SMART® SH5126SV351816-SE

Modular Technologies July 13, 2015

Ordering Information

Part Numbers Description Device Vendor

SH5126SV351816-SE 512Mx64 (4GB), DDRS3, 204-Pin Unbuffered SO-DIMM, | Samsung, Rev. E
Non-ECC, 512Mx8 Based, PC3L-12800, DDR3L-1600- | K4B4G0846E-BYKO
11-11-11, 30.00mm, 1.35V/1.5V, Halogen-Free (RoHS
Compliant).

(All specifications of this module are subject to change without notice.)
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Part Number Decode

SH 512 6 SV3 518 1 6 -S E

SMART Modular Technologies

Module Process Technology
H: Halogen-Free (RoHS Compliant)

Module Address Depth
512: 512M

Module Data Bus Width
6: x64

Module Configuration
SV3: 1.35V/1.5V DDR3 204-Pin Unbuffered SO-DIMM

Device Configuration
518: 512Mx8 Based

CAS Latency
1: CL 11

Device Speed
6: DDR3L-1600

Device Vendor
S: Samsung

Device Revision
E: Revision E
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Revision History

Description

July 13, 2015 Datasheet released.
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4GB (512Mx64) DDR3 SDRAM Module - 512Mx8 Based
204-Pin Unbuffered SO-DIMM, Non-ECC

Features

Standard = JEDEC

Configuration = Non-ECC

Number of Module Ranks = 1

Number of Devices = 8

Vpp = Vppq = 1.35V/1.5V

VDDSPD =3.0V to 3.6V

Cycle Time = 1.25ns

CAS Latency =5, 6,7, 8,9, 10, 11

Additive Latency = 0, CL-1, and CL-2

CAS Write Latency (CWL)=5,6,7,8

Burst Length = BC4, BL8, BC4 or BL8 (on the fly)
Burst Type = Nibble Sequential & Interleave Mode
Internal Banks per SDRAM = 8

Refresh = 8K/64ms

Device Package = FBGA

Lead Finish = Gold

+  ZQ calibration supported _

*  On chip DLL align DQ, DQS and DQS transition
with CK transition

» DM write data-in at both the rising and falling
edges of the data strobe

» All addresses and control inputs latched on the ris-
ing edges of the clock

*  Dynamic On Die Termination supported

»  Driver strength selected by EMRS

» Asynchronous RESET pin supported

»  Write Levelization supported

»  8-bit pre-fetch

+ Length x Height = 67.60mm x 30.00mm

* No. of sides = Double-sided

* Mating Connector (Examples)
Foxconn - AS0A626-UASN-7F

Horizontal =

Pin Description Table

Addressing
Number of Internal Banks 8
Bank Address BAO - BA2
Auto precharge A10/AP
BC switch on the fly A12/BC
Row Address A0 - A15
Column Address A0 - A9
Page size 1KB

Symbol Type Polarity Function
. . CK and CK are differential clock inputs. All the DDR3 SDRAM address/control inputs are sampled
CKO0-CK1, Differential ) - . — .
CKO-CKT Input Crossing on the crossing of the positive edge of CK and the negative edge of CK. Output (read) data is ref-
erenced to the crossing of CK and CK (Both directions of crossing).
. . Activates the SDRAM CK signal when high and deactivates the CK signal when low. By deactivat-
CKEO Input Active High ing the clocks, CKE low initiates the Power Down mode, or the Self Refresh mode.
Enables the associated SDRAM command decoder when low and disables the command decoder
CS0 Input Active Low when high. When decoder is disabled, new commands are ignored but previous operations con-
tinue.This signal provides for external rank selection on systems with multiple ranks.
. ) When high, termination resistance is enabled for all DQ, DQS, DQS and DM pins, assuming this
opTo Input Active High function is enabled on the DRAM.
BA0-BA2 Input Selects which SDRAM bank of the eight is activated.
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Pin Description Table (Continued)

Symbol Type Polarity Function
During a Bank Activate command cycle, address inputs define the row address (RA0-RA15). Dur-
ing a Read or Write command cycle, address inputs define the column address (CA0-CA9). In
addition to the column address, AP is used to invoke auto-precharge operation at the end of the
burst read or write cycle. If AP is high, auto-precharge is selected and BAQ, BA1, BA2 defines the
AO-A15 Inout ) bank to be precharged. If AP is low, auto-precharge is disabled. During a Precharge command
P cycle, AP is used in conjunction with BAO, BA1, BA2 to control which bank(s) to precharge. If AP is
high, all banks will be precharged regardless of the state of BAO, BA1 or BA2. If AP is low, BAO,
BA1 and BA2 are used to define which bank to precharge. A12(BC) is sampled during READ and
WRITE commands to determine if burst chop (on-the-fly) will be performed (HIGH, no burst chop;
LOW, burst chopped).
RAS, CAS, WE | Input Active Low RAS, CAS, and WE (along with CS) define the command being entered.
Input/ .
DQO0-DQ63 Output Data Input/Output pins.
DQS0-DQS7 Input/ Differential .
DQS0-DOS7 Output | Crossing Data strobe for input and output data.
DM is an input mask signal for write data. Input data is masked when DM is sampled high coinci-
DMO0-DM7 Input Active High | dent with that input data during a write access. DM is sampled on both edges of DQS. Although
DM pins are input only, the DM loading matches the DQ and DQS loading.
SAO-SA1 Input i These signals are tied at the system to either Vgg or Vppspp to configure the serial SPD EEPROM
address range.
SDA Input/ This bidirectional pin is used to transfer data into or out of the SPD EEPROM. An external resistor
Output |~ may be connected from the SDA bus line to Vppgpp to act as a pull-up on the system board.
scoL Inout This signal is used to clock data into and out of the SPD EEPROM. An external resistor may be
npu ) connected from the SCL bus tied to Vppgpp to act as a pull-up on the system board.
This signal indicates that a thermal event has been detected in the thermal sensing device.The
EVENT Output | Active Low system should guarantee the electrical level requirement is met for the EVENT pin on TS/SPD
part. No pull-up resister is provided on DIMM.
Asynchronous Reset is active when RESET is LOW, and inactive when RESET is HIGH. RESET
RESET Input Active Low must be HIGH during normal operation. RESET is CMOS rail to rail signal with DC high and low at
80% and 20% of Vpp.
Ve V Suopl Power and ground for the DDR3 SDRAM input buffers, and core logic. Vpp and Vppq pins are tied
DD, *SS upply |- to Vpp/Vppq planes on these modules. Vgg pins are tied to Vgg planes on these modules.
Power supply for the DDR3 SDRAM output buffers to provide improved noise immunity. Vppq
Vbba Supply | - i
shares the same power plane as Vpp pins.
VREFDQ Supply Reference voltage for I/O inputs.
VREFCA Supply |- Reference voltage for address/command inputs.
Vbpspd Supply |- Power supply for SPD EEPROM. This supply is separate from the Vpp/Vppq power plane.
Vit Supply |- Termination voltage for address/command/control/clock nets.
NC - - No Connect.
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DDR3 204-Pin Unbuffered SO-DIMM Pin List

1 |Veerpq |2 |Vss 53 |DQ19 54 |Vgg 105 | Vpp 106 | Vpp 157 | DQ42 158 | DQ46
3 |Vss 4 |DQ4 55 |Vss 56 |DQ28 107 | A10/AP | 108 | BA1 159 |DQ43 160 |DQ47
5 |DQo 6 |DQ5 57 |DQ24 |58 |DQ29 109 | BAO 110 |RAS 161 |Vgg 162 | Vss
7 | pat 8 |Vss 59 |DQ25 60 |Vss 111 | Vpp 112 | Vpp 163 |DQ48 164 | DQ52
9 |Vss 10 | DQS0 61 |Vss 62 |DQS3 113 |WE 114 | CSO 165 | DQ49 166 |DQ53
11 | DMO 12 |DQSO |63 |DM3 64 |DQS3 115 |CAS 116 |ODTO 167 |Vss 168 | Vss
13 |Vss 14 |Vss 65 |Vss 66 |Vss 117 | Vpp 118 | Vpp 169 |DQS6 [170 |DM6
15 |DQ2 16 |DQ6 67 |DQ26 68 |DQ30 119 | A13 120 |ODT1 (NC) | 171 |DQS6  |172 |Vss
17 |DQ3 18 |DQ7 69 |DQ27 |70 |DQ31 121 | CS1 (NC) | 122 [NC 173 |Vss 174 | DQ54
19 |Vss 20 |Vss 71 |Vss 72 |Vss 123 | Vpp 124 | Vpp 175 | DQ50 176 | DQ55
21 | DQ8 22 |DQ12 73 | CKEO 74 | CKE1 (NC) [125 |[NC 126 | VReFca 177 | DQ51 178 | Vss
23 | DQ9 24 |DQ13 75 | Vpp 76 |Vpp 127 | Vgg 128 | Vgg 179 |Vgs 180 | DQ60
25 |Vgs 26 |Vss 77 |NC 78 |A15 129 | DQ32 130 | DQ36 181 | DQ56 182 | DQ61
27 | DQS1 28 | DM1 79 |BA2 80 |A14 131 | DQ33 132 | DQ37 183 |DQ57 184 |Vgg
29 |DQSH 30 |RESET |81 |Vpp 82 [Vpp 133 | Vss 134 | Vss 185 |Vss 186 | DQS7
31 |Vss 32 |Vss 83 |A12/BC |84 |A11 135 |DQS4 | 136 | DM4 187 | DM7 188 | DQS7
33 |DQ10 34 |DQ14 |85 |A9 86 |A7 137 |DQS4  [138 | Vss 189 |Vss 190 |Vss
35 |DQ11 36 |DQ15 87 |Vpp 88 |Vpp 139 | Vgs 140 | DQ38 191 | DQ58 192 | DQ62
37 |Vss 38 |Vss 89 |A8 90 |A6 141 | DQ34 142 | DQ39 193 |DQ59 194 | DQ63
39 |DQ16 |40 |DQ20 91 |A5 92 |A4 143 | DQ35 144 |Vgg 195 |Vss 196 |Vss
41 |DQ17 |42 |DQ21 93 [Vpp 94 [Vpp 145 | Vgg 146 | DQ44 197 |SA0 198 | EVENT
43 |Vgg 44 |Vss 95 |A3 9 |A2 147 | DQ40 148 | DQ45 199 |Vppspp |200 |SDA
45 |DQS2 |46 |DM2 97 | A1 98 | A0 149 | DQ41 150 | Vgg 201 | SA1 202 |SCL
47 |DQS2 |48 |Vss 99 |Vpp 100 | Vpp 151 | Vgg 152 | DQS5 203 | V7 204 |Vi7
49 |Vss 50 |DQ22 101 | CKO 102 | CK1 153 | DM5 154 | DQS5

