ESMT M14D1G1664A (2S)

Automotive Grade

DDR Il SDRAM 8M x 16 Bit x 8 Banks
DDR Il SDRAM
Features
e JEDEC Standard
® Vpp=1.8V * 0.1V, Vppg = 1.8V £ 0.1V
e Internal pipelined double-data-rate architecture; two data access per clock cycle
®  Bi-directional differential data strobe (DQS,D_QS ); D_QS can be disabled for single-ended data strobe operation.
® On-chip DLL
e Differential clock inputs (CLK and ﬁ)
° DLL aligns DQ and DQS transition with CLK transition
® 8 bank operation
) CAS Latency : 3,4,5,6,7
e  Additive Latency: 0, 1, 2, 3, 4,5, 6
®  Burst Type : Sequential and Interleave
° Burst Length : 4, 8
e 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)
® DQS is edge-aligned with data for READ; center-aligned with data for WRITE
® Data mask (DM) for write masking only
e  Off-Chip-Driver (OCD) impedance adjustment
®  On-Die-Termination for better signal quality
®  Special function support
- 50/ 75/ 150 ohm ODT
- High Temperature Self refresh rate enable
- Duty Cycle Corrector
®  Auto & Self refresh
® Refreshcycle: (If Tc > +95 °C, the device can't support Self refresh function.)
- 8192 cycles/64ms (7.8 s refreshinterval) at-40 C = Tc < +85 C
- 8192 cycles/32ms (3.9u s refreshinterval) at +85 C < T¢c < +95 C
- 8192 cycles/16ms (1.95u s refreshinterval) at +95 C < T¢ = +105 C
® SSTL_18 interface
Elite Semiconductor Memory Technology Inc. Publication Date : Oct. 2015
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ESMT

M14D1G1664A (2S)

Automotive Grade

Ordering Information:

Data Rate
Product ID Max Freq. VDD Package Comments
(CL-tRCD-tRP)
Automotive range (V): -40°C to +95°C
M14D1G1664A -1.8BVG2S 533MHz 1.8V DDR2-1066 (6-6-6)
84 ball BGA Pb-free
M14D1G1664A -2.5BVG2S 400MHz 1.8V DDR2-800 (5-5-5)
Automotive range (VA): -40C to +105C
M14D1G1664A -1.8BVAG2S 533MHz 1.8V DDR2-1066 (6-6-6)
84 ball BGA Pb-free
M14D1G1664A -2.5BVAG2S 400MHz 1.8V DDR2-800 (5-5-5)
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M14D1G1664A (2S)

ESMT

Automotive Grade

Ball Configuration (Top View)

(BGA84, BmmX12.5mmX1.2mm Body, 0.8mm Ball Pitch)

-HOOROG®OROE @ O
616]616I010I610I610010l0J010,
-DOOOOOOROE®R®AE

61616]610]6161610]61610/01010
010616161010I616I0I61610/01016)
-@OOOGOG® ® O ¢

Publication Date : Oct. 2015

Revision : 1.1

Elite Semiconductor Memory Technology Inc.

3/64



ESMT

M14D1G1664A (2S)

Automotive Grade

Pin Description

Pin Name Function Pin Name Function
Address inputs
AO-AL2 - Row address A0O~A12 DM DM is an input mask signal for write data.
BAO~BA’2 - Column address AO~A9 (LDM, UDM) LDM is DM for DQO~DQ7 and UDM is DM
A10/AP : Auto Precharge ' for DQ8~DQ15.
BAO~BA2 : Bank selects (8 Banks)
DQO0~DQ15 Data-in/Data-out CLK, CLK Differential clock input
RAS Command input CKE Clock enable
CAS Command input cs Chip select
WE Command input Vbbq Supply Voltage for DQ
Vss Ground Vsso Ground for DQ
Vop Power VRer Reference Voltage
DQS, DQS S _ _
Bi-directional differential Data Strobe.
(LDQS, LDQS LDQS and LDQS are DQS for DQ0~DQ7; VobL Supply Voltage for DLL
UDQS and LDQS are DQS for DQ8~DQ15.
UDQS, UDQS)
On-Die-Termination.
oDT ODT is only applied to DQ0O~DQ15, DM, VsspL Ground for DLL
DQS and DQS.
NC No connection
Absolute Maximum Rating
Parameter Symbol Value Unit
Voltage on any pin relative to Vss VN, Vour -05~23 \%
Voltage on Vpp supply relative to Vss Vob -1.0~23 \%
Voltage on VppL supply relative to Vss VooL -05~23 \%
Voltage on Vppg supply relative to Vss Vbbo -05~23 Y,
Storage temperature Tste -55 ~ +100 °C ( Note *)

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

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

Publication Date : Oct. 2015
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ESMT M14D1G1664A (2S)

Automotive Grade

Operation Temperature Condition

Parameter Symbol Value Unit

Tc (V grade) -40 ~ +95 °C

Operation temperature

Tc (VA grade) -40 ~ +105 °C

Note: 1. Operating temperature is the case surface temperature on the center/top side of the DRAM.
2. Supporting -40 to +85°C with full AC and DC specifications.
Supporting -40 to + 85°C and being able to extend to + 95 ‘C for V grade with doubling auto-refresh commands in
frequency to a 32ms period ( treri = 3.9p s ) and higher temperature Self-Refresh entry via A7 “1” on EMRS(2) ; extend
to +105 °C for VA grade with quadrupling auto-refresh commands in frequency to a 16ms period ( treri = 1.95us ). If Tc
> 495 °C, the device can’t support Self refresh function.
3. ODT resistance, the input/output impedance, and IDD values must be derated when Tcis < 0°C or > +85C.

DC Operation Condition & Specifications
DC Operation Condition

(Recommended DC operating conditions)

Parameter Symbol Min. Typ. Max. Unit | Note
Supply voltage Vb 1.7 1.8 1.9 \% 4,9
Supply voltage for DLL VoL 1.7 1.8 1.9 \% 4.9
Supply voltage for output Vbbg 1.7 1.8 1.9 \% 49
Input reference voltage VRer 0.49 X Vbpo 0.5 X Vppo 0.51 x Vppg \% 1,2,9
Termination voltage (system) Vrr Vger - 0.04 VRer Vger + 0.04 \% 3,9
Input logic high voltage Viu (DC) Vgrer + 0.125 - Vppg + 0.3 \%
Input logic low voltage ViL(DC) -0.3 - Vger - 0.125 \Y

(All voltages referenced to VSS)

Parameter Symbol Value Unit Note
Minimum required output pull-up under AC test load Vou VT + 0.603 \% 8
Maximum required output pull-down under AC test load VoL V1 - 0.603 \Y 8
Input leakage current [1u] 5 UuA 5
Output leakage current Lol 5 UuA 6
Output minimum source DC current ( Vppo(min); Vour =1.42V) | on -13.4 mA 7,8
Output minimum sink DC current ( Vppo(min); Vour = 0.28V) l oL +13.4 mA 7,8

Note:
1. The value of VRer may be selected by the user to provide optimum noise margin in the system. Typically the value of
VREF is expected to be about 0.5 x Vbbgq of the transmitting device and VRer is expected to track variations in VbpQ.
. Peak to peak AC noise on VRer may not exceed 2% VRer(DC).
. V1T of transmitting device must track VRer of receiving device.
. Vbpq and Vool track Vpp. AC parameters are measured with Vbp, Vbbg and Vool tied together.
. Any input OV < VIN < VDD; all other balls not under test = OV.
. OV £ VouTt < Vbbp; DQ and ODT disabled.
. The DC value of VRer applied to the receiving device is expected to be set to Vqr.
. After OCD calibration to 18Q at Tc = 25°C, Vbbp = Vbbo = 1.8V.
. There is no specific device Vop supply voltage requirement for SSTL_18 compliance. However, under all conditions
VbbQ must be less than or equal to Vobo.

