VA 4,5
stable; Maximum 1x self refresh rate; ODT is disabled

Ippe, in Voocas Voba 3,4
Self refresh current (+85°C to +105°C): CK_t = LOW, CK_c = IoD6ET1 Vb1 5,6
HIGH; CKE is LOW; CA bus inputs are stable; Data bus inputs are IoDeET2 Vob2 56
stable; ODT is disabled Iooser Vooca Voo 3.5, 6
Deep power-down current: CK_t = LOW, CK_c = HIGH; CKE is Ibps1 Vb1
:QWl);le bus inputs are stable; Data bus inputs are stable; ODT is lops2 VA

sanie Ipps, in Voocar Voba 3
Notes: 1. ODT disabled: MR11[2:0] = 000b.

1

2. lppcurrent specifications are tested after the device is properly initialized.

3. Measured currents are the summation of Vppq and Vppca.

4. The 1x self refresh rate is the rate at which the device is refreshed internally during self
refresh before going into the elevated temperature range.

5. This is the general definition that applies to full-array self-refresh.

6. lppeet is a typical value, is sampled only, and is not tested.

7. For all Ippmeasurements, Vincke = 0.8 x Vppca; Viecke = 0.2 x Vppca.
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AC and DC Operating Conditions

Operation or timing that is not specified is illegal. To ensure proper operation, the de-
vice must be initialized properly.

Table 70: Recommended DC Operating Conditions

Note 1 applies to entire table

Symbol Min Typ Max DRAM Unit Notes
Vb1 1.70 1.80 1.95 Core power 1 \ 2
Vbp2 1.14 1.20 1.30 Core power 2 \%

Vboca 1.14 1.20 1.30 Input buffer power \
Vbba 1.14 1.20 1.30 I/0 buffer power \

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.

2. Vpp1 uses significantly less power than Vpp;.

Table 71: Input Leakage Current

Parameter/Condition Symbol Min Max Unit Notes
Input leakage current: For CA, CKE, CS_n, CK; Any in- I -2 2 HA 1
put OV € Vin € Vopca; (All other pins not under test = 0V)

Vrer supply leakage current: Vrerpq = Vopa/2, Or Vger- Ivrer -1 1 HA 2
ca = Vooca/2; (All other pins not under test = 0V)

Notes: 1. Although DM is for input only, the DM leakage must match the DQ and DQS output
leakage specification.

2. The minimum limit requirement is for testing purposes. The leakage current on Vgrerca
and Vgerpq pins should be minimal.

Table 72: Operating Temperature Range

Notes 1 and 2 apply to entire table

Parameter/Condition Symbol Min Max Unit
Standard (WT) temperature range TCASE1 -30 85 °C
Wide temperature range -30 105 °C

Notes: 1. Operating temperature is the case surface temperature at the center of the top side of
the device. For measurement conditions, refer to the JESD51-2 standard.

2. Either the device operating temperature or the temperature sensor can be used to set
an appropriate refresh rate, determine the need for AC timing derating, and/or monitor
the operating temperature (see Temperature Sensor). When using the temperature sen-
sor, the actual device case temperature may be higher than the Tcase rating that applies
for the operating temperature range. For example, Tcase could be above +85°C when
the temperature sensor indicates a temperature of less than +85°C.
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AC and DC Logic Input Measurement Levels for Single-Ended Signals

Table 73: Single-Ended AC and DC Input Levels for CA and CS_n Inputs

1333/1600 1866/2133
Parameter Symbol : : :
Min Max Min Max Unit| Notes

AC input logic HIGH ViHcaac) Vrer + 0.150 Note 2 Vrer + 0.135 Note 2 \ 1,2
AC input logic LOW ViLcac) Note 2 Vrer - 0.150 Note 2 Vrer - 0.135 \% 1,2
DC input lOgiC HIGH VlHCA(DC) VREF +0.100 VDDCA VREF +0.100 VDDCA \" 1
DC input logic LOW VILCA(DC) Vssca Vrer - 0.100 Vssca Vrer - 0.100 \% 1
Reference voltage for CA VREFCA(DC) 0.49 x Vppca 0.51 x Vppca 0.49 x Vppca 0.51 x Vppca \'% 3, 4
and CS_n inputs

Notes: 1

. For CA and CS_n input-only pins. Vrer = Vrercaoc)-
2. See figure: Overshoot and Undershoot Definition.

from Vrerca(oc) (for reference, approximately +12mV).

Table 74: Single-Ended AC and DC Input Levels for CKE

For reference, approximately Vppca/2 £12mV.

The AC peak noise on Vgerca could prevent Veerca from deviating more than +1% Vppca

Parameter Symbol Min Max Unit Notes
CKE input HIGH level VIHCKE 0.65 x VDDCA Note 1 \ 1
CKE input LOW level VlLCKE Note 1 035 X VDDCA \Y) 1
Note: 1. See figure: Overshoot and Undershoot Definition.
Table 75: Single-Ended AC and DC Input Levels for DQ and DM
1333/1600 1866/2133
Parameter Symbol - = :

Min Max Min Max Unit| Notes
ACinput logic HIGH | Viypqac) Veer + 0.150 Note 2 Veer + 0.135 Note 2 \% 1,2,5
AC input logic LOW| V) pgac) Note 2 Vrer - 0.150 Note 2 Vrer - 0.135 vV | 1,25
DC input lOgiC HIGH VIHDQ(DC) Veer + 0.100 VDDQ Veer + 0.100 VDDQ \% 1
DC input lOg'iC LOW VILDQ(DC) VSSQ VREF - 0.100 VSSQ VREF - 0.100 \ 1
Reference voltage
for DQ and DM in- VREFDQ(DC) 0.49 x VDDQ 0.51 x VDDQ 0.49 x VDDQ 0.51 x VDDQ \" 3, 4
puts
Reference voltage v
for DQ and DMin- | ~REFPQPO) | vopre/2 - 0.01 x | Voprr/2 +0.01 x | Vopra/2 - 0.01 x| Voprr/2 + 0.01 x v 1356
puts (DQ ODT ena- | PQOPT.ena- Vb Vbbpa Vbbao Vbbq »
bled) bled

Notes: 1. For DQ input-only pins. Vrer = Vrerpq(dc)-

2. See figure: Overshoot and Undershoot Definition.

3. The AC peak noise on Vgerpq could prevent Vrerpq from deviating more than +1% Vppq
from Vrerpq(oc) (for reference, approximately +12mV).
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4. For reference, approximately Vppa/2 £12mV.
For reference, approximately Voprr/2+12mV.

6. The nominal mode register programmed values for Ropr and the nominal controller out-
put impedance Ron are used for the calculation of Voprr. For testing purposes, a con-

troller Ron value of 509 is used.

ol

2R5Hy + R
VopTr = ﬁ *Vppq

Vrer Tolerances

Figure 65:

The DC tolerance limits and AC noise limits for the reference voltages Vrerca and
VRrerpg are shown below. This figure shows a valid reference voltage Vrer(t) as a function
of time. Vpp is used in place of Vppca for Vrerca, and Vbbo for VRerpo. VREF(DC) is the
linear average of Vrer(t) over a very long period of time (for example, 1 second), and is
specified as a fraction of the linear average of Vppg or Vopca, also over a very long peri-
od of time (for example, 1 second). This average must meet the MIN/MAX requirements
in the table: Single-Ended AC and DC Input Levels for CA and CS_n Inputs. Additionally,
Vrer(t) can temporarily deviate from Vrerpcy by no more than +1% Vpp. Vrer(t) cannot
track noise on Vppg or Vppca if doing so would force Vger outside these specifications.

Vrer DC Tolerance and Vger AC Noise Limits

A

noise

REF(AC)\\ VREF(t)
\
REF(DC
g VREF(DC) (DEmax
% VREF(DC)nom
> VREF(DC)min
Vss
Time

-

The voltage levels for setup and hold time measurements Vnac), Vinoc), ViLac), and
ViLc) are dependent on Vrer. Vrer shall be understood as Vrerpcy, as defined in the
Single-Ended Requirements for Differential Signals figure.

Vrer DC variations affect the absolute voltage a signal mustreach to achieve a valid
HIGH or LOW, as well as the time from which setup and hold times are measured.

System timing and voltage budgets must account for Vrer deviations outside this range.

The setup/hold specification and derating values must include time and voltage associ-
ated withVgrer AC noise. Timing and voltage effects due to AC noise onVrer up to the
specified limit (£1% Vpp) are included in device timings and associated deratings.
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Figure 66: LPDDR3-1600 to LPDDR3-1333 Input Signal

VL and V| levels with ringback

1.550V

VDD + 0.35V
narrow pulse width

1.200v v
Minimum V, and Vlevels DD
ViHAC)
0.750V 0.750V Vinao
ViH(c)
0.700V — 0.700V | Vinoo)

0.624V
0.612v

0.624V

<«— Vrer + AC noise
0.612v

Ve + DCerror

0.600V - 0.600Vv -
0.588V 0.588V :Y/REF D-CAegr?cr;ise
0.576V 0.576V REF
0.500V v 0.500V ViLoe)
IL(DC)
0.450V — 0.450V ViLac)
VIL(AC)
0.000V Ves
-0.350V Vs - 0.35V

narrow pulse width

Notes: 1. Numbers reflect typical values.
2. For CA[9:0], CK, and CS_n, Vpp stands for Vppca. For DQ, DM, DQS, and ODT, Vpp stands
for VDDQ.

