ESMT M13S2561616A (2A)

Automotive Grade

DDR SDRAM 4M x 16 Bit x 4 Banks
Double Data Rate SDRAM

Features

® Double-data-rate architecture, two data transfers per clock cycle

e  Bi-directional data strobe (DQS)

e  Differential clock inputs (CLK and CLK )

e DLL aligns DQ and DQS transition with CLK transition

° Four bank operation

e CASlatency:2,25,3,4

®  Burst Type : Sequential and Interleave

° Burst Length : 2,4, 8

®  Allinputs except data & DM are sampled at the rising edge of the system clock (CLK)

e Data I/O transitions on both edges of data strobe (DQS)

e DAQS is edge-aligned with data for READSs; center-aligned with data for WRITEs

o  Data mask (DM) for write masking only

® Vpp=25V + 0.2V, Vppg = 2.5V £ 0.2V

®  7.8us refresh interval for V grade; 1.95us refresh interval for VA grade

®  Auto & Self refresh (self refresh is not supported for VA grade)

® 25V I/O (SSTL_2 compatible)
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Ordering Information

Product ID Max Freq. Vbob Package Comments
Automotive range (V): -40°C to +85C
M13S2561616A -4TVG2A 250MHz (DDR500)
M13S2561616A -5TVG2A 200MHz (DDR400) 66 pin TSOPII
M13S2561616A -6TVG2A 166MHz (DDR333) Y
M1352561616A -4BVG2A 250MHz (DDR500) ' Pb-free
M13S2561616A -5BVG2A 200MHz (DDR400) 60 Ball BGA
M13S2561616A -6BVG2A 166MHz (DDR333)
Automotive range (VA): -40°C to +105C
M13S2561616A -4TVAG2A 250MHz (DDR500)
M13S2561616A -5TVAG2A 200MHz (DDR400) 66 pin TSOPII
M13S2561616A -6TVAG2A 166MHz (DDR333)
2.5V Pb-free
M13S2561616A -4BVAG2A 250MHz (DDR500)
M13S2561616A -5BVAG2A 200MHz (DDR400) 60 Ball BGA
M13S2561616A -6BVAG2A 166MHz (DDR333)
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ESMT M13S2561616A (2A)

Automotive Grade

PIN CONFIGURATION (TOP VIEW)
(TSOPII 66L, 400milX875mil Body, 0.65mm Pin Pitch)

BALL CONFIGURATION (TOP VIEW)
(BGAGB0, 8BmmX13mmX1.0mm Body, 0.8mm Ball Pitch)

® 1 2 3 7 8 9
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Pin Description
Pin Name Function Pin Name Function
Address inputs
AO~A12 - Row address AO~A12 DM is an input mask signal for write data.
BAO BA,1 - Column address A0~A8 LDM, UDM | LDM corresponds to the data on DQ0~DQ7;
’ A10/AP: AUTO Precharge UDM correspond to the data on DQ8~DQ15.
BAO, BA1: Bank selects (4 Banks)
DQO0~DQ15 | Data-in/Data-out CLK, CLK | Clock input
RAS Row address strobe CKE Clock enable
CAS Column address strobe cs Chip select
WE Write enable Vbba Supply Voltage for DQ
Vss Ground Vssa Ground for DQ
Vop Power VRer Reference Voltage for SSTL_2
Bi-directional Data Strobe.
LDQS, UDQS | LDQS corresponds to the data on DQ0~DQ7; NC No connection
UDQS correspond to the data on DQ8~DQ15.
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Absolute Maximum Rating

Parameter Symbol Value Unit
Voltage on Vpp & Vppa supply relative to Vss Vo, Vbba -1.0~3.6 \%
Voltage on inputs relative to Vss ViNpUT -1.0~3.6 \%
Voltage on I/O pins relative to Vss Vio -0.5 ~ Vppat0.5 \%
Ta(V grade) -40 ~ +85 C
Operating ambient temperature
Ta (VA grade) -40 ~ +105 C
Storage temperature Tste -55 ~ +150 T
Power dissipation Po 1 w
Short circuit current los 50 mA

Note:  Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
Functional operation should be restricted to recommend operation condition.
Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

DC Operation Conditions & Specifications

DC Operation Conditions

Recommended operating conditions (\Voltage reference to Vss = 0V)

Parameter Symbol Min Max Unit Note
Supply voltage Vbp 2.3 2.7 \%
I/O Supply voltage Voba 2.3 2.7 \%
I/O Reference voltage VRer 0.49*Vppq 0.51*Vppq \Y 1
I/O Termination voltage (system) Vrr Vrer - 0.04 Vrer + 0.04 \Y, 2
Input logic high voltage Vi (DC) Vrer + 0.15 Vppq + 0.3 \Y,
Input logic low voltage ViL(DC) -0.3 Vgee - 0.15 Y,
Input Voltage Level, CLK and CLK inputs Vin (DC) -0.3 Vbba + 0.3 \
Input Differential Voltage, CLK and CLK inputs Vip (DC) 0.36 Vbpa + 0.6 \ 3
V-I Matching: Pullup to Pulldown Current Ratio VI (Ratio) 0.71 14 - 4
Input leakage current: Any input OV < ViN< Vb | 2 2 WA
(All other pins not tested under = 0V) L
Output leakage current A
(DQs are disable; 0V < Vour < Vooa) loz - 5 K
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DC Operation Conditions - continued

Parameter Symbol Min Max Unit Note
Output High Current (Full strength driver) )
(Vout =Vopa-0.373V, min Vrer, min Vr) lon 15 mA | 57
Output Low Current (Full strength driver)
(Vour = 0.373V, max Vrer, max Vrr) loc 15 mA 57
Output High Current (Reduced strength driver — 60%) | 9 mA 6
(Vout = Vbpa-0.763V, min Vgrer, min Vrr) OH
Output Low Current (Reduced strength driver — 60%)
(Vout = 0.763V, max Vrer, max Vrr) lov *9 mA 6
Output High Current (Reduced strength driver — 30%) )
(VOUT = VDDQ-1 .056V, min VREF, min VTT) IOH 4.5 mA 6
Output Low Current (Reduced strength driver — 30%)
(Vour = 1.056V, max Vrer, max Vrr) lou *4.5 mA 6

Notes:
1. Vrer is expected to be equal to 0.5* Vppq of the transmitting device, and to track variations in the DC level of the same.
Peak-to-peak noise on Vgrer may not exceed 2% of the DC value.
2. V7 is not applied directly to the device. V1 is system supply for signal termination resistors, is expected to be set
equal to Vrer, and must track variations in the DC level of Vrgr.

3. Vpp is the magnitude of the difference between the input level on CLK and the input level on CLK .

4. The ratio of the pullup current to the pulldown current is specified for the same temperature and voltage, over the entire
temperature and voltage range, for device drain to source voltages from 0.25 V to 1.0 V. For a given output, it represents
the maximum difference between pullup and pulldown drivers due to process variation. The full variation in the ratio of the
maximum to minimum pullup and pulldown current will not exceed 1.7 for device drain to source voltages from 0.1 to 1.0.

5. Von = 1.95V, VoL =0.35V.

Von = 1.9V, Vo =0.4V.

7. The values of lon(DC) is based on Vppq = 2.3V and Vrr= 1.19V.

The values of Io (DC) is based on Vppq = 2.3V and V1 = 1.11V.

o
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IDD Parameters and Test Conditions

Test Condition Symbol | Note

Operating Current (one bank Active - Precharge):
tre = tre (MiN); tek = tek (Min); DQ, DM, and DQS inputs changing once per clock cycle; IDDO
Address and control inputs changing once every two clock cycles; cS = high between valid commands.

Operating Current (one bank Active - Read - Precharge):
One bank open; BL = 4; trc = tre (Min); tck = tex (Min); lour = OMA; IDD1 2

Address and control inputs changing once per deselect cycle; cs = high between valid commands

Precharge Power-down Standby Current:

IDD2P
All banks idle; Power-down mode; tck = tek (min); CKE <V (max); Vin = Vrer for DQ, DQS and DM.

Precharge Floating Standby Current:

CS > Vj(min); All banks idle; CKE > Vi(min);  tck = tex (min); IDD2F
Address and other control inputs changing once per clock cycle; Vin = Vrer for DQ, DQS, and DM.

Precharge Quiet Standby Current:

CS > Viu(min); All banks idle; CKE > Viy(min);  tck = tok (min); IDD2Q
Address and other control inputs stable at >V 4(min) or <V, (max); Vin = Vrer for DQ, DQS, and DM.

Active Power-down Standby Current:

IDD3P
One bank active; Power-down mode; CKE <V (max); tck = tck (min); Vin = Vrer for DQ, DQS, and DM.
Active Standby Current:
CS 2= Vu(min); CKE > Viu(min); One bank active; trc = tras (Max); tck = tek (min); IDD3N

DQ, DM, and DQS inputs changing twice per clock cycle;
Address and other control inputs changing once per clock cycle.

Operating Current (burst read):

BL = 2; Continuous burst reads; One bank active; IDD4R
Address and control inputs changing once per clock cycle; tck = tek (min); lout = 0MA;
50% of data changing on every transfer.

