° 4Gb: x4, x8 TwinDie DDR3 SDRAM
A4icron Py

TwinDie™ DDR3 SDRAM

MT41J1G4 — 64 Meg x 4 x 8 Banks x 2 Ranks
MT41J512M8 - 32 Meg x 8 x 8 Banks x 2 Ranks

For component data sheets, refer to Micron’s Web site: www.micron.com

Functionality Options Marking
The 4Gb TwinDie™ DDR3 SDRAM uses Micron’s 2Gb

DDR3 die and has similar functionality. This data sheet
includes key timing parameters, ball assignments, a
functional description, functional block diagrams,

* Configuration
— 64 Meg x4 x 8 banks x 2 ranks 1G4
— 32 Megx 8 x 8 banks x 2 ranks 512M8
* FBGApackage (lead-free)

IDD specifications, and package dimensions. Refer to — 82-ball FBGA (12.5 x 15 x 1.35mm) THU
Micron’s 2Gb DDR3 SDRAM data sheet for complete Rev. A
specifications. (Specifications for base part number — 78-ball FBGA (9 x 11.5 x 1.2mm) THD
MT41J512M4 correlate to TwinDie manufacturing part Rev. D

number MT41J1G4; specifications for base part num-
ber MT41J256M8 correlate to TwinDie manufacturing

e Timing-cycle time!

— 1.5ns L=10 (DDR3-1 -1
partnumber MT41J512M8.) _ l.gns ggL=90(]§)DR3-313§§§)) —155E
- 1.87ns @CL =8 (DDR3-1066) -187
Features - 1.87ns @CL =7 (DDR3-1066) -187E
e Uses 2Gb Micron die — 2.5ns @CL =6 (DDR3-800) -25
e Two ranks (includes dual CS#, ODT, CKE, and — 2.5ns @CL =5 (DDR3-800) -25E
ZQ balls) e Selfrefresh
e Eachrankhas 8 internal banks — Standard None
* Vpbp =Vppg =+1.5V+0.075V * Operating temperature
* 1.5Vcenter-terminated push/pullI/O — Commercial (0°C<T<95°C) None
e JEDEC-standard ball-out ¢ Revision (82-ball FBGA) A
* Low-profile package * Revision (78-ball FBGA) :D
* Teof0°Cto 95°C
— 0°Cto 85°C: 8192 refresh cycles in 64ms Notes: 1. CL=CAS (READ) latency.
- 85°Cto 95°C: 8192 refresh cycles in 32ms
Table 1: Key Timing Parameters
Speed Grade Data Rate (MT/s) Target 'RCD-'RP-CL 'RCD (ns) 'RP (ns) CL (ns)
-15 1333 10-10-10 15 15 15
-15E 1333 9-9-9 13.5 13.5 13.5
-187 1066 8-8-8 15 15 15
-187E 1066 7-7-7 13.1 13.1 13.1
-25 800 6-6-6 15 15 15
-25E 800 5-5-5 12.5 12.5 12.5
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Features

Table 2: Addressing

Parameter 1024 Meg x 4 512 Meg x 8

Configuration 64 Meg x 4 x 8 banks x 2 ranks 32 Meg x 8 x 8 banks x 2 ranks

Refresh count 8K 8K

Row address 32K A[14:0] 32K A[14:0]

Bank address 8 BA[2:0] 8 BA[2:0]

Column address 2K A[11, 9:0] 1K A[9:0]
m:%?gﬁg&i‘gﬁgﬁﬁ{zﬁ?onojfeﬁa:/ggdéﬁ 2 Micron Technology, Inc., reservesthe right to change productsor specificationswithout notice.
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Ball Assighments and Descriptions

Figure 1:

1
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4

82-Ball FBGA Ball Assignments — Rev. A (Top View)
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Figure 2:

2
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4Gb: x4, x8 TwinDie DDR3 SDRAM
Ball Assignments and Descriptions
D

78-Ball FBGA Ball Assignments — Rev. D (Top View)
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4Gb: x4, x8 TwinDie DDR3 SDRAM
ﬂcron Ball Assignments and Descriptions
R ——