© 0o ~NO O WN
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ESMT M14D1G1664A (2S)

Automotive Grade

DC Specifications
(IDD values are for the operation range of Voltage and Temperature)

. Version )
Parameter Symbol Test Condition Unit
-1.8 -2.5

One bank;

tck = tek (|DD),E§ = trc (|DD), tras = tras (IDD)min;
IDDO | CKE is High, CS is HIGH between valid commands; 85 80 mA
Address bus inputs are SWITCHING;
Data bus inputs are SWITCHING

Operating Current
(Active - Precharge)

One bank; loutr = 0MA,;

BL = 4, CL = CL(IDD), AL = 0;
Operating Current tck = tek (IDD), tre = tre (IDD),
(Active - Read - IDD1 | tras = tras (IDD)min, trep = treo (IDD); 95 90 mA
Precharge) CKE is HIGH, CS is HIGH between valid commands;
Address bus inputs are SWITCHING;

Data pattern is same as IDD4W

All banks idle;

tck = tek (|DD), CKE is LOW;

Other control and address bus inputs are STABLE;
Data bus inputs are FLOATING

Precharge
Power-Down IDD2P
Standby Current

15 15 mA

All banks idle; .

Precharge Quiet IDD2Q tck = tek (IDD); CKE is HIGH, CS is HIGH;
Standby Current Other control and address bus inputs are STABLE;
Data bus inputs are FLOATING

60 60 mA

All banks idle; .

tek = tek (IDD); CKE is HIGH, CS is HIGH;

Other control and address bus inputs are SWITCHING;
Data bus inputs are SWITCHING

Idle Standby Current| IDD2N 65 65 mA

All banks open; Fast PDN Exit
tck = tek (IDD); CKE is LOW; MRS(12) =0
IDD3P | Other control and address bus inputs mA
are STABLE; Slow PDN Exit
Data bus input are FLOATING MRS(12) =1

30 30
Active Power-down
Standby Current

20 20

All banks open;

tck = tek (|DD), tR_AS = tras (IDD)max, trp = trp (|DD),
IDD3N | CKE is HIGH, CS is HIGH between valid commands; 65 60 mA
Other control and address bus inputs are SWITCHING;
Data bus inputs are SWITCHING

Active Standby
Current

All banks open, continuous burst Reads, lour = OmA;
BL =4, CL =CL (IDD), AL =0;

Operation Current | |0 o ek = tex (IDD), tras = tras (IDD)max, tre = tre (IDD);
(Read) CKE is HIGH, CS is HIGH between valid commands;

Address bus inputs are SWITCHING;
Data pattern is the same as IDD4W;

140 130 mA

All banks open, continuous burst Writes;

BL =4, CL =CL (IDD), AL =0;

Operation Current | |0\ ek = tex (IDD), tras = tras (IDD)MaX, tre = tre (IDD);
(Write) CKE is HIGH, CS is HIGH between valid commands;

Address bus inputs are SWITCHING;
Data bus inputs are SWITCHING

140 130 mA

Elite Semiconductor Memory Technology Inc. Publication Date : Oct. 2015
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ESMT M14D1G1664A (2S)

Automotive Grade

. Version )
Parameter Symbol Test Condition Unit
-1.8 -2.5

tck = tek (IDD);

Refresh command every trrc (IDD) interval;
Auto Refresh Current | IDD5 | CKE is HIGH, CS is HIGH between valid commands; 115 110 mA
Other control and address bus inputs are SWITCHING;
Data bus inputs are SWITCHING

Self Refresh Mode;
Self Refresh Current | IDD6 CLKand CLK at0V; CKESO,'ZV; 10 mA
Other control and address bus inputs are FLOATING;

Data bus inputs are FLOATING

All bank interleaving Reads, lout = O0mA;

BL = 4, CL= CL (IDD), AL = trcp (IDD) — 1 x tck (IDD);
tek = tek (IDD), tre = tre (IDD),

IDD7 trrD = tRRD (lDDMRCD =1 xtck (|DD), 195 185 mA
CKE is HIGH, CS is HIGH between valid commands;
Address bus inputs are STABLE during Deslects;

Data pattern is the same as IDD4W;

Operating Current
(Bank interleaving)

Note:

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

2. Input slew rate is specified by AC Input Test Condition.

3. IDD parameters are specified with ODT disabled.

4. Data bus consists of DQ, DM, DQS and DQS, IDD values must be met with all combinations of EMRS bits 10 and 11.

5. Definitions for IDD:

LOW is defined as Vin < V. (AC) (max.).

HIGH is defined as Vi £ Viu (AC) (min.).

STABLE is defined as inputs stable at a HIGH or LOW level.

FLOATING is defined as inputs at Vrer = Vppo/2

SWITCHING is defined as:
Address and control signal Inputs are changed between HIGH and LOW every other clock cycle (once per two clocks), and
DQ (not including mask or strobe) signal inputs are changed between HIGH and LOW every other data transfer (once per
clock).

6. The following IDD values must be derated (IDD limits increase), when Tc = +85 °C. IDD2P must derated by 20%; IDD3P
(slow) must derated by 30% and IDD6 must be derated by 80%. (IDD6 will increase by this amount if Tc = +85 ‘C and
double refresh option is still enabled. )

7. AC Timing for IDD test conditions
For purposes of IDD testing, the following parameters are to be utilized.

-1.8 -2.5 .

Parameter Unit

DDR2-1066 (6-6-6) DDR2-800 (5-5-5)
CL (IDD) 6 5 tex
tRCD (IDD) 11.25 12.5 ns
tRC (IDD) 56.25 57.5 ns
tRRD (IDD) 10 10 ns
tFAW (IDD) 45 45 ns
tCK (IDD) 1.875 2.5 ns
tRAS (IDD) min. 45 45 ns
tRAS (IDD) max. 70000 ns
tRP (IDD) 11.25 12.5 ns
tRFC (IDD) 127.5 127.5 ns
Elite Semiconductor Memory Technology Inc. Publication Date : Oct. 2015
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M14D1G1664A (2S)

Automotive Grade

AC Operation Conditions & Timing Specification

AC Operation Conditions

-1.8/2.5 i
Parameter Symbol Unit Note
Min. Max.