3. For CA[9:0], CK, and CS_n, Vssstands for Vssca. For DQ, DM, DQS, and ODT, Vss stands
for VssQ.
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Figure 67: LPDDR3-2133 to LPDDR3-1866 Input Signal

VL and V| levels with ringback

1.550V

VDD + 0.35V
narrow pulse width

1.200V

MinimumV,_and V,levels Voo
ViHAC)
0.735V 0.735V Vinao
ViH(c)
0.700V — 0.700V | Vinoo)
0.624V 0.624V — Vrer + AC noise

0.612v 0.612v

@Vrer + DCerror

0.600V - 0.600V
<@ VRer - DC error
0.588V 0.588V SV oo AC noise
0.576V 0.576V
0.500V v 0.500V ViLoe)
IL(DC)
0.565V - 0.565V VIL(AC)
VIL(AC)
0.000V Vs
-0.350V Vg - 0.35V

narrow pulse width

Notes: 1. Numbers reflect typical values.
2. For CA[9:0], CK, and CS_n, Vpp stands for Vppca. For DQ, DM, DQS, and ODT, Vpp stands
for Voba.

3. For CA[9:0], CK, and CS_n, Vssstands for Vssca. For DQ, DM, DQS, and ODT, Vss stands
for VssQ.
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AC and DC Logic Input Measurement Levels for Differential Signhals

Figure 68: Differential AC Swing Time and ‘DVAC

A IDVAC
ViH, diff(AC)min
-

o ViH, diff(DC) min
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- 0.0 4
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E l

g

Q2

bS ViL, diff(DC)m ax

-
- 1/2cycle | (DVAC
VL, diff(AC)m ax
Time __
Table 76: Differential AC and DC Input Levels
For CK, Vggr = Vrercaocy; For DQS, Vper = VRreFDQ(DC)
LPDDR3

Parameter Symbol Min Max Unit Notes
Differential input HIGH AC V|H,diff(AC) 2 x (VIH(AC) - VREF) Note 1 \Y 2
Differential input LOW AC VIL,diff(AC) Note 1 2 x (VIL(AC) - VREF) \ 2
Differential input HIGH DC V|H,diff(DC) 2 x (VIH(DC) - VREF) Note 1 \Y 3
Differential input LOW DC VIL,diff(DC) Note 1 2 x (VIL(DC) - VREF) \ 3

Notes:

1. These values are not defined; however, the single-ended signals CK and DQS must be
within the respective limits (Viipcymax, ViLpcymin) for single-ended signals, and must
com- ply with the specified limitations for overshoot and undershoot (see figure:
Overshoot and Undershoot Definition).

2. For CK, use Vin/ViLac) of CA and Vgerca; for DQS, use Vii/Viyac) of DQ and Vrerpq. If @
reduced AC HIGH or AC LOW is used for a signal group, the reduced voltage level also
applies.

3. Used to define a differential signal slew rate.
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Table 77: CK and DQS Time Requirements Before Ringback (*DVAC)

DVAC (ps) @ Vin/ tDVAC (ps) @ Vin/
Vi, diffac) = ViL,diffac) = ‘DVAC (ps) @ Viu/ViL dgitf(ac) | DVAC (ps) @ Viu/ViL dir(ac)

Slew Rate | 300mV1333Mb/s | 300mV1600 Mb/s = 270mV1866 Mb/s = 270mV2133 Mb/s

(V/ns) Min Max Min Max Min Max Min Max
>8.0 58 - 48 - 40 - 34 -
8.0 58 - 48 - 40 - 34 -
7.0 56 - 46 - 39 - 33 -
6.0 53 - 43 - 36 - 30 -
5.0 50 - 40 - 33 - 27 -
4.0 45 - 35 - 29 - 23 -
3.0 37 - 27 - 21 - 15 -
<3.0 37 - 27 - 21 - 15 -

Single-Ended Requirements for Differential Signals

Each individual component of adifferential signal (CK and DQS) must also comply with
certain requirements for single-ended signals.

CK must meet Vsenacymin/ VseLacymax iN every half cycle. DQS must meet Vsenac)min/
VseLacymax in every half cycle preceding and following a valid transition.

The applicable AC levels for CA and DQ differ by speed bin.

Figure 69: Single-Ended Requirements for Differential Signals

A Vbbea OVDDQ, === == e e e e e e

VSEH(AC)min _______________________________

Vppca/20r Vppg/2 —===—==—=——m b

Differential Voltage

VSEL(AC)max

Vescaof Vogq ~-----------oeeein e b oo

Time >

Note: While CA and DQ signal requirements are referenced to Vger, the single-ended
components of differential signals also have a requirement with respect to Vppo/2 for
DQS, and VDDCA/2 for CK.
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The transition of single-ended signals through the AC levels is used to measure setup
time. For single-ended components of differential signals, the requirement to reach
VseL(acymax OF VseHacymin has no bearing on timing; however, this requirement adds a
restriction on the common mode characteristics of these signals (see tables: Single-
Ended AC and DC Input Levels for CA and CS_n Inputs; Single-Ended AC and DC Input
Levels for DQ and DM).

Table 78: Single-Ended Levels for CK and DQS

Value
Parameter Symbol - Unit | Notes
Min Max
Single-ended HIGH level for (Vopq/2) +0.150 Note 1 \Y 2,3
strobes v
Single-ended HIGH level for SER(ACTS0) (Vooca/2) + 0.150 Note 1 v 2,3
CK
Single-ended LOW level for Note 1 (Vopa/2) - 0.150 \ 2,3
strobes VseL(aC150)
Single-ended LOW level for CK Note 1 (Vbpca/2) - 0.150 \ ,
Single-ended HIGH level for (Vopa/2) +0.135 Note 1 \Y ,
strobes v
Single-ended HIGH level for SER(ACT3S) (Vooca/2) + 0.135 Note 1 v 2,3
CK
Single-ended LOW level for Note 1 (Vopa/2) + 0.135 \Y 2,3
strobes VseL(ac135)
Single-ended LOW level for CK Note 1 (Vopca/2) + 0.135 \ 2,3

Notes: 1. These values are not defined; however, the single-ended signals CK and DQS[3:0] must
be within the respective limits (Vinoc)max, ViLpcymin) for single-ended signals, and
must comply with the specified limitations for overshoot and undershoot (see figure:
Over- shoot and Undershoot Definition).

2. For CK, use Vsen/VseLac) of CA; for strobes (DQS[3:0]), use
VIH/VIL(AC) of DQ.

3. ViHacy and Viac) for DQ are based on Vrerpq; Vserac) @and Vseiac) for CA are based on
Vrerca. If a reduced AC HIGH or AC LOW is used for a signal group, the reduced level
applies.

Differential Input Crosspoint Voltage

To ensure tight setup and hold times, as well as output skew parameters with respect to
clockandstrobe, each crosspoint voltage of differential input signals (CK, CK_c, DQS _t,
and DQS_c) must meet the specifications in the table above. The differential input
crosspoint voltage (Vx) is measured from the actual crosspoint of the true signal and its
and complement to the midlevel between Vpp and Vss.
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Figure 70: V\x Definition

Vbpeas Vopg Voocar Voog

CK_c, DQS_c CK_c, DQS_c
Vix

Vbpea/2, Vbpca/2,
Vbpg/2 Vopo/2

Vix

CK_t, DQS_t CK_t, DQS_t

Vsscar Vssq Vsscar Vssq

Table 79: Crosspoint Voltage for Differential Input Signals (CK, CK_c, DQS_t, DQS_c)

Parameter Symbol Min Max Unit Notes
Differential input crosspoint voltage relative to Vixcaac) -120 120 mV 1,2
VDDCA/Z for CK
Differential input crosspoint voltage relative to Vixpa(ac) -120 120 mV 1,2
Vopq/2 for DQS

Notes: 1. The typical value of Vixac) is expected to be about 0.5 x Vpp of the transmitting device,
and it is expected to track variations in Vpp. Vixc) indicates the voltage at which differ-
ential input signals must cross.

2. For CK, Vger = Vrercapc)- For DQS, Vrer = Vrerpq(oc)-

Input Slew Rate

Table 80: Differential Input Slew Rate Definition

Measured!
Description From To Defined By
Differential input slew rate for rising edge VL diff, max V4, diff, min (Vin, dife,min = VL diff,max) / BT Ryise
(CK and DQS)
Differential input slew rate for falling Vi, diff, min VL diff, max (Vin,diff,min - VL, diff,max) / BT Fgit
edge (CK and DQS)

Note: 1. The differential signals (CK and DQS) must be linear between these thresholds.
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Figure 71: Differential Input Slew Rate Definition for CK and DQS

ATF gi¢¢ ATR i

VIL,diff,max

Differential input voltage (CK, DQS)

Time
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Output Characteristics and Operating Conditions

Table 81: Single-Ended AC and DC Output Levels

Parameter Symbol Value Unit Notes
AC output HIGH measurement level (for output slew rate) VoH(ac) Vrer + 0.12 \

AC output LOW measurement level (for output slew rate) VoLac) Vrer - 0.12 \%

DC output HIGH measurement level (for I-V curve lineari- Von(c) 0.9 x Vppg \ 1
ty)

DC output LOW measurement level (for I-V curve lineari- VoLoc) 0.1 x Vppg A 2
ty)

DC output LOW measurement level (for |-V curve lineari- | Vo (pc)opT,enabled Vopg x {0.1 + 0.9 x \" 3
ty); ODT enabled DQS_t [Ron / (Rrr + Ron) 1}

Output leakage current (DQ, DM, DQS); DQ, DQS are disa- loz -5 (MIN) HA

bled; OV < Vour < Vooq 5 (MAX)

Delta output impedance between pull-up and pull-down MMpypp -15 (MIN) %

for DQ/DM 15 (MAX)

Notes: 1. loy =-0.1TmA.
2. loL =0.1mA.