Table 3: 82-Ball and 78-Ball FBGA Ball Descriptions

Symbol Type Description

A14, A13, Input | Address inputs: Provide the row addressfor ACTIVATE commands, and the column
A12/BCH#, A11, addressand auto precharge bit (A10) for READ/WRITE commands, to select one location out
A10/AP, A[9:0] of the memory array in the respective bank. A10 sampled during a PRECHARGE command

determineswhether the PRECHARGE appliesto one bank (A10 LOW, bank selected by
BA[2:0]) or all banks (A10 HIGH). The addressinputsalso provide the op-code during a
LOAD MODE command. Addressinputsare referenced to Vgerea. A12/BCH#: When enabled
in the mode register (MR), A12 issampled during READ and WRITEcommandsto determine
whether burst chop (on-the-fly) will be performed (HIGH = burst length (BL) of 8 or no burst
chop, LOW = burst chop (BC) of 4, burst chop).

BA[2:0] Input Bank address inputs: BA[2:0] define the bank to which an ACTIVATE, READ, WRITE, or
PRECHARGE command isbeing applied. BA[2:0] define which mode register (MR0, MR,
MR2, or MR3) isloaded during the LOAD MODE command. BA[2:0] are referenced to
VReFCA-

CK, CK# Input Clock: CK and CK# are differential clock inputs. All control, command, and addressinput
signals are sampled on the crossing of the positive edge of CK and the negative edge of
CK#. Output data strobe (DQS, DQS#) isreferenced to the crossingsof CK and CK#.
CKE1:0] Input Clock enable: CKE enables (registered HIGH) and disables (registered LOW) internal
circuitry and clockson the DRAM. The specific circuitry that isenabled/disabled is
dependent upon the DDR3 SDRAM configuration and operating mode. Taking CKE LOW
provides PRECHARGE power-down and SELF REFRESH operations (all banksidle) or active
power-down (row active in any bank). CKE is synchronousfor power-down entry and exit
and for self refresh entry. CKEisasynchronousfor self refresh exit. Input buffers (excluding
CK, CK#, CKE, RESET#, and ODT) are disabled during power-down. Input buffers (excluding
CKE and RESET#) are disabled during SELF REFRESH. CKE isreferenced to Vpgrca-

CSi#[1:0] Input | Chip select: CS# enables (registered LOW) and disables (registered HIGH) the command
decoder. All commands are masked when CS# isregistered HIGH. CS# providesfor external
rank selection on systemswith multiple ranks. CS# isconsidered part of the command code.
CSt isreferenced to Veerca.

DM Input Input data mask: DM isan input mask signal for write data. Input data ismasked when
DM issampled HIGH, along with the input data, during a write access. Although the DM
ball isinput-only, the DM loading isdesigned to match that of the DQ and DQSballs. DM is
referenced to Vgeepq. DM hasan optional use as TDQSon the x8.

ODT[1:0] Input | On-die termination: ODT enables (registered HIGH) and disables (registered LOW)
termination resistance internal to the DDR3 SDRAM. When enabled in normal operation,
ODT isonly applied to each of the following balls: DQ[7:0], DQS, DQS#, and DM for the x8;
DQI[3:0], DQS DQS#, and DM for the x4. The ODT input isignored if disabled via the LOAD
MODE command. ODT isreferenced to Vggrca-

RASH, CAS#, WE#| Input |Command inputs: RASE, CASH, and WE# (along with CS#) define the command being
entered and are referenced to Vperca.

RESET# Input Reset: RESET# isan active LOW CMOSinput referenced to Vgg The RESET# input receiver is
a CMOSinput defined asa rail-to-rail signal with DCHIGH > 0.8 x Vppg and DCLOW <0.2 x
Vppq- RESET# assertion and desertion are asynchronous.

DQ[3:0] I/O Data input/output: Bidirectional data busfor the x4 configuration. DQ[3:0] are
referenced to Vrerpq-
DQJ[7:0] IO Data input/output: Bidirectional data busfor the x8 configuration. DQ[7:0] are
referenced to Vrerpq-
DQS, DQS# I/0 Data strobe: DQSand DQS# are differential data strobes. Output with read data. Edge-

aligned with read data. Input with write data. Center-aligned with write data.