Input High (Logic 1) Voltage Vin(AC) Vgrer + 0.2 \%
Input Low (Logic 0) Voltage ViL(AC) Vger - 0.2 \%
Input Differential Voltage Vip(AC) 0.5 Vppg+0.6 \% 1
Input Crossing Point Voltage Vix(AC) | 0.5 x Vppg - 0.175 0.5 X Vppg + 0.175 Vv 2
Output Crossing Point Voltage | Vox(AC) | 0.5 x Vppg - 0.125 0.5 X Vppq + 0.125 Vv 2

Note:

1. Vip(AC) specifies the input differential voltage |Vtr — Vcp| required for switching, where Vg is the true input signal (such
as CLK,DQS) and Vcp is the complementary input signal (such as CLK ,DQS ). The minimum value is equal to Vin(AC) —

ViL(AC).

2. The typical value of Vix / Vox(AC) is expected to be about 0.5 x Vppg of the transmitting device and Vix / Vox(AC) is
expected to track variations in Vppg. Vix / Vox(AC) indicates the voltage at which differential input / output signals must

cross.

Vep

Crossing point

Vix or Yox

Input / Output Capacitance

Parameter Symbol Min. Max. Unit |Note
Input capacitance
_— e —— — C|N1 1 2 pF 1
(A0~A12, BAO~BA2, CKE,CS,RAS,CAS ,WE, ODT)
Input capacitance (CLK, CLK) Cinz 1 2 pF 1
DQS, DQS & Data input/output capacitance Cio 2.5 4 pF 2
Input capacitance (DM) Cinz 25 4 pF 2

Note: 1. Capacitance delta is 0.25 pF.
2. Capacitance delta is 0.5 pF.

Elite Semiconductor Memory Technology Inc.
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ESMT M14D1G1664A (2S)

Automotive Grade

AC Overshoot / Undershoot Specification

Value
Parameter Pin Unit
-1.8 -2.5
Maximum peak amplitude allowed for Address, CKE,CS ,RAS , CAS , WE, 05 05 v
overshoot ODT, CLK, CLK, DQ, DQS, DQS, DM
Maximum peak amplitude allowed for Address, CKE,CS,RAS,CAS , WE, 05 05 Vv
undershoot ODT, CLK, CLK, DQ, DQS, DQS, DM
Address, CKE,CS,RAS ,CAS ,WE, 05 0.66 Vons
Maximum overshoot area above Vpp ODT,
CLK, CLK,DQ, DQS, DQS, DM 0.19 0.23 V-ns
Address, CKE,CS,RAS ,CAS ,WE, 05 0.66 Vons
Maximum undershoot area below Vss ODT,
CLK, CLK,DQ, DQS, DQS, DM 0.19 0.23 V-ns
| Cvershoot/Undershoot Definition |
Maximum amplitude
/l;% Owershoot area
Voo, Vooo =
/ Volts (V)
Wes, Wasa -—
\-\\_J_,/'/',_ Undershoot area
Time (ns)
Elite Semiconductor Memory Technology Inc. Publication Date : Oct. 2015
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ESMT M14D1G1664A (2S)

Automotive Grade

AC Operating Test Conditions

Parameter Value Unit Note
Input reference voltage ( Vrer) 0.5 X Vbpo \Y 1
Input signal maximum peak swing ( Vswing(max.) ) 1.0 \% 1
Input signal minimum slew rate 1.0 Vins 2,3
Input level Vin/ Vi \%
Input timing measurement reference level VRer \%
Output timing measurement reference level (Vorr) 0.5 x Vppo \% 4
Note:
1. Input waveform timing is referenced to the input signal crossing through the Vi / Vi (AC) level applied to the device under
test.

2. The input signal minimum slew rate is to be maintained over the range from Vger to Vin (AC) (min.) for rising edges and the
range from Vger to Vi (AC)(max.) for falling edges as shown in the below figure.

3. AC timings are referenced with input waveforms switching from V. (AC) to Vin (AC) on the positive transitions and V4 (AC) to
ViL (AC) on the negative transitions.

4. The Vppg of the device under test is reference.

Start of falling edge input timing Start of nising edge input timing y
——————————————————————————————————————— ooo
— WIH (ACH(min.)
— VIH (DC(ming
YeniNGimax) | __ _ W REF
——————————————————————— WIL DS max)
_______ /Z WIL QA (mas)
--------------------------------- g
ATF -——-
) WREF — WILACIMaK) . WIH (ACHmMIing — VREF
Falling slew = Rising slew =
ATF ATR
AC Input Test Signal Wave forms
Measurement point
DQ O—Wy—= vy
RT=250Q
Output Load
Elite Semiconductor Memory Technology Inc. Publication Date : Oct. 2015
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ESMT M14D1G1664A (2S)

Automotive Grade

AC Timing Parameter & Specifications

Parameter Symbol in 18 o Unit Note
CL=7 tek (avg) 1875 7500 ps 13
] CL=6 tck (avg) 1875 7500 ps 13
Clock period CL=5 tck (avg) 2500 7500 ps 13
CL=4 tck (avg) 3000 7500 ps 13
DQ outﬂt access time from e 350 +350 0s 10
CLK/CLK
CLK high-level width tcH (avg) 0.48 0.52 tck (avg) 13
CLK low-level width teL (avg) 0.48 0.52 tek (avg) 13
DQS output access time from tboscx 395 4305 os 10
CLK/CLK
Clock to first rising edge of DQS delay | tposs -0.25 +0.25 tck (avg)
Data-in and DM setup time (to DQS) (btgsse) 0 ps 4
Data-in and DM hold time (to DQS) (bt;):e) 75 ps 5
eDzSc r??r?pst';/l input pulse width (for torpw 0.35 tex (ava)
Address and Control Input setup time | tis (base) 125 ps 4
Address and Control Input hold time tin (base) 200 ps 5
Control and Address input pulse width tipw 0.6 tck (avg)
DQS input high pulse width toosH 0.35 tek (avg)
DQS input low pulse width tpost 0.35 tek (avg)
Er(r?‘es falling edge to CLK rising setup toss 0.2 tex (avg)
Er(r';)s falling edge from CLK rising hold tosH 0.2 tex (avg)
Data strobe edge to output data edge tboso 175 ps
Data-oLthigh-impedance window from b tac(max.) 0s 10
CLK/CLK
Data-oLtlow-impedance window from tz tac(min.) tac(max.) ps 10
CLK/CLK (DQS)
DQ Iow;impedance window from tz 2 X tac(min.) tac(max.) ps -
CLK/CLK (DQ)
Half clock period thp (tCL(absl\)/l,it:H (abs)) ps 6,13
Elite Semiconductor Memory Technology Inc. Publication Date : Oct. 2015
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ESMT M14D1G1664A (2S)

Automotive Grade

AC Timing Parameter & Specifications - Contiuned

-1.8
Parameter Symbol Unit Note
Min. Max.