51 |DQ18 52 |DQ23 103 | CKO 104 | CK1 155 | Vss 156 | Vss
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Block Diagram

cso
CKEO
ODTo
DQS0O —W—DQS S CKE ODT DQS4 —W—DQS § CKE ODT
DQS0 —W—DQS DQS4 —\W—|DQS
DMO —AW—— DM DM4 —AW—— DM
DQ0 —WW—11/0 0 DQ32 —\W—I/0 0
DQI —A\W—1/0 1 DQ33 —\W—1/O 1
DGz —W—(l02 o DQ34 —wm—lI02 .
DQ3 —wWW—11/0 3 DQ35 —\W—|1/0 3
DQ4 —MWW—1/0 4 DQ36 —\W—|I/O 4
DQ5 —W—1/0 5 DQ37 —\W—II0 5
DQ6 —W—11/0 6 DQ38 —\W—|I/0 6
DQ7 —\W—1/0 7 DQ39 —\W—I/0 7
2400520 24005120
DQS1 —W=—{DQS S CKE ODT DQS5 —W—|DQS § CKE ODT
DQST —W—DQS DQS5 —W—DQS
DM1 —\W\——{ DM DM5 —AW—— DM
DQ8 —WW—11/0 0 DQ40 —\W—I/0 0
DQY —MA—1/0 1 DQ4 —W—1/O 1
DQI0 —W—(l02 [, DQ42 —Wm—lI02
DQ11 —MW\—110 3 DQ43 —\W—|1/0 3
DQ12 —\W—1/O 4 DQ44 —\W—1/O 4
DQ13 —\W—1I/0 5 DQ45 —\W—I/0 5
DQi4 —wW—11I0 6 DQ46 —\W—I/O 6
DQ15 —\W—1/0 7 DQ47 —\W—I/0 7
s00F 122 2400129
DQS2 —WW=—{DQS S CKE ODT DQS6 —W—|DQS § CKE ODT
DQS2 —W—DQS DQS6 —W—DQS
DM2 —\W\——{ DM DM6 —AW—— DM
DQ16 —\W—11/0 0 DQ48 —\W—|1/0 0
DQ17 —\W—11/O 1 DQ49 —\W—1/O 1
DQ18 —W—l02 . DQ50 —W—{lI02
DQ19 —\W—11/0 3 DQ51 —WW—|1/0 3
DQ20 —\W—1/O 4 DQ52 — AW —I/O 4
DQ21 —W—1I10 5 DQ53 —WW—|I/0 5
DQ22 —\W—11/0 6 DQ54 —\W—|1/0 6
DQ23 —\W—I/0 7 DQ55 —AW—1/0 7
24005 120 24005120
DQS3 —W—DQS S CKE ODT DQS7 —WW——DQS S CKE ODT
DQS3 —MW\—DQS DQS7 —\W—DQS
DM3 —\W\——{DM DM7 —AW—— DM
DQ24 —\W—11/0 0 DQ56 —AW—1/0 0
DQ25 —W—11/0 1 DQ57 —W—1/O 1
DQ2s —W—(lI02 DQ58 —W—l02
DQ27 —\W—11/0 3 DQ59 —WW—1/O 3
DQ28 —\W—1/0 4 DQB0 —AW—|I/O 4
DQ29 —W—11/0 5 DQs1 —\W—I/0 5
DQ30 —\W—11/0 6 DQ62 —W—1/O 6
DQ31 —\W—110 7 DQ63 —W—|I/0 7
2400 £ 129 2400 £ 149

Note: Unless otherwise noted, data resistor values are 15Q + 5%.
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Block Diagram (Continued)

SPD EEPROM
SCL —SCL Vppl— Vobseo
SDA —SDA
SA0 —|SA0
SA1 —SA1

—L—_SAZ Wpl_

Vbpspp — = SPD

Vpp/Vppq —+——1——1—1— D0-D7
Vir —F——F
VRerca | D0-D7
VReFDQ = Do-D7
Vss T D0-D7, SPD

Notes:

A0-A15 ——> to all SDRAMSs (D0-D7)
BA0-BA2 — to all SDRAMs (D0-D7)
RAS —— to all SDRAMs (D0-D7)
CAS ——— to all SDRAMs (D0-D7)

WE — to all SDRAMs (D0-D7)
RESET — to all SDRAMs (D0-D7)
€S0 — to all SDRAMs (D0-D7)
CKEO —— to all SDRAMs (D0-D7)
ODT0 ——> to all SDRAMs (D0-D7)

Clock Wiring

CK Signals Clock Wiring

CKO/CKO | 8 SDRAMs (D0-D7)
CK1/CK1 | 0 SDRAMs

1. All address, command and control signal lines are terminated through a series resistor to Vt.

2. Data bits may be swapped within a device. However, DQ/DQS/DM relationship must be maintained as shown
on page 7.
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Physical Dimensions

204-Pin Unbuffered SO-DIMM Module

Units : Millimeters

67.60
63.60 Max 3.8
8
. E
O] E::I 10}
Wﬁmmm 1
—ll«—1.00£0.10
A B
21.00 _\ i_\; 39.00
i I
o 6)
0.60
«0.45+0.03
. 1.65
' |
! }
DDD - |:||:| 4.00 +0.10 M Tess |
| T T
"I 100+0.10 0.25 MAX
| 1002010
Detail A Detail B

Tolerances on all dimensions £0.15 unless otherwise specified.
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Mode Register (MR0) Table Definition
The mode register stores the data for controlling the various operating modes of DDR3 SDRAM. It controls CAS
latency, burst length, burst chop, burst sequence, test mode, DLL reset, tyyg and various vendor specific options to

make DDR3 SDRAM useful for various applications. The mode register is written by asserting low on CS, RAS,
CAS, WE, BAO, BA1 and BA2 while controlling the state of address pins AO~A15.

BA2 BA1 BAO0O A15 A14 A13 A2 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 Address Field

cLbbbe el bl

DLL T™M CAS Latency RBT CL Mode Register 0

A8 DLL Reset A7 Mode A3 Read Burst Type A1 A0 Burst Length
0 No

0 Normal 0 Nibble Sequential 0 0 8 (Fixed)
1 Yes 1 Test 1 Interleave 0 1 BC4 or 8 (on-the-fly)
1 0 BC4 (Fixed)
1 1 Reserved

y

Slow exit (DLL off)

4
DLL Control for
a2 Precharge PD v
A1l A10 A9 WR (cycles) 1
0
0

1| Fastexit (DLL on) 010 Reserved A6 A5 A4 A2 CAS Latency
0 0 1 5 0| 0| 0] oO Reserved
0 1 0 62 0 0 1 0 5 (Optional)
v
0 0 MRO 1 0 0 g2 0 1 1 0 7 (Optional)
0 1 MR1 1 0 1 102 1 0 0 0 8 (Optional)
L B o L A SRR
1 1 MRS 1 1 1 Reserved .
1 1 1 0 11 (Optional)
Notes:

1. BA2and A13~A15 are reserved for future use and must be programmed to 0 during MRS.
2. WRmin (write recovery for auto-precharge) in clock cycles is calculated by dividing twg (in ns) by tck(in ns) and rounding up to the next

integer: WRmin [cycles] = Round-up (twg[ns] / tck[ns]). The WR value in the mode register must be programmed to be equal or larger than
WRmin The programmed WR value is used with tgp to determine tpp, .
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Mode Register (MR1) Table Definition

The Mode Registers MR1 stores the data for enabling or disabling the DLL, output driver strength, Rtt_Nom imped-
ance, additive latency, Write Leveling enable, TDQS enable and Qoff. The Mode Register 1 is written by asserting
low on CS, RAS, CAS, WE, high on BAO and low on BA1 and BA2, while controlling the state of address pins
AO0~A15.

BA2 BA1 BAO0 A15 Al4 A13 A2 A1l A10 A9 A8 A7 AB A5 A4 A3 A2 Al A0 A‘:_‘i’éﬁfs

R NNy

1 1 1
0 Qoff TDQS ¢ Rtt Nom o Level Rtt_Nom D.I.C AL Rtt_ Nom D.I.C DLL Register 1

l [
A7  Write Leveling Enable

Mode

|

A3 Additive Latency

A0 DLL Enable

TQDS enable

Disabled 0 Disabled 0 0 0 (AL disabled) 0 Enable
1 Enabled 1 Enabled 0 1 CL-1 1 Disable
1 0 CL-2
1 1 Reserved

Output buffer enabled

1 Output buffer disabled v

A9 A6 A2 Rtt_Nom?3 A5 A1 Output Driver Impedance Control
0 0 0 ODT disabled 0 0 RzQ/6
0 0 1 RzQ/4 0 1 RzQ/7
0 1 0 RZQ/2 1 0 Reserved
0 1 1 RzQ/6 1 1 Reserved
1 0 0 RZQ/12* Note: RZQ = 240Q
0 0 MRO
0 1 MR1 L U RzQ/g*
1 0 MR2 1 1 0 Reserved
1 1 MR3 1 1 1 Reserved

Note: RZQ = 240Q

Notes:

1. BA2and A8, A10, A13~A15 are reserved for future use and must be programmed to 0 during MRS.

2. Outputs disabled - DQs, DQSs, DQSs.

3. In Write Leveling Mode (MR1[bit7] = 1) with MR1[bit12] = 1, all Rtt_Nom settings are allowed; in Write Leveling Mode (MR1[bit7] =1) with
MR1[bit12] = 0, only Rtt_Nom settings of RZQ/2, RZQ/4 and RZQ/6 are allowed.

4. If Rtt_Nom is used during Writes, only the values RZQ/2, RZQ/4 and RZQ/6 are allowed.
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Mode Register (MR2) Table Definition
The Mode Registers MR2 stores the data for controlling refresh related features, Rtt. WR impedance, and CAS

Write Latency. The Mode Register 2 is written by asserting low on CS, RAS, CAS, WE, high on BA1 and low on
BAO and BA2 while controlling the state of address pins AO~A15.

BA2 BA1 BAO A15 A14 A13 A12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 Address Field

RN

o' SRT ASR Mode Register 2
Self-Refresh Temperature A2 A1 A0 Partial Array Self-Refresh (Optional)
A7
(SRT) Range
0 0 0 Full Array
Normal operating temperature
0 P ralngge peralu 0 | 0 | 1 | Half Array (BA[2:0] = 000, 001, 010, & 011)
] Extended (optional) operating 0 1 0 Quarter Array (BA[2:0] = 000 & 001)
temperature range 0 1 1 1/8th Array (BA[2:0] = 000)
3/4 Array (BA[2:0] = 010,011,100,101,110, &
1 0 0
111)
v
A6 Auto Self-Refresh (ASR) 1 0 1 Half Array (BA[2:0] = 100, 101, 110, & 111)
0 Manual SR Ref. (SRT) 1 1 0 Quarter Array (BA[2:0] = 110, & 111)
1 ASR enable (optional) 1 1 1 1/8th Array (BA[2:0] = 111)
v
A10 A9 Rtt_WR? v
0 0 Dynamic ODT off A5 A4 A3 CAS Write Latency
0 1 RzQ/4 oo | o 5 (tck 2 2.5ns)
1 0 RzQ/2 0 0 1 | 6(2.5ns > tg = 1.875ns)
1 1 Reserved 0o | 1| o | 7(1.875ns>tgy 2 1.5ns)
0 1 1 8 (1.5ns > tck = 1.25ns)
\d
BA1 BAO MR Select t]o]o Reserved
0 0 MRO 1 0 1 Reserved
0 1 MR1 1 1 0 Reserved
1 0 MR2 1 1 1 Reserved
1 1 MR3
Notes:

1.  BA2, A8 and A11~A15 are reserved for future use and must be programmed to 0 during MRS.
2. If Rtt_WR value can be applied during writes even when Rtt_Nom is disabled. During Write Leveling, Dynamic ODT is not available.
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Mode Register (MR3) Table Definition o
The Mode Register MR3 controls Multi-purpose registers. The Mode Register 3 is written by asserting low on CS,
RAS, CAS, WE, high on BA1 and BAO, low on BA2 while controlling the state of address pins AO~A15.

BA2 BA1 BAO A15 A14 A13 A12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0 Address Field

RNy

MPR  MPR Loc Mode Register 3

MPR Operation | MPR Address Il
m A1 A0 MPR Location
0 Normal Operation® 0| 0 Predefined pattern®
1 Dataflow from MPR 0 1 RFU
1 0 RFU
1 1 RFU

BA1 BAO MR Select

0 0 MRO

0 1 MR1

1 0 MR2

1 1 MR3
Notes:

BA2, A3~A15 are reserved for future use and must be programmed to 0 during MRS.
The predefined pattern will be used for read synchronization.
3. When MPR control is set for normal operation (MR3 A[2] = 0), then MR3 A[1:0] will be ignored.

N —
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Command Truth Table

The following Truth Tables provide a general reference of available commands. For a more detailed description please refer to the device data
sheets.

a. Notes 1- 4 apply to the entire Command Truth Table.

b. Note 5 applies to all Read/Write command.