Operating Current (burst write):

BL = 2; Continuous burst writes; One bank active; IDD4W
Address and control inputs changing once per clock cycle; tck = tek (min);
DQ, DM, and DQS inputs changing twice per clock cycle; 50% of input data changing at every transfer.

Auto Refresh Current:

. IDD5
tre = trrc(Min)

Self Refresh Current:

IDD6 1
CKE £0.2V; external clock on; tck = tck (min)

Operating Current (Four bank operation):

Four-bank interleaving READs (burst = 4) with auto precharge; trc = tre (min); tck = tex (Min); IDD7 2
Address and control inputs change only during ACTIVE, READ, or WRITE commands; loyr = OmA.

Notes:
1. Enable on-chip refresh and address counters.
2. Random address is changing; 50% of data is changing at every transfer.

Elite Semiconductor Memory Technology Inc. Publication Date : Sep. 2012
Revision : 1.1 6/49



ESMT

M13S2561616A (2A)

Automotive Grade

IDD Specifications

Version
Symbol Unit
-4 -5 -6
IDDO 90 80 70 mA
IDD1 120 110 100 mA
IDD2P 4 4 4 mA
IDD2F 30 30 30 mA
IDD2Q 30 30 30 mA
IDD3P 30 25 20 mA
IDD3N 60 55 50 mA
IDD4R 140 130 120 mA
IDD4W 140 130 120 mA
IDD5 150 140 130 mA
IDD6 3 3 3 mA
IDD7 230 220 210 mA
Input / Output Capacitance
Parameter Package Symbol Min Max Delta Cap Unit | Note
(max)
Input capacitance (AO~A12, BAO~BA1, TSOP 2.5 4.5 pF
T Cint 0.5 1.4
CKE, CS, RAS, CAS, WE) BGA 2 4 oF
TSOP 2.5 4.5 pF
Input capacitance (CLK, CLK) Cinz 0.25 1,4
BGA 2 4 pF
. . TSOP 1.5 3.5 pF
Data & DQS input/output capacitance Cour 0.5 1,2,3,4
BGA 1 3 pF
TSOP 1.5 35 pF
Input capacitance (DM) Cins 0.5 1,2,3,4
BGA 1 3 pF

Notes:

1. These values are guaranteed by design and are tested on a sample basis only.

2. Although DM is an input -only pin, the input capacitance of this pin must model the input capacitance of the DQ and
DQS pins. This is required to match signal propagation times of DQ, DQS, and DM in the system.

3. Unused pins are tied to ground.

4. This parameter is sampled. Vppq = 2.5V * 0.2V, Vpp = 2.5V £ 0.2V. f=100MHz, Ta =25°C, Vout(DC) = Vbpa/2, Vour
(peak to peak) = 0.2V. DM inputs are grouped with 1/0 pins - reflecting the fact that they are matched in loading (to
facilitate trace matching at the board level).
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AC Operation Conditions & Timing Specifications
AC Operation Conditions

Parameter Symbol Min Max Unit Note
Input High (Logic 1) Voltage, DQ, DQS and DM signals ViH(AC) Vrer + 0.31 \%
Input Low (Logic 0) Voltage, DQ, DQS and DM signals ViL(AC) Vrer - 0.31 \%
Input Differential Voltage, CLK and CLK inputs Vio(AC) 0.7 Vooa*0.6 v 1
Input Crossing Point Voltage, CLK and CLK inputs Vix(AC) | 0.5"Vbpa-0.2 | 0.5"Vppa+0.2 v 2

Notes:

1. Vip is the magnitude of the difference between the input level on CLK and the input on CLK.
2. The value of Vix is expected to equal 0.5*Vppq of the transmitting device and must track variations in the DC level of
the same.

AC Overshoot / Undershoot Specification

Value
Parameter Pin Unit
-4/ -5 | -6

Address, Control 1.5 \Y
Maximum peak amplitude allowed for overshoot

Data, Strobe, Mask 1.2 \Y

Address, Control 1.5 \Y
Maximum peak amplitude allowed for undershoot

Data, Strobe, Mask 1.2 V

Address, Control 4.5 V-ns
Maximum overshoot area above Vpp

Data, Strobe, Mask 2.4 V-ns

Address, Control 4.5 V-ns
Maximum undershoot area below Vss

Data, Strobe, Mask 2.4 V-ns

| Overshoot/Undershoot Definition |
Maximum amplitude
/lD% Owvershoot area
oo, Vooo =
/ Volts (V)
Was, WEso —
WF Undershoot area
Time {ns)
Elite Semiconductor Memory Technology Inc. Publication Date : Sep. 2012
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AC Timing Parameter & Specifications (Note: 1~6, 9~10)

-4 -5 -6
Parameter Symbol Unit | Note
min max min max min max
CL2 7.5 12 7.5 12 7.5 12
CL2.5 5 12 5 12 6 12
Clock period tek ns
CL3 4 10 5 12 6 12
CL4 4 10 - - - -
DQ output access time from CLK/ CLK tac -0.7 +0.7 -0.7 +0.7 -0.7 +0.7 ns
CLK high-level width tch 0.45 0.55 0.45 0.55 0.45 0.55 tex
CLK low-level width teL 0.45 0.55 0.45 0.55 0.45 0.55 tex
DQS output access time from ¢ 0.55 +0.55 0.6 +0.8 0.6 +0.6
CLK/CLK paser | ' e ' e ' "
Clock to first rising edge of DQS delay tbass 0.72 1.25 0.72 1.25 0.72 1.25 tek
DQ and DM input setup time (to DQS) tos 0.4 0.4 0.4 ns
DQ and DM input hold time (to DQS) toH 0.4 0.4 0.4 ns
!Z)Q and DM input pulse width (for each torpw 175 175 175 ns 18
input)
Address and Control input setup time 15,
(fast) tis 0.6 0.6 0.6 ns | 4749
Address and Control input hold time 15,
(fast) tiH 0.6 0.6 0.6 ns | 47-19
Address and Control input setup time tis 08 08 0.8 ns 16~19
(slow)
Address and Control input hold time i 0.8 0.8 0.8 ns | 16~19
(slow)
Control apd Address input pulse width tw 29 29 29 ns 18
(for each input)
DQS input high pulse width toasH 0.35 0.35 0.35 tek
DQS input low pulse width tbasL 0.35 0.35 0.35 tek
DQS falling edge to CLK setup time toss 0.2 0.2 0.2 tek
DQS falling edge hold time from CLK tosH 0.2 0.2 0.2 tex
Data strobe edge to output data edge toasa 04 0.4 0.4 ns 22
Data-out high-impedance time from ) 0.7 0.7 0.7 11
—_— + + +
CLK/CLK Hz : . . ns
Data-out low-impedance time from ) 0.7 +0.7 0.7 +0.7 0.7 +0.7 11
CLK/W Lz -U. . -U. . -U. . ns
tCLmin tCLmin tCLmin
Clock half period tup or or or ns 20,21
tcymin tcymin tcymin
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AC Timing Parameter & Specifications — continued

-4 -5 -6
Parameter Symbol Unit | Note
min max min max min max
DQ/DQS output hold time from DQS tan tup- tans thp- taHs thp- taHs ns 21
Data hold skew factor tans 0.5 0.5 0.5 ns
Active to Precharge command tras 36 70K 40 70K 42 70K ns
Active to Actl\{e / Auto Refresh trc 52 55 60 ns
command period
Auto Refresh .to Active / Auto Refresh trrc 60 70 72 ns
command period
Active to Read, Write delay treD 15 15 18 ns
Precharge command period trp 15 15 18 ns
Active to Read with Auto Precharge trap 15 15 18 ns
command
Active bank A to Active bank B P 8 10 12 ns
command
Write recovery time twr 15 15 15 ns
Write data in to Read command delay twTr 2 2 2 tek
Average periodic refresh interval for
TAS 850C trReFI 7.8 7.8 7.8 us 14
Average periodic refresh interval for Ta
>85OC (VA grade onIy) trREFI 1.95 1.95 1.95 us 14
Write preamble twpre 0.25 0.25 0.25 tek
Write postamble twpsT 0.4 0.6 0.4 0.6 0.4 0.6 tek 12
Read preamble trPrRE 0.9 1.1 0.9 1.1 0.9 1.1 tek
Read postamble trRpsT 0.4 0.6 0.4 0.6 0.4 0.6 tek
Clock to DQS write preamble setup time |  tweres 0 0 0 ns 13
Mode Register Set command cycle time tMrD 2 2 2 tek
Exit self refresh to Read command txsrD 200 200 200 tek
Exit self refresh to non-Read command txsnr 75 75 75 ns
twr/t twr/t twr/t

Auto Precharge write (twrfter) (twr/tex) (tweftex)

: toaL + + + tex 23
recovery+precharge time

(trp/tck) (trp/tck) (trp/tck)

Notes:
1. All voltages referenced to Vss.

2. Tests for AC timing, IDD, and electrical, AC and DC characteristics, may be conducted at nominal reference/supply

voltage levels, but the related specifications and device operation are guaranteed for the full voltage range specified.
3. The below figure represents the timing reference load used in defining the relevant timing parameters of the part. It is
not intended to be either a precise representation of the typical system environment nor a depiction of the actual load
presented by a production tester. System designers will use IBIS or other simulation tools to correlate the timing

reference load to a system environment. Manufacturers will correlate to their production test conditions (generally a

coaxial transmission line terminated at the tester electronics).