3. The minimum value is derived when using Ryt,min and Ron,max (£30% uncalibrated, £15%
calibrated).

Table 82: Differential AC and DC Output Levels

Parameter Symbol Value Unit | Notes
AC differential output HIGH measurement level (for output SR) VoH, diff(AC) 0.2 x Vppq \ 1
AC differential output LOW measurement level (for output SR) VoL, diff(ac) -0.2 x Vppq \'% 2

Notes: 1. lon =-0.1TmA.
2. |o|_ = 0.1mA.

Single-Ended Output Slew Rate

With the reference load for timing measurements, the output slew rate for falling and
rising edges is defined and measured between Vo (ac) and Vowac) for single-ended sig-
nals.

Table 83: Single-Ended Output Slew Rate Definition

Measured
Description From To Defined by
Single-ended output slew rate for rising edge VoL(ac) Vor(ac) [Vorac) - Yorac)] / ATRge
Single-ended output slew rate for falling edge VoH(ac) VoLac) [Vonac) - Vorac)l / ATFse

Note: 1. Output slew rate is verified by design and characterization and may not be subject to
production testing.
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Figure 72: Single-Ended Output Slew Rate Definition

A ATFg

ATRgg

Single-Ended Output Voltage (DQ)

Time
Table 84: Single-Ended Output Slew Rate
Notes 1-5 apply to entire table
Value
Parameter Symbol Min Max Unit
Single-ended output slew rate (output impedance = 40Q +30%) SRQse 1.5 4.0 V/ns
Output slew-rate-matching ratio (pull-up to pull-down) - 0.7 1.4 -

Notes: 1. Definitions: SR = Slew rate; Q = Query output (similar to DQ = Data-in, query output); SE

= Single-ended signals.

2. Measured with output reference load.

3. The ratio of pull-up to pull-down slew rate is specified for the same temperature and
voltage over the entire temperature and voltage range. For a given output, the ratio
represents the maximum difference between pull-up and pull-down drivers due to proc-

ess variation.

4. The output slew rate for falling and rising edges is defined and measured between

Vovracy and Voyac)-

5. Slew rates are measured under typical simultaneous switching output (SSO) conditions,
with one half of DQ sighals per data byte driving HIGH and one half of DQ signals per

data byte driving LOW.
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With the reference load for timing measurements, the output slew rate for falling and
rising edges is defined and measured between VoL gitfiac) and Vow,dgiticacy for differential

signals.

Table 85: Differential Output Slew Rate Definition

Measured
Description From To Defined by
Differential output slew rate for rising edge VoL, diff(AC) VoH, diff(AC) [Vou,difracy - VoL difrac)] / BTRgige
Differential output slew rate for falling edge VOH, diff (AC) VoL, diff(AC) [Vou,difracy - Vou,difrac)] / BTFgige

Note: 1. Output slew rate is verified by design and characterization and may not be subject to
production testing.

Figure 73: Differential Output Slew Rate Definition

A ATF 4i¢

Differential Output Voltage (DQS)

ATR it

VoH, diff (AC)

VoL, diff(Ac)

Time

Table 86: Differential Output Slew Rate

Parameter

Symbol

Min

Max Unit

Differential output slew rate (output impedance = 40Q +30%)

SRQuitf

3.0

8.0 V/ns

Notes: 1. Definitions: SR = Slew rate; Q = Query output (similar to DQ = Data-in, query output);
diff = Differential signals.

2. Measured with output reference load.

3. The output slew rate for falling and rising edges is defined and measured between

Vor(ac) @and Vouac)-

4. Slew rates are measured under typical simultaneous switching output (S50) conditions,

with one half of the DQ signals per data byte driving HIGH and one half of the DQ sig-

nals per data byte driving LOW.
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Table 87: AC Overshoot/Undershoot Specification

Parameter 2133 1866 1600 1333 Unit | Notes
Maximum peak amplitude provided for overshoot 0.35 0.35 0.35 0.35 \%

area

Maximum peak amplitude provided for undershoot 0.35 0.35 0.35 0.35 \

area

Maximum area above Vpp 0.10 0.10 0.10 0.12 V-ns
Maximum area below Vss 0.10 0.10 0.10 0.12 V-ns 2

Notes: 1. Vop = Vopea for CA[9:0], CK, CS_n, and CKE. Vpp stands for Vppq for DQ, DM, DQS, and
ODT.
2. Vss = Vssca for CA[9:0], CK, CS_n, and CKE. Vss stands for Vssq for DQ, DM, DQS, and
ODT.
3. Maximum peak amplitude values are referenced from actual Vpp and Vss values.
4. Maximum area values are referenced from maximum operating Vpp and Vss values.

Figure 74: Overshoot and Undershoot Definition

Maximum amplitude
Overshoot area

S v
2 VDD Time (ns)
g sS
Undershoot area
Maximum amplitude
Notes: . Voo = Vopca for CA[9:0], CK, CS_n, and CKE. Vpp = Vppq for DQ, DM, DQS, and ODT.

1
2. Vss = VSSCA for CA[920], CK, CS_n, and CKE. Vss = VssQfOf' DQ, DM, DQS, and ODT.

3. Maximum peak amplitude values are referenced from actual Vpp and Vss values.

4. Maximum area values are referenced from maximum operating Vpp and Vss values.
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HSUL_12 Driver Output Timing Reference Load

The timing reference loads are not a precise representation of any particular system en-
vironment or a depiction of the actual load presented by a production tester. System de-
signers should use IBIS or other simulation tools to correlate the timing reference load
to a system environment. Manufacturers correlate to their production test conditions,

generally with one or more coaxial transmission lines terminated at the tester electron-
ics.

Figure 75: HSUL_12 Driver Output Reference Load for Timing and Slew Rate

LPDDR3
VRer — 0.5 x Vppq
50Q
Output I AN VTT =0.5x VDDQ
l CLoap = 5pF

Note: 1. All output timing parameter values (*‘DQSCK, tDQSQ, tHZ, 'RPRE, etc.) are reported with
respect to this reference load. This reference load is also used to report slew rate.
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Output Driver Impedance

Output driver impedance is selected by a mode register during initialization. The selec-
ted value is able to maintain the tight tolerances specified if proper ZQ calibration is
performed. Output specifications refer to the default output drive unless specifically
stated otherwise. The output driver impedance Ron is defined by the value of the exter-

nal reference resistor Rzg as follows:

V -V,
R = Vpbo-Vout
ONPUT ABS(lout)

When Ronpp is turned off.
Vout
ABS(lour)

When Roppy is turned off.

Ronep =

Figure 76: Output Driver

Chip in Drive Mode
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Output Driver Impedance Characteristics with ZQ Calibration

Output driver impedance is defined by the value of the external reference resistor Rzo.
Typical Rzgis 240Q.

Table 88: Output Driver DC Electrical Characteristics with ZQ Calibration

Notes 1-4 apply to entire table

RoNnom Resistor Vout Min Typ Max Unit Notes
343Q Ronz4pp 0.5 x Vopg 0.85 1.00 1.15 Rzq/7
Ron3z4pu 0.5 x Vopg 0.85 1.00 1.15 Rzq/7
40.0Q Ron4opp 0.5 x Vopg 0.85 1.00 1.15 Rzq/6
Ron4opu 0.5 x Vopg 0.85 1.00 1.15 Rzq/6
48.0Q Ron4gpp 0.5 x Vopg 0.85 1.00 1.15 Rzq/5
Ronagpu 0.5 x Vopg 0.85 1.00 1.15 Rzq/5
Mismatch between MMpypp - -15.00 - 15.00 % 5
pull-up and pull-down

Notes: 1. Applies across entire operating temperature range after calibration.
2. Rzq =240Q.
3. The tolerance limits are specified after calibration, with fixed voltage and temperature.
For behavior of the tolerance limits if temperature or voltage changes after calibration,
see Output Driver Temperature and Voltage Sensitivity.

4. Pull-down and pull-up output driver impedances should be calibrated at 0.5 x Vppq.

5. Measurement definition for mismatch between pull-up and pull-down, MMpypp:
Measure Ronpu and Ronep, both at 0.5 x Vppq:

MMpypp = RONPU ~ Ronpp x 100
ON,nom

For example, with MMpypp (MAX) = 15% and Ronep = 0.85, Ronpu must be less than 1.0.

Output Driver Temperature and Voltage Sensitivity

If temperature and/or voltage change after calibration, the tolerance limits widen.