DQ/DQS output hold time from DQS toH thp-toHs ps
DQ hold skew factor toHs 250 ps
Active to Precharge command tras 45 70K ns
Active to Active command (same
bank) trc 56.25 ns
Auto Refresh row cycle time trec 127.5 ns
Active to Read, Write delay trep 11.25 ns
Precharge command period trp 11.25 ns
Active bank A to Active bank B

trrRD 10 ns
command
Four Activate Window traw 45 ns
Write recovery time twr 15 ns
Write data in to Read command delay twTr 7.5 ns 19
Col. address to Col. address delay tcep 2 tek
Average periodic Refresh interval ¢ 78
(-40C =Tc = +85C ) REF! - us
Average periodic Refresh interval ¢ 3.9
(+85C <Tc = +95C) REFI ' us
Average periodic Refresh interval
(+95C <Tc = +105C) trer 1.95 us
Write preamble twPrRE 0.35 tck (avg)
Write postamble twpsT 0.4 0.6 tck (avg)
DQS Read preamble trRPRE 0.9 1.1 tek (avg) 11
DQS Read postamble trpsT 0.4 0.6 tek (avg) 12
Load Mode Register / Extended Mode ¢ 2 ¢
Register cycle time MRD cK
Auto Precharge write recovery +
Precharge time toaL WRitnRe tex L
Internal Read to Precharge command

trTP 7.5 ns
delay
Exit Self Refresh to Read command txsrD 200 tex
Exit Self Refresh to non-Read
command txsnRr trrc + 10 ns
Exit Precharge Power-Down to any ¢ 3 ¢
non-Read command x® cK
Exit Active Power-Down to Read ¢ 3 ¢ 3
command XARD cK
Elite Semiconductor Memory Technology Inc. Publication Date : Oct. 2015
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ESMT M14D1G1664A (2S)

Automotive Grade

AC Timing Parameter & Specifications - Contiuned

-1.8
Parameter Symbol Unit Note
Min. Max.

Exit active power-down to Read
command txarDs 10-AL tex 2,3
(slow exit / low power mode)
CKE minimum pulse width

. . tCKE 3 tCK
(high and low pulse width)
Minimum time clocks remains ON ¢ fis + tex (avg)+t ns
after CKE asynchronously drops low DELAY | s T fek (avg)Thin
Output impedance test driver delay torr 0 12 ns
MRS command to ODT update delay tmop 0 12 ns
ODT turn-on delay taonD 2 2 tek
ODT turn-on taon tac(min.) tac(max.) + 2575 ps 14,16
ODT turn-on (Power-Down mode) taoned | tac(min.) + 2000 3x tcf_ Jit&c)gmax.) ps
ODT turn-off delay taorD 2.5 2.5 tex 151';7’
ODT turn-off taor tac(min.) tac(max.) + 600 ps
ODT turn-off (Power-Down mode) taorpp | tac(min.) +2000 2:5 X ek ps

’ +tac(max.) + 1000

ODT to Power-Down entry latency tanpD 4 tek
ODT Power-Down exit latency taxpD 11 tek
Elite Semiconductor Memory Technology Inc. Publication Date : Oct. 2015
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ESMT M14D1G1664A (2S)

Automotive Grade

AC Timing Parameter & Specifications - Contiuned

-2.5
Parameter Symbol Unit Note
Min. Max.
CL=6 2500 8000
Clock period CL=5 tck (avg) 2500 8000 ps 13
CL=4 3750 8000
DQ output access time from ¢ 400 400 10
—_— - +
CLK/CLK A P
CLK high-level width tcH (avg) 0.48 0.52 tck (avg) 13
CLK low-level width teL (avg) 0.48 0.52 tek (avg) | 13
DQS output access time from ¢ 350 350 10
R - + S
CLK/CLK pascr P
Clock to first rising edge of DQS delay tooss -0.25 +0.25 tek (avg)
Data-in and DM setup time  (to
DQS) tps (base) 50 ps 4
Data-in and DM hold time (to
DQS) ton (base) 125 ps 5
DQ and DM input pulse width (for
each input) toipw 0.35 tck (avg)
Address and Control Input setup time | tis (base) 175 ps 4
Address and Control Input hold time tin (base) 250 ps 5
Control and Address input pulse width tipw 0.6 tck (avg)
DQS input high pulse width tbosH 0.35 tck (avg)
DQS input low pulse width tbosL 0.35 tck (avg)
I?QS falling edge to CLK rising setup toss 0.2 tex (ava)
time
EQS falling edge from CLK rising hold tosn 0.2 tex (avg)
ime
Data strobe edge to output data edge tboso 200 ps
Data-out high-impedance window from ) . 10
— max. S
CLK/CLK Hz ac(max.) p
Data-out low-impedance window from tiz ¢ ) ¢ "
—_— min. max. S
CLK/CLK (DQS) ac(min.) ac(max.) P
DQ low-impedance window from tLz 2 X tac(min.) e ) 10
— X tac(min. max. S
CLK/CLK (DQ) A " P
. Min
Half clock period thp (tc(abs) ten(abs)) ps 6,13
DQ/DQS output hold time from DQS toH thp-toHs ps
Elite Semiconductor Memory Technology Inc. Publication Date : Oct. 2015
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ESMT M14D1G1664A (2S)

Automotive Grade

AC Timing Parameter & Specifications - Contiuned

-2.5
Parameter Symbol Unit | Note
Min. Max.
DQ hold skew factor toHs 300 ps
Active to Precharge command tras 45 70K ns
Active to Active command (same
bank) trc 575 ns
Auto Refresh row cycle time trec 127.5 ns
Active to Read, Write delay trep 12.5 ns
Precharge command period trp 125 ns
Active bank A to Active bank B
trRrRD 10 ns
command
Four Activate Window traw 45 ns
Write recovery time twr 15 ns
Write data in to Read command delay twTr 7.5 ns 19
Col. address to Col. address delay tcep 2 tek
Average periodic Refresh interval ¢ 78
(-40C =Tc = +85C) REFI ' us
Average periodic Refresh interval ¢ 39 s
(+85C <Tc = +95C) REF ' .
Average periodic Refresh interval
(+95C <Tc = +105C) tRer 1.95 us
. tek
Write preamble t 0.35
p WPRE (avg)
. tek
Write postamble t 0.4 0.6
p WPST (avg)
tek
0.9 1.1 11
DQS Read preamble tRPRE (avg)
tek
DQS Read postamble t 0.4 0.6 12
Q p RPST (avg)
Load Mode Register / Extended Mode ¢ > ¢
Register cycle time MRD oK
Auto Precharge write recovery +
Precharge time toaL WR+nNge tex L
Internal Read to Precharge command
trTP 7.5 ns
delay
Exit Self Refresh to Read command txsrD 200 tek
Exit Self Refresh to non-Read
ccﬁnmand bxshR trec + 10 ns
Exit Precharge Power-Down to any ¢ 2 ¢
non-Read command xP oK
Exit Active Power-Down to Read ¢ > ¢ 3
command XARD cK
Exit active power-down to Read
command txARDS 8 -AL tek 2,3
(slow exit / low power mode)
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AC Timing Parameter & Specifications - Contiuned

-2.5
Parameter Symbol Unit | Note
Min. Max.