Elite Semiconductor Memory Technology Inc.
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VT

L 500

Output ——[
(Vour)
I

Time Reference Load

J0pF

4. AC timing and IDD tests may use a V. to V|4 swing of up to 1.5 V in the test environment, but input timing is still
referenced to Vger (or to the crossing point for CLK/CLK ), and parameter specifications are guaranteed for the
specified AC input levels under normal use conditions. The minimum slew rate for the input signals is 1 V/ns in the
range between V, (AC) and ViH(AC).

5. The AC and DC input level specifications are as defined in the SSTL_2 Standard (i.e., the receiver will effectively
switch as a result of the signal crossing the AC input level and will remain in that state as long as the signal does not
ring back above (below) the DC input LOW (HIGH) level.

6. Inputs are not recognized as valid until Vrer stabilizes. Exception: during the period before Vrer stabilizes, CKE <
0.2Vppq is recognized as LOW.

7. Enables on-chip refresh and address counters.

8. IDD specifications are tested after the device is properly initialized.

9. The CLK/CLK input reference level (for timing referenced to CLK/CLK ) is the point at which CLK and CLK cross;
the input reference level for signals other than CLK/CLK , is VRer.

10. The output timing reference voltage level is V.

11. tuz and t.z transitions occur in the same access time windows as valid data transitions. These parameters are not
referenced to a specific voltage level but specify when the device output is no longer driving (thz), or begins driving
(tz)-

12. The maximum limit for this parameter is not a device limit. The device will operate with a greater value for this
parameter, but system performance (bus turnaround) will degrade accordingly.

13. The specific requirement is that DQS be valid (HIGH, LOW, or at some point on a valid transition) on or before this
CLK edge. A valid transition is defined as monotonic and meeting the input slew rate specifications of the device.
When no writes were previously in progress on the bus, DQS will be transitioning from High- Z to logic LOW. If a
previous write was in progress, DQS could be HIGH, LOW, or transitioning from HIGH to LOW at this time, depending
on tpass.

14. A maximum of eight AUTO REFRESH commands can be posted to any given DDR SDRAM device.

15. For command/address input slew rate > 1.0 V/ns

16. For command/address input slew rate > 0.5 V/ns and < 1.0 V/ns

17. For CLK & CLK slew rate > 1.0 V/ins

18. These parameters guarantee device timing, but they are not necessarily tested on each device. They may be
guaranteed by device design or tester correlation.

19. Slew Rate is measured between Von(AC) and Vo (AC).

20. Min (tcL, tcn) refers to the smaller of the actual clock low time and the actual clock high time as provided to the device
(i.e. this value can be greater than the minimum specification limits for tc. and tcw).....For example, tci and tcn are =
50% of the period, less the half period jitter (tyr(HP)) of the clock source, and less the half period jitter due to
crosstalk (tyr(crosstalk)) into the clock traces.

21. tan = the - tans, where:
twe = minimum half clock period for any given cycle and is defined by clock high or clock low (tch, tcL). tans accounts
for 1) The pulse duration distortion of on-chip clock circuits; and 2) The worst case push-out of DQS on one transition
followed by the worst case pull-in of DQ on the next transition, both of which are, separately, due to data pin skew
and output pattern effects, and p-channel to n-channel variation of the output drivers.

22. tpasq Consists of data pin skew and output pattern effects, and p-channel to n-channel variation of the output drivers
for any given cycle.

23. For each of the terms above, if not already an integer, round to the next highest integer.
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Command Truth Table

| — — | — BAO, A12~A11,
COMMAND CKEn-1 |CKEn| CS | RAS | CAS | WE | DM BA1 A10/AP A9~AD Note
Register Extended MRS H X L L L L X OP CODE 1,2
Register Mode Register Set H X X OP CODE 1,2
Auto Refresh H 3
H L L L H X X
Entry L 3
Refresh
Self Refresh L H H H 3
Exit L H X X
X X 3
Bank Active & Row Addr. H X L L H H X \% Row Address
Read & Auto Precharge Disable L Column 4
Column H X L H L H X \% Address
Address Auto Precharge Enable H (AO~AS8) 4
Write & Auto Precharge Disable L Column 4.8
Column H X L H L L \% \% Address
Address Auto Precharge Enable H (AO~AB) | 46,8
Burst Terminate H X L H H L X X 7
Bank Selection \% L
Precharge H X L L H L X X
All Banks X 5
H X X X
. Entry H L X
Active Power Down Mode L H H H X
Exit L H X X X X X
H X X X
Entry H L X
Precharge Power Down L H H H X
Mode H| X X X
Exit L H X
L H H H
Deselect (NOP) H X X X
H X X X
No Operation (NOP) L H H H

Notes:

oo

(V = Valid, X = Don’t Care, H = Logic High, L = Logic Low)

OP Code: Operand Code. AO~A12 & BAO~BA1: Program keys. (@QEMRS/MRS)

. EMRS/MRS can be issued only at all banks precharge state.

A new command can be issued 2 clock cycles after EMRS or MRS.

Auto refresh functions are same as the CBR refresh of DRAM.

The automatical precharge without row precharge command is meant by “Auto”.

Auto/self refresh can be issued only at all banks precharge state.

BAO~BA1: Bank select addresses.

If both BAO and BA1 are “Low” at read, write, row active and precharge, bank A is selected.

If BAO is “High” and BA1 is “Low” at read, write, row active and precharge, bank B is selected.
If BAO is “Low” and BA1 is “High” at read, write, row active and precharge, bank C is selected.
If both BAO and BA1 are “High” at read, write, row active and precharge, bank D is selected.
If A10/AP is “High” at row precharge, BAO and BA1 are ignored and all banks are selected.
During burst write with auto precharge, new read/write command can not be issued.

Another bank read/write command can be issued after the end of burst.

New row active of the associated bank can be issued at trp after end of burst.

Burst Terminate command is valid at every burst length.

DM and Data-in are sampled at the rising and falling edges of the DQS. Data-in byte are masked if the corresponding

and coincident DM is “High”. (Write DM latency is 0).

Elite Semiconductor Memory Technology Inc.
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Basic Functionality

Power-Up and Initialization Sequence

DDR SDRAM must be powered up and initialized in a predefined manner. Operational procedures other than those specified
may result in undefined operation. No power sequencing is specified during power up and power down given the following
criteria:

®  Vpp and Vppq are driven from a single power converter output, AND

®  Vqyris limited to 1.35 V, AND

| VRer tracks Vppa 12
OR, the following relationships must be followed:

B Vppq is driven after or with Vpp such that Vppq < Vpop + 0.3V, AND

m V7 is driven after or with Vppq such that V1t < Vppg + 0.3 V, AND

m  Vger is driven after or with Vppq such that Vrer < Vppq + 0.3 V.

At least one of these two conditions must be met.

Except for CKE, inputs are not recognized as valid until after Vrer is applied. CKE is an SSTL_2 input, but will detect an
LVCMOS LOW level after Vpp is applied. Maintaining an LVCMOS LOW level on CKE during power-up is required to guarantee
that the DQ and DQS outputs will be in the High-Z state, where they will remain until driven in normal operation (by a read
access).

After all power supply and reference voltages are stable, and the clock is stable, the DDR SDRAM requires a 200 ps delay prior
to applying an executable command. Once the 200 us delay has been satisfied, a DESELECT or NOP command should be
applied, and CKE should be brought HIGH.

Following the NOP command, a PRECHARGE ALL command should be applied. Next a MODE REGISTER SET command
should be issued for the Extended Mode Register, to enable the DLL, and then a MODE REGISTER SET command should be
issued for the Mode Register, to reset the DLL, and to program the operating parameters. 200 clock cycles are required
between the DLL reset and any executable command. A PRECHARGE ALL command should be applied, placing the device in
the "all banks idle” state.

Once in the idle state, two AUTO refresh cycles must be performed. Additionally, a MODE REGISTER SET command for the
Mode Register, with the reset DLL bit deactivated (i.e., to program operating parameters without resetting the DLL) must be
performed.

Following these cycles, the DDR SDRAM is ready for normal operation.
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Mode Register Definition

Mode Register Set (MRS)

The mode register stores the data for controlling the various operating modes of DDR SDRAM. It programs CAS latency,
addressing mode, burst length, test mode, DLL reset and various vendor specific options to make DDR SDRAM useful for
variety of different applications. The default value of the register is not defined, therefore the mode register must be written after
EMRS setting for proper DDR SDRAM operation. The mode register is written by asserting low on &, RAS, CAS, WE
and BAO~BA1 (The DDR SDRAM should be in all bank precharge with CKE already high prior to writing into the mode register).