Table 89: Output Driver Sensitivity Definition

Notes 1 and 2 apply to entire table

Resistor Vout Min Max Unit
RonpD 0.5 x Vppg 85 - (dRondT x |AT|) - (dRondV x |AV]) 115 + (dRondT x |AT|) + (dRondV x |AV]) %
Ronpu

Rer 0.5 x Vppq 85 - (dRmrdT x |AT]) - (dRrrdV x |AV]) 115 + (dRrdT x |AT|) + (dRrrdV x |AV]) %

Notes: 1. AT =T - T (at calibration). AV =V - V (at calibration).
2. dRondT and dRondV, and dRrrdT and dRrrdV are not subject to production testing; they
are verified by design and characterization.
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Symbol Parameter Min Max Unit
dRonaT Ron temperature sensitivity 0 0.75 %/°C
dRonagv Ron voltage sensitivity 0 0.20 %/mV
dRyrqgT Ryt temperature sensitivity 0 0.75 %/°C
dRrqv Rrr voltage sensitivity 0 0.20 %/mV

Output Impedance Characteristics Without ZQ Calibration

Output driver impedance is defined by design and characterization as the default set-

ting.

Table 91: Output Driver DC Electrical Characteristics Without ZQ Calibration

Notes 1 and 2 apply to entire table

RoN, nom Resistor Vour Min Typ Max Unit
343Q RON34PD 0.5 x Vppg 0.70 1.00 1.30 Rzq/7
RON34PU 0.5 X VDDQ 0.70 1 00 1 30 RZQ/7
40.0Q Ron4opD 0.5 x Vopg 0.70 1.00 1.30 Rzq/6
RON40PU 0.5 X VDDQ 0.70 1 00 1 30 RZQ/6
48.0Q RonagpD 0.5 x Vopg 0.70 1.00 1.30 Rzq/5
RON48PU 0.5 x VDDQ 0.70 1.00 1.30 RZQ/5

Notes: 1. Applies across entire operating temperature range without calibration.

2. Rzq =240Q.
Table 92: I-V Curves
Ron =240Q (Rzq)
Pull-Down Pull-Up
Current (mA) / Ron (Q) Current (mA) / Ron (Q)

Default Value after Default Value after
ZQRESET With Calibration ZQRESET With Calibration
Voltage (V)| Min (mA) | Max (mA) | Min (mA) | Max (mA) | Min (mA) | Max (mA) | Min (mA) | Max (mA)
0.00 0.00 0.00 N/A N/A 0.00 0.00 N/A N/A
0.05 0.17 0.35 N/A N/A -0.17 -0.35 N/A N/A
0.10 0.34 0.70 N/A N/A -0.34 -0.70 N/A N/A
0.15 0.50 1.03 N/A N/A -0.50 -1.03 N/A N/A
0.20 0.67 1.39 N/A N/A -0.67 -1.39 N/A N/A
0.25 0.83 1.73 N/A N/A -0.83 -1.73 N/A N/A
0.30 0.97 2.05 N/A N/A -0.97 -2.05 N/A N/A
0.35 1.13 2.39 N/A N/A -1.13 -2.39 N/A N/A
0.40 1.26 2.71 N/A N/A -1.26 -2.71 N/A N/A
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Table 92: I-V Curves (Continued)

Ron =240Q (Rzq)
Pull-Down Pull-Up
Current (mA) / Ron (Q) Current (mA) / Ron (Q)
Default Value after Default Value after
ZQRESET With Calibration ZQRESET With Calibration
Voltage (V)| Min (mA) | Max (mA) | Min (mA) | Max (mA) | Min (mA) | Max (mA) | Min (mA) | Max (mA)

0.45 1.39 3.01 N/A N/A -1.39 -3.01 N/A N/A
0.50 1.51 3.32 N/A N/A -1.51 -3.32 N/A N/A
0.55 1.63 3.63 N/A N/A -1.63 -3.63 N/A N/A
0.60 1.73 3.93 2.17 2.94 -1.73 -3.93 -2.17 -2.94
0.65 1.82 4.21 N/A N/A -1.82 -4.21 N/A N/A
0.70 1.90 4.49 N/A N/A -1.90 -4.49 N/A N/A
0.75 1.97 4.74 N/A N/A -1.97 -4.74 N/A N/A
0.80 2.03 4.99 N/A N/A -2.03 -4.99 N/A N/A
0.85 2.07 5.21 N/A N/A -2.07 -5.21 N/A N/A
0.90 2.1 5.41 N/A N/A -2.11 -5.41 N/A N/A
0.95 2.13 5.59 N/A N/A -2.13 -5.59 N/A N/A
1.00 2.17 5.72 N/A N/A -2.17 -5.72 N/A N/A
1.05 2.19 5.84 N/A N/A -2.19 -5.84 N/A N/A
1.10 2.21 5.95 N/A N/A -2.21 -5.95 N/A N/A
1.15 2.23 6.03 N/A N/A -2.23 -6.03 N/A N/A
1.20 2.25 6.11 N/A N/A -2.25 -6.11 N/A N/A
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Figure 77: Output Impedance = 240Q), |-V Curves After ZQRESET
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Figure 78: Output Impedance = 240Q), I-V Curves After Calibration
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ODT Levels and I-V Characteristics

ODT effective resistance, R, is defined by mode register MR11[1:0]. ODT is applied to
the DQ, DM, and DQS pins. A functional block diagram of the on-die termination is
shown in the figure below. Ryt is defined by the following formula: Rrrpu = (Vbbo -

Vourt) / |loutl

Figure 79: ODT Functional Block Diagram

oDT
0] VDDQ
To other l Ipy
circuitry
H Rerpu Vooq - Vour
lout
DQ
Vour
J_ O Vg

Table 93: ODT DC Electrical Characteristics (Rzq = 240Q After Proper ZQ Calibration)

lout
Rrr (Q) Vout Min (mA) Max (mA)
Rzq/1 0.6 -2.17 -2.94
Rzq/2 0.6 -4.34 -5.88
Rzq/4 0.6 -8.68 -11.76
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Clock Specification

The specified clock jitter is a random jitter with Gaussian distribution. Input clocks vio-
lating minimum or maximum values may result in device malfunction.

Table 94: Definitions and Calculations

tERR(nper),min = (1 + 0.68LN(n)) x tJIT(per),min

Symbol Description Calculation Notes
tCK(avg) and The average clock period across any consecutive N
nCK 200-cycle window. Each clock period is calculated | tCK(avg) = > tek; /N
from rising clock edge to rising clock edge. =1
. Where N = 200
Unit tCK(avg) represents the actual clock average
tCK(avg) of the input clock under operation. Unit
nCK represents one clock cycle of the input clock,
counting from actual clock edge to actual clock
edge.
tCK(avg)can change no more than £1% within a
100-clock-cycle window, provided that all jitter
and timing specifications are met.
tCK(abs) The absolute clock period, as measured from one 1
rising clock edge to the next consecutive rising
clock edge.
tCH(avg) The average HIGH pulse width, as calculated N
across any 200 consecutive HIGH pulses. tCH(avg) = > tCH; /(N = tCK(avg))
j=1
Where N = 200
tCL(avg) The average LOW pulse width, as calculated N
across any 200 consecutive LOW pulses. tCL(avg) = > tCLj /(N x tCK(avg))
j=1
Where N = 200
YIT (per) The single-period jitter defined as the largest de- t ) t t 1
viation of any signal 'CK fromtCK(avg). JIT(per) = min/max of "CK; - *CK(avg)
Where i = 1 to 200
YIT(per),act The actual clock jitter for a given system.
YIT(per), The specified clock period jitter allowance.
allowed
YIT(cc) The absolute difference in clock periods between t ¢ ¢ 1
two consecutive clock cycles. tIT(cc) defines the JIT(cc) = max of “CK;. 1 - *CKi
cycle-to-cycle jitter.
'ERR(nper) The cumulative error across n multiple consecu- f+n-1 1
tive cycles from tCK(avg). tERR(nper) = 2 teK; - (n x tCK(avg))
j=i
tERR(nper),act |The actual cumulative error over n cycles for a
given system.
‘ERR(nper), The specified cumulative error allowance over n
allowed cycles.
tERR(nper),min | The minimum ERR(nper). 2
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Table 94: Definitions and Calculations (Continued)

Symbol Description Calculation
tERR(nper),max | The maximum tERR(nper).

Notes

tERR(nper),max = (1 + 0.68LN(n)) x tJIT(per),max 2

YIT(duty) Defined with absolute and average specifications

YJIT(duty), min =
for tCH and tCL, respectively.

MIN((tCH(abs),min - tCH(avg),min),
(tCL(abs),min - tCL(avg),min)) x tCK(avg)

tJIT(duty),max =
MAX((tCH(abs),max - tCH(avg),max),
(tCL(abs),max - tCL(avg),max)) x 'CK(avg)

Notes: 1. Not subject to production testing.
2. Using these equations, ‘ERR(nper) tables can be generated for each YJIT(per),act value.

tCK(abs), tCH(abs), and tCL(abs)
These parameters are specified with their average values; however, the relationship be-

tween the average timing and the absolute instantaneous timing (defined in the follow-
ing table) is applicable at all times.