[BA= Bank address, RA= row Address, CA = Column Address, BC = Burst chop, X = Don't care, V = Valid]
Command Truth Table

CKE
Function A::;i"i Previous Current CS RAS CAS WE BB';(; ';11:; A;—g/ AA1§/ A;J\-{:Q, Notes
Cycle Cycle

Mode Register Set MRS H H L L L L BA OP Code

Refresh REF H H L | L L |H| V | V]V]V v

Self-Refresh Entry SRE H L L | L L |H| V| V|V ]V vV |7,912

) H \' \' \' 7.8.9

Self-Refresh Exit SRX L H v [ v | Vv ]V v Dl
L H H H 12

Single Bank Precharge PRE H H L L H L BA \ \ L \

Precharge All Banks PREA H H L L H L \% \' \% H \%

Bank Activate ACT H H L L H H BA Row Address

Write (Fixed BL8 or BC4) WR H H L | H L | L |BA|RU[ V L CA

Write (BC4, on the Fly) WRS4 H H L | H L | L |BA|RU| L L CA

Write (BLS, on the Fly) WRS8 H H L | H L | L |BA|RU| H L CA

}’g)‘:: dWEi:ESA;‘:‘;gf)Charge WRA H H L | H L | L|BA|RU| V H CA

}’grcitj,";i;ht:\:‘;&';red‘arge WRAS4| H H Ll H | L |L|BA|RU| L | H| ca

}’éﬂtse, ‘;Vf;h‘;“;‘l’yf recharge | \wpasg|  H H Ll H | L |L|BA|RU|HI| H]| cA

Read (Fixed BL8 or BC4) RD H H H H | BA |RFU | V CA

Read (BC4, on the Fly) RDS4 H BA | RFU| L CA

Read (BLS, on the Fly) RDS8 H H L | H L | H|BA |RFU| H L CA

(RFT)‘:‘: dwétfs’\c)‘fggfc“arge RDA H H L| H | L |H|BI|RU| V| H]| ca

(F:Begi"g:hﬂf\e“ﬁ;;red‘arge RDAS4 H H L | H L | H|BA|RFU| L H CA

(F‘Be&‘f ‘c’)vri]”t‘h’é“;‘l’; recharge | ppass H H L H | L |H|BA|RU| H| H| ca

No Operation NOP L H H H \ \ \ \ \ 10

Device Deselected DES H X X X X X X X X 11

Power-Down Entry PDE H L - H H H Vv Vv Vv Vv Vv 6, 12
H| vV | V|V

Power-Down Exit PDX L H il L L L IRV IRV VAR RV v 6,12
H| vV | V|V

ZQ Calibration Long ZQcL H H Ll H | H|L| X | X | X | H X

ZQ Calibration Short ZQCS H H L H H L X X X L X
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Notes:

1. All DDR3 SDRAM commands are defined by states of CS, RAS, CAS, WE, and CKE at the rising edge of the clock. The MSB of BA, RA

and CA are device density and configuration dependant.

o

function.

Bank addresses (BA) determine which bank is to be operated upon. For (E)MRS, BA selects an (Extended) Mode Register.
“V” means “H or L (but a defined logic level)” and “X” means either “defined or undefined (like floating) logic level”.

Burst reads or writes cannot be terminated or interrupted and Fixed/on-the-Fly BL will be defined by the MRS.

The Power-Down Mode does not perform any refresh operation.

The state of ODT does not affect the states described in this table. The ODT function is not available during Self-Refresh.
Self-Refresh Exit is asynchronous.

VRer (Both VRreppg and VRggrca) must be maintained during Self-Refresh operation.

S VOoONO AW

RESET command is enabled when Low, which will be used only for asynchronous reset, so RESET must be maintained HIGH during any

0. The No Operation command should be used in cases when the DDR3 SDRAM is in an idle or wait state. The purpose of the No Operation

command (NOP) is to prevent the DDR3 SDRAM from registering any unwanted commands between operations. A No Operation com-

mand will not terminate a previous operation that is still executing, such as a burst read and write cycle.
11. The Deselect command performs the same function as No Operation command.
12. Refer to the CKE Truth Table for more detail with CKE transition.
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CKE Truth Table

a. Notes 1-7 apply to the entire CKE Truth Table.
b. CKE low is allowed only if tyrp and tyop are satisfied.

CKE Truth Table
CKE 3
Command (N) . 3
Current State == = Action (N
Previous Cycle (N-1)  Current Cycle (N) RAS, CAS, WE, CS ™)
L L X Maintain Power-Down 14, 15
Power-Down
L H Deselect or NOP Power-Down Exit 11,14
L L X Maintain Self-Refresh 15, 16
Self-Refresh
L H Deselect or NOP Self-Refresh Exit 8,12, 16
Bank Activate H L Deselect or NOP Active Power-Down Entry 11,13, 14
Reading H L Deselect or NOP Power-Down Entry 11,13,14,17
Writing H L Deselect or NOP Power-Down Entry 11,13, 14,17
Precharging H L Deselect or NOP Power-Down Entry 11,13, 14,17
Refreshing H L Deselect or NOP Precharge Power-Down Entry 11
L Deselect or NOP Precharge Power-Down Entry | 11,13, 14,18
All Banks Idle H
L Refresh Self-Refresh 9,13,18
For more details with all signals, see Command Truth Table on page 14. 10
Notes:
1. CKE (N) is the logic state of CKE at clock edge N; CKE (N-1) was the state of CKE at the previous clock edge.
2. Current state is defined as the state of the DDR3 SDRAM immediately prior to clock edge N.
3. COMMAND (N) is the command registered at clock edge N, and ACTION (N) is a result of COMMAND (N), ODT is not included here.
4. All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.
5. The state of ODT does not affect the states described in this table. The ODT function is not available during Self-Refresh.
6. CKE must be registered with the same value on tgkemin consecutive positive clock edges. CKE must remain at the valid input level the

entire time it takes to achieve the tgkgmin clocks of registration. Thus, after any CKE transition, CKE may not transition from its valid level

during the time period of tg + tgkemin + tiy.

Deselect and NOP are defined in the Command Truth Table.

8. On Self-Refresh Exit, Deselect or NOP commands must be issued on every clock edge occurring during the txg period. Read or ODT com-
mands may be issued only after tygp, | is satisfied.

9. Self-Refresh mode can only be entered from the All Banks Idle state.

10. Must be a legal command as defined in the Command Truth Table.

11. Valid commands for Power-Down Entry and Exit are NOP and Deselect only.

12. Valid commands for Self-Refresh Exit are NOP and Deselect only.

13. Self-Refresh can not be entered during Read or Write operations.

14. The Power-Down does not perform any refresh operations.

15. “X” means “don’t care” (including floating around Vggp) in Self-Refresh and Power-Down. It also applies to Address pins.

16. VRger (Both Vgeppg and Vgepca) must be maintained during Self-Refresh operation.

17. If all banks are closed at the conclusion of the read, write or precharge command, then Precharge Power-Down is entered, otherwise
Active Power-Down is entered.

18. “Ildle state” is defined as all banks are closed (tgp, tpaL, €tc. satisfied), no data bursts are in progress, CKE is high, and all timings from pre-
vious operations are satisfied (tyrp, tmop: tRrc: tzainit 1zaoper tzacs etc.) as well as all Self-Refresh exit and Power-Down Exit parame-
ters are satisfied (txgs, txp txppLL €tC.).

N
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Absolute Maximum Ratings
Absolute Maximum DC Ratings

Symbol Parameter Rating Units Notes
Vob Voltage on Vpp relative to Vgg -0.4 ~1.975 \'% 1,3
Vbbpa Voltage on Vppq relative to Vgg -0.4 ~1.975 \" 1,3
ViN, VouT | Voltage on any pin relative to Vgg -0.4 ~1.975 \'% 1
TsTG Storage Temperature -55to +100 °C 1,2
Notes:

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at these or any other conditions above
those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect reliability.

Storage Temperature is the case surface temperature on the center/top side of the DRAM.

3. Vpp and Vppq must be within 300 mV of each other at all times and Vggg must be not greater than 0.6*Vppq.

When Vpp and Vppq are less than 500 mV; Vgeg may be equal to or less than 300 mV.

A

Recommended DC Operating Conditions

Rating
Symbol  Parameter Voltage - - \[o) (=5
Min Typical Max
v Suonlv Volt 1.35V 1.283 1.35 1.45 \Y 1,2,3
DD u oltage

el ? 1.5V 1.425 1.5 1.575 \Y 1,2,3

v Suonlv Voltage for Outout 1.35V 1.283 1.35 1.45 \Y 1,2,3
DDQ u oltage for Outpu

el ? P 1.5V 1.425 1.5 1.575 \Y 1,2,3

Notes:
1. Under all conditions, Vppq must be less than or equal to Vpp.

2. Vppq tracks with Vpp. AC parameters are measured with Vpp and Vppq tied together.
3. Vpp & Vppq rating are determined by operation voltage.
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Operating Temperature Range

Symbol Parameter Units Notes
ToPER Normal Operating Temperature Range (Case) 0to 95 °C 1,2,8
Notes:

1. Operating Temperature Topgg is the case surface temperature on the center/top side of the DRAM.

2. The Normal Temperature Range specifies the temperatures where all DRAM specifications will be supported.
During operation, the DRAM case temperature must be maintained between 0 °C and 85 °C under all operat-
ing conditions.

3. Some applications require operation of the DRAM between 85 °C and 95 °C case temperature. Full specifica-
tions are supported in this range, but the following additional conditions apply:

a) Refresh commands must be doubled in frequency, therefore reducing the Refresh interval tggp to 3.9ps.
It is also possible to specify a component with 1X refresh (tgeg, to 7.8us) in the Extended Temperature
Range. Please refer to the SPD for option availability.

b) If Self-Refresh operation is required in the Extended Temperature Range, then it is mandatory to either
use the Manual Self-Refresh mode with Extended Temperature Range capability (MR2 A6 = Ob and
MR2 A7 = 1b) or enable the optional Auto Self-Refresh mode (MR2 A6 = 1b and MR2 A7 = Ob). Please
refer to the SPD for option availability.

Temperature Sensor Characteristics

Symbol Description Test Condition
+75 °C < Tpyg £ +95 °C +0.5 +1 °C
JEDEC B-Grade g"n";gacy for corresponding [~ 467G < Taoyg < +125 °C | 41 2 °C
-40 °C < Tppyg S +125 °C +2 +3 C
Resolution 0.25 °C/LSB
Refresh Parameters
Parameter Symbol 4Gb Units
REF command to ACT or REF command time tRrc 260 ns
0°C<Tcage =85 C 7.8 VES
Average periodic refresh interval tREFI
85 °C < Tcase £95 °C 3.9 V]

Corporate Headquarters: 39870 Eureka Dr., Newark, CA, 94560, USA - Tel: (510) 623-1231 « Fax: (510) 623-1434 « E-mail: info@smartm.com

Europe: 305 Nasmyth Building, Scottish Enterprise Tech Park, Glasgow, Scotland, G75 0QD, United Kingdom ¢ Tel: (+44) 1355 813455 « Fax: (+44) 1355 813456
Latin America: Av. Tegula, 888, Edificio Cristal - CEA, Ponte Alta, Atibaia, Sao Paulo, Brazil, 12952-820 « Tel: (+55) 11 4417-7200 « Fax: (+55) 11 4417-7219
Asia: Plot 18, Lorong Jelawat 4, Kawasan Perindustrian Seberang Jaya, 13700 Perai, Penang, Malaysia « Tel: (+604) 399 2909 « Fax: (+604) 399 2963

©2015 SMART Modular - Confidential 18



SH5126SV351816-SE

= SMART

= Modular Technologies July 13, 2015

AC and DC Logic Input Levels for Single-Ended Signals

Symbol Parameter - PDRSL-1600 Units  Notes
1.35V
V4 (DC90) DC input logic high Vger + 0.090 Vbop vV 1
VL (DC90) DC input logic low Vss Vger - 0.090 Vv 1
Vi (AC160) | AC input logic high Vger + 0.160 Note 2 Vi 1,4
Vi (AC160) | AC input logic low Note 2 VRer - 0.160 \% 1,4
Viy (AC135) | AC input logic high VReg + 0.135 Note 2 \Yj 1
ViL (AC135) | AC input logic low Note 2 VReg - 0.135 \Y} 1
R ostveo | v | s
1.5V
Vi (DC100) | DC input logic high Vger + 0.100 Vbp \Y; 1
V)L (DC100) | DC input logic low Vss VRer - 0.100 v 1
Vi (AC175) | AC input logic high Vggr + 0.175 Note 2 v 1,4
V| (AC175) | AC input logic low Note 2 VRer - 0.175 \Y 1,4
Viy (AC150) | AC input logic high Vger + 0.150 Note 2 \ 1
Vi (AC150) | AC input logic low Note 2 VRer - 0.150 v 1
Vrerca(DC) 23“8;8’;;3 }’:F')tjt%e for 0.49"Vpp 0.51"Vpp v 3
Notes:

1. For Command and Address signals except RESET, Vggr = VRrepca. For DQ and DM, Vger = VRerpa:

2. Refer to AC Overshoot and Undershoot Specifications for Address/Control Pins on page 21.

3. The AC peak noise on Vggr may not allow Vyer to deviate from Vgerpe) by more than 1% Vpp (for refer-
ence: approximately £15mV).