The state of address pins A0O~A12 in the same cycle as C_S, RAS, CAS, WE and BAO~BA1 going low is written in the
mode register. Two clock cycles are requested to complete the write operation in the mode register. The mode register contents
can be changed using the same command and clock cycle requirements during operation as long as all banks are in the idle
state. The mode register is divided into various fields depending on functionality. The burst length uses A0~A2, addressing
mode uses A3, CAS latency (read latency from column address) uses A4~A6. A7 is used for test mode. A8 is used for DLL
reset. A7 must be set to low for normal MRS operation. Refer to the table for specific codes for various burst length, addressing

modes and CAS latencies.

|Ba1 [ Bao | A12 [ A1t [A10| Ao | Aas | A7 | a6 [ As | a4 | A3 [ A2 | A1 | A0 | AddressBus

0 0 RFU DLL | T™ CAS Latency BT Burst Length Mode Register
A8 DLL Reset A7 Mode A3 Burst Type
0 No 0 Normal 0 Sequential
1 Yes 1 Test 1 Interleave
Burst Length \
CAS Latency v A2 | A1l A0 Length
v A6 | A5 | A4 Latency Sequential | Interleave
BA1 | BAO Operating Mode 0 0 0 Reserve 0 0 0 Reserve Reserve
0 0 MRS Cycle 0 0 1 Reserve 0 0 1 2 2
0 1 EMRS Cycle 0 1 0 2 0 1 0 4 4
0 1 1 3 0 1 1 8 8
1 0 0 4 1 0 0 Reserve Reserve
1 1 0 2.5 1 0 1 Reserve Reserve
1 1 1 Reserve 1 1 0 Reserve Reserve
1 1 1 Reserve Reserve

Note: RFU (Reserved for future use) must stay “0” during MRS cycle.
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Extended Mode Register Set (EMRS)

The extended mode register stores the data enabling or disabling DLL, and selecting output drive strength. The default value of
the extended mode register is not defined, therefore the extended mode register must be written after power up for enabling or
disabling DLL. The extended mode register is written by asserting low on C_S, R_/-\S, C_/-\S, WE and high on BAO (The DDR
SDRAM should be in all bank precharge with CKE already high prior to writing into the extended mode register). The state of

address pins AO~A12 and BAO~BA1 in the same cycle as CS, RAS, CAS and WE going low is written in the extended
mode register. Two clock cycles are requested to complete the write operation in the mode register. The mode register contents
can be changed using the same command and clock cycle requirements during operation as long as all banks are in the idle
state. AO is used for DLL enable or disable. A1 and A6 are used for selecting output drive strength. “High” on BAO is used for
EMRS. All the other address pins except AO~A1, A6 and BAO must be set to low for proper EMRS operation. Refer to the table
for specific codes.

BA1|BAO|A12 | A11|A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO | Address Bus

v v \ 4

o] 1] RFU | Ds | RFU | DS | DLL | Extended Mode Register
A6 A1 Drive Strength A0 DLL Enable
0 0 100 % Strength 0 Enable
0 1 60 % Strength 1 Disable
1 0 RFU
1 1 30 % Strength
\ 4

BA1 | BAO | Operating Mode
0 0 MRS Cycle
0 1 EMRS Cycle

Note: RFU (Reserved for future use) must stay “0” during EMRS cycle.
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Burst Address Ordering for Burst Length

Lilrjl;stL Addresssta(r:zn,?m, A0) Sequential Mode Interleave Mode
2 xx0 0,1 0,1
xx1 1,0 1,0
x00 0,1,2,3 0,1,2,3
4 x01 1,2,3,0 1,0,3,2
x10 2,3,0,1 2,3,0,1
x11 3,0,1,2 3,2,1,0
000 0,1,2,3,4,56,7 0,1,2,3,4,5,6,7
001 1,2,3,4,5,6,7,0 1,0,3,2,5,4,7,6
010 2,3,4,5,6,7,0,1 2,3,0,1,6,7,4,5
8 oM 3,4,5,6,7,0,1,2 3,2,1,0,7,6,5,4
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 5,6,7,0,1,2,3,4 5,4,7,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,5,2,3,0,1
111 7,0,1,2,3,4,5,6 7,6,5,4,3,2,1,0

DLL Enable / Disable

The DLL must be enabled for normal operation. DLL enable is required during power-up initialization, and upon returning
to normal operation after having disabled the DLL for the purpose of debug or evaluation (upon exiting Self Refresh Mode,
the DLL is enabled automatically). Any time the DLL is enabled, 200 clock cycles must occur before a READ command
can be issued.

Output Drive Strength
The normal drive strength for all outputs is specified to be SSTL_2, Class Il. The device also support reduced drive
strength options, intended for lighter load and/or point-to-point environments.

Mode Register

| | |
| ! |
| | |
: tugo :
| | |
| | |

*1: MRS/EMRS can be issued only at all banks precharge state.
*2: Minimum trp is required to issue MRS/EMRS command.
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Precharge
The precharge command is used to precharge or close a bank that has activated. The precharge command is issued when C_S,

RAS and WE are low and CAS is high at the rising edge of the clock. The precharge command can be used to precharge
each bank respectively or all banks simultaneously. The bank select addresses (BAO, BA1) are used to define which bank is
precharged when the command is initiated. For write cycle, twr(min) must be satisfied until the precharge command can be
issued. After trp from the precharge, an active command to the same bank can be initiated.

Burst Selection for Precharge by bank address bits

A10/AP BA1 BAO Precharge
0 0 0 Bank A Only
0 0 1 Bank B Only
0 1 0 Bank C Only
0 1 1 Bank D Only
1 X X All Banks

No Operation & Device Deselect
The device should be deselected by deactivating the cs signal. In this mode DDR SDRAM should ignore all the control inputs.

The DDR SDRAMSs are put in NOP mode when CS s active and by deactivating RAS, CAS and WE . For both Deselect
and NOP the device should finish the current operation when this command is issued.

Bank / Row Active

The Bank Activation command is issued by holding CAS and WE high with CS and RAS low at the rising edge of the
clock (CLK). The DDR SDRAM has four independent banks, so Bank Select addresses (BAO, BA1) are required. The Bank
Activation command must be applied before any Read or Write operation is executed. The Bank Activation command to the first
Read or Write command must meet or exceed the minimum of RAS to CAS delay time (trcp min). Once a bank has been
activated, it must be precharged before another Bank Activation command can be applied to the same bank. The minimum time
interval between interleaved Bank Activation command (Bank A to Bank B and vice versa) is the Bank to Bank delay time (trrp
min).

Bank Activation Command Cycle (CAS Latency = 3)

Bank A Bank A ! Bank B Bank A
Address ow Addr>_'—€ %—'—( %‘ Col. Addr> ;—<Row Addr ~\Row. Addr

Bank A
Activate
T

| | |
I | I | |
| | RAS-RAS delay (trRrRD) |
) . | | : , .
L L | L I L | - I L
Bank A ! | Bank B \/
Command <Activate >—<‘ NOP >—<‘ NOP ‘ Ak >_<‘ NoP )
T | T |
| |
. .

ROW Cycle Time (trC)

w : Don't Care
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Read
This command is used after the row activate command to initiate the burst read of data. The read command is initiated by

activating cs ,RAS ,CAS, and deasserting WE at the same clock rising edge as described in the command truth table. The
length of the burst and the CAS latency time will be determined by the values programmed during the MRS command.

Write
This command is used after the row activate command to initiate the burst write of data. The write command is initiated by

activating CS,RAS,CAS, and WE at the same clock rising edge as describe in the command truth table. The length of the
burst will be determined by the values programmed during the MRS command.

Burst Read Operation

Burst Read operation in DDR SDRAM is in the same manner as the current SDRAM such that the Burst read command is
issued by asserting CS and CAS low while holding RAS and WE high at the rising edge of the clock (CLK) after trcp
from the bank activation. The address inputs determine the starting address for the Burst. The Mode Register sets type of burst

(Sequential or interleave) and burst length (2, 4, 8). The first output data is available after the CAS Latency from the READ
command, and the consecutive data are presented on the falling and rising edge of Data Strobe (DQS) adopted by DDR
SDRAM until the burst length is completed.

<Burst Length =4, CAS Latency = 3>

SO U S e U U e U e WD e O e Y o O

- tRPRE /:(—\ ‘,—\\}RPST)
I
I

DQs

CAS Latency=3 (
DQ'

Burst Write Operation

The Burst Write command is issued by having CS, CAS and WE low while holding RAS high at the rising edge of the
clock (CLK). The address inputs determine the starting column address. There is no write latency relative to DQS required for
burst write cycle. The first data of a burst write cycle must be applied on the DQ pins tps prior to data strobe edge enabled after
toass from the rising edge of the clock (CLK) that the write command is issued. The remaining data inputs must be supplied on
each subsequent falling and rising edge of Data Strobe until the burst length is completed. When the burst has been finished,
any additional data supplied to the DQ pins will be ignored.

| |
| |
| |
| |
L L
i I
| |
| |
' '
| |
| |

S

| |

| |

I
|
I I I
I ,
(DouTUXDOUHXDOUTzXDOUTS}
I I I

<Burst Length = 4>

0 1 7 8

CLK _}:,,,,/\_[7777

Sl----

P I~ Nnop Y NOP }—

S Rt

j
coMMAND { NOP }—WwrlI
I

twPRES 1

DQ's 3 : : :
Note * 1: The specific requirement is that DQS be valid (High or Low) on or before this CLK edge. The case shown (DQS going from

High-Z to logic Low) applies when no writes were previously in progress on the bus. If a previous write was in progress, DQS
could be High at this time, depending on tpass.
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Read Interrupted by a Read

A Burst Read can be interrupted before completion of the burst by new Read command of any bank. When the previous burst is
interrupted, the remaining addresses are overridden by the new address with the full burst length. The data from the first Read
command continues to appear on the outputs until the CAS latency from the interrupting Read command is satisfied. At this
point the data from the interrupting Read command appears. Read to Read interval is tccp(min).