CKE minimum pulse width

. . tcke 3 tek
(high and low pulse width)
Minimum time clocks remains ON ¢ fis + tex (avg)+t ns
after CKE asynchronously drops low DELAY 15+ ek (avg) i
Output impedance test driver delay torr 0 12 ns
MRS command to ODT update delay tmob 0 12 ns
ODT turn-on delay taonD 2 2 tek
ODT turn-on taoN tac(min.) tac(max.) + 700 ps |14,16
ODT turn-on (Power-Down mode) tAoNPD tac(min.) + 2000 2 X tex ;t(,;ggmax.) | ps
ODT turn-off delay taoFD 2.5 2.5 tek 15:]:;7
ODT turn-off taoF tac(min.) tac(max.) + 600 ps
ODT turn-off (Power-Down mode) taoFPD tac(min.) + 2000 25X tiKlJBtS%(maX') ps
ODT to Power-Down entry latency tanPD 3 tek
ODT Power-Down exit latency taxpp 8 tek
Note:

1. tpa[nCLK] = WR[NCLK] + tngp [NCLK] =WR+RU{trp[ps]/tck(avg)[ps]}, where WR is the value programmed in the mode
register set and RU status for round up.

2. AL: Additive Latency.
MRS A12 bit defines which Active Power-Down Exit timing to be applied.

4. The figures of Input Waveform Timing 1 and 2 are referenced from the input signal crossing at the ViH (AC) level for a rising
signal and ViL (AC) for a falling signal applied to the device under test.

5. The figures of Input Waveform Timing 1 and 2 are referenced from the input signal crossing at the ViL (DC) level for a rising
signal and ViH (DC) for a falling signal applied to the device under test.

w

Do e CLK
[S[: ' CLK
T . =t i :t:D; I:tDH: Y
DS DH Do
ik Y \ & \ Vi (AC)min
\\ ﬁ{ \\‘K I\{?H (gg)(m!nj A V:: EDCgEmin:g
5 7 L S - i .
\\ j{ \\ YLD mE.) %] W oo iL(DC)imax.)
! 7 T VLG mE.) g oo YILEACI(ma.)
W s
Input Waveform Timing 1 (tops, tod) Input Waveform Timing 2 (ts ,tiH )

6. tupis the minimum of the absolute half period of the actual input clock. tup is an input parameter but not an input
specification parameter. It is used in conjunction with tons to derive the DRAM output timing ton. The value to be used for ton
calculation is determined by the following equation;
thp = Min (tcu (abs), tc. (abs) ), where:
tcn (abs) is the minimum of the actual instantaneous clock HIGH time;
tcL (abs) is the minimum of the actual instantaneous clock LOW time;

7. tous accounts for:
a. The pulse duration distortion of on-chip clock circuits, which represents how well the actual typ at the input is
transferred to the output; and
b. The worst case push-out of DQS on one transition followed by the worst case pull-in of DQ on the next transition, both
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10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

of which are independent of each other, due to data pin skew, output pattern effects, and p-channel to n-channel
variation of the output drivers.
ton = tup - tons, where:
typ is the minimum of the absolute half period of the actual input clock; and toks is the specification value under the max
column. {The less half-pulse width distortion present, the larger the ton value is; and the larger the valid data eye will be.}
Examples:
a. |If the system provides typ of 825 ps into a DDR2-1066 SDRAM, the DRAM provides tgn of 575 ps minimum.
b. If the system provides typ of 900 ps into a DDR2-1066 SDRAM, the DRAM provides tgn of 650 ps minimum.

RU stands for round up. WR refers to the twr parameter stored in the MRS.

When the device is operated with input clock jitter, this parameter needs to be de-rated by the actual terr (6-10per) of the
input clock. (output de-ratings are relative to the SDRAM input clock.)

For example, if the measured jitter into a DDR2- 1066 SDRAM has terr (6-10per)(min.) = -202 ps and terr (6-10per)(max.) =
+223 ps, then tpgsck (Min.)(derated) = tpgsck (MIN.) - terr (6-10per)(max.) = -300 ps - 223 ps = -523 ps and tpgsck (Max.)
(derated) = tposck (Max.) - terr (6-10per)(min.) = 300 ps + 202 ps = +502 ps. Similarly, t.z (DQ) for DDR2-1066 de-rates to
t.z (DQ)(min.)(derated) = -700 ps - 223 ps = -923 ps and t.z (DQ)(max.)(derated) = 350 ps + 202 ps = +552 ps.

When the device is operated with input clock jitter, this parameter needs to be de-rated by the actual tyr (per) of the input
clock. (output de-ratings are relative to the SDRAM input clock.)

For example, if the measured jitter into a DDR2-1066 SDRAM has tyr (per)(min.) = -72 ps and tyr (per)(max.) = +63 ps, then
trere (Min.)(derated) = trpre (MIN.) + ty7 (per)(min.) = 0.9 x tek (avg) - 72 ps = +1615.5 ps and trpre (Max.)(derated) = trpre
(max.) + tyr (per)(max.) = 1.1 X tck (avg) + 63 ps = +2125.5 ps.

When the device is operated with input clock jitter, this parameter needs to be de-rated by the actual tyr (duty) of the input
clock. (output de-ratings are relative to the SDRAM input clock.)

For example, if the measured jitter into a DDR2- 1066 SDRAM has tyr (duty)(min.) = -72 ps and tyr (duty)(max.) = +63 ps,
then trpst (Min.)(derated) = trpst (Min.) + tyr (duty)(min.) = 0.4 X tck (avg) - 72 ps = +678 ps and trpst (Max.)(derated) = trpst
(max.) + tyr (duty)(max.) = 0.6 X tck (avg) + 63 ps = +1188 ps.

Refer to the Clock Jitter table.

ODT turn on time min is when the device leaves high impedance and ODT resistance begins to turn on.
ODT turn on time max is when the ODT resistance is fully on. Both are measured from taonp.

ODT turn off time min is when the device starts to turn off ODT resistance.
ODT turn off time max is when the bus is in high impedance. Both are measured from taorp.

When the device is operated with input clock jitter, this parameter needs to be de-rated by the actual terr (6-10per) of the
input clock. (output de-ratings are relative to the SDRAM input clock.)

When the device is operated with input clock jitter, this parameter needs to be derated by { - tyr (duty)(max.) - terr
(6-10per)(max.) } and { - tyr (duty)(min.) - terr (6-10per)(min.) } of the actual input clock. (output deratings are relative to the
SDRAM input clock.)

For example, if the measured jitter into a DDR2- 1066 SDRAM has terr (6-10per)(min.) = -202 ps, terr (6-10per)(max.) =
+223 ps, tyr (duty)(min.) = -66 ps and tyr (duty)(max.) = +74 ps, then taoe(min.)(derated) = taor(Min.) + { - ty7 (duty)(max.) -
terr (6-10per)(max.) } = -350 ps + { -74 ps - 223 ps} = -647 ps and taor(max.)(derated) = taor(max.) + { - tyr (duty)(min.) -
terr (6-10per)(min.) } = 950 ps + { 66 ps + 202 ps } = +1218 ps.