4. Applies to Command and Address signals only.
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Differential Swing Requirements for Clock (CK/&) and Strobe (DQS/DQS)

Symbol Parameter - PDRSL-1600 Units  Notes
1.35V
VIHDIFE Differential input logic high 0.180 Note 3 Vv 1
V\LDIFF Differential input logic high Note 3 -0.180 \Y 1
Vinpirrac) | AC input logic high 2" (ViH(ac) - VREeF) Note 3 % 2
ViipiFrac) | AC input logic low Note 3 2" (Vrer - ViLao) \ 2
1.5V
VIHDIFF Differential input logic high 0.200 Note 3 Vv 1
V\LDIFE Differential input logic high Note 3 -0.200 \Y 1
ViHpirr(ac) | AC input logic high 2" (Vinac) - VRer) Note 3 v 2
VitpiFrac) | AC input logic low Note 3 2" (Vrer - ViLac) v 2

Notes:

1. Used to define a differential signal slew-rate.

2. For CK/CK use VIH/VIL(AC) of ADD/CMD and VREFCA! for DQS/DQS use VIH/VIL(AC) of DQs and VREFDQ! if a
reduced AC-high or AC-low level is used for a signal group, then the reduced level applies also here.

3. These values are not defined, however the single-ended signals CK, CK, DQS, DQS need to be within the
respective limits (Viypcymax, Vi pc)ymin) for single-ended signals as well as the limitations for overshoot and
undershoot. Refer to AC Overshoot/Undershoot Specification for Clock, Data, Strobe and Mask Pins on
page 21.

Corporate Headquarters: 39870 Eureka Dr., Newark, CA, 94560, USA - Tel: (510) 623-1231 « Fax: (510) 623-1434 « E-mail: info@smartm.com

Europe: 305 Nasmyth Building, Scottish Enterprise Tech Park, Glasgow, Scotland, G75 0QD, United Kingdom ¢ Tel: (+44) 1355 813455 « Fax: (+44) 1355 813456
Latin America: Av. Tegula, 888, Edificio Cristal - CEA, Ponte Alta, Atibaia, Sao Paulo, Brazil, 12952-820 « Tel: (+55) 11 4417-7200 « Fax: (+55) 11 4417-7219
Asia: Plot 18, Lorong Jelawat 4, Kawasan Perindustrian Seberang Jaya, 13700 Perai, Penang, Malaysia « Tel: (+604) 399 2909 « Fax: (+604) 399 2963

©2015 SMART Modular - Confidential 20



SMART® SH5126SV351816-SE

Modular Technologies July 13, 2015

AC Overshoot/Undershoot Specification for Address/Control Pins

Parameter DDR3L-1600 Units

Maximum peak amplitude allowed for overshoot area. 0.4 \

Maximum peak amplitude allowed for undershoot area. 0.4 \Y

Maximum overshoot area above Vpp. 0.33 V-ns

Maximum undershoot area under Vgg. 0.33 V-ns
(A0-A15, BAO-BA2, CS, RAS, CAS, WE, CKE, ODT)

Maximum Amplitude Overshoot Area

— 4

VDDQ e— ——
V(\)/lts VSSQ e— ——

V) T’I =

Undershoot Area
Maximum Amplitude

Time (ns)

AC Overshoot/Undershoot Specification for Clock, Data, Strobe and Mask Pins

Parameter DDR3L-1600 Units
Maximum peak amplitude allowed for overshoot area. 0.4 \Y
Maximum peak amplitude allowed for undershoot area. 0.4 \Y
Maximum overshoot area above Vpp. 0.13 V-ns
Maximum undershoot area under Vgg. 0.13 V-ns
(CK, CK, DQ, DQS, DQS, DM)
Maximum Amplitude Overshoot Area
VDDQ
Volts VSSQ m— ——

V) !_’I \

Undershoot Area
Maximum Amplitude

Time (ns)
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Device Standard Speed Bins

Speed Bin
CL - nRCD - nRP

Parameter

DDR3L-1600
11-11-11

Max

Internal read command to first data taa 13.125 20 ns 6
ACT to internal read or write delay time trcD 13.125 - ns 6
Pre command period trp 13.125 - ns 6
ACT to ACT or REF command period trc 48.125 - ns 6
ACT to PRE command period trAS 35 9 *tReF ns
oL o5 CWL=5 toxavg 3.0 3.3 ns 1,2,8,5,7
CWL=6,7,8 Reserved ns 4
oL-6 CWL=5 toxavg 25 3.3 ns 1,2,3,5
CWL=6,7,8 Reserved ns 4
CWL=5 Reserved ns 4
CL=7 CWL=6 tckavg) 1.875 <25 ns 1,2,8,5
CWL=7,8 Reserved ns 4
CWL=5 Reserved ns 4
CL=8 CWL=6 tck(avg) 1.875 <25 ns 1,2,3,5
CWL=7,8 Reserved ns 4
CWL=5,6 Reserved ns 4
CL=9 CWL =7 tckavg) 15 <1.875 ns 1,2,8,5
CWL=38 Reserved ns 4
CWL=5,6 Reserved ns 4
CL=10 CWL =7 tckavg) 15 <1.875 ns 1,2,8,5
CWL=38 Reserved ns 4
oL - 11 CWL=5,6,7 toxavg Reserved ns 4
CWL =8 1.25 <15 ns 1,2,8,5
Supported CL Settings 5,6,7,8,9,10, 11 NcK
Supported CWL Settings 56,7,8 NckK
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o &

Speed Bin Tables Notes

The CL setting and CWL setting result in tckavg)min and tokavg)max requirements. When making a selection
of tck(ava), both need to be fulfilled: Requirements from CL setting as well as requirements from CWL setting.
tck(avg)min limits: Since CAS Latency is not purely analog - data and strobe output are synchronized by the

DLL - all possible intermediate frequencies may not be guaranteed. An application should use the next smaller
JEDEC standard tckavg) value (3.0ns, 2.5ns, 1.875ns, 1.5ns, or 1.25ns) when calculating CL [nCK] = tpa [ns]

! tck(ava) [Nns], rounding up to the next ‘Supported CL', where tckavg) = 3.0ns should only be used for CL = 5

calculation.

tck(avg)-max limits: Calculate tokavg) = taa-max/ CL SELECTED and round the resulting tckavg) down to the
next valid speed bin (i.e. 3.0ns, 2.5ns, 1.875ns, 1.5ns, or 1.25ns). This result is tck(avgymax corresponding to
CL SELECTED.

‘Reserved’ settings are not allowed. User must program a different value.

Any DDR3-1600 speed bin also supports functional operation at lower frequencies as shown in the table which
are not subject to Production Tests but verified by Design/Characterization.

In order to support down binning to CL=7 and CL=9, tpa/trcp/trpmin must be 13.125 ns or lower. SPD settings
must be programmed to match. For example, DDR3-1600-11-11-11 devices supporting down binning to DDR3-
1333-9-9-9 or DDR3-1066-7-7-7 should program 13.125 ns in SPD bytes for typymin (Byte16), trcpmin (Byte
18), and tgpmin (Byte 20). Once tgp (Byte 20) is programmed to 13.125ns, tgcmin (Bytes 21 & 23) also should
be programmed accordingly (tgagmin + tgpmin = 35 ns + 13.125 ns = 48.125ns).

DDRB3-800 AC timing apply if DRAM operates at lower than 800 MT/s data rate.
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Device Timing Parameters by Speed Bin

DDR3L-1600
Parameter
Min Max
Clock Timing
Minimum clock cycle time (DLL off mode) tck(pLL_OFF) 8 - tck 6
Average clock period tek(avg) Refer to Speed Bin on page 22. ps
Average high pulse width tcH(avg) 0.47 0.53 tck(avg)
Average low pulse width tcL(avg) 0.47 0.53 tck(avg)
Absolute clock period tcKabs) t?K(avg)mir.] * t?K(avg)max * ps
JIT(per)min JIT(per)max
Absolute clock high pulse width tCH(abs) 0.43 - tek(avg) 25
Absolute clock low pulse width tcL(abs) 0.43 - tck(avg) 26
Clock period jitter T (per) -70 70 ps
Clock period jitter during DLL locking period I (per, Ick) -60 60 ps
Cycle to cycle period jitter turce) 140 ps
F())gﬁl;to cycle period jitter during DLL locking {T(cC, k) 120 oS
Duty cycle jitter T (duty) - - ps
Cumulative error across 2 cycles tERR(2per) -103 103 ps
Cumulative error across 3 cycles tERR(3per) -122 122 ps
Cumulative error across 4 cycles tERR(4per) -136 136 ps
Cumulative error across 5 cycles tERR(5per) -147 147 ps
Cumulative error across 6 cycles tERR(Bper) -155 155 ps
Cumulative error across 7 cycles tERR(7pen) -163 163 ps
Cumulative error across 8 cycles tERR(8per) -169 169 ps
Cumulative error across 9 cycles tERR(9per) -175 175 ps
Cumulative error across 10 cycles tERR(10per) -180 180 ps
Cumulative error across 11 cycles tERR(11pen) -184 184 ps
Cumulative error across 12 cycles tERR(12per) -188 188 ps
tERR(nperymin = (1 + 0.68In(n))
Cumulative error across n = 13-50 cycles tERR(nper) LT (perymin ps 24

teRR(npermax = (1 + 0.68In(n)) *
t‘JIT(per)max
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Device Timing Parameters by Speed Bin (Continued)

DDR3L-1600
Parameter
Min Max

Data Timing
DQS, DQS to DQ skew, per group, per access tbasa - 100 ps 13
DQ output hold time from DQS, DQS tQH 0.38 - tek(avg) 13,b
DQ low-impedance from CK, CK tLizipq) -450 225 ps 13,14, a
DQ high-impedance from CK, CK thz(0q) - 225 ps 13,14, a
Data setup time to DQS, DQS refer- tps(base)
enced to VlH(AC) / VIL(AC) levels 1.35V AC160 ) ) ps 17.d
Data setup time to DQS, DQS refer- tbs(pase)

1.35V 2 - 17,27
enced to VIH(AC) / VIL(AC) levels 35 AC135 > ps ,27,d
Data hold time from DQS, DQS ref- tbH(base)
erenced to VIH(DC) / VIL(DC) levels 1.35V DC90 55 ) ps 17.d
Data setup time to DQS, DQS refer- tps(pase)

1.5V - - 17
enced to Viyac)/ ViLac) levels 5 AC175 ps d
Data setup time to DQS, DQS refer- tps(base)
enced to VIH(AC) / VIL(AC) levels 1.5V AC150 10 ps 17,27, d
Data hold time from DQS, DQS ref- tDH(base)
erenced to Viypc)/ Vipc) levels 1.5V DC100 45 ) ps 17,d
DQ and DM input pulse width for each input tpipw 360 - ps 28
Data Strobe Timing
DQS, DQS differential READ preamble tRPRE 0.9 Note 19 tck(avg) 13,19, b
DQS, DQS differential READ postamble trRpsT 0.3 Note 11 tck(avg) 11,13, b
DQS, DQS differential output high time tasH 0.4 - tck(avg) 13,b
DQS, DQS differential output low time tasL 0.4 - tek(avg) 13,b
DQS, DQS differential WRITE preamble twpRE 0.9 - tek(avg)
DQS, DQS differential WRITE postamble twpsT 0.3 - tck(avg)
DQS, DQS rising edge output access time t )
from rising CK, CK DQSCK 225 225 ps 13,2
DQS and DQS low-impedance time
(Referenced from RL - 1) tizpas) 450 225 ps 13,14, 2
DQS and DQS low-impedance time
(Referenced from RL + BL/ 2) tHz(0as) ; 225 ps 13,14, 2
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Device Timing Parameters by Speed Bin (Continued)