<Burst Length =4, CAS Latency = 3>

(DQ'S

N - - -

— 3 .4 I 5 L6 4 I
CLK R - - P p—
oL D S U S W S S S S R
I I I I I
| | | : :
| | |
COMMAND P — nop NOP NOP NOP NOP NOP
I — T
| | | | |
I I I I I
| |
pas \ ( \_/ \_ﬁ: : 3
Il Il I I
I I I
I I I
I I
d I I
I I
I I

ouT Ao DQRXDOUT BuXDOuT BXDour B2YDouT Bs
I
|
I

Read Interrupted by a Write & Burst Terminate

To interrupt a burst read with a write command, Burst Terminate command must be asserted to avoid data contention on the 1/O
bus by placing the DQ’s (Output drivers) in a high impedance state. To insure the DQ’s are tri-stated one cycle before the
beginning the write operation, Burt stop command must be applied at least RU(CL) clocks [RU mean round up to the nearest
integer] before the Write command.

<Burst Length =4, CAS Latency = 3>

0 Lo

L2
I
d
I

‘
COMMAND { READ —{yBurst —( N(;P —( N(‘)P — N(‘)P HwriTE— N‘OF’ —{ nop N(;P —
! | | \ ! |

Yy S— o — s N 2 N —

| |

| |

! |

| |

Il

I 1 I

I I I

I I I

I I I

< | | |
I

DQ's : :
| |

! |

The following functionality establishes how a Write command may interrupt a Read burst.

1. For Write commands interrupting a Read burst, a Burst Terminate command is required to stop the read burst and tristate
the DQ bus prior to valid input write data. Once the Burst Terminate command has been issued, the minimum delay to a

Write command = RU(CL) [CL is the CAS Latency and RU means round up to the nearest integer].
2. ltis illegal for a Write and Burst Terminate command to interrupt a Read with auto precharge command.

{Dout o{DouT 1}
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Read Interrupted by a Precharge

A Burst Read operation can be interrupted by precharge of the same bank. The minimum 1 clock is required for the read to
precharge intervals. A precharge command to output disable latency is equivalent to the CAS latency.

<Burst Length 8, CAS Latency- 3>
0 | |

RS S0 e S e VY e S g i o g s e G o O

I 1tck !

"
COMMAND <RE‘AD )—(Precharge)—( NoP NOP )—( NOP )—( NOP )—( NOP —( noP )—( NOP —

S e

\ \ \
| | |
| | !
| | |
| | |
| T
| | !
| | !
| | |
| | |
| I !
J
1

I
I \
‘ ‘
‘ ‘
i i
‘ ‘
I I I
< | | |
1 | | ) ‘
I I I I
| | | |

Interrupted by precharge

When a burst Read command is issued to a DDR SDRAM, a Precharge command may be issued to the same bank before
the Read burst is complete. The following functionality determines when a Precharge command may be given during a Read
burst and when a new Bank Activate command may be issued to the same bank.

1. For the earliest possible Precharge command without interrupting a Read burst, the Precharge command may be given on

the rising clock edge which is CL clock cycles before the end of the Read burst where CL is the CAS Latency. A new
Bank Activate command may be issued to the same bank after trp (RAS precharge time).

2. When a Precharge command interrupts a Read burst operation, the Precharge command may be given on the rising clock

edge which is CL clock cycles before the last data from the interrupted Read burst where CL is the CAS Latency. Once

the last data word has been output, the output buffers are tristated. A new Bank Activate command may be issued to the
same bank after trp.

3. For a Read with auto precharge command, a new Bank Activate command may be issued to the same bank after trp

where trp begins on the rising clock edge which is CL clock cycles before the end of the Read burst where CL is the CAS
Latency. During Read with auto precharge, the initiation of the internal precharge occurs at the same time as the earliest
possible external Precharge command would initiate a precharge operation without interrupting the Read burst as
described in 1 above.

4. For all cases above, trp is an analog delay that needs to be converted into clock cycles. The number of clock cycles
between a Precharge command and a new Bank Activate command to the same bank equals trp / tck (Where tck is the
clock cycle time) with the result rounded up to the nearest integer number of clock cycles.

In all cases, a Precharge operation cannot be initiated unless tras (min) [minimum Bank Activate to Precharge time] has been
satisfied. This includes Read with auto precharge commands where tras (Min) must still be satisfied such that a Read with
auto precharge command has the same timing as a Read command followed by the earliest possible Precharge command
which does not interrupt the burst.
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Write Interrupted by a Write

A Burst Write can be interrupted before completion of the burst by a new Write command, with the only restriction that the
interval that separates the commands must be at least one clock cycle. When the previous burst is interrupted, the remaining
addresses are overridden by the new address and data will be written into the device until the programmed burst length is

satisfied.

<Burst Length = 4>

- ) 1 ) L3 - 5 ' 6 L7 8
K - - -- - E—_ e Sy - - JE— - ,
DI S D S G S W S D S U S G SN D R
AT e B
| | | | | | |
cOMMAND ( NoP —WRITE A—WRITE B— NOP »— NOP }— NoP —{ NoP P —
I I 1

| |

! ! !
DINADXDIN At XD\N B0 XDIN B1 XD\NEQXDINBSI\

T l |

| | l
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Write Interrupted by a Read & DM

A burst write can be interrupted by a read command of any bank. The DQ’s must be in the high impedance state at least one
clock cycle before the interrupting read data appear on the outputs to avoid data contention. When the read command is
registered, any residual data from the burst write cycle must be masked by DM. The delay from the last data to read command
(twTr) is required to avoid the data contention DRAM inside. Data that are presented on the DQ pins before the read command
is initiated will actually be written to the memory. Read command interrupting write can not be issued at the next clock edge of
that of write command.

<Burst Length =8, CAS Latency = 3>

CLK - -

CLK _X,,,\”X,,/ X,,,X X

COMMAND { NOjP < write 4~ Nop — Nop —{ NoP »—{READ — NoP — N
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DQ's

SN

)
I I
| |
I I
I I
I
I I
! I
[l I
! ! twTr !
—
| |
[ |
I I
| |
I I
I I
| |
| |
|
I

I
—1Hi-
DQS Hi Z—\

/o

DQ's

/

!

[l

I
! |
) X | |
| I
(DINOXDIN1XDIN2XDIN3)WWW ”
I I
I I
I I
I I
! L

I

I

I

The following functionality established how a Read command may interrupt a Write burst and which input data is not written into
the memory.

1. For Read commands interrupting a Write burst, the minimum Write to Read command delay is 2 clock cycles. The case where
the Write to Read delay is 1 clock cycle is disallowed.

2. For read commands interrupting a Write burst, the DM pin must be used to mask the input data words which immediately
precede the interrupting Read operation and the input data word which immediately follows the interrupting Read operation.

3. For all cases of a Read interrupting a Write, the DQ and DQS buses must be released by the driving chip (i.e., the memory
controller) in time to allow the buses to turn around before the SDRAM drives them during a read operation.

4. If input Write data is masked by the Read command, the DQS inputs are ignored by the DDR SDRAM.
5. Refer to “Burst write operation”
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Write Interrupted by a Precharge & DM

A burst write operation can be interrupted before completion of the burst by a precharge of the same bank. Random column
access is allowed. A write recovery time (twr) is required from the last data to precharge command. When precharge command
is asserted, any residual data from the burst write cycle must be masked by DM.

<Burst Length = 8>
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Precharge timing for Write operations in DRAMs requires enough time to allow “write recovery” which is the time required by a
DRAM core to properly store a full “0” or “1” level before a Precharge operation. For DDR SDRAM, a timing parameter, twr, is used
to indicate the required of time between the last valid write operation and a Precharge command to the same bank.

twr starts on the rising clock edge after the last possible DQS edge that strobed in the last valid and ends on the rising clock edge
that strobes in the precharge command.

1. For the earliest possible Precharge command following a Write burst without interrupting the burst, the minimum time for write
recovery is defined by twg.

2. When a precharge command interrupts a Write burst operation, the data mask pin, DM, is used to mask input data during the
time between the last valid write data and the rising clock edge in which the Precharge command is given. During this time, the
DQS input is still required to strobe in the state of DM. The minimum time for write recovery is defined by twr.

3. For a Write with auto precharge command, a new Bank Activate command may be issued to the same bank after twr + trp Where
twr + trp starts on the falling DQS edge that strobed in the last valid data and ends on the rising clock edge that strobes in the
Bank Activate commands. During write with auto precharge, the initiation of the internal precharge occurs at the same time as the
earliest possible external Precharge command without interrupting the Write burst as described in 1 above.

4. In all cases, a Precharge operation cannot be initiated unless tras(min) [minimum Bank Activate to Precharge time] has been
satisfied. This includes Write with auto precharge commands where tras(min) must still be satisfied such that a Write with auto
precharge command has the same timing as a Write command followed by the earliest possible Precharge command which does
not interrupt the burst.