For taoro of DDR2-800/1066, the 1/2 clock of tck in the 2.5 x tck assumes a tcy (avg), average input clock HIGH pulse width
of 0.5 relative to tck (avg). taor (Min.) and taor (Max.) should each be derated by the same amount as the actual amount of
tcn (avg) offset present at the DRAM input with respect to 0.5.

For example, if an input clock has a worst case tcy (avg) of 0.48, the taor (Min.) should be derated by subtracting 0.02 x tcx
(avg) from it, whereas if an input clock has a worst case tcy (avg) of 0.52, the taor (max.) should be derated by adding 0.02 x
tck (avg) to it. Therefore, we have;

taor (min.)(derated) = tac (min.) - [0.5 - Min(0.5, tcu (avg)(min.))] X tck (avg)

taor (Max.)(derated) = tac (max.) + 0.6 + [Max(0.5, tcy (avg)(max.)) - 0.5] X tck (avg) or

taor (min.)(derated) = Min(tac (min.), tac (min.) - [0.5 - tcn (avg)(min.)] x tck (avg))

taor (max.)(derated) = 0.6 + Max(tac (max.), tac (max.) + [tcr (avg)(max.) - 0.5] X tck (avg)), where:

ten (avg)(min.) and tcw (avg)(max.) are the minimum and maximum of tcy (avg) actually measured at the DRAM input balls.

twrr IS at lease two clocks (2 x tCK or 2 x nCK) independent of operation frequency.

Elite Semiconductor Memory Technology Inc. Publication Date : Oct. 2015
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ODT DC Electrical Characteristics

Symbol Min. Typ. Max. Unit
E:\tﬂ;f;e(i;i\figTE:]d:rgfelvalue for 75 () setting Rit1(eff) 60 75 9 0
E:\tﬂ;f;e(i;i\figTE:)dinfeovalue for 150 () setting Rit2(eff) 120 150 180 0
E:\; ;f;e(i;i\fiér,ngs]d:nlcfelvalue for 50 () setting Rit3(eff) 40 50 60 0
Deviation of VM with respect to Vppg /2 AVM -6 - +6 %

Note:

OCD Default Characteristics

Ritt{eff) =

avm:(

Measurement Definition for Rtt(eff) :

Rtt(eff) is determined by separately applying VIH(AC) and VIL(AC) to test pin, and then measuring current I(VIH(AC)) and
I(VIL(AC)) respectively.

ViIH(AC) - VIL{AC)

HVIHEAQ)) - 1{VILIAQ))

Measurement Definition for AVM :
Measure voltage (VM) at test pin with no load.

2 x VM
Y ooo

-1) x 100%

Parameter Min. Typ. Max. Unit Note
Output impedance 12.6 18 23.4 Q 1
Pull-up and pull-down mismatch 0 - 4 Q 1,2,3
Output slew rate 1.5 - 5 VIns 1,4,5

Note:

1. Absolute specifications: the operation range of Voltage and Temperature.

2. Impedance measurement condition for output source DC current: VbbQ = 1.7V; VouT = 1,420mV; (VouT - VbbQ)/loH must be
less than 23.4Q for values of VouT between VbbQ and VbbpQ - 280mV. Impedance measurement condition for output sink
DC current: VbpbQ = 1.7V; VouT = 280mV; VouT/loL must be less than 23.4Q for values of VouT between 0V and 280mV.

hw

Mismatch is absolute value between pull-up and pull-down; both are measured at same temperature and voltage.
Slew rate measured from ViL (AC) to VIH (AC).

5. The absolute value of the slew rate as measured from DC to DC is equal to or greater than the slew rate as measured from
AC to AC.

Elite Semiconductor Memory Technology Inc.
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Clock Jitter [ DDR2- 1066, 800 ]

Parameter Symbol , 18 , 25 Unit | Note
Min. Max. Min. Max.

Average clock period tck (avg) 1875 7500 2500 8000 ps 1
Clock period jitter tur (per) -90 90 -100 100 ps 5
gt’f'fo‘;i:;]‘:; ;g‘r‘fg d"””“g tor (per,Ick) 80 80 -80 80 ps |5
Cycle to cycle period jitter tyr (cC) -180 180 -200 200 ps 6
gﬁf:ﬁg%i{c:sci; Cgkppeerirf dd JHEr 1 4 (e, Ick) 160 | 160 | -160 | 160 ps |6
Cumulative error across 2 cycles | terr (2per) -132 132 -150 150 ps 7
Cumulative error across 3 cycles | terr (3per) -157 157 -175 175 ps 7
Cumulative error across 4 cycles | terr (4per) -175 175 -200 200 ps 7
Cumulative error across 5 cycles | terr (5per) -188 188 -200 200 ps 7
E:g";'gtgvi Oercr;(;:goss terr (6-10per) | 250 | 250 | -300 | 300 ps |7
::Tl”'lzt'vejgggic;slzss terr (11-50per) | -425 | 425 | -450 | 450 ps |7
Average high pulse width tcu (avg) 0.48 0.52 0.48 0.52 tek (avg) | 2
Average low pulse width tcL (avg) 0.48 0.52 0.48 0.52 tek (avg) | 3
Duty cycle jitter ty7 (duty) -75 75 -100 100 ps 4
Note:

1. tck (avg) is calculated as the average clock period across any consecutive 200 cycle window.

N
tck (avy) ={ Eﬁtﬂﬂj }/N
J=

H =200
tcn (avg) is defined as the average HIGH pulse width, as calculated across any consecutive 200 HIGH pulses.

N
ten (avg) =1 X ton; 1/ (Nx teg (ave) )
=1
=

tcL (avg) is defined as the average LOW pulse width, as calculated across any consecutive 200 LOW pulses.

N
tey (avy) ={ Yoy }/[ N tek (ava) )
f=1

tur (duty) is defined as the cumulative set of tcy jitter and tcy jitter. tcy jitter is the largest deviation of any single tcy from tcu

2.
H =200
3.
H =200
4.
(avg). tc. jitter is the largest deviation of any single tc,. from tc. (avg).
tur (duty) is not subject to production test.
tyr (duty) = Min./Max. of { tyr (CH), tyr (CL)}, where:
tyr (CH) = {tcnj - tcn (avg) where j =1 to 200}
tur (CL) ={tcLj - tcL (avg) where j =1 to 200}
5.

tur (per) is defined as the largest deviation of any single tck from tcx (avg).

tyr (per) = Min./Max. of { tek j - tek (avg) where j =1 to 200}

tur (per) defines the single period jitter when the DLL is already locked.

tur (per, Ick) uses the same definition for single period jitter, during the DLL locking period only.
tur (per) and tyr (per, Ick) are not subject to production testing.

Elite Semiconductor Memory Technology Inc.
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6. tyr (cc) is defined as the difference in clock period between two consecutive clock cycles : tyr (cc) = Max. of | teki+1 - tex ]
tur (cc) defines the cycle to cycle jitter when the DLL is already locked.
tur (cc, Ick) uses the same definition for cycle to cycle jitter, during the DLL locking period only.
tur (cc) and tyir (cc, Ick) are not subject to production testing.

7. terr(nper) is defined as the cumulative error across multiple consecutive cycles from tck (avg).
terr (Nper) is not subject to production testing.