Table 95: tCK(abs), 'CH(abs), and 'CL(abs) Definitions

Parameter Symbol Minimum Unit
Absolute clock period tCK(abs) |'CK(avg),min + YIT(per),min ps’
Absolute clock HIGH pulse width tCH(abs) |'CH(avg),min + YIT(duty),min?/tCK(avg)min tCK(avg)
Absolute clock LOW pulse width tCL(abs) |tCL(avg),min + YIT(duty),min%/t*CK(avg)min tCK(avg)

Notes: 1. 'CK(avg),min is expressed in ps for this table.
2. YUIT(duty),min is a negative value.

Clock Period Jitter

LPDDR3 devices can tolerate some clock period jitter without core timing parameter
derating. This section describes device timing requirements with clock period jitter
(YUIT(per)) inexcess of the values found inthe AC Timing table. Calculating cycle time
derating and clock cycle derating are also described.

Clock Period Jitter Effects on Core Timing Parameters

Coretiming parameters (‘\RCD, RP,'RTP,'WR, 'WRA,'WTR, IRC, 'RAS, 'RRD, (FAW) ex-
tend across multiple clock cycles. Clock period jitter impacts these parameters when
measured in numbers of clock cycles. Within the specification limits, the device is char-
acterized and verified to support 'InPARAM = RU['PARAM/!CK (avg)]. During device op-
eration where clock jitter is outside specification limits, the number of clocks, or
'CK(avg), may need to be increased based on the values for each core timing parameter.
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Cycle Time Derating for Core Timing Parameters

Foragiven number of clocks (nPARAM), when !CK(avg) and 'ERR('"nPARAM),act exceed
'ERR('nPARAM),allowed, cycle time derating may be required for core timing parame-
ters.

ARAM +ERR('PARAM) act - 'ERR('\PARAM) allowed  tci(ayg) . 0

CycleTimeDerating = max f
hPARAM

Cycle time derating analysis should be conducted for each core timing parameter. The
amount of cycle time derating required is the maximum of the cycle time deratings de-
termined for each individual core timing parameter.

Clock Cycle Derating for Core Timing Parameters

For each core timing parameter and a given number of clocks (‘nPARAM), clock cycle
derating should be specified with QJIT(per).

Foragiven number of clocks (\nPARAM), whenCK(avg) plus (ERR(tnPARAM),act) ex-
ceed the supported cumulative 'ERR('!nPARAM),allowed, derating is required. If the
equation below results in a positive value for a core timing parameter ({CORE), the re-
quired clock cycle derating will be that positive value (in clocks).

t terp(t tepp(t
ClockCycleDerating = RU{ PARAM + IERR(InPARAM),act — IERR( nPARAM),aIIowe? O PARAM

ICK(avg)

Cycle-time derating analysis should be conducted for each core timing parameter.

Clock Jitter Effects on Command/Address Timing Parameters

Command/address timing parameters (IS, IH, ISCKE, 'IHCKE, !ISb, 'IHb, 'ISCKED,
YIHCKED) are measured from a command/address signal (CKE, CS, or CA[9:0]) transi-
tion edge to its respective clock signal (CK_t/CK_c) crossing. The specification values
are not affected by the UIT(per) applied, because the setup and hold times are relative to
the clock signal crossing that latches the command/address. Regardless of clock jitter
values, these values must be met.

Clock Jitter Effects on Read Timing Parameters

'RPRE Parameter

When the device is operated with input clock jitter, 'RPRE must be derated by the
1T (per),act,max of the input clock that exceeds YJIT(per),allowed,max. Output derat-
ings are relative to the input clock:

RPRE(min,derated) = 0.9 — tJlT(per),act,ma}é —K EJIT()per),allowed,max
avg

For example, if the measured jitter into a LPDDR3-1600 device has 'CK(avg) = 1250ps,
YIT(per),act,min = —92ps, and YIT(per),act,max = +134ps, then 'RPRE,min,derated = 0.9
- (1T (per),act,max - UIT(per),allowed,max)/'CK(avg) = 0.9 - (134 - 100)/1250 = 0.8728
{CK(avg).
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tLZ(DQ), tHZ(DQ), 'DQSCK, LZ(DQS), tHZ(DQS) Parameters

These parameters are measured from a specific clock edge to a data signal transition
(DMn or DQm, where: n=0, 1, 2, or 3; and m = DQ[31:0]), and specified timings must be
met with respect to that clock edge. Therefore, they are not affected by JIT(per).

'QSH, 'QSL Parameters

These parameters are affected by duty cycle jitter, represented by 'CH(abs)min and
{CL(abs)min. These parameters determine the absolute data-valid window at the device
pin. The absolute minimum data-valid window at the device pin = min [({QSH(abs)min
x 'CK (avg)min - 'DQSQmax - 'QHSmax), (*QSL(abs)min x {CK(avg)min - 'DQSQmax -
'{QHSmMax)]. This minimum data valid window must be met at the target frequency re-
gardless of clock jitter.

'RPST Parameter

'RPST is affected by duty cycle jitter, represented by 'CL(abs). Therefore, 'RPST(abs)min
can be specified by 'CL (abs)min. 'RPST(abs)min = {CL(abs)min - 0.05 = 'QSL (abs)min.

Clock Jitter Effects on Write Timing Parameters

DS, 'IDH Parameters

These parameters are measured from a data signal (DMn or DQm, where n =0, 1, 2, 3;
and m = DQ[31:0]) transition edge to its respective data strobe signal crossing (DQSn_t,
DQSn_c: n=0,1,2,3). The specification values are not affected by the amount of
YIT(per) applied, because the setup and hold times are relative to the clock signal cross-
ing that latches the command/address. Regardless of clock jitter values, these values
must be met.

tDSS, 'DSH Parameters

These parameters are measured from a data strobe signal crossing (DQSx_t, DQSx_c) to
itsclock signal crossing (CK_t/CK_c). The specification values are not affected by the
amount of UIT(per)) applied, because the setup and hold times are relative to the clock
signal crossing that latches the command/address. Regardless of clock jitter values,
these values must be met.

tDQSS Parameter

'DQSS is measured from the clock signal crossing (CK_t/CK_c) to the first latching data
strobe signal crossing (DQSx_t, DQSx_c). When the device is operated with input clock
jitter, this parameter must be derated by the actual 'JIT(per),act of the input clock in ex-
cess of UIT(per),allowed.

- _t -
tDQSS(min,derated) - 0.75 _[JIT(per),act,mln JIT(per),allowed, man

IcK(avg)

IDQSS(max,derated) = 1.25 — [tj|T(per),act,maxt(;iJ(lT(p)er),alIowed, maX]
avg

For example, if the measured jitter into an LPDDR3-1600 device has {CK(avg) = 1250ps,
YIT(per),act,min = -93ps, and YIT(per),act,max = +134ps, then:

'DQSS, (min,derated) = 0.75 - (JIT(per),act,min - UIT(per),allowed,min)/!CK(avg) =
0.75 - (-93 + 100)/1250 = 0.7444 'CK(avg), and

'DQSS, (max,derated) = 1.25 - (I T(per),act,max - UIT(per),allowed,max)/'CK(avg) =
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1.25 - (134 - 100)/1250 = 1.2228 'CK(avg).

Refresh Requirements

Table 96: Refresh Requirement Parameters (Per Density)

Parameter Symbol 46b | 6Gb | 8Gb 16Gb 32Gb Unit
Number of banks - 8 TBD

Refresh window: Tcase € 85° REFW 32 TBD ms
Refresh window: 1/2 rate ‘REFW 16 TBD ms
Refresh window: 1/4 rate REFW 8 TBD ms
Required number of REFRESH R 8192 TBD
commands (MIN)

Average time between |REFab tREFI 3.9 TBD Ms
REFRESH commands REFpb | tREFIpb 0.4875 TBD Hs
(for reference only)

Tease £85°C

Refresh cycle time tRFCab 130 210 TBD TBD ns
Per-bank REFRESH cycle time ‘RFCpb 60 90 TBD TBD ns
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Table 97: AC Timing

Notes 1-3 apply to all parameters and conditions

Data Rate
Parameter Symbol | Min/Max .
1333 1600 1866 2133 Unit Notes
Maximum frequency - - 667 800 933 1066 MHz
Clock Timing
Average clock period t{CK(avg) MIN 1.5 1.25 1.071 0.938 ns
MAX 100
Average HIGH pulse width t{CH(avg) MIN 0.45 t{CK(avg)
MAX 0.55
Average LOW pulse width tCL(avg) MIN 0.45 tCK(avg)
MAX 0.55
Absolute clock period tCK(abs) MIN tCK(avg) MIN + YJIT(per) MIN ns
Absolute clock HIGH pulse tCH(abs) MIN 0.43 tCK(avg)
width MAX 0.57
Absolute clock LOW pulse tCL(abs) MIN 0.43 tCK(avg)
width MAX 0.57
Clock period jitter (with sup-| UIT(per), al- MIN -80 -70 -60 -50 ps
ported jitter) lowed MAX 80 70 60 50
Maximum clock jitter be- YIT(cc), al- MAX 160 140 120 100 ps
tween two consecutive clock lowed
cycles (with allowed jitter)
Duty cycle jitter (with sup- YIT(duty), MIN min((*CH(abs),min - tCH(avg),min), ps
ported jitter) allowed (*CL(abs),min - t*CL(avg),min)) x *CK(avg)
MAX max((*CH(abs),max - *CH(avg),max),
(*CL(abs),max - tCL(avg),max)) x ‘CK(avg)
Cumulative errors across 2 cy- | '‘ERR(2per), MIN -118 -103 -88 -74 ps
cles allowed MAX 118 103 88 74
Cumulative errors across 3 cy- | '‘ERR(3per), MIN -140 -122 -105 -87 ps
cles allowed MAX 140 122 105 87
Cumulative errors across 4 cy- | '‘ERR(4per), MIN -155 -136 -117 -97 ps
cles allowed MAX 155 136 117 97
Cumulative errors across 5 cy- | 'ERR(5per), MIN -168 -147 -126 -105 ps
cles allowed MAX 168 147 126 105
Cumulative errors across 6 cy- | '‘ERR(6éper), MIN -177 -155 -133 -111 ps
cles allowed MAX 177 155 133 111
Cumulative errors across 7 cy- | 'ERR(7per), MIN -186 -163 -139 -116 ps
cles allowed MAX 186 163 139 116
Cumulative errors across 8 cy- | '‘ERR(8per), MIN -193 -169 -145 -121 ps
cles allowed MAX 193 169 145 121
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Table 97: AC Timing (Continued)