DDR3L-1600

Parameter

Min Max
DQS, DQS differential input low pulse width tbasL 0.45 0.55 tek(avg)
DQS, DQS differential input high pulse width tbasH 0.45 0.55 tck(avg)
DQS, DQS rising edge to CK, CK rising edge tbass -0.27 0.27 tok(avg) c
EI)SQmSg Engz falling edge setup time to CK, CK toss 018 ) toK(avg) c
ESQmSg EC%SG falling edge hold time from CK, CK tosh 018 ) toK(avg) c
Command and Address Timing
DLL locking time oLk 512 - nCK
Internal READ command to PRECHARGE tap max (4nCK, ) e
command delay 7.5ns)
!Z)elay from start of internal write transaction to twTR max (4nCK, ) 18, e
internal READ command 7.5ns)
WRITE recovery time twr 15 - ns e
Mode Register Set command cycle time tMRD 4 - nCK
Mode Register Set command update delay tvoDp max1 (51n28r;CK, -
ACT to internal read or write delay time trcD Refer to Speed Bin on page 22. e
PRECHARGE command period trp Refer to Speed Bin on page 22. e
ACT to ACT or REF command period tre Refer to Speed Bin on page 22. e
CAS to CAS command delay tcep 4 - nCK
ﬁrLrJ]teo—precharge write recovery + precharge {DAL(min) WR + roundup (tgp / tokavg)) nCK
Multi-purpose register recovery time tMPRR 1 - nCK 22
ACTIVE to PRECHARGE command period tras Refer to Speed Bin on page 22. e
ACTIV!E to ACTIVE command period for 1KB tRRD max (4nCK, ) e
page size 6ns)
ACTIV!E to ACTIVE command period for 2KB tRRD max (4nCK, ) e
page size 7.5ns)
Four activate window for 1KB page size traw 30 - ns e
Four activate window for 2KB page size traw 40 - ns e
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Device Timing Parameters by Speed Bin (Continued)

DDR3L-1600
Parameter Notes

Min Max

Command and Address setup time

to CK, CK referenced to Vinac)/ 1.35V tis(base) 60 i ps 16, b
V|L(AC) levels AC160

Command and Address setup time ¢

to CK, CK referenced to Viyac)/ 1.35V IS(base) 185 - ps 16, b
V|L(AC) levels AC135

Command and Address hold time to t

CK, CK referenced to Viyypg)/ 1.35V I1S(base) 130 - ps 16, b

v | DC90
IL(DC) evels

Command and Address setup time N
to CK, CK referenced to Vyacy/ 1.5V 1S(base) 45 . ps 16, b
VlL(AC) levels AC175

Command and Address setup time

to CK, CK referenced to Vinac)/ 1.5V tis(base) 170 R ps 16, b
V|L(AC) levels AC150

Command and Address hold time to ¢

CK, CK referenced to Viipc) / 1.5V IS(base) 120 - ps 16, b
V|L(DC) levels DC100

Control and Address input pulse width for

t -
each input IPW 560 ps 28

Calibration Timing

max (512nCK,

Power-up and RESET calibration time tzQinit 640ns) -
Normal operation Full calibration time tzQoper max3(2205n63r;CK, -
Normal operation Short calibration time tzacs max8(06n4'rsr)1CK, - 23
Reset Timing

5nCK,
Exit Reset from CKE HICH to a valid com- t max (o
mand XPR RFCMIN + -

10ns)

Self Refresh Timing

5nCK,
Exit Self Refresh from to commands not t rrtlax (mri]n . i
requiring a locked DLL XS Rz((;)ns)
Exit Self Refresh from to commands requiring .
a locked DLL txspLL tpLkmin - nCK
Minimum CKE low width for Self Refresh entry t tockemin + i
to exit timing CKESR 1nCK
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Device Timing Parameters by Speed Bin (Continued)

DDR3L-1600
Parameter Notes
Min Max
Valid clock requirement after Self Refresh t max (5nCK, )
Entry (SRE) or Power-Down Entry (PDE) CKSRE 10ns)
Valid clock requirement before Self Refresh max (5nCK
Exit (SRX) or Power-Down Exit (PDX) or tcksrx ’ -
10ns)

Reset Exit
Power Down Timing
Exit Power Down with DLL on to any valid
command; Exit Precharge Power Down with t max (3nCK, )
DLL frozen to commands not requiring a xP 6ns)
locked DLL
Exit Precharge Power Down with DLL frozen t max (10nCK, ) 2
to commands requiring a locked DLL XPDLL 24ns)
CKE minimum pulse width toke maxSE]Ssr)lCK, - nCK
Command pass disable delay tcPDED 1 - nCK
Power Down Entry to Exit Timing trp tokemin 9 * tRer 15
Timing of ACT command to Power Down entry | tAcTPDEN 1 - nCK 20
Timing of PRE or PREA command to Power
Down entry {PRPDEN 1 i nCK 20
Timing of RD/RDA command to Power Down

t -
entry RDPDEN RL+4+1 nCK
Timing of WR command to Power Down entry | WL +4 + (twr/ i nCK 9
(BL8OTF, BL8MRS, BC4OTF) WRPDEN tck(avg))
Timing of WRA command to Power Down t WL+4+WR+ ) nCK 10
entry (BL8OTF, BLSMRS, BC4OTF) WRAPDEN 1
Timing of WR command to Power Down entry WL +2 + (twgr/

t - nCK 9
(BC4AMRS) WRPDEN toK(avg))
Timing of WRA command to Power Down t WL +2 + WR + ) nCK 10
entry (BC4AMRS) WRAPDEN 1
Timing of REF command to Power Down entry | tRerFpPDEN 1 - nCK 20, 21
Timing of MRS command to Power Down t t min )
entry MRSPDEN MOD
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Device Timing Parameters by Speed Bin (Continued)

DDR3L-1600
Parameter Notes
Min Max
ODT Timing
ODT turn on latency ODTLon WL-2 = CWL + AL -2 nCK
ODT turn off latency ODTLoff WL-2 = CWL + AL -2 nCK
ODT high time without Write command or with
Write command and BC4 ODTH4 4 i nCK
ODT high time with Write command and BL8 ODTHS8 6 - nCK
Asynchronous RTT turn-on delay (Power-
t
Down with DLL frozen) AONPD 2 8.5 ns
Asynchronous RTT turn-off delay (Power-
Down with DLL frozen) tAOFPD 2 8.5 ns
RTT turn-on tAON -225 225 ps 7,a
RTT_Nom and RTT_WR turn-off time from
ODTLoff reference taoF 0.3 0.7 IcK(avg) 8a
RTT dynamic change skew tapc 0.3 0.7 tek(avg) a
Write Leveling Timing
First DQS/DQS rising edge after write leveling
t -
mode is programmed WLMRD 40 nCK s
DQS/DQS delay after write leveling mode is
t -
programmed WLDQSEN 25 nCK 3
Write leveling setup time from rising CK, CK
c__ t -
crossing to rising DQS, DQS crossing wLs 165 ps
Write leveling hold time from rising DQS, DQS t 165 ) S
crossing to rising CK, CK crossing WLH P
Write leveling output delay twro 0 7.5 ns
Write leveling output error twLoE 0 2 ns
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Device Timing Parameters Notes

Actual value dependant upon measurement level definitions. See “Device Operation & Timing Diagram Datasheet”.

Commands requiring a locked DLL are: READ (and RAP) and synchronous ODT commands.

The max values are system dependent.

WR as programmed in the Mode Register.

Value must be rounded-up to next higher integer value.

There is no maximum cycle time limit besides the need to satisfy the refresh interval, tgep.

For definition of RTT turn-on time taon, see “Device Operation & Timing Diagram Datasheet”

For definition of RTT turn-off time tpoof, see “Device Operation & Timing Diagram Datasheet”.

twr is defined in ns, for calculation of tywgrppen it is necessary to round up twg / tck to the next integer.

WR is in clock cycles as programmed in MRO.

The maximum read postamble is bound by tpasck(min) plus tasn(min) on the left side and tyzpqs)max on the right side. See “Device
Operation & Timing Diagram Datasheet”.

Output timing deratings are relative to the SDRAM input clock. When the device is operated with input clock jitter, this parameter needs to
be derated by Jitter Notes on page 31.

13. Value is only valid for RON34.

14. Single ended signal parameter.

15. tREFl depends on TOPER'

16, tis(pase) @Nd tiH(pase) values are for 1V/ns CMD/ADD single-ended slew rate and 2V/ns CK, CK differential slew rate. Note for DQ and DM

signals, VREF(DC) = VREFDQ(DC)' For input onIy pins except RESET, VREF(DC) = VREFCA(DC)'

17. 1ps(base) @Nd tpH(pase) values are for 1V/ns DQ single-ended slew rate and 2V/ns DQS, DQS differential slew rate. Note for DQ and DM

signals, VREF(DC) = VREFDQ(DC)' For input Only pins except RESET, VREF(DC) = VREFCA(DC)'
18. Start of internal write transaction is defined as follows:

For BL8 (fixed by MRS and on- the-fly): Rising clock edge 4 clock cycles after WL.

For BC4 (on- the- fly): Rising clock edge 4 clock cycles after WL.

For BC4 (fixed by MRS): Rising clock edge 2 clock cycles after WL.

19. The maximum read preamble is bound by t; zpqg(min) on the left side and tpogck(max) on the right side. See “Device Operation & Timing
Diagram Datasheet”.

20. CKE is allowed to be registered low while operations such as row activation, precharge, auto-precharge or refresh are in progress, but
power-down IDD spec will not be applied until finishing those operations.

21. Although CKE is allowed to be registered LOW after a REFRESH command once tgrgrppen(min) is satisfied, there are cases where addi-
tional time such as typp | (min) is also required. See “Device Operation & Timing Diagram Datasheet”.

22. Defined between end of MPR read burst and MRS which reloads MPR or disables MPR function.

23. One ZQCS command can effectively correct a minimum of 0.5% (ZQCorrection) of RON and RTT impedance error within 64 nCK for all
speed bins assuming the maximum sensitivities specified in the ‘Output Driver Voltage and Temperature Sensitivity’ and ‘ODT Voltage and
Temperature Sensitivity’ tables. The appropriate interval between ZQCS commands can be determined from these tables and other appli-
cation-specific parameters.

One method for calculating the interval between ZQCS commands, given the temperature (Tdriftrate) and voltage (Vdriftrate) drift rates
that the SDRAM is subject to in the application, is illustrated. The interval could be defined by the following formula:

g 9o NooRrLD =

- o

-
A

ZQCorrection
(TSensx Tdriftrate) + (VSens x Vdriftrate)
where TSens = max (dRTTdT, dRONdTM) and VSens = max (dRTTdV, dRONdVM) define the SDRAM temperature and voltage sensitivi-
ties.
For example, if TSens = 1.5% / °C, VSens = 0.15% / mV, Tdriftrate = 1 °C / sec and Vdriftrate = 15 mV / sec, then the interval between
ZQCS commands is calculated as:

0.5
(1.5x1)+(0.15+15)

24. n=from 13 cycles to 50 cycles. This row defines 38 parameters.

25. tcH(abs) is the absolute instantaneous clock high pulse width, as measured from one rising edge to the following falling edge.

26. ¢y (abs) is the absolute instantaneous clock low pulse width, as measured from one falling edge to the following rising edge.

27. The Yigpase) AC150 specifications are adjusted from the ti5pase) Specification by adding an additional 100 ps of derating to accommodate
for the lower alternate threshold of 150 mV and another 25 ps to account for the earlier reference point [(175mv - 150mV) / 1 V/ns].

28. Pulse width of a input signal is defined as the width between the first crossing of Vrgrpc and the consecutive crossing of VgRerpc-

= 0.133=128ms

Corporate Headquarters: 39870 Eureka Dr., Newark, CA, 94560, USA - Tel: (510) 623-1231 « Fax: (510) 623-1434 « E-mail: info@smartm.com

Europe: 305 Nasmyth Building, Scottish Enterprise Tech Park, Glasgow, Scotland, G75 0QD, United Kingdom ¢ Tel: (+44) 1355 813455 « Fax: (+44) 1355 813456
Latin America: Av. Tegula, 888, Edificio Cristal - CEA, Ponte Alta, Atibaia, Sao Paulo, Brazil, 12952-820 « Tel: (+55) 11 4417-7200 « Fax: (+55) 11 4417-7219
Asia: Plot 18, Lorong Jelawat 4, Kawasan Perindustrian Seberang Jaya, 13700 Perai, Penang, Malaysia « Tel: (+604) 399 2909 « Fax: (+604) 399 2963

©2015 SMART Modular - Confidential 30



SMART® SH5126SV351816-SE

Modular Technologies July 13, 2015

tpqsL describes the instantaneous differential input low pulse width on DQS-DQS, as measured from one falling edge to the next consec-
utive rising edge.
tpasH describes the instantaneous differential input high pulse width on DQS-DQS, as measured from one rising edge to the next consec-

utive falling edge.
tpash» act + tpqgy, act = 1 tgk, act; with tyyz,act being the actual measured value of the respective timing parameter in the application.

tpsH, act + tpgs, act = 1 ek, act; with tyyz,act being the actual measured value of the respective timing parameter in the application.