TDQS, TDQS# Output |Termination data strobe: Appliesto the x8 configuration only. When TDQSis enabled,
DM isdisabled, and the TDQSand TDQS# balls provide termination resistance.

Vbbb Supply |Power supply: 1.5V £0.075V.
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4Gb: x4, x8 TwinDie DDR3 SDRAM
ﬂcron Ball Assignments and Descriptions
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Table 3: 82-Ball and 78-Ball FBGA Ball Descriptions (continued)

Symbol Type Description
Vbpa Supply |DQ power supply: 1.5V £0.075V. Isolated on the device for improved noise immunity.
VRercA Supply |Reference voltage for control, command, and address: Vgercp must be maintained at
all times (including self refresh) for proper device operation.
VRerDQ Supply |Reference voltage for data: Vyerpg must be maintained at all times (including self
refresh) for proper device operation.
Vs Supply | Ground.
Ve Supply |DQ ground:Isolated on the device for improved noise immunity.
ZQ[1:0] Reference | External reference ball for output drive calibration: Thisball istied to an external
240Q resistor (RZQ), which istied to Vgy.
NC - No connect: These balls should be left unconnected (the ball hasno connection to the
DRAM or to other balls).
NF - No function: When configured as a x4 device, these ballsare NE When configured asa x8
device, these balls are defined as TDQS#, DQ[7:4].
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4Gb: x4, x8 TwinDie DDR3 SDRAM
ﬂcron Functional Description
]

Functional Description

The 4Gb (TwinDie) DDR3 SDRAM is a high-speed, CMOS dynamic random access mem-
ory device containing 4,294,967,296 bits and is internally configured as two 8-bank 2Gb
DDR3 SDRAM.

Although each die is tested individually within the dual-die package, some TwinDie test
results may vary from a like-die tested within a monolithic die package.

The DDR3 SDRAM uses a double data rate architecture to achieve high-speed operation.
The double data rate architecture is an 8n-prefetch architecture with an interface
designed to transfer two data words per clock cycle at the I/ O balls. Asingle read or write
access consists of a single 8n-bit-wide, one-clock-cycle data transfer at the internal
DRAM core and eight corresponding n-bit-wide, one-half-clock-cycle data transfers at
the I/ O balls.

The differential data strobes (DQS, DQS#) are transmitted externally, along with data, for
use in data capture at the DDR3 SDRAM input receiver. DQS is center-aligned with data
for WRITESs. The read data is transmitted by the DDR3 SDRAM and edge-aligned to the
data strobes.

Read and write accesses to the DDR3 SDRAM are burst oriented. Accesses start at a
selected location and continue for a programmed number oflocations in a programmed
sequence. Accesses begin with the registration of an ACTIVATE command, which is then
followed by a READ or WRITE command. The address bits registered coincident with the
ACTIVATE command are used to select the bank and row to be accessed. The address
bits (including CSn#, BAn, and An) registered coincident with the READ or WRITE com-
mand are used to select the rank, bank, and starting column location for the burst
access.

This data sheet provides a general description, package dimensions, and the package
ballout. Refer to the Micron 2Gb DDR3 data sheet for complete information regarding
individual die initialization, register definition, command descriptions, and die opera-
tion.
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Functional Block Diagrams
Figure 3: Functional Block Diagram (64 Meg x 4 x 8 Banks x 2 Ranks)
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Electrical Specifications
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Electrical Specifications

Stresses greater than those listed may cause permanent damage to the device. Thisis a
stress rating only, and functional operation ofthe device at these or any other conditions
outside those indicated in the device data sheet is not implied. Exposure to absolute
maximum rating conditions for extended periods may adversely affect reliability.

Table 4: Absolute Maximum Ratings
Symbol |Parameter Min Max Units Notes
Vbp Vpp supply voltage relative to Vgg 0.4 1.975 \ 1
Vbpa Vpp supply voltage relative to Vg 0.4 1.975 \
Vins Vout | Voltage on any ball relative to Vgg 0.4 1.975 \
I Input leakage current —4 +4 LA

Any input oV < VIN < VDD!