5. Refer to “Burst write operation”
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Burst Terminate

The burst terminate command is initiated by having RAS and CAS high with CS and WE low at the rising edge of the
clock (CLK). The burst terminate command has the fewest restrictions making it the easiest method to use when terminating a
burst read operation before it has been completed. When the burst terminate command is issued during a burst read cycle, the

pair of data and DQS (Data Strobe) go to a high impedance state after a delay which is equal to the CAS latency set in the
mode register. The burst terminate command, however, is not supported during a write burst operation.

<Burst Length =4, CAS Latency=3>
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The Burst Terminate command is a mandatory feature for DDR SDRAMSs. The following functionality is required.

The BST command may only be issued on the rising edge of the input clock, CLK.

BST is only a valid command during Read burst.

BST during a Write burst is undefined and shall not be used.

BST applies to all burst lengths.

BST is an undefined command during Read with auto precharge and shall not be used.

When terminating a burst Read command, the BST command must be issued Lgst (“BST Latency”) clock cycles before the
clock edge at which the output buffers are tristated, where Lgst equals the CAS latency for read operations.

7. When the burst terminates, the DQ and DQS pins are tristated.

o0k wh

The BST command is not byte controllable and applies to all bits in the DQ data word and the (all) DQS pin(s).

DM masking

The DDR SDRAM has a data mask function that can be used in conjunction with data write cycle. Not read cycle. When the
data mask is activated (DM high) during write operation, DDR SDRAM does not accept the corresponding data. (DM to
data-mask latency is zero) DM must be issued at the rising or falling edge of data strobe.

<Burst Length = 8>
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Read With Auto Precharge

If a read with auto precharge command is initiated, the DDR SDRAM automatically enters the precharge operation BL/2 clock
later from a read with auto precharge command when tras (min) is satisfied. If not, the start point of precharge operation will be
delayed until tras (min) is satisfied. Once the precharge operation has started the bank cannot be reactivated and the new
command can not be asserted until the precharge time (trp) has been satisfied.

<Burst Length =4, CAS Latency =2 & 2.5>

CTK | ) /
CLK | | d ] d d ]
\ | | | | | | | | !
| | | | | | | | | !
! : : : | | : | | 1
.
COMMAND  (BaREA Y (NOP )} NOP )} dBafatge{ NOP }—( NOP }—( NOP }— NOP }—( NOP }—( NOP }—
T T T T T T T T T T
| | | | | | | | | !
1 | tras (min) | | | | | i i
bas i ! i | ! \ | 3 | !
| . | ! |
—Hi-Z— ‘ ‘ _——/ /S \_r ‘ 3
. | | | i b i | i |
CAS Latency = 2 < ! ! | | 1 | | | i i
| | | | | | | | |
| | ! | | ) | | |
DQ's —Hi-z— : : ‘DOUTODOUTSE : ‘
| ! | | | | \ . ¥ Bank can be reactivated at
! ! ! ! ! ! ! trp ! 1 completion of precharge
Das iz | L : 1 ‘ |
! | | | b ) ) | 1
_ i | |
CAS Latency = 2.5 < | | ! ! | | ! | !
| | i i
| | | | | | | |
\ . i | | !
DQ's 3 1i-Z i ‘ i ‘ Douto Dour 3 : ;
I | Auto-Precharge starts | !
I I . |
| | | | |

When the Read with Auto Precharge command is issued, new command can be asserted at 4, 5 and 6 respectively as follow.

Asserted For the same bank For the different bank
Command 4 5 6 4 5 6
READ READ lllegal lllegal Legal Legal Legal
READ with AP | READ with AP lllegal lllegal Legal Legal Legal
Active lllegal lllegal lllegal Legal Legal Legal
Precharge Legal Legal lllegal Legal Legal Legal

Note 1: AP = Auto Precharge
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Write with Auto Precharge

If A10 is high when write command is issued, the write with auto-precharge function is performed. Any new command to the
same bank should not be issued until the internal precharge is completed. The internal precharge begins at the rising edge of
the CLK with the twr delay after the last data-in.

<Burst Length = 4>

COMMAND

T
I

I

I

I

I

I

I

I

< |
I

DQ's -

|

I

*Bank can be reactivated
at completion of trpP

I |
| I
I I
| I
I |
I I
I |
| I
I I
I |
| I
! |
I |
I I
R !
. I

tw

trp
f

Internal precharge start

At burst read / write with auto precharge, CAS interrupt of the same bank is illegal.

Asserted For the same bank For the different bank
Command 4 5 6 7 8 4 5 6 7 8
WRITE WRITE WRITE lllegal lllegal lllegal Legal Legal Legal Legal Legal
. *1 WRITE WRITE
WRITE with AP with AP with AP lllegal lllegal lllegal Legal Legal Legal Legal Legal
READ lllegal RE’,/;\ADz * RED'?AD*' READ lllegal lllegal | lllegal | lllegal Legal Legal
READ READ READ
READ with AP lllegal with AP+ [ with AP+ . lllegal llegal | lllegal | lllegal Legal Legal
with AP
DM DM
Active llegal lllegal lllegal llegal llegal Legal Legal Legal Legal Legal
Precharge lllegal lllegal lllegal lllegal lllegal Legal Legal Legal Legal Legal

Note: 1. AP = Auto Precharge
2. DM: Refer to “Write Interrupted by a Read & DM*
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Auto Refresh & Self Refresh

Auto Refresh

An auto refresh command is issued by having CS , RAS and CAS held low with CKE and WE high at the rising edge of
the clock (CLK). All banks must be precharged and idle for tze(min) before the auto refresh command is applied. No control of
the external address pins is requires once this cycle has started because of the internal address counter. When the refresh
cycle has completed, all banks will be in the idle state. A delay between the auto refresh command and the next activate
command or subsequent auto refresh command must be greater than or equal to the trrc(min).

A maximum of eight consecutive AUTO REFRESH commands (with trrc(min)) can be posted to any given DDR SDRAM
meaning that the maximum absolute interval between any AUTO REFRESH command and the next AUTO REFRESH
command is 8 X treFi -

COMMAND i (PRE) i Rt i oY) i i i \cMD / 3
CKE = High : : : : : : : S— : : ; :
| L tRL : ﬂ: : U}m : : 3 3 3

Self Refresh

A self refresh command is defines by having CS, RAS, CAS and CKE held low with  WE high at the rising edge of the
clock (CLK). Once the self refresh command is initiated, CKE must be held low to keep the device in self refresh mode. During
the self refresh operation, all inputs except CKE are ignored. Since CKE is an SSTL_2 input, Vrer must be maintained during
self refresh. The clock is internally disabled during self refresh operation to reduce power consumption. The self refresh is exited
by supplying stable clock input before returning CKE high, asserting deselect or NOP command and then asserting CKE high
for longer than txsrp for locking of DLL. Self refresh mode is not supported for VA grade with TA>85 C.

TK S
LK ‘ ; ‘ &
| 1 |

| ! ! S
COMMAND  {NOP) (LSeT ) 7
‘ \Refresty :‘(/ : g
I I
I I I
= -
| | ‘
I I I
| | |
I I I

Note: After self refresh exit, input an auto refresh command immediately.
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Power down

Power down is entered when CKE is registered Low (no accesses can be in progress). If power down occurs when all banks are
idle, this mode is referred to as precharge power-down; if power down occurs when there is a row active in any bank, this mode
is referred to as active power-down.

Entering power down deactivates the input and output buffers, excluding CLK, CLK and CKE. In power down mode, CKE Low
must be maintained, and all other input signals are “Don’t Care”. The minimum power down duration is at least 1 tck + tis.
However, power down duration is limited by the refresh requirements of the device.

The power down state is synchronously exited when CKE is registered High (along with a NOP or DESELECT command). A
valid command may be applied 1 tck + tis after exit from power down.

CKE

commAND (Femrae)—— i — 7 o —— ) e —

|

Enter Precharge Exit Precharge Enter Active Exit Active

ower-down
P mode power-down power-down power-down
mode

mode mode

Functional Truth Table

Truth Table — CKE [Note 1~4. €

CKE n-1 CKE n Current State COMMAND n ACTION n NOTE
L L Power Down X Maintain Power Down
L L Self Refresh X Maintain Self Refresh 7
L H Power Down NOP or DESELECT Exit Power Down
L H Self Refresh NOP or DESELECT Exit Self Refresh 57
H L All Banks Idle NOP or DESELECT Precharge Power Down Entry
H L Bank(s) Active NOP or DESELECT Active Power Down Entry
H L All Banks Idle AUTO REFRESH Self Refresh Entry
H H See the Truth Tables as follow
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 the state of DDR SDRAM immediately prior to clock edge n.
3. COMMAND n is the command registered at clock edge n, and ACTION n is the result of COMMAND n.
4. All states and sequences not shown are illegal or reserved.
5. DESELECT and NOP DESELECT or NOP commands should be issued on any clock edges occurring during the txsnr or

txsro period. A minimum of 200 clock cycles is needed before applying any executable command, for the DLL to lock.