Notes 1-3 apply to all parameters and conditions

Parameter Symbol | Min/Max Data Rate

1333 1600 1866 2133 Unit Notes
Cumulative errors across 9 cy- | '‘ERR(9per), MIN -200 -175 -150 -125 ps
cles allowed MAX 200 175 150 125
Cumulative errors across 10 | ‘ERR(10per), MIN -205 -180 -154 -128 ps
cycles allowed MAX 205 180 154 128
Cumulative errors across 11 | *ERR(11per), MIN -210 -184 -158 -132 ps
cycles allowed MAX 210 184 158 132
Cumulative errors across 12 | 'ERR(12per), MIN -215 -188 -161 -134 ps
cycles allowed MAX 215 188 161 134
Cumulative errors across n = | *ERR(nper), MIN tERR(nper),allowed MIN = (1 + 0.68ln(n)) x ps
13, 14, 15..., 19, 20 cycles allowed YIT (per), allowed MIN

MAX tERR (nper), allowed MAX = (1 + 0.68ln(n)) x
YIT(per), allowed MAX

ZQ Calibration Parameters

Initialization calibration time| 'ZQINIT MIN 1 Us

Long calibration time tZQCL MIN 360 ns

Short calibration time tZQCS MIN 90 ns
Calibration RESET time tZQRESET MIN MAX (50ns, 3nCK) ns

READ Parameters#

DQS output access time from tDQSCK MIN 2500 ps

CK MAX 5500

DQSCK delta short tDQSCKDS MAX 265 220 190 165 ps

DQSCK delta medium tDQSCKDM MAX 593 511 435 380 ps

DQSCK delta long tDQSCKDL MAX 733 614 525 460 ps

DQS-DQ skew tDQSQ MAX 165 135 115 100 ps

DQS output HIGH pulse 'QSH MIN 'CH(abs) - 0.05 'CK(avg)
width

DQS output LOW pulse tQSL MIN tCL(abs) - 0.05 tCK(avg)
width

DQ/DQS output hold time t‘QH MIN MIN (*QSH, tQSL) ps

from DQS

READ preamble ‘RPRE MIN 0.9 ‘CK(avg)| 8,9
READ postamble tRPST MIN 0.3 tCK(avg) | 8, 10
DQS Low-Z from clock tLZ(DQS) MIN DQSCK (MIN) - 300 ps 8
DQ Low-Z from clock t1.7(DQ) MIN tDQSCK (MIN) - 300 ps 8
DQS High-Z from clock tHZ(DQS) MAX DQSCK (MAX) - 100 ps 8
DQ High-Z from clock tHZ(DQ) MAX tDQSCK (MAX) + (1.4 x 'DQSQ (MAX)) ps 8

WRITE Parameters*
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Notes 1-3 apply to all parameters and conditions
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. Data Rate

Parameter Symbol | Min/Max .
1333 1600 1866 2133 Unit Notes

DQ and DM input hold time ‘DH MIN 175 150 130 115 ps
(Vrer based)
DQ and DM input setup time DS MIN 175 150 130 115 ps
(Vrer based)
DQand DM input pulse DIPW MIN 0.35 tCK(avg)
width
Write command to first DQS tDQSS MIN 0.75 tCK(avg)
latching transition MAX 1.25
DQS input high-level width tDQSH MIN 0.4 tCK(avg)
DQS input low-level width tDQSL MIN 0.4 tCK(avg)
DQS rising edge to CK falling tDSS MIN 0.2 tCK(avg)
edge and DQS falling edge
to CK rising edge setup time
CK rising edge to DQS falling DSH MIN 0.2 tCK(avg)
edge and CK falling edge to
DQS rising edge hold time
Write postamble 'WPST MIN 0.4 tCK(avg)
Write preamble ‘WPRE MIN 0.8 tCK(avg)
CKE Input Parameters
CKE minimum pulse width t{CKE MIN MAX (7.5ns, 3nCK) tCK(avg)
(HIGH and LOW pulse width)
CKE input setup time YSCKE MIN 0.25 tCK(avg) 11
CKE input hold time YHCKE MIN 0.25 tCK(avg) 12
Command path disable delay tCPDED MIN 2 tCK(avg)
Command Address Input Parameters#
Address and control input YSCA MIN 175 150 130 115 ps 13
setup time
Address and control input YHCA MIN 175 150 130 115 ps 13
hold time
CS_n input setup time YSCs MIN 290 270 230 205 ps 13
CS_n input hold time YHCS MIN 290 270 230 205 ps 13
Address and control input YPWCA MIN 0.35 tCK(avg)
pulse width
CS_n input pulse width YPWCS MIN 0.7 tCK(avg)
Boot Parameters (10-55 MHz)'4. 15, 16
Clock cycle time tCKb MAX 100 ns

MIN 18
CKE input setup time YISCKEb MIN 2.5 ns
CKE input hold time YIHCKEb MIN 2.5 ns
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Notes 1-3 apply to all parameters and conditions
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. Data Rate

Parameter Symbol | Min/Max .
1333 1600 1866 2133 Unit Notes

Address and control input YSb MIN 1150 ps
setup time
Address and control input YHb MIN 1150 ps
hold time
DQS output data access time | *DQSCKb MIN 2 ns
from CK MAX 10
Data strobe edge to output tDQSQb MAX 1.2 ns
data edge
Mode Register Parameters
MODE REGISTER WRITE com- 'MRW MIN 10 tCK(avg)
mand period (MRW com-
mand to MRW command in-
terval)
MODE REGISTER SET com- tMRD MIN MAX (14nx, 10nCK) ns
mand delay (MRW command
to non-MRW command inter-
val)
MODE REGISTER READ com- tMRR MIN 4 tCK(avg)
mand period
Additional time after 'XP has !MRRI MIN tRCD (MIN) ns
expired until MRR command
may be issued
Core Parameters'’
READ latency RL MIN 10 12 14 16 tCK(avg)
WRITE latency (set A) WL MIN 6 6 8 8 tCK(avg)
WRITE latency (set B) WL MIN 8 9 11 13 tCK(avg)
ACTIVATE-to- ACTIVATE com- fRC MIN tRAS + tRPab (with all-bank precharge) ns
mand period tRAS + 'RPpb (with per-bank precharge)
CKE minimum pulse width t{CKESR MIN MAX (15ns, 3nCK) ns
during SELF REFRESH (low
pulse width during SELF RE-
FRESH)
SELF REFRESH exit to next SR MIN MAX (tRFCab + 10ns, 2nCK) ns
valid command delay
Exit power-down to next val- XP MIN MAX (7.5ns, 2nCK) ns
id command delay
CAS-to-CAS delay tCCD MIN 4 tCK(avg)
Internal READ to PRE- ‘RTP MIN MAX (7.5ns, 4nCK) ns
CHARGE command delay
RAS-to-CAS delay tRCD MIN MAX (18ns, 3nCK) ns
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Table 97: AC Timing (Continued)

Notes 1-3 apply to all parameters and conditions

. Data Rate

Parameter Symbol | Min/Max .
1333 | 1600 | 1866 2133 Unit | Notes

Row precharge time (single ‘RPpb MIN MAX (18ns, 3nCK) ns
bank)
Row precharge time (all tRPpab MIN MAX (21ns, 3nCK) ns
banks)
Row active time tRAS MIN MAX (42ns, 3nCK) ns