VREFpin ov< V|N <11V

(All other pinsnot under test = 0V)
lvRer Vger supply leakage current —2 +2 HA 2

VRerpa = Vpp/2 of VRerca = Vpp/2
(All other pinsnot under test = 0V)

Te Operating case temperature 0 95 °C 3,4
Tsrg Sorage temperature -55 150 °C

Notes: 1. Vpp and Vppq must be within 300mV of each other at all times, and Vger must not be

greater than 0.6 x Vppg. When Vpp and Vppq are lessthan 500mV, Vgee may be <300mV.

2. The minimum limit requirement isfor testing purposes. The leakage current on the Ve
pin should be minimal.

3. MAX operating case temperature. Tgismeasured in the center of the package (see
Figure 5 on page 10).

4. Device functionality isnot guaranteed if the DRAM device exceedsthe maximum T dur-
ing operation.

Temperature and Thermal Impedance

It is imperative that the DDR3 SDRAM device’s temperature specifications, shown in
Table 5 on page 10, be maintained to ensure the junction temperature is in the proper
operating range to meet data sheet specifications. An important step in maintaining the
proper junction temperature is using the device’s thermal impedances correctly. Ther-
malimpedances listed in Table 6 on page 10 apply to the current die revision and pack-
ages.

Incorrectly using thermalimpedances can produce significant errors. Read Micron tech-
nical note TN-00-08: “Thermal Applications,” prior to using the thermal impedances in
Table 6. For designs that are expected to last several years and require the flexibility to
use several DRAM die shrinks, consider using final target theta values (rather than exist-
ing values) to account for increased thermal impedances from the reduction in die size.

The DDR3 SDRAM device’s safe junction temperature range can be maintained when
the T¢ specification is not exceeded. In applications where the device’s ambient temper-
ature is too high, use of forced air and/or heat sinks may be required to satisfy the case
temperature specifications.
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Electrical Specifications
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Table 5: Thermal Characteristics

Parameter/Condition Symbol Value Units Notes

Operating case temperature Te 0to 85 °C 1,2,3
0to 95 °C 1,2,3,4

Notes: 1. MAX operating case temperature. Tgis measured in the center of the package

(see Figure 5).
2. Athermal solution must be designed to ensure the DRAM device doesnot exceed the max-
imum Tcduring operation.

3. Device functionality isnot guaranteed if the DRAM device exceedsthe maximum Tsduring
operation.
4. If Tgexceeds 85°C, the DRAM must be refreshed externally at 2X refresh, which isa 3.9us

interval refresh rate. The use of self refresh temperature (SRT) or automatic self refresh
(ASR), if available, must be enabled.

Table 6: Thermal Impedance
6JA (°C/W) 6JA (°C/W) | 6JA (°C/W)
Airflow = Airflow = | Airflow =
Die Rev | Package | Substrate Om/s 1m/s 2m/s 0JB (°C/W) | 6JC (°C/W) Notes
A 82-ball 2-layer 46.0 33.9 28.1 25.6 1.73 1
4-layer 34.2 27.1 23.6 23.2
D 78-ball 2-layer 61.0 43.7 37.3 271 2.8 1
4-layer 44.5 35.3 31.5 23.2
Notes: 1. Thermal resistance data isbased upon a number of samplesfrom multiple lots and should
be viewed as a typical number.
Figure 5: Temperature Test Point Location
Test point A
O
-
L A Length (L)
0.5 (L)
Y Y
l«—0.5 (W)—»
l«——— Width (W) ———|
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Ipp Specifications and Conditions

Table 7: DDRS3 Icpp Specifications and Conditions — Rev. A
Note 1 appliesto the entire table.