N
tern (vpe) = { 3tk | - n % texava)
i=1

2 <n<50for tgpg (Nper)

8. These parameters are specified per their average values, however it is understood that the following relationship between
the average timing and the absolute instantaneous timing holds at all times. (Min. and max. of SPEC values are to be used
for calculations in the table below.)

Parameter Symbol Min. Max. Unit
Absolute clock period tck (abs) tck (avg)(min.) + tyr (per)(min.) tck (avg)(max.) + tyr (per)(max.) ps
Absolute clock high pulse width ten (avg)(min.) x tex (avg)(min.) + | tcw (avg)(max.) x tex (avg)(max.)
tcH (abs) . ps
tyr (duty)(min.) + tyir (duty)(max.)
Absolute clock low pulse width ter (abs) ter (avg)(min.) X tek (avg)(min.) + | teL (avg)(max.) X tek (avg)(max.) 0s
ct tyr (duty)(min.) + ty7 (duty)(max.)

Example: For DDR2-1066, tcy (abs)(min.) = (0.48 x 1875ps) - 75 ps = 825 ps

Input Slew Rate De-rating

For all input signals the total tis, tos (Setup time) and t, ton (hold time) required is calculated by adding the data sheet tis (base), tos
(base) and tiy (base), ton (base) value to the Atis, Atpsand Atn, Atpn de-rating value respectively.

Example: tps (total setup time) = tps (base) + Atps.

Setup (tis, tos) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vrer (DC) and the first
crossing of Viy (AC)(min.). Setup (tis, tos) nominal slew rate for a falling signal is defined as the slew rate between the last crossing
of Vrer (DC) and the first crossing of V. (AC)(max.). If the actual signal is always earlier than the nominal slew rate line between
shaded ‘Vrer (DC) to AC region’, use nominal slew rate for de-rating value (See the figure of Slew Rate Definition Nominal).

If the actual signal is later than the nominal slew rate line anywhere between shaded ‘Vger (DC) to AC region’, the slew rate of a
tangent line to the actual signal from the AC level to DC level is used for de-rating value (see the figure of Slew Rate Definition
Tangent).

Hold (tn, ton) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of V,. (DC)(max.) and the
first crossing of Vrer (DC). Hold (t+, ton) nominal slew rate for a falling signal is defined as the slew rate between the last crossing
of Viy (DC)(min.) and the first crossing of Vrer (DC). If the actual signal is always later than the nominal slew rate line between
shaded ‘DC level to Vger (DC) region’, use nominal slew rate for de-rating value (See the figure of Slew Rate Definition Nominal).

If the actual signal is earlier than the nominal slew rate line anywhere between shaded ‘DC to Vger (DC) region’, the slew rate of a
tangent line to the actual signal from the DC level to Vger (DC) level is used for de-rating value (see the figure of Slew Rate
Definition Tangent).

Although for slow slew rates the total setup time might be negative (i.e. a valid input signal will not have reached Vi / Vi (AC) at
the time of the rising clock transition) a valid input signal is still required to complete the transition and reach V4 / Vi (AC).

For slew rates in between the values listed in the tables below, the de-rating values may be obtained by linear interpolation. These
values are typically not subject to production test. They are verified by design and characterization.
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De-rating Value of tbs/toH with Differential DQS(DDR2- 800, 1066)

DQS, DQS differential slew rate

4.0 Vins 3.0 V/Ins 2.0 VIns 1.8 VIns 1.6 V/ns 1.4 V/ns 1.2 Vins 1.0 V/ns 0.8 ViIns Unit
Atps: Atpn | Atps Atpn | Atps 't Atpn | Atps Atpn | Atps ' Atpn | Atpst Atpu | Atps T Atpn | Atps ' Atpn | Atps+ AtpH
2.0 | +100 . +45 | +100: +45 | +100: +45 -0 - - 0 - - 0 - - 0 - - - - - ps
‘@ |15 [ +67 421 [ +67 | +21 | +67 | +21 | 479 ; +33 | - | - - - - - - - - 1 - Ips
S[10] oo 0 ! 0 0 ! 0 | +12: +12 | +24 \ +24 | - | - - - - - - - ps
o [ 09 - - 5 1 -14 5 1 -14 7 -2 +19 | +10 | +31 | +22 - - - - - - ps
S los| - ' - - 0 - 3 v 31| a1 a9+ 7 [ 4237 45 [ 435 417 [ - T - -+ - |ps
s o7 | - 7 - e - 1 - | 10742 +2 7 30 [+147 18| +26: -6 |+38 +6 | - : - | ps
% o6 | - ' - - - - - e -10 1 59 [ +2 1 -47 | +14 1 -35 | +26 @ -23 | +38 ! -11 | ps
8‘ o5 -+ - - - I - - - - 24 1 -89 | 121 77 | 0 ! -65 | +12 ! 53 | ps
04| - 1 - - - N e - - - - 52 1 -140 | -40 i -128 | -28 | -116 | ps
De-rating Value of tis/tiH (DDR2- 800, 1066)
CLK, CLK differential slew rate

2.0Vins | 1.5Vins | 1.0Vins | Unit

Alis Atin Atis AtiH Atis AtiH n!

4.0 +150 ! +94 +180 ! +124 +210 +154 ps

3.5 +143 5 +89 +173 5 +119 +203 : +149 ps

a 3.0 +133 ! +83 +163 ! +113 +193 5 +143 pS

£ 2.5 +120 +75 +150 +105 +180 +135 ps

% 2.0 +100 : +45 +130 : +75 +160 ; +105 ps

© 1.5 +67 : +21 +97 : +51 +127 : +81 ps

= 1.0 0 : 0 +30 : +30 +60 : +60 ps

< 0.9 -5 | -14 +25 | +16 +55 | +46 ps

@ 0.8 -13 ' -31 +17 ' -1 +47 ' +29 ps

£ 0.7 22 : -54 +8 : -24 +38 +6 ps

'2 0.6 -34 ' -83 -4 ' -53 +26 ' -23 ps

= 0.5 -60 ! -125 -30 ! -95 0 5 -65 ps

% 0.4 -100 5 -188 -70 5 -158 -40 5 -128 ps

= 0.3 -168 : -292 -138 : -262 -108 ; -232 ps

5 0.25 -200 : -375 -170 : -345 -140 : -315 ps

o 0.2 -325 : 500 -295 : -470 -265 : -440 ps

0.15 -517 ! -708 -487 ! -678 -457 ; -648 ps

0.1 -1000 -1125 -970 : -1095 -940 : -1065 ps
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Slew Rate Definition Nominal

Yooo

ngg YH{DCHmIn)
WIL{DCIma)

Wiy

Single-ended DQS

Qs

LK

Differential D2,
CLE,

WH EACI(mIn
VREF(DIC)

tosr tomt tosi toH1

Wiy (ACming  _ .fr-\
YWeer 0 AC
regon
Vig (DCHming oLl N S
DC to YREF
ragion )
nominal
slew rate \ /
VReF(DC) LR ---- -7----‘ celpoesd | pemem tesbastmoa); [y
\ slew rate \
/ iy DCtq Vrer
reqioif
VILDC) max) _|L_L Lo o L
VRrer | to AC
regiof
ViLaCiman) - g
Weg —-— - Lo - -
ATFS ATREH ATRS ATFH