MAX 70 Us
WRITE recovery time tWR MIN MAX (15ns, 3nCK) ns
Internal WRITE-to- READ TWTR MIN MAX (7.5ns, 4nCK) ns
command delay
Active bank A to active bank ‘RRD MIN MAX (10ns, 2nCK) ns
B
Four-bankACTIVATE window tFAW MIN MAX (50ns, 8nCK) ns
Minimum deep power-down ‘DPD MIN 500 ys
time
ODT Parameters
Asynchronous Rrr turn-on de-| tODTon MIN 1.75 ns
ly from ODT input MAX 3.5
Asynchronous Ryt turn-off tODToff MIN 1.75 ns
delay from ODT input MAX 3.5
Automatic Ryt turn-on delay | tAODTon MAX DQSCK + 1.4 x tDQSQmax + 'CK(avg,min) ps
after READ data
Automatic Ryt turn-off delay | 'AODToff MIN tDQSCKmin - 300 ps
after READ data
Rt disable delay from pow- tODTd MAX 12 ns
er-down, self refresh, and
deep power-down entry
Rrt enable delay from pow- tODTe MAX 12 ns
er-down and self refresh exit
CA Training Parameters
First CA calibration command| tCAMRD MIN 20 tCK(avg)
following CA training entry
First CA calibration command| tCAENT MIN 10 tCK(avg)
following CKE LOW
CA calibration exit command | 'CAEXT MIN 10 tCK(avg)
following CKE HIGH
CKE LOW following CA cali- tCACKEL MIN 10 tCK(avg)
bration mode entry
CKE HIGH following last CA t{CACKEH MIN 10 tCK(avg)
calibration results
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Table 97: AC Timing (Continued)

Notes 1-3 apply to all parameters and conditions

Data Rate
Parameter Symbol | Min/Max
1333 1600 1866 2133 Unit Notes

Data out delay after CA tADR MAX 20 ns
training calibration com-
mand entry
MRW CA exit command to tMRZ MIN 3 ns
DQ tri-state
CA calibration command to tCACD MIN RU(*ADR/CK) + 2 tCK(avg)
CA calibration command de-
lay
Write Leveling Parameters
DQS delay after write level- | 'WLDQSEN MIN 25 ns
ing mode is programmed MAX -
First DQS edge after write Y‘WLMRD MIN 40 ns
leveling mode is program- MAX _
med
Write leveling output delay tWLO MIN 0 ns

MAX 20
Write leveling hold time tWLH MIN 205 175 150 135 ps
Write leveling setup time tWLS MIN 205 175 150 135 ps
Temperature Derating Parameters
DQS output access time from tDQSCK MAX 5620 ps
CK (derated)
RAS-to-CAS delay (derated) tRCD MIN ‘RCD + 1.875 ns
ACTIVATE-to- ACTIVATE com- tRC MIN tRC + 1.875 ns
mand period (derated)
Row active time (derated) tRAS MIN tRAS + 1.875 ns
Row precharge time (derat- RP MIN RP + 1.875 ns
ed)
Active bank A to active bank tRRD MIN ‘RRD + 1.875 ns
B (derated)

Notes:

SJ'|AWN

. Frequency values are for reference only. Clock cycle time ('CK) is used to determine de-

vice capabilities.

. All AC timings assume an input slew rate of 2 V/ns.
. Measured with 4 V/ns differential CK_t/CK_c slew rate and nominal VIX.
. READ, WRITE, and input setup and hold values are referenced to Vger.

tDQSCKDS is the absolute value of the difference between any two 'DQSCK measure-
ments (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.

t!DQSCKDM is the absolute value of the difference between any two tDQSCK measure-
ments (in a byte lane) within a 1.6ps rolling window. 'DQSCKDM is not tested and is
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guaranteed by design. Temperature drift in the system is <10°C/s. Values do not include
clock jitter.

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

8. For LOW-to-HIGH and HIGH-to-LOW transitions, the timing reference is at the point
when the signal crosses the transition threshold (V17). *HZ and LZ 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 'RPST, tHZ(DQS) and tHZ(DQ)), or begins driving (for ‘RPRE,

Y. Z(DQS) and 'LZ(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

Y. Z(DQ) by measuring the signal at two different voltages. The actual voltage measure-
ment points are not critical as long as the calculation is consistent. The parameters
t1L.Z(DQS), tLZ(DQ), tHZ(DQS), and tHZ(DQ) are defined as single-ended. The timing pa-
rameters 'RPRE and tRPST are determined from the differential signal DQS.

Output Transition Timing

VOH

X
2x X 1/ Vou - X mV

Vg +2x YmV

Vor+ :n;z tLz(DQS), tLZ(DQ)
actual wa . tHz(DQS), tHZ(DQ)

Vit
Y /
. 2xY
Vir-Ymv VoL + 2Xx X mV

Vou - 2x X mV

Vor

0
Vir-2xY mV
TroaxTm VoL + X mV
Vv,
TIT2 ot 172
Start driving point =2 x T1- T2 End driving point =2 x T1 -T2

9. Measured from the point when DQS begins driving the signal, to the point when DQS
begins driving the first rising strobe edge.

10. Measured from the last falling strobe edge of DQS to the point when DQS finishes driv-
ing the signal.

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

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

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

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 appen-
ded (for example, 'CK during boot is 'CKb).

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

16. The output skew parameters are measured with default output impedance settings us-
ing the reference load.

17. The minimum 'CK column applies only when 'CK is greater than 6ns.
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CA and CS_n Setup, Hold, and Derating

For all input signals (CA and CS_n), the total required setup time ('1S) and hold time
('1H) is calculated by adding the data sheet IS (base) and TH (base) values to the A!S
and A'IH derating values, respectively. Example: IS (total setup time) = IS(base) + A'IS.
(See the series of tables following this section.)

The typical setup slew rate (!IS) for a rising signal is defined as the slew rate between the
last crossing of Vrerpcy and the first crossing of Vinacymin. The typical setup slew rate
for a falling signal is defined as the slew rate between the last crossing of Vrerpc) and

the first crossing of Vi acymax. I the actual signal is consistently earlier than the typical
slew rate line between the shaded Vrerpc)-to-(AC) region, use the typical slew rate for

the derating value (see the Typical Slew Rate and "WAC — IS for CA and CS_n Relative to
Clock figure). If the actual signal is later than the typical slew rate line anywhere be-

tween the shaded Vrerpc)-to-AC region, the slew rate of a tangent line to the actual sig-

nal from the AC level to the DC level is used for the derating value (see the Tangent Line
— YIS for CA and CS_n Relative to Clock figure).

The hold (‘IH) typical slew rate for a rising signal is defined as the slew rate between the
last crossing of Vi pcymax and the first crossing of Vrerpc). The hold (UIH) typical slew
rate for a falling signal is defined as the slew rate between the last crossing of Vinocymin
and the first crossing of Vreroc). If the actual signal is consistently later than the typical
slew rate line between the shaded DC-to-Vrerpc) region, use the typical slew rate for
the derating value (see the Typical Slew Rate —'IH for CA and CS_n Relative to Clock fig-
ure). If the actual signal is earlier than the typical slew rate line anywhere between the
shaded DC-to-Vrer(pc) region, the slew rate of a tangent line to the actual signal from
the DC level to Vreroc) level is used for the derating value (see the Tangent Line — IH
for CA and CS_n Relative to Clock figure).

For a valid transition, the input signal must remain above or below V n/V i ac) for a
specified time, 'WAC (see the Required Time for Valid Transition — 'WVAC > Vyac) and <
V||_(AC) table).

For slow slew rates, the total setup time could be a negative value (that is, a valid input
signal will not have reached V1/ViL(ac) at the time of the rising clock transition). A valid
input signal is still required to complete the transition and reach Vu/ViLac).

For slew rates between the values listed in the Derating VValues for AC/DC-Based !IS/tIH
(AC150) table, the derating values are obtained using linear interpolation. Slew rate val-
ues are not typically subject to production testing. They are verified by design and char-
acterization.

Table 98: CA Setup and Hold Base Values

Data Rate
Parameter 1333 1600 1866 2133 Reference
YSCA (base) 100 75 - - Vin/ViLac) = Vrerocy £150mV
YISCA (base) - - 62.5 47.5 Vin/ViLac) = Vrercy £#135mV
YHCA (base) 125 100 80 65 Vin/ViLoey = Vrer(oc) +100mV
Note: 1. AC/DC referenced for 2 V/ns CA slew rate and 4 V/ns differential CK slew rate.

Rev.B-04/16

144




A

~
TARGET

TCMEOSCALAR-BDE
LPDDR3 8Gb (x16/x32)

Table 99: CS_n Setup and Hold Base Values

Table 100: Derating Values for AC/DC-Based tIS/tIH (AC150)

AS, AtH derating in ps

Data Rate
Parameter 1333 1600 1866 2133 Reference
YSCS (base) 215 195 - - Vin/ViLac) = Vrercy #150mV
YSCS (base) - - 162.5 137.5 Vin/ViLac) = Vrerog) £135mV
YHCS (base) 240 220 180 155 Vin/ViLoey = Vrer(pcy +100mV
Note: 1. AC/DC referenced for 2 V/ns CS_n slew rate, and 4 V/ns differential CK slew rate.