Combined -25/ -187/ -15/
Symbol Individual Die Status Width -25E -187E -15E Units

[ lcobo = 'boo + Ipp2po + 5 x4 92 107 117 mA
x8 117 137 147 mA

lCDD1 ICDD1 = IDD1 + |DD2P0 +5 x4 117 132 147 mA
x8 132 152 172 mA

lCDDZPO ICDD2P0 = IDDZPO + IDDZPO x4/x8 24 24 24 mA

(slow exit)
lcopzp lcopzpt = Ipp2pt + Ipp2Po 42 47 52 mA
(fast exit)

lCDDZQ ICDDZQ = IDD2Q + IDDZPO x4/x8 67 77 87 mA
ICDDZN ICDDZN = IDD2N + IDD2F’0 x4/x8 72 82 92 mA
lcopant lcopanT = IppanT + lbp2ro 7 87 97 mA
lcopsp lcopsp = Ippsp + Ibp2opo x4/x8 62 67 77 mA
lCDDSN lCDDSN = IDD3N + IDDZPO x4/x8 82 92 107 mA
|CDD4W ICDD4W = IDD4W + |DD2P0 +5 x4 212 242 272 mA
x8 277 312 347 mA

ICDD4R lCDD4R = IDD4R + IDDZPO +5 x4 192 217 247 mA
x8 212 242 272 mA

lcoDsB lcopss = 1osB + 1pb2po x4/x8 287 302 317 mA
lCDDS lCDDG = lDDG + IDD6 x4/x8 20 20 20 mA
lCDDGEr ICDDGEF = IDDGEF + IDD6|:—|' x4/x8 28 28 28 mA
|CDD7 ICDD7 = IDD7 + |DD2P0 +5 x4 337 362 432 mA
x8 417 447 477 mA

lcpDs lcops = 2 * Ippzpo + 4 All 28 28 28 mA

Notes: 1. Igpp valuesreflect the combined current of both individual die. Ipp, representsindividual
die values
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Table 8: DDRS3 Icpp Specifications and Conditions —Rev. D
Note 1 appliesto the entire table.

Combined -187/ -15/
Symbol Individual Die Status Width -187E -15E Units

lcobo lcopo = Ipbpo + Ippzro + 5 x4 82 87 mA
x8 82 87 mA

looD1 loop1 = oot + Iopzro + 5 x4 102 107 mA
x8 102 107 mA

lcopzro lcopz2po = Ipp2ro + IpD2P0 X4/x8 24 24 mA

(slow exit)
lcop2pt lcopzpt = Ibpzpi + Ibb2ro 32 37 mA
(fast exit)

lCDDZQ ICDDZQ = IDDZQ + IDD2F’O x4/x8 42 47 mA
lcopan Icopan = |bp2n + Ipp2ro X4/x8 44 49 mA
lcopanT lcopant = IppanT + Ipb2ro 52 57 mA
lcopsp lcopap = lppsp + Ipbzpro X4/x8 42 47 mA
lcopaN lcopsn = lbpan + Ibp2ro x4/x8 47 52 mA
lcopaw lcopaw = Ippaw + lpp2po + 5 x4 147 167 mA
x8 147 167 mA

lcopar lcopar = Ippar + Ipp2po + 5 x4 142 162 mA
x8 142 162 mA

lcopse lcopse = Ippse + Ibp2po x4/x8 202 217 mA
lcops lcops = lbps + bps x4/x8 24 24 mA
lcopseT loppseT = IppeET + IDDET x4/x8 30 30 mA
|CDD7 ICDD7 = IDD7 + |DD2P0 +5 x4 287 337 mA
x8 287 337 mA

lcoDs lcops = 2 x lppapo + 4 Al 28 28 mA

Notes: 1. Igpp valuesreflect the combined current of both individual die. Ippy representsindividual
die values.
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Package Dimensions
Figure 6: 82-Ball FBGA Package Dimensions —Rev. A
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Figure 7:  78-Ball FBGA Package Dimensions — Rev. D
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Micron, the Micron logo, and TwinDie are trademarks of Micron Technology, Inc.
All other trademarks are the property of their respective owners.
Thisdata sheet contains minimum and maximum limits specified over the power supply and temperature range set forth herein. Although
considered final, these specifications are subject to change, asfurther product development and data characterization sometimes occur.
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