Jitter Notes

Unit ‘tok(avg)' represents the actual tok avg) of the input clock under operation. Unit ‘nCK’ represents one clock cycle of the input clock,
counting the actual clock edges. (ex) tyrp = 4 [NCK] means; if one Mode Register Set command is registered at Tm, another Mode Regis-
ter Set command may be registered at Tm+4, even if (Tm+4 - Tm) is 4 X tck(avg) + tERR(4per)MiN-

These parameters are measured from a command/address signal (CKE, CS, RAS, CAS, WE, ODT, BAO, A0, A1, etc.) transition edge to its
respective clock signal (CK/CK) crossing. The spec values are not affected by the amount of clock jitter applied (i.€. tyr(pen), tuit(cc): €tC-),
as the setup and hold are relative to the clock signal crossing that latches the command/address. That is, these parameters should be met
whether clock jitter is present or not.

These parameters are measured from a data strobe signal (DQS, DQS) crossing to its respective clock signal (CK, CK) crossing. The spec
values are not affected by the amount of clock jitter applied (i.e. tyr(per): tiT(cc), €1C-), as these are relative to the clock signal crossing.

That is, these parameters should be met whether clock jitter is present or not.

These parameters are measured from a data signal (DM, DQO, DQ1, etc.) transition edge to its respective data strobe signal (DQS, DQS)
crossing.

For these parameters, the DDR3 SDRAM device supports thparam [NCK] = RU {tparam [NS] / tck(avg) NS}, which is in clock cycles, assum-
ing all input clock jitter specifications are satisfied. For example, the device will support t,rp = RU {trp / tck(avg)}, Which is in clock cycles, if
all input clock jitter specifications are met. This means: For DDR3-800 6-6-6, of which tgp = 15ns, the device will support t,gp = RU {tgp /

tck(avg)t = 6, as long as the input clock jitter specifications are met, i.e. Precharge command at Tm and Active command at Tm+6 is valid

even if (Tm+6 - Tm) is less than 15ns due to input clock jitter.

When the device is operated with input clock jitter, this parameter needs to be derated by the actual terr(mper),act of the input clock, where
2 <=m <= 12. (output deratings are relative to the SDRAM input clock.) For example, if the measured jitter into a DDR3-800 SDRAM has
tERR(mper),@Ctmin = - 172 ps and terr(mper)-act,max = + 193 ps, then tpggck.min(derated) = tpasck,Min - tERR(Mper)-@Ct:Max = - 400 ps -
193 ps = - 593 ps and tpgsck,max(derated) = tpqsck.Max - terr(mper)-act,Min = 400 ps + 172 ps = + 572 ps. Similarly, {| z\pq) for DDR3-
800 derates to t; 7 pq),min(derated) = - 800 ps - 193 ps = - 993 ps and t z\pq),max(derated) = 400 ps + 172 ps = + 572 ps. (Caution on the
min/max usage!) Note that terr(mper),act,min is the minimum measured value of tepr(nper) Where 2 <= n <= 12, and tepg(mper),act,max is
the maximum measured value of terp(nper) Where 2 <= n <= 12.

When the device is operated with input clock jitter, this parameter needs to be derated by the actual trper),act of the input clock.(output
deratings are relative to the SDRAM input clock.) For example, if the measured jitter into a DDR3-800 SDRAM has tc(avg),act = 2500 ps,
it (perp@ct,min = - 72 ps and tji1(per),act,max = + 93 ps, then tgpge,min(derated) = trpre,MIN + NtyiT(per),-act,Min = 0.9 X tek(avg).act +

it (per)»act,min = 0.9 x 2500 ps - 72 ps = + 2178 ps. Similarly, tqq,min(derated) = tqy,Min + tj;7(per),act,min = 0.38 X tck(avg).act +

it (per)»act,min = 0.38 x 2500 ps - 72 ps = + 878 ps. (Caution on the min/max usage!)
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IDD and IDDQ Measurement-Loop Patterns Timing

Speed Bin DDR3L-1600 .
Parameter 11-11-11 dnits
tckmin(IDD) 1.25 ns
CL(IDD) 11 nCK
nRCD 11 nCK
nRC 39 nCK
nRAS 28 nCK
nRP 11 nCK
nFAW 1KB page size 24 nCK
nFAW 2KB page size 32 nCK
nRRD 1KB page size 5 nCK
nRRD 2KB page size 6 nCK
nRFC 208 nCK

Definitions for IDD Measurement Conditions
“0” and “LOW” is defined as V|N < VILAC(max)-
“1” and “HIGH" is defined as VN 2 Viyac(min)-
“MID-LEVEL” is defined as inputs that are Vg = Vpp/2.
Timings used for IDD and IDDQ Measurement-Loop Patterns are provided in IDD and IDDQ Measurement-
Loop Patterns Timing above.
Basic IDD and IDDQ Measurement Conditions are described in IDD Measurement Conditions on pages 33-34.
Detailed IDD and IDDQ Measurement-Loop Patterns are described in IDD Measurement-Loop Patterns on
pages 36-41.
IDD Measurements are done after properly initializing the DDR3 SDRAM. This includes but is not limited to set-
ting:
RON = RZQ/7 (34 Ohm in MR1);
Qoff = 0g (Output Buffer enabled in MR1);
RTT_Nom = RZQ/6 (40 Ohm in MR1);
RTT_Wr =RZQ/2 (120 Ohm in MR2);
TDQS Feature disabled in MR1.
Attention: The IDD and IDDQ Measurement-Loop Patterns need to be executed at least one time before
actual IDD or IDDQ measurement is started.

Define D = {CS, RAS, CAS, WE}: = {HIGH, LOW, LOW, LOW}

Define D = {CS, RAS, CAS, WE}: = {HIGH, HIGH, HIGH, HIGH}
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Symbol

lbpo

IDD Measurement Conditions

Description

Operating One Bank
Active-Precharge Cur-
rent

Conditions

CKE: High; External clock: On; tck, NRC, nRAS, CL: See IDD and IDDQ
Timings on page 32; BL: 8'; AL: 0; CS: High between ACT and PRE; Com-
mand, Address, Bank Address Inputs: partially toggling according to IDDO
Measurement-Loop Pattern on page 36; Data I/O: MID-LEVEL; DM: stable
at 0; Bank Activity: Cycling with one bank active at a time: 0,0,1,1,2,2,...
(See IDD0 Measurement-Loop Pattern on page 36); Output Buffer and RTT:
Enabled in Mode Registersz; ODT Signal: stable at 0; Pattern Details: See
IDDO Measurement-Loop Pattern on page 36.

Ibp1

Operating One Bank
Active-Read-Pre-
charge Current

CKE: High; External clock: On; tck, NRC, nRAS, nRCD, CL: See IDD and

IDDQ Timings on page 32; BL: 8" 8; AL: 0; CS: High between ACT, RD and
PRE; Command, Address, Bank Address Inputs, Data I/O: partially toggling
according to IDD1 Measurement-Loop Pattern on page 37; DM: stable at O;
Bank Activity: Cycling with one bank active at a time: 0,0,1,1,2,2,... (See
IDD1 Measurement-Loop Pattern on page 37); Output Buffer and RTT:
Enabled in Mode Registersz; ODT Signal: stable at 0; Pattern Details: See
IDD1 Measurement-Loop Pattern on page 37.

lpp2pPo

Precharge Power-
Down Current Slow
Exit

CKE: Low; External clock: On; tck, CL: See IDD and IDDQ Timings on

page 32; BL: 8': AL: 0; CS: stable at 1; Command, Address, Bank Address
Inputs: stable at 0; Data I/O: MID-LEVEL; DM: stable at 0; Bank Activity: all

banks closed; Output Buffer and RTT: Enabled in Mode Registersz; oDT
Signal: stable at 0; Precharge Power Down Mode: Slow Exit®.

lpp2p1

Precharge Power-
Down Current Fast
Exit

CKE: Low; External clock: On; tck, CL: See IDD and IDDQ Timings on

page 32; BL: 8': AL: 0; CS: stable at 1; Command, Address, Bank Address
Inputs: stable at 0; Data I/O: MID-LEVEL; DM: stable at 0; Bank Activity: all

banks closed; Output Buffer and RTT: Enabled in Mode Registersz; oDT
Signal: stable at 0; Precharge Power Down Mode: Fast Exit3.

lbpan

Precharge Standby
Current

CKE: High; External clock: On; tck, CL: See IDD and IDDQ Timings on

page 32; BL: 8'; AL: 0; CS: stable at 1; Command, Address, Bank Address
Inputs: partially toggling according to IDD2N and IDD3N Measurement-
Loop Pattern on page 38; Data I/O: MID-LEVEL; DM: stable at 0; Bank
Activity: all banks closed; Output Buffer and RTT: Enabled in Mode
Registersz; ODT Signal: stable at 0; Pattern Details: See IDD2N and IDD3N
Measurement-Loop Pattern on page 38.

lbp2q

Precharge Quiet
Standby Current

CKE: High; External clock: On; tck, CL: See IDD and IDDQ Timings on
page 32; BL: 8': AL: 0; CS: stable at 1; Command, Address, Bank Address
Inputs: stable at 0; Data I/O: MID-LEVEL; DM: stable at 0;Bank Activity: all

banks closed; Output Buffer and RTT: Enabled in Mode Registers?; ODT
Signal: stable at 0.
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Symbol

Ippsp

IDD Measurement Conditions (Continued)

Description

Active Power Down
Current

Conditions

CKE: Low; External clock: On; tck, CL: See IDD and IDDQ Timings on
page 32; BL: 8': AL: 0; CS: stable at 1; Command, Address, Bank Address
Inputs: stable at 0; Data 1/0: MID-LEVEL; DM: stable at 0; Bank Activity: all

banks open; Output Buffer and RTT: Enabled in Mode Registers?; ODT Sig-
nal: stable at 0.

lbpan

Active Standby Cur-
rent

CKE: High; External clock: On; tck, CL: See IDD and IDDQ Timings on

page 32; BL: 81; AL: 0; CS: stable at 1; Command, Address, Bank Address
Inputs: partially toggling according to IDD2N and IDD3N Measurement-
Loop Pattern on page 38; Data I/O: MID-LEVEL; DM: stable at 0;Bank Activ-
ity: all banks open; Output Buffer and RTT: Enabled in Mode Registers?;
ODT Signal: stable at 0; Pattern Details: See IDD2N and IDD3N Measure-
ment-Loop Pattern on page 38.

lbpar

Operating Burst Read
Current

CKE: High; External clock: On; tck, CL: See IDD and IDDQ Timings on

page 32; BL: 8':6; AL: 0; CS: High between RD; Command, Address, Bank
Address Inputs: partially toggling according to IDD4R Measurement-Loop
Pattern on page 39; Data I/O: seamless read data burst with different data
between one burst and the next one according to IDD4R Measurement-
Loop Pattern on page 39; DM: stable at 0; Bank Activity: all banks open, RD
commands cycling through banks: 0,0,1,1,2,2,... (See IDD4R Measure-
ment-Loop Pattern on page 39); Output Buffer and RTT: Enabled in Mode

Registersz; ODT Signal: stable at 0; Pattern Details: See IDD4R Measure-
ment-Loop Pattern on page 39.

lppaw

Operating Burst Write
Current

CKE: High; External clock: On; tck, CL: See IDD and IDDQ Timings on

page 32; BL: 8'; AL: 0; CS: High between WR; Command, Address, Bank
Address Inputs: partially toggling according to IDD4W Measurement-Loop
Pattern on page 39; Data 1/O: seamless write data burst with different data
between one burst and the next one according to IDD4W Measurement-
Loop Pattern on page 39; DM: stable at 0; Bank Activity: all banks open, WR
commands cycling through banks: 0,0,1,1,2,2,... (See IDD4W Measure-
ment-Loop Pattern on page 39); Output Buffer and RTT: Enabled in Mode

Registers?; ODT Signal: stable at HIGH; Pattern Details: See IDD4W Mea-
surement-Loop Pattern on page 39.