A'S, AtIH Derating in [ps] AC/DC-based
AC150 Threshold -> VIH(ac) = VREF(dc)+1 50mV, VIL(ac) = VREF(dc) - 150mV
DC100 Threshold -> VIH(dc) = VREF(dc) + 100mV, V||_(dc) = VREF(dc) - 100mV

CK_t, CK_c Differential Slew Rate

8.0 V/ns 7.0 V/ns 6.0 V/ns 5.0 V/ns 4.0 V/ns 3.0 V/ns
AUS | AfIH | AtS | AUIH | AUS | AUH | AUS | AtIH | AUS | AtIH | AUS | AtH
CA, CS_n slew rate |4.0 38 25 38 25 38 25 38 25 38 25
V/ns 3.0 25 17 25 17 25 17 25 17 38 29
2.0 0 0 0 0 0 0 13 13
1.5 -25 -17 -25 -17 -12 -4
Note: 1. Shaded cells are not supported.
Table 101: Derating Values for AC/DC-Based tIS/tIH (AC135)
AYS, AtH derating in ps
AtIS, AYIH Derating in [ps] AC/DC-based
AC135 Threshold -> VIH(ac) = VREF(dc,+135mV, V||_(ac) = VREF(dc) -135mV
DC100 Threshold -> VlH(dc) = VREF(dc) + 100mV, V||_(dc) = VREF(dc) - 100mV
CK_t, CK_c Differential Slew Rate
8.0 V/ns 7.0 V/ns 6.0 V/ns 5.0 V/ns 4.0 V/ns 3.0 V/ns
AUS | AYIH | AUS | AfIH | AtIS | AUIH | AtS | AUIH | AtS | AYIH | AYUS | AtfIH
CA, CS_n slew rate |4.0 34 25 34 25 34 25 34 25 34 25
V/ns 3.0 23 17 23 17 23 17 23 17 34 29
2.0 0 0 0 0 0 0 11 13
1.5 -23 -17 -23 -17 -12 -4
Note: 1. Shaded cells are not supported.
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Table 102: Required Time for Valid Transition - tVAC > Vinac) and < Vi)

Slew VAC at 150mV (ps) tVAC at 150mV (ps) 'VAC at 135mV (ps) tVAC at 135mV (ps)

Rate 1333 Mb/s 1600 Mb/s 1866 Mb/s 2133 Mb/s

(V/ns) Min Max Min Max Min Max Min Max
>4.0 58 - 48 - 40 - 34 -
4.0 58 - 48 - 40 - 34 -
3.5 56 - 46 - 39 - 33 -
3.0 53 - 43 - 36 - 30 -
2.5 50 - 40 - 33 - 27 -
2.0 45 - 35 - 29 - 23 -
1.5 37 - 27 - 21 - 15 -
<1.5 37 - 27 - 21 - 15 -
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Figure 80: Typical Slew Rate and tVAC - IS for CA and CS_n Relative to Clock
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Figure 81: Typical Slew Rate - tIH for CA and CS_n Relative to Clock

CK_c

Vinoomin e to Veer
region
Typical slew rate

>

4

Y REF (DC ) I et EEUR I

Typical slewrate
region
ViL(dC)max
ViL@aCmax T T T T T T [ T
BT S R B
— ATR [*— » ATH
Hold slew rate VIHiDC)min' VREFiDC) Hold slew rate VREF DC) ~ VIL(DC max
falling signal = ATE rising signal = ATR

Rev.B-04/16 148



N\

-3, TCMEOSCALAR-BDE
TARGET LPDDR3 8Gb (x16/x32)

Figure 82: Tangent Line - tIS for CA and CS_n Relative to Clock
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Figure 83: Tangent Line - !IH for CA and CS_n Relative to Clock
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Data Setup, Hold, and Slew Rate Derating

For all input signals (DQ, DM) calculate the total required setup time (DS) and hold
time ({DH) by adding the data sheet 'DS(base) and 'DH(base) values (see the Data Setup
and Hold Base Values table) to the A'DS and A'DH derating values, respectively (see the
Derating Values for AC/DC-Based 'DS/'DH (AC150) table). Example: 'DS = 'DS(base) +
ADS.

The typical DS slew rate for a rising signal is defined as the slew rate between the last
crossing of Vrerpc) and the first crossing of Vinacymin. The typical 'DS slew rate for a
falling signal is defined as the slew rate between the last crossing of Vrerpc) and the
first crossing of V. (acymax (see the Typical Slew Rate and 'VAC —'DS for DQ Relative to
Strobe figure).

If the actual signal is consistently earlier than the typical slew rate line in the Typical
Slew Rate and 'VAC —!IS for CA and CS_n Relative to Clock figure in the area shaded gray
between the Vrerpc) region and the AC region, use the typical slew rate for the derating
value. If the actual signal is later than the typical slew rate line anywhere between the
shaded Vrerpc) region and the AC region, the slew rate of a tangent line to the actual
signal from the AC level to the DC level is used for the derating value (see the Tangent
Line —IS for CA and CS_n Relative to Clock figure).

The typical 'DH slew rate for a rising signal is defined as the slew rate between the last
crossing of Vi (pcymax and the first crossing of Vreroc). The typical 'DH slew rate for a
falling signal is defined as the slew rate between the last crossing of V 1ocymin and the
first crossing of Vrer(oc) (see the Typical Slew Rate — 'DH for DQ Relative to Strobe fig-
ure).

If the actual signal is consistently later than the typical slew rate line between the sha-
ded DC-level-to-Vrerpcyregion, use the typical slew rate for the derating value. Ifthe
actual signal is earlier than the typical slew rate line anywhere between shaded DC-to-
Vrerc)region, the slew rate of atangent line to the actual signal from the DC level to
the Vrer(pc) level is used for the derating value (see the Tangent Line —'DH for DQ with
Respect to Strobefigure).

For a valid transition, the input signal must remain above or below Vu/Vi(ac) for the
specified time, 'VAC (see the Required Time for Valid Transition — 'VAC > Vac) or <
ViLac) table).

The total setup time for slow slew rates could be negative (that is, a valid input signal
may not have reached Vn/ViL(ac) at the time of the rising clock transition). A valid input
signal is still required to complete the transition and reach Vu/Vi_(ac).

For slew rates between the values listed in the following table, the derating values can
be obtained using linear interpolation. Slew rate values are not typically subject to pro-
duction testing. They are verified by design and characterization.
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Table 103: Data Setup and Hold Base Values

Data Rate
Parameter 1333 1600 1866 2133 Reference
DS (base) 100 75 - - Vin/ViLac) = Vrercy #150mV
DS (base) - - 62.5 47.5 Vin/ViLac) = Vrerog) £135mV
DH (base) 125 100 80 65 Vin/ViLoey = Vrer(ocy +100mV

Note: 1. AC/DCreferenced for 2 V/ns DQ, DM slew rate, and 4 V/ns differential DQS slew rate and
nominal Vix.

Table 104: Derating Values for AC/DC-Based *'DS/tDH (AC150)
ADS, A'DH derating in ps

A'DS, A'DH Derating in [ps] AC/DC-based
AC150 Threshold -> vIH(ac) = VREF(dc) + 150mV, V||_(ac) = VREF(dc) - 150mV
DC100 Threshold -> VlH(dc) = VREF(dc) + 100mV, V||_(dc) = VREF(dc) -100mV

DQS_t, DQS_c Differential Slew Rate
8.0 V/ns 7.0 V/ns 6.0 V/ns 5.0 V/ns 4.0 V/ns 3.0 V/ns
AUS | AYIH | AUS | AfIH | AtS | AYIH | AtS | AYIH | AUS | AYIH | AYUS | AtfIH

DQ, DM slew rate |4.0 38 25 38 25 38 25 38 25 38 25
V/ns 3.0 25 17 25 17 25 17 25 17 38 29
2.0 0 0 0 0 0 0 13 13
1.5 25 | 17 | 25 | 17 | 12 | -4

Note: 1. Shaded cells are not supported.

Table 105: Derating Values for AC/DC-Based *'DS/tDH (AC135)
A'DS, A'DH derating in ps

A'DS, A'DH Derating in [ps] AC/DC-based
AC135 Threshold -> vIH(ac) = VREF(dc) + 135mV, V||_(ac) = VREF(dc) -135mV
DC100 Threshold -> VlH(dc) = VREF(dc) + 100mV, V||_(dc) = VREF(dc) - 100mV

DQS_t, DQS_c Differential Slew Rate

8.0 V/ns 7.0 V/ns 6.0 V/ns 5.0 V/ns 4.0 V/ns 3.0 V/ns
AUS | AYIH | AUS | AYIH | AUS | AYUH | AUS | AYH | AUS | AYH | AYS | AYH
DQ, DM slew rate |4.0 34 25 34 25 34 25 34 25 34 25
V/ns 3.0 23 17 23 17 23 17 23 17 34 29
2.0 0 0 0 0 0 0 11 13
1.5 -23 -17 -23 -17 -12 -4

Note: 1. Shaded cells are not supported.
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Table 106: Required Time for Valid Transition - *VAC > Vjyc) or < Vi

Sl tVAC at 150mV (ps) tVAC at 150mV (ps) tVAC at 135mV (ps) tVAC at 135mV (ps)

Rate 1333 Mb/s 1600 Mb/s 1866 Mb/s 2133 Mb/s

(V/ns) Min Max Min Max Min Max Min Max
>4.0 58 - 48 - 40 - 34 -
4.0 58 - 48 - 40 - 34 -
3.5 56 - 46 - 39 - 33 -
3.0 53 - 43 - 36 - 30 -
2.5 50 - 40 - 33 - 27 -
2.0 45 - 35 - 29 - 23 -
1.5 37 - 27 - 21 - 15 -
<1.5 37 - 27 - 21 - 15 -
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Figure 84: Typical Slew Rate and tVAC - DS for DQ Relative to Strobe
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Figure 85: Typical Slew Rate - 'DH for DQ Relative to Strobe
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Figure 86: Tangent Line - 'DS for DQ with Respect to Strobe
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Figure 87: Tangent Line - 'DH for DQ with Respect to Strobe
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