6. Operation or timing that is not specified is illegal and after such an event, in order to guarantee proper operation, the
DRAM must be powered down and then restarted through the specified initialization sequence before normal operation
can continue.

7. Vrer must be maintained during Self Refresh operation.

Elite Semiconductor Memory Technology Inc. Publication Date : Sep. 2012
Revision : 1.1 28/49




ESMT M13S2561616A (2A)

Automotive Grade

Truth Table — Current State Bank n

Current State cs RAS | CAS | WE COMMAND / ACTION NOTE
Ky Note 1-6,13]

Command to Ban

Any H X X X DESELECT (NOP / continue previous operation)

L H H H No Operation (NOP / continue previous operation)

L L H H ACTIVE (select and activate row)
Idle L L L H AUTO REFRESH 7

L L L L MODE REGISTER SET 7

L H L H READ (select column & start read burst) 10
Row Active L H L L WRITE (select column & start write burst) 10

L L H L PRECHARGE (deactivate row in bank or banks) 8

L H L H READ (select column & start new read burst) 10
(Ffuig Precharge L H L L WRITE (select column & start write burst) 10, 12
Disabled) L L H L PRECHARGE (truncate read burst, start precharge) 8

L H H L BURST TERMINATE 9
Write L H L H READ (select column & start read burst) 10, 11
(Auto Precharge L H L L WRITE (select column & start new write burst) 10
Disabled) L L H L PRECHARGE (truncate write burst, start precharge) 8, 11

[Note 1~3,

o

Command to Bank m b=l

Any H X X X DESELECT (NOP / continue previous operation)
L H H H No Operation (NOP / continue previous operation)
Idle X X X X Any command allowed to bank m
L L H H ACTIVE (select and activate row)
R°V.V Activating, L H L H READ (select column & start read burst) 10
Active, or
Precharging L H L L WRITE (select column & start write burst) 10
L L H L PRECHARGE
L L H H ACTIVE (select and activate row)
Read
(Auto Precharge L H L H READ (select column & start new read burst) 10
disabled) L H L L WRITE (select column & start write burst) 10, 12
L L H L PRECHARGE
L L H H ACTIVE (select and activate row)
Write L H L H READ (select column & start read burst) 10, 11
(Auto Precharge
disabled) L H L L WRITE (select column & start new write burst) 10
L L H L PRECHARGE
L L H H ACTIVE (select and activate row)
Read with L H L H READ (select column & start new read burst) 3a, 10
Auto Precharge L H L L | WRITE (select column & start write burst) 3a, 10, 12
L L H L PRECHARGE
L L H H ACTIVE (select and activate row)
Write with L H L H READ (select column & start read burst) 3a, 10
Auto Precharge !
L H L L WRITE (select column & start new write burst) 3a, 10
L L H L PRECHARGE
Notes:
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14.
15.

This table applies when CKEn-1 was HIGH and CKEn is HIGH and after txsnr or txsrp has been met (if the previous
state was self refresh).

This table is bank - specific, except where noted, i.e., the current state is for a specific bank and the commands shown
are those allowed to be issued to that bank when in that state. Exceptions are covered in the notes below.

Current state definitions:

Idle: The bank has been precharged, and trp has been met.
Row Active: A row in the bank has been activated, and trcp has been met. No data bursts/accesses and no
register accesses are in progress.
Read / Write: A READ / WRITE burst has been initiated, with AUTO PRECHARGE disabled, and has not yet
terminated or been terminated.
Read / Write with Auto Precharge Enabled: See following text, notes 3a, 3b:

3a. For devices which do not support the optional “concurrent auto precharge” feature, the Read with Auto
Precharge Enabled or Write with Auto Precharge Enabled states can each be broken into two parts: the
access period and the precharge period. For Read with Auto Precharge, the precharge period is defined
as if the same burst was executed with Auto Precharge disabled and then followed with the earliest
possible PRECHARGE command that still accesses all of the data in the burst. For Write with Auto
Precharge, the precharge period begins when twr ends, with tyr measured as if Auto Precharge was
disabled. The access period starts with registration of the command and ends where the precharge
period (or trp) begins. During the precharge period of the Read with Auto Precharge Enabled or Write
with Auto Precharge Enabled states, ACTIVE, PRECHARGE, READ and WRITE commands to the other
bank may be applied; during the access period, only ACTIVE and PRECHARGE commands to the other
bank may be applied. In either case, all other related limitations apply (e.g., contention between READ
data and WRITE data must be avoided).

3b. For devices which do support the optional “concurrent auto precharge” feature, a read with auto precharge
enabled, or a write with auto precharge enabled, may be followed by any command to the other banks,
as long as that command does not interrupt the read or write data transfer, and all other related
limitations apply (e.g., contention between READ data and WRITE data must be avoided.)

The following states must not be interrupted by a command issued to the same bank. DESELECT or NOP commands,
or allowable commands to the other bank should be issued on any clock edge occurring during these states. Allowable
commands to the other bank are determined by its current state and Truth Table.

Precharging: Starts with registration of a PRECHARGE command and ends when trp is met. Once trp is met, the
bank will be in the idle state.
Row Activating: Starts with registration of an ACTIVE command and ends when trcp is met. Once trep is met, the
bank will be in the "row active” state.
Read/ Write with Auto -
Precharge Enabled: Starts with registration of a READ / WRITE command with AUTO PRECHARGE enabled
and ends when trp has been met. Once trp is met, the bank will be in the idle state.

The following states must not be interrupted by any executable command; DESELECT or NOP commands must be
applied on each positive clock edge during these states.

Refreshing: Starts with registration of an AUTO REFRESH command and ends when trc is met.
Once trrc is met, the DDR SDRAM will be in the "all banks idle” state.
Accessing Mode Register: Starts with registration of a MODE REGISTER SET command and ends when turp
has been met. Once turp is met, the DDR SDRAM will be in the "all banks idle” state.
Precharging All: Starts with registration of a PRECHARGE ALL command and ends when tgp is met.
Once trp is met, all banks will be in the idle state.

All states and sequences not shown are illegal or reserved.
Not bank - specific; requires that all banks are idle and no bursts are in progress.
May or may not be bank - specific; if multiple banks are to be precharged, each must be in a valid state for precharging.
Not bank - specific, BURST TERMINATE affects the most recent READ burst, regardless of bank.
Reads or Writes listed in the Command/Action column include Reads or Writes with AUTO PRECHARGE enabled and
Reads or Writes with AUTO PRECHARGE disabled.

. Requires appropriate DM masking.

A WRITE command may be applied after the completion of the READ burst; otherwise, a Burst Terminate must be
used to end the READ prior to asserting a WRITE command,

. Operation or timing that is not specified is illegal and after such an event, in order to guarantee proper operation, the

DRAM must be powered down and then restarted through the specified initialization sequence before normal operation
can continue.

AUTO REFRESH and MODE REGISTER SET commands may only be issued when all banks are idle.

A BURST TERMINATE command cannot be issued to another bank; it applies to the bank represented by the current
state only.
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Timing Diagram

Basic Timing (Setup, Hold and Access Time @ BL=4, CL=2)
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Multi Bank Interleaving READ (@ BL=4, CL=2)
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Multi Bank Interleaving WRITE (@ BL=4)
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I I
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Read with Auto Precharge (@ BL=8)

s /‘//‘//fw‘//‘//‘//‘///‘/////‘///‘//‘/%w‘//‘//‘//‘/////)/‘/

CAs ////% A\\\\\\ \\\\\\\\\\\\\\\W \\\\\\\\\\\1\\\\\
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WE ///// W////////////////////// \\\\\\\\\\\\\\\

DQS(CL=2)

DQ(CL=2)

e A

DQ(CL=2.5)

oM ////////////%/////////////////////////////////

commAND iiiiiiiiiiiiii
: Don’t care
10122B16R.B
Note: 1. The row active command of the precharge bank can be issued after trp from this point.
The new read/write command of another activated bank can be issued from this point.
At burst read/write with auto precharge, CAS interrupt of the same/another bank is illegal.
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Write with Auto Precharge (@ BL=8)

I I
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: Don’t care
10122B16R.B
Note: 1. The row active command of the precharge bank can be issued after tgp from this point.
The new read/write command of another activated bank can be issued from this point.
At burst read/write with auto precharge, CAS interrupt of the same/another bank is illegal.
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Write followed by Precharge (@ BL=4)
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Write Interrupted by Precharge & DM (@ BL=8)

| |
‘HIGH:
| |

I

s /‘//‘//W///‘//‘//‘//‘///‘/////‘//‘/‘MU/‘/%W/%W‘//‘//‘//‘//‘/

CAs //////A //////////%///////// V///)/x /////A ///////////

BAO,BAI // //W/// /// /////////W//WW// // // //V//

Ato/AP ////%\ ////////////////////A ///%\ ///%/\ ///////////

ADOR ////W/////////////////////MW//////

(AO~An)

W W

I | | I I I I I I I

I I | I I I | I I I I I I I | | I I | | I I

| | | | | | | | | | | | | | ! ! | | ! ! | |

I | ! I I | ! I I I | I I I | I I I I I I |

I | | I I U ! | I | | | I I | I I | | ! I |
bas —————\ . [\ /O —— [

| | | | | | | | | | | | | | | | | | | | |

I I I I I I I I I \ I I I I I I I I I I I I

I I I I I I I | | I I I I I I
| ! ! ! ! ! !
|

T DcO X Dc1 X Dc2 X Dc3
{200
| | | | | | |
| | | | | | |

DQ

DM%%%%iiiW;iiﬁi

[
| ! ' tcco | !
I I | I I I I I I I I I I I l I
I I | I \ I I I I I I I | I I I
I I I I I I I I I I I PRE I I I
commano [ WRTE) | o g Qurrg | C
:Don’t care

10122B16R.B

Elite Semiconductor Memory Technology Inc. Publication Date : Sep. 2012
Revision : 1.1 37/49



ESMT M13S2561616A (2A)

Automotive Grade

Write Interrupted by a Read (@ BL=8, CL=2)
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Read Interrupted by Precharge (@ BL=8)
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When a burst Read command is issued to a DDR SDRAM, a Precharge command may be issued to the same bank before the
Read burst is complete. The following functionality determines when a Precharge command may be given during a Read burst
and when a new Bank Activate command may be issued to the same bank.