IppsB

Burst Refresh Current

CKE: High; External clock: On; tck, CL, nNRFC: See IDD and IDDQ Timings

on page 32; BL: 8'; AL: 0; CS: High between REF; Command, Address,
Bank Address Inputs: partially toggling according to IDD5B Measurement-
Loop Pattern on page 40; Data I/O: MID-LEVEL; DM: stable at 0; Bank
Activity: REF command every nRFC (See IDD5B Measurement-Loop Pat-
tern on page 40); Output Buffer and RTT: Enabled in Mode Registersz; oDT
Signal: stable at 0; Pattern Details: See IDD5B Measurement-Loop Pattern
on page 40.
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IDD Measurement Conditions (Continued)
Symbol Description Conditions

Toase: 0 °C - 85 °C; Auto Self-Refresh (ASR): Disabled?; Self-Refresh Tem-

Self-Refresh Current: perature Range (SRT): Normal®; CKE: Low; External clock: Off; CK and CK:

Ibpe Normal Temperature | LOW; CL: See IDD and IDDQ Timings on page 32; BL: 8'; AL: 0; CS, Com-
Range mand, Address, Bank Address, Data I/0O: MID-LEVEL; DM: stable at 0; Bank
Activity: Self-Refresh operation; Output Buffer and RTT: Enabled in Mode

Registers?; ODT Signal: MID-LEVEL.
CKE: High; External clock: On; tck, nRC, nRAS, nRCD, nRRD, nFAW, CL:

See IDD and IDDQ Timings on page 32; BL: 8- 6; AL: CL-1; CS: High
between ACT and RDA; Command, Address, Bank Address Inputs: partially
toggling according to IDD7 Measurement-Loop Pattern on pages 40-41;
Data I/O: read data bursts with different data between one burst and the
next one according to IDD7 Measurement-Loop Pattern on pages 40-41;
DM: stable at 0; Bank Activity: two times interleaved cycling through banks
(0, 1,...7) with different addressing, See IDD7 Measurement-Loop Pattern

on pages 40-41; Output Buffer and RTT: Enabled in Mode Registers®; ODT
Signal: stable at 0; Pattern Details: See IDD7 Measurement-Loop Pattern
on pages 40-41.

RESET: Low; External clock: Off; CK and CK: Low; CKE: FLOATING; CS,
Command, Address, Bank Address, Data |O: FLOATING; ODT Signal:
Ipps RESET Low Current | FLOATING;

RESET Low current reading is valid once power is stable and RESET has
been LOW for at least 1ms.

All Bank Interleave

[
DDb7 Read Current

Notes:

1. Burst Length: BL8 fixed by MRS: set MRO A[1,0]=00B.

2. Output Buffer Enable: set MR1 A[12] = 0B; set MR1 A[5,1] = 01B; RTT_Nom enable: set MR1 A[9,6,2] = 011B;
RTT_Wr enable: set MR2 A[10,9] = 10B.

Precharge Power Down Mode: set MRO A[12] = OB for Slow Exit or MRO A[12]=1B for Fast Exit.

Auto Self-Refresh (ASR): set MR2 A[6] = OB to disable or 1B to enable feature.

Self-Refresh Temperature Range (SRT): set MR2 A[7] = 0B for normal or 1B for extended temperature range.
Read Burst Type: Nibble Sequential, set MR0O A[3] =

o0 kAW
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IDD Measurement Conditions (Continued)

IDDO Measurement-Loop Pattern’

o
c
«©
£
£
o
(&]
0 ACT 0 0 1 1 0 0 00 0 0 0 0 -
1,2 D,D 1 0 0 0 0 0 00 0 0 0 0 -
3,4 DD [ 1 [ 1 [ 1] 1]o]ofoo|o]|]o]o]fo -
Repeat pattern 1-4 until nRAS - 1. Truncate if necessary
nRAS PRE|0|O‘1‘0‘0|0|00‘0‘0|0|0‘ -
0 Repeat pattern 1-4 until nRC - 1. Truncate if necessary
1*nRC + 0 ACT 0 0 1 1 0 0 00 0 0 F 0 -
1*nRC + 1, 2 D,D 1 0 0 0 0 0 00 0 0 F 0 -
> | & 1"nRC + 3, 4 DD [t [t ]t |1 ]ofo]oo|o|o0O]F]|oOo -
C
—é E, Repeat pattern nRC + 1-4 until 1*nRC + nRAS - 1. Truncate if necessary
£ |8 1*nRC + nRAS PRE [0 o] 1 ]o]o]oJoo[o]o]F]o]|
Repeat pattern nRC + 1-4 until 2*nRC - 1. Truncate if necessary
1 2*nRC Repeat Sub-Loop 0, but BA[2:0] = 1
2 4*nRC Repeat Sub-Loop 0, but BA[2:0] = 2
3 6*nRC Repeat Sub-Loop 0, but BA[2:0] = 3
4 8*nRC Repeat Sub-Loop 0, but BA[2:0] = 4
5 10*nRC Repeat Sub-Loop 0, but BA[2:0] = 5
6 12*nRC Repeat Sub-Loop 0, but BA[2:0] = 6
7 14*nRC Repeat Sub-Loop 0, but BA[2:0] = 7
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IDD Measurement Conditions (Continued)

IDD1 Measurement-Loop Pattern’

o
c
«©
£
£
o
(&]
0 ACT 0 0 1 1 0 0 00 0 0 0 0 -
1-2 D,D 1 0 0 0 0 0 00 0 0 0 0 -
3-4 DD [ 1 [ 1 [ 1] 1]o]ofoo|o]|]o]o]fo -
Repeat pattern 1-4 until nRCD - 1. Truncate if necessary
nRCD RD|o|1‘o‘1‘o|o|oo‘o‘o|o|o‘oooooooo
Repeat pattern 1-4 until nRAS - 1. Truncate if necessary
nRAS PRE|0|O|1|0|0|O|00|0|0|O|O| -
0 Repeat pattern 1-4 until nRC - 1. Truncate if necessary
1*nRC + 0 ACT 0 0 1 1 0 0 00 0 0 F 0 -
1*nRC + 1-2 D,D 1 0 0 0 0 0 00 0 0 F 0 -
> | & 1*nRC + 3-4 DD [t [t ]| 1|1 ]o]o]oo|o0o|oO]F]|oO -
C
—é (I_J Repeat pattern nRC + 1-4 until 1*nRC + nRCD - 1. Truncate if necessary
2| & 1"nRC + nRCD RO | o |1 ]of[1[o]o]oo|o]|o]F][o][ 001100
Repeat pattern nRC + 1-4 until 1*nRC + nRAS - 1. Truncate if necessary
1*nRC + nRAS PRE|0|O‘1‘0‘0|0|00‘0‘0|F|0‘ -
Repeat pattern nRC + 1-4 until 2*nRC - 1. Truncate if necessary
1 2*nRC Repeat Sub-Loop 0, but BA[2:0] = 1
2 4*nRC Repeat Sub-Loop 0, but BA[2:0] = 2
3 6*nRC Repeat Sub-Loop 0, but BA[2:0] = 3
4 8*nRC Repeat Sub-Loop 0, but BA[2:0] = 4
5 10*nRC Repeat Sub-Loop 0, but BA[2:0] = 5
6 12*nRC Repeat Sub-Loop 0, but BA[2:0] = 6
7 14*nRC Repeat Sub-Loop 0, but BA[2:0] = 7
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IDD Measurement Conditions (Continued)
IDD2N and IDD3N Measurement-Loop Pattern

o
c
©
£
£
o
(&]
0 D 1 0 0 0 0 0 00 0 0 0 0 -
0 1 D 1 0 0 0 0 0 00 0 0 0 0 -
2 D 1 1 1 1 0 0 00 0 0 F 0 -
D 1 1 1 1 0 0 00 0 0 F 0 -
) S 1 4-7 Repeat Sub-Loop 0, but BA[2:0] = 1
—é ?_, 2 8-11 Repeat Sub-Loop 0, but BA[2:0] = 2
= | & 3 12-15 Repeat Sub-Loop 0, but BA[2:0] = 3
4 16-19 Repeat Sub-Loop 0, but BA[2:0] = 4
5 20-23 Repeat Sub-Loop 0, but BA[2:0] = 5
6 24-27 Repeat Sub-Loop 0, but BA[2:0] = 6
7 28-31 Repeat Sub-Loop 0, but BA[2:0] = 7
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IDD Measurement Conditions (Continued)

IDD4R Measurement-Loop Pattern’

o
c
«©
£
£
o
(&]
0 RD 0 1 0 1 0 0 00 0 0 0 0 00000000
1 D 1 0 0 0 0 0 00 0 0 0 0 -
0 2-3 D,D 1 1 1 1 0 0 00 0 0 0 0 -
4 RD 0 1 0 1 0 0 00 0 0 F 0 00110011
5 D 1 0 0 0 0 0 00 0 0 F 0 -
) S 6-7 D,D 1 1 1 1 0 0 00 0 0 F 0 -
5 S |1 8-15 Repeat Sub-Loop 0, but BA[2:0] = 1
=& 2 16-23 Repeat Sub-Loop 0, but BA[2:0] = 2
3 24-31 Repeat Sub-Loop 0, but BA[2:0] = 3
4 32-39 Repeat Sub-Loop 0, but BA[2:0] = 4
5 40-47 Repeat Sub-Loop 0, but BA[2:0] = 5
6 48-55 Repeat Sub-Loop 0, but BA[2:0] = 6
7 56-63 Repeat Sub-Loop 0, but BA[2:0] = 7

IDD4W Measurement-Loop Pattern’

o
c
«©
£
£
o
(&]
0 WR 0 1 0 1 0 00 0 0 0 0 00000000
1 D 1 0 0 0 1 0 00 0 0 0 0 -
0 2-3 D,D 1 1 1 1 1 0 00 0 0 0 0 -
4 WR 0 1 0 0 1 0 00 0 0 F 0 00110011
5 D 1 0 0 0 1 0 00 0 0 F 0 -
o | & 6-7 D,D 1 1 1 1 1 0 00 0 0 F 0 -
c
5 S |1 8-15 Repeat Sub-Loop 0, but BA[2:0] = 1
e | & 2 16-23 Repeat Sub-Loop 0, but BA[2:0] = 2
3 24-31 Repeat Sub-Loop 0, but BA[2:0] = 3
4 32-39 Repeat Sub-Loop 0, but BA[2:0] = 4
5 40-47 Repeat Sub-Loop 0, but BA[2:0] = 5
6 48-55 Repeat Sub-Loop 0, but BA[2:0] = 6
7 56-63 Repeat Sub-Loop 0, but BA[2:0] = 7
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IDD Measurement Conditions (Continued)

IDD5B Measurement-Loop Pattern’

o o
8 :
2 ;
(7] (&)
0 0 REF 0 0 0 1 0 0 00 0 0 0 0 -
1-2 D 1 0 0 0 0 0 00 0 0 0 0 -
3-4 D 1 1 1 1 0 0 00 0 0 F 0 -
5-8 Repeat cycles 1-4, but BA[2:0] = 1
o | & 9-12 Repeat cycles 1-4, but BA[2:0] = 2
—é E 1 13-16 Repeat cycles 1-4, but BA[2:0] = 3
= | & 17-20 Repeat cycles 1-4, but BA[2:0] = 4
21-24 Repeat cycles 1-4, but BA[2:0] = 5
25-28 Repeat cycles 1-4, but BA[2:0] = 6
29-32 Repeat cycles 1-4, but BA[2:0] =7
2 33-nRFC - 1 Repeat Sub-Loop 1 until nNRFC - 1. Truncate if necessary

IDD7 Measurement-Loop Pattern’
ATTENTION: Sub-Loops 10-19 have inverse A[6:3] Pattern and Data Pattern than Sub-Loops 0-9

o
c
©
£
£
o
(8]
0 ACT 0 0 1 1 0 0 00 0 0 0 -

0 1 RDA 0 1 0 1 0 0 00 1 0 0 00000000
2 D 1 0 0 0 0 0 00 0 0 0 -
Repeat above D Command until nRRD - 1

nRRD ACT 0 0 1 1 0 1 00 0 0 F -

- | nRRD + 1 RDA 0 1 0 1 0 1 00 1 0 F 00110011
213 nRRD + 2 D [t[oflofo|o]1t]oo|lo|[o]F -
§ '% Repeat above D Command until 2*nRRD - 1

» 2*nRRD Repeat Sub-Loop 0, but BA[2:0] = 2

3*nRRD Repeat Sub-Loop 1, but BA[2:0] = 3
D|1|o‘o‘o‘o|3|oo‘o‘o|F|o‘ -
4 4*nRRD " :
Assert and repeat above D Command until nFAW - 1, if necessary
nFAW Repeat Sub-Loop 0, but BA[2:0] = 4
nFAW + nRRD Repeat Sub-Loop 1, but BA[2:0] = 5
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IDD7 Measurement-Loop Pattern’ (Continued)
ATTENTION: Sub-Loops 10-19 have inverse A[6:3] Pattern and Data Pattern than Sub-Loops 0-9

o o
8 -
& £
S o
(7] (8]
7 nFAW + 2*nRRD Repeat Sub-Loop 0, but BA[2:0] = 6
8 nFAW + 3*nRRD Repeat Sub-Loop 1, but BA[2:0] = 7
D|1|o‘o‘o‘o|7|oo‘o 0|F|O‘ -
9 nFAW + 4*nRRD . .
Assert and repeat above D Command until 2*nFAW - 1, if necessary
2*nFAW ACT 0 0 1 1 0 0 00 0 0 F 0 -
10 2*nFAW + 1 RDA 0 1 0 1 0 0 00 1 0 F 0 00110011
D 1 0 0 0 0 0 00 0 0 F 0 -
2*nFAW + 2
Repeat above D Command until 2*nFAW + nRRD - 1
2*nFAW + nRRD ACT 0 0 1 1 0 1 00 0 0 0 0 -
o | 5 » 2*nFAW + nRRD + 1| RDA 0 1 0 1 0 1 00 1 0 0 0 00000000
g =
515 D 1] ololo o] 1]o|o0o|o0o|o0]o -
2 | 5 2*'nFAW + nRRD + 2 -
= & Repeat above D Command until 2*nFAW + 2*nRRD - 1
12 | 2*nFAW + 2*nRRD Repeat Sub-Loop 10, but BA[2:0] = 2
13 | 2*nFAW + 3*nRRD Repeat Sub-Loop 11, but BA[2:0] = 3
D|1|o‘o‘o‘o|3|oo‘o o|o|o‘ -
14 | 2*nFAW + 4*nRRD
Assert and repeat above D Command until 3*nFAW - 1, if necessary
15 3*nFAW Repeat Sub-Loop 10, but BA[2:0] = 4
16 3*nFAW + nRRD Repeat Sub-Loop 11, but BA[2:0] =5
17 | 3*nFAW + 2*nRRD Repeat Sub-Loop 10, but BA[2:0] = 6
18 | 3*nFAW + 3*nRRD Repeat Sub-Loop 11, but BA[2:0] = 7
D|1|o‘o‘o‘o|7|oo‘o o|o|o‘ -
19 | 3*nFAW + 4*nRRD _ .
Assert and repeat above D Command until 4*nFAW - 1, if necessary
Notes:

1. DM must be driven LOW all the time. DQS, DQS are used according to RD Commands, otherwise MID-LEVEL
2. Burst Sequence driven on each DQ signal by Read Command. Outside burst operation, DQ signals are MID-LEVEL.
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Notes:

IDD Specifications

PC3L-12800
Parameter 11-11-11
135V 1.5V

Ibbo 200 230 mA
Ibp1 280 320 mA
Ibb2pPo 60 90 mA
lbp2p1 60 90 mA
lbp2n 90 100 mA
Ibp2q 80 100 mA
lbpsp 80 90 mA
Ibpan 170 180 mA
Ibpar 510 570 mA
IbDaw 510 570 mA
Ibpss 1520 | 1600 mA
Ibbs 100 120 mA
Ibp7 970 1040 mA
lbps 120 120 mA

1. IDD values are calculated with non-active ranks (IDLE) in the IDD2N state.
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Input/Output Capacitance

PC3L-12800
Parameter 1.35V 1.5V i Notes
Max
Input/output capacitance,
(DQ, DM, DQS, DQS, TDQS, TOaS) | 1 t4 22 14 23 pRo 12
Input/output capacitance delta, i i
(DQ, DM, DQS, DQS, TDQS, TDQS) Coio 0.5 0.3 0.5 0.3 pF | 2,10
Input/output capacitance delta,
(DQS and _DQS) CDDQS 0 0.15 0 0.15 pF 2,4
Input capacitance, (CK and CK) Cck 6.4 11.2 6.4 11.2 pF 2
Input capacitance delta, (CK and W) Cpck 0 1.2 0 1.2 pF 2,3
Input capacitance,
(ADD/CMD/CTRL input-only pins) G 6 9.6 6 104 1 pF | 25
Input capacitance delta, CoiabD cm | i
(All ADD/CMD input-only pins) D 3.2 3.2 3.2 3.2 2,67
Input capacitance delta, i i
(All CTRL input-only pins) CocraL | 32 1.6 32 16 | pF 1289
Notes:
1. Although the DM, TDQS and TDQS pins have different functions, the loading matches DQ and DQS.
2. This parameter is not subject to production test. It is verified by design and characterization.
3. Absolute value of Cgk - Cgk.
4. Absolute value of C,o(DQS) - Co(DQS). L
5. C, applies to ODT, CS, CKE, A0-A15, BA0-BA2, RAS, CAS, WE.
6. CDLADDiCMD applies to AO-A15, BAO-BA2, RAS, CAS and WE.
7. CD|7ADD70MD = C|(ADD_CMD) -05"* (C|(CK) + C|(CK))
8. Cp| cTRL @pplies to ODT CS and CKE.
9. CpictrL=C (CTRL) * (G(CK) + C|(CK)).
10. CDIO C|O(DQ DM) (C|0(DQS) + C|O(DQS))
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Serial Presence Detect (SPD)
Serial Presence Detect Table
Byte No. Byte Description Supported Value Hex Value
0 Number of Serial PD Bytes Written / SPD Device Size / 0-116Byte / 256Byte / 92h
CRC Coverage 176Byte
1 SPD Revision Version 1.2 12h
2 Key Byte / DRAM Device Type DDR3 SDRAM 0Bh
3 Key Byte / Module Type Unbuffered SoDIMM 03h
4 SDRAM Density and Banks 4Gb 8banks 04h
5 SDRAM Addressing Row: 16 / Column : 10 21h
6 Module Nominal Voltage VDD 1.35 and 1.5V 02h
7 Module Organization 1 Rank / x8 01h
8 Module Memory Bus Width Non-ECC / 64bit 03h
9 Fine Timebase Dividend and Divisor 1ps 11h
10 Medium Timebase Dividend 1/8 (0.125ns) 01h
11 Medium Timebase Divisor 1/8 (0.125ns) 08h
12 SDRAM Minimum Cycle Time (tCKmin) 1.25ns 0Ah
13 Reserved Reserved 00h
14 CAS Latencies Supported (LSB) 5/6/7/8/9/10/ 11 FEh
15 CAS Latencies Supported (MSB) 5/6/7/8/9/10/ 11 00h
16 Minimum CAS Latency Time (tAAmin) 13.125ns 69h
17 Minimum Write Recovery Time (tWRmin) 15ns 78h
18 Minimum RAS# to CAS# Delat Time (tRCDmin) 13.125ns 69h
19 m::i)mum Row Active to Row Active Delay Time (tRRD- Bns 30h
20 Minimum Row Precharge Delay Time (tRPmin) 13.125ns 69h
21 Upper Nibbles for tRASmin and tRCmin - 11h
20 L\III_ig:Brr)]um Active to Precharge Delay Time (tRASmin) 35ns 18h
3 L\III_ig:Brr)]um Active to Active/Refresh Delay Time (tRCmin) 48.125ns 81h
24 Minimum Refresh Recovery Delay Time (tRFCmin) (LSB) 260ns 20h
o5 ?{\Ijlréig)um Refresh Recovery Delay Time (tRFCmin) 260ns 08h
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Byte No. Byte Description Supported Value Hex Value
26 Mlnlmum Internal Write to Read Command Delay Time 7 Bns 3Ch
(tWTRmin)
o7 Mlnlmum Internal Read to Precharge Command Delay 7 Bns 3Ch
(tRTPmin)
28 Upper Nibbles for tFAWmin 30ns 00h
29 Minimum four Active window delay (tFAWmin) (LSB) 30ns FOh
30 SDRAM Output Drivers supported DLL off Mode / RZQ/6 / 83h
RzQ/7
31 SDRAM Thermal and Refresh Options No ODTS / No ASR 01h
32 Module Thermal Sensor without TS 00h
33 SDRAM Device Type Standard Monolithic 00h
34 Fine Offset for SDRAM Minimum Cycle Time (tCKmin) 1.25ns 00h
35 Fine Offset for Minimum CAS Latency Time (tAAmin) 13.125ns 00h
36 Fine Off§et for Minimum RAS# to CAS# Delay Time 13.125ns 00h
(tRCDmin)
37 Fine foset for Minimum Row Precharge Delay Time 13.125ns 00h
(tRPmin)
38 F]ne Offset fpr Minimum Active to Active/Refresh Delay 48.125ns 00h
Time (tRCmin)
39-40 Reserved Reserved 00h
41 SDRAM Maximum Activate Count (MAC) Value U”"m'g*d MAC_pTRR 88h
ompliant
42-59 Reserved Reserved 00h
60 Module Nominal Height 30mm/R/C B 4.0 2Fh
61 Module Maximum Thickness Planar Double sides 11h
62 Reference Raw Card Used RICB/4.0 éc(c))mpatlble o 41h
63 Address Mapping from Edge Connector to DRAM Standard 00h
64-116 | Reserved - 00h
117 Module Manufacturer ID Code (LSB) Samsung 80h
118 Module Manufacturer ID Code (MSB) Samsung CEh
119 Module ID: Module Manufacturing Location Onyang Korea 01h
120 Module ID: Module Manufacturing Date (Year) - 00h
121 Module ID: Module Manufacturing Date (Week) - 00h
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Byte No. Byte Description Supported Value Hex Value
122-125 | Module ID: Module Serial Number - 00h
126 Cyclical Redundancy Code FFh
127 Cyclical Redundancy Code 43h
128 Module Part Number M 4Dh
129 Module Part Number 4 34h
130 Module Part Number 7 37h
131 Module Part Number 1 31h
132 Module Part Number B 42h
133 Module Part Number 5 35h
134 Module Part Number 1 31h
135 Module Part Number 37h
136 Module Part Number 33h
137 Module Part Number E-die 45h
138 Module Part Number 42h
139 Module Part Number 30h
140 Module Part Number - 2Dh
141 Module Part Number Y 59h
142 Module Part Number K 4Bh
143 Module Part Number 0 30h
144 Module Part Number Blank 20h
145 Module Part Number Blank 20h
146-147 | Module Revision Code - 00h
148 SDRAM Manufacturer’s JEDEC ID Code (LSB) Samsung 80h
149 SDRAM Manufacturer’s JEDEC ID Code (MSB) Samsung CEh
150-175 | Manufacturer’s Specific Data - 00h
176-255 | Open for Customer Use - 00h
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Disclaimer:

No part of this document may be copied or reproduced in any form or by any means, or transferred to any third
party, without the prior written consent of an authorized representative of SMART Modular Technologies, Inc.
(“SMART”). The information in this document is subject to change without notice. SMART assumes no responsibil-
ity for any errors or omissions that may appear in this document, and disclaims responsibility for any conse-
quences resulting from the use of the information set forth herein. SMART makes no commitments to update or to
keep current information contained in this document. The products listed in this document are not suitable for use
in applications such as, but not limited to, aircraft control systems, aerospace equipment, submarine cables,
nuclear reactor control systems and life support systems. Moreover, SMART does not recommend or approve the
use of any of its products in life support devices or systems or in any application where failure could result in injury
or death. If a customer wishes to use SMART products in applications not intended by SMART, said customer must
contact an authorized SMART representative to determine SMART’s willingness to support a given application.
The information set forth in this document does not convey any license under the copyrights, patent rights, trade-
marks or other intellectual property rights claimed and owned by SMART. The information set forth in this docu-
ment is considered to be “Proprietary” and “Confidential” property owned by SMART.

ALL PRODUCTS SOLD BY SMART ARE COVERED BY THE PROVISIONS APPEARING IN SMART’S TERMS
AND CONDITIONS OF SALE ONLY, INCLUDING THE LIMITATIONS OF LIABILITY, WARRANTY AND
INFRINGEMENT PROVISIONS. SMART MAKES NO WARRANTIES OF ANY KIND, EXPRESS, STATUTORY,
IMPLIED OR OTHERWISE, REGARDING INFORMATION SET FORTH HEREIN OR REGARDING THE FREE-
DOM OF THE DESCRIBED PRODUCTS FROM INTELLECTUAL PROPERTY INFRINGEMENT, AND
EXPRESSLY DISCLAIMS ANY SUCH WARRANTIES INCLUDING WITHOUT LIMITATION ANY EXPRESS,
STATUTORY OR IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PUR-
POSE.
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