1. For the earliest possible Precharge command without interrupting a Read burst, the Precharge command may be given on
the rising clock edge which is CL clock cycles before the end of the Read burst where CL is the CAS Latency. A new Bank
Activate command may be issued to the same bank after tre (RAS Precharge time).

2.  When a Precharge command interrupts a Read burst operation, the Precharge command may be given on the rising clock
edge which is CL clock cycles before the last data from the interrupted Read burst where CL is the CAS Latency. Once the

last data word has been output, the output buffers are tri-stated. A new Bank Activate command may be issued to the same
bank after tre.
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Read Interrupted by a Write & Burst Terminate (@ BL=8, CL=2)
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wE /‘//‘//‘//‘//i‘/%//%\3%/////////&1///////////%//////////

A
oM ////////////%//////////////x‘ K\\\\\
A
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Read Interrupted by a Read (@ BL=8, CL=2)

I I
‘HIGH
| i

s /‘////3%//3%////‘//‘//‘/ T T T

cAs ////%/x 1&\\\ /\\ \\\\ \\\\\\\\\\\\\\\\\\\.\\\\\\\\\\\

BAO,BA ////WW////////////////////////////////////////

AToIAP /////A z\&\\\ &\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

ADDR %///W/////)@W//////// ////////////////%//////////////////////

(A0~An)

WE \\W W% W//////////////////////////////////

: I I I I I I I I I I I I : I I 1
I I I | I I I | | | U | U | | | |
I | | | I I J

DQ ; ; ; ; ; ; \‘QaOXQa1XQbOXQb1XQb2><Qb3)-< Qb5>(Qbe>(Qb7\
I I I I I I I I 1 1 I \ I \
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \

DM ////////////////////////////////////////////
L \% :
COMMAND i iii

: Don’t care
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DM Function (@ BL=8) only for write

_ U P o2 po3 A P55 P66 T8 P9 P10
CLK | |, o P | | | | | | P PE— [P -1

I I
‘HIGH
I I

CKE

s /%/4 NG L /) 7 //7///}////%//

cAS //////A ///%/////////////////////////////////

BAO:BM/////W////////////////////////////%/////////

AToIAP /f//%\ ////////////////%//////////////////////

ADDR ////W//////////////////%////////%/%///////////

(AO~An)

WE ///////x ///////////////////////////////////////

o DD [T | T
COMMAND 3 i 3 3 3 i 3
: Don’t care
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Power up & Initialization Sequence (based on DDR400)

Voba

(system*)

VREF

CLK

CLK
CKE

COMMAND

DM

A10

BAO, BA1

200 cycles of CLK**

Load

200us

&3 )

—_—
T

bDQ

Extended

Mode
Register

Mode
Register
(with A8

Load
Mode

Register
Reset DLL

(with A8

Set

CLK stable

=L)

: Don’t care

=H)

10122B16R.B

Notes:

* = Vrris not applied directly to the device, however tytp must be greater than or equal to zero to avoid device latch-up.
** = tyrp is required before any command can be applied, and 200 cycles of CLK are required before an executable

command can be applied. The two Auto Refresh commands may be moved to follow the first MRS but precede the

second PRECHARGE ALL command.
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Mode Register Set
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Any
Command

Mode Register Set
Command

Precharge
Command
All Bank

Note: Power & Clock must be stable for 200us before precharge all banks.
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Simplified State Diagram

Power
Applied

Precharge
PREALL

Self
Refresh

Auto
"\ Refresh

CKEH
CKEL

Burst Stop
Bank
Active

Write
Read Read

Write A Read A ‘
Write Read ‘ Read
Write A '

Write

Read A
Read A
PRE
Read
PR PRE A
Precharge
PRE | PREALL
—)  AUutomatic Sequence
————— Command Sequence
PREALL = Precharge All Banks CKEL = Enter Power Down
MRS = Mode Register Set CKEH = Exit Power Down
EMRS = Extended Mode Register Set ACT = Active
REFS = Enter Self Refresh Write A = Write with Autoprecharge
REFSX = Exit Self Refresh Read A = Read with Autoprecharge
REFA = Auto Refresh PRE = Precharge
Elite Semiconductor Memory Technology Inc. Publication Date : Sep. 2012
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PACKING DIMENSIONS

66-LEAD  TSOP(II) DDR DRAM(400mil)

D A
66 34 A2
HHHHHHHHHHHHHHHHWHHHHHHHHHHHHHHH =
|
|
|
O |
1UUUUUUUUUUUUUUUUMUUUUUUUUUU[H}UUUU \ Y
BB 33
. |
OO O IO AT O AT AT AT ¢
WITH PLAWNG/\ bl . BASE METAL 0 {’ LJU j: =
© Eq DETAIL A
b R A
SECTION B-B'
Symbol Dimension in inch Dimension in mm
Min Norm Max Min Norm Max
A e E— 0.047 e E— 1.2
A1 0.002 0.004 0.006 0.05 0.1 0.15
A2 0.037 0.039 0.041 0.95 1 1.05
b 0.009 — 0.015 0.22 — 0.38
b1 0.009 0.012 0.013 0.22 0.3 0.33
c 0.005 E— 0.008 0.12 0.21
c1 0.0047 0.005 0.006 0.12 0.127 0.16
D 0.875 BSC 22.22 BSC
ZD 0.028 REF 0.71 REF
E 0455 | 0463 | 0471 | 1156 | 11.76 | 11.96
E1 0.400 BSC 10.16 BSC
e 0.026 BSC 0.65 BSC
L 0.016 | 0.02 | 0.024 04 | 05 | 06
L1 0.031 REF 0.80 REF
eO 00 — 80 00 —_— 80
01° 10° 15° 20° 10° 15° 20°
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PACKING DIMENSIONS
60-BALL DDR SDRAM ( 8x13 mm)

D

PIN #1
CAVITY
B . ) |-
. )
\ SOLDER BALL _
<t
SEATING PLANE
DETAIL : "A"
f
ASV D1
e [ T
=
e - oo O 0 Q\
Tree e o0o0' s
o O o O '
e} e} PIN #1 o O QC |
oo oo N
e} e} _
o O o O .
0 0o ooo DETAIL : "B"
o O O o O O
| e~Q O o 0o0
PIN #1 o O o O O
*<\ ooo ‘ 0 04
‘ T
ya——
g
Symbol Dimension in mm Dimension in inch
Min Norm Max Min Norm Max
A — — 1.00 — — 0.039
A, 0.20 0.25 0.30 0.008 | 0.010 | 0.012
A, — — 0.71 — — 0.028
(0 0.30 0.35 0.40 0.012 | 0.014 | 0.016
D 7.90 8.00 8.10 0.311 0.315 | 0.319
E 12.90 | 13.00 | 13.10 | 0.508 | 0.512 | 0.516
D, — 6.40 — — 0.252 —
E, — 11.0 — — 0433 | —
e — 0.80 — — 0.031 —
€4 — 1.00 — — 0.039 | —
Controlling dimension : Millimeter.
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Revision History

Revision Date Description
1.0 2012.06.25 Original
1.1 2012.09.19 Modify BGA packing dimension
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Important Notice

All rights reserved.

No part of this document may be reproduced or duplicated in any form or by any
means without the prior permission of ESMT.

The contents contained in this document are believed to be accurate at the time
of publication. ESMT assumes no responsibility for any error in this document,
and reserves the right to change the products or specification in this document
without notice.

The information contained herein is presented only as a guide or examples for
the application of our products. No responsibility is assumed by ESMT for any
infringement of patents, copyrights, or other intellectual property rights of third
parties which may result from its use. No license, either express , implied or
otherwise, is granted under any patents, copyrights or other intellectual property
rights of ESMT or others.

Any semiconductor devices may have inherently a certain rate of failure. To
minimize risks associated with customer's application, adequate design and
operating safeguards against injury, damage, or loss from such failure, should be
provided by the customer when making application designs.

ESMT's products are not authorized for use in critical applications such as, but
not limited to, life support devices or system, where failure or abnormal operation
may directly affect human lives or cause physical injury or property damage. If
products described here are to be used for such kinds of application, purchaser
must do its own quality assurance testing appropriate to such applications.
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