Setup slewrate  YREF(DC) - VL{AC){max)

Falling signa

ATFS
Holdslewrate  YRer(DC)- ViLiDCiimax)
Rising signal  ~ ATRH

Setup slewrate _ Vg (AC){mMIND - VRer (DS
Fsingsignal

ATRS
Hold sewrate _ YIH (DCHmMIN - Veer (D)
Falling signal  ~ ATFS
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Slew Rate Definition Tangent

[ eiebuen tfebunofabietsnofebintainafebantas F------ Wi (AC(min.)
Vi (OC) (min. S ———————— v P L 12 (1L
Single-ended DQAS | DAS JEEDC;EM}{}} S 7., I . (216
Ves fooIIITIoIoIzoIsITTpoozooIit MidACHmax)
tosi toH1
Das .
Difterential 0GB, Dag| ~F N\ 2
CLK.CLK | Dos
CLk
"-.-"|:||:| _______________________________________________
YW (ACImIng - o
VREF 10 AC nominal
region line nominal
line
Win {DCYmin. _“E;C_t“““““““-“““" TTTTTINCTTTT
0 VREF
region
tangent tangent /,
line line
VRer (DC) - =|faesmeas =|jeEm s prmpenteasaas ,
/ DC1p VHEer
\nD'Tin:l regicﬂl
{ ling
WIL(DCHma) - R TR F-—b - e
naminal Vrer TOQBC
lirje region
VILEACImaL) -
l"-'llss _____ - - - r---~-—-7—7"77 r1-— """~ - r——r-——"—~~"~"7"7—77 e
«—> — — — —» -
ATFS ATRH ATRS ATFH
Setup slew rate _ tangent ine [ VReF (DC) - VL (AC)man) ] Setup slew rate _ tangent line [V in (AC){Min.) - ¥rer (DC) ]
Falling signa ATFS Risng signal ATRS
Hold =lew rate  _ tangent line [Vrer (D) - WiL(Disma) ] Hold slew rate  _ tangent line [Y1H (DCIMIN - Veer (DS ]
Rizing signal - ATRH Faling signal ATFH
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Command Truth Table

COMMAND hore 1) Neted WE | DM | BAO~2 | A10/AP AL2=ALL Not
CKE(n-1)| CKE(n) CS | RAS | CAS | WE no-pno | NOte
(Extended)
. H H L L L L X OP CODE 1,2
Mode Register Set
Auto Refresh H
H L L L H X X
Entry L 10,12
Refresh Self
) L H H H 6.9
Refresh | Exit L H X X e
H | X X 12
Bank Active H H L L H H X \Y, Row Address
Auto Precharge Disable L Column
Read H H L H L H | X \ Address | 1,3
Auto Precharge Enable H (A9~A0)
. Auto Precharge Disable L Column
Write H H L H L L X \% Address | 1,3
Auto Precharge Enable H (A9~AD0)
Bank Selection \% L
Precharge H H L L H L X X
All Banks X H
H X X X 411,
Entry H L ] o o H X 1215
Active Power-Down X
Exit L H X X | X ]y 4.8,
X L | H H | H 12,15
H X X X 4,11,
Entry H L - v v ” X 1,15
Precharge Power-Down X
Exi L H Al X Xy 48,
. L | H H | H 12,15
DM H H X \% X 16
Device Deselect H X H X X X X X
No Operation H X L H H H X X
(OP code = Operand Code, V = Valid, X = Don’t Care, H = Logic High, L = Logic Low)
Note:
1. BA during a MRS/EMRS command selects which mode register is programmed.
2. MRS/EMRS can be issued only at all bank Precharge state.
3. Burst Reads or Writes at BL = 4 cannot be terminated or interrupted.
4. The Power-Down mode does not perform any Refresh operations. The duration of Power-Down is limited by the Refresh
requirements. Need one clock delay to entry and exit mode.
5. The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.
6. Self Refresh Exit is asynchronous.
7. 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.
8. All states not shown are illegal or reserved unless explicitly described elsewhere in this document.
9. On Self Refresh, Exit Deselect or NOP commands must be issued on every clock edge occurring during the txsnr period.

Read commands may be issued only after txsro is satisfied.

10. Self Refresh mode can only be entered from all banks Idle state.

11. Power-Down and Self Refresh can not be entered while Read or Write operations, MRS/EMRS operations or Precharge
operations are in progress.

12. Minimum CKE HIGH / LOW time is tcke (min).

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

14. CKE must be maintained HIGH while the device is in OCD calibration mode.

15. ODT must be driven HIGH or LOW in Power-Down if the ODT function is enabled.

16. Used to mask write data, provided coincident with the corresponding data.
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Power On and Initialization

DDR2 SDRAM must be powered up and initialized in a predefined manner. Operational procedures other than those specified
may result in undefined operation.

Power-Up and Initialization Sequence

The following sequence is required for Power-Up and Initialization.
1. Apply power and attempt to maintain CKE below 0.2 x Vppg and ODT (*1) at a low state (all other inputs may be undefined).
- Vpp(*2), VooL(*2) and Vppg are driven from a single power converter output, AND
- Vrris limited to 0.95V max, AND
- VRer tracks VDDQ 2.
or
- Apply Vpp(*2) before or at the same time as Vppy.
- Apply VopL(*2) before or at the same time as Vppg.
- Apply Vopg before or at the same time as Vrr and Vger.

at least one of these two sets of conditions must be met.
2. Start clock and maintain stable condition.

For the minimum of 200us after stable power and clock (CLK, CLK ), then apply NOP or Deselect and take CKE High.
4. Waiting minimum of 400ns then issue Precharge commands for all banks of the device. NOP or Deselect applied during
400ns period.
Issue EMRS(2) command. (To issue EMRS(2) command, provide “LOW” to BAO and BA2, “HIGH” to BA1.)
Issue EMRS(3) command. (To issue EMRS(3) command, provide “LOW” to BA2, “HIGH” to BAO and BA1.)
Issue EMRS(1) to enable DLL. (To issue "DLL Enable" command, provide "LOW" to AOQ, "HIGH" to BAO and "LOW" to
BA1~BA2. And A9 = A8 = A7 = “LOW” must be used when issuing this command.)
8. Issue a Mode Register Set command for “DLL reset” (*3).
(To issue DLL reset command, provide “HIGH” to A8 and “LOW” to BAO~BA?2)
9. Issue Precharge commands for all banks of the device.
10. Issue 2 or more Auto Refresh commands.
11. Issue a Mode Register Set command with LOW to A8 to initialize device operation. (To program operation parameters without
resetting the DLL.)
12. At least 200 clocks after step 8, execute OCD calibration (Off Chip Driver impedance adjustment).
If OCD calibration is not used, EMRS(1) OCD default command (A9=A8= A7=1) followed by EMRS(1) OCD calibration
mode exit command (A9=A8=A7=0) must be issued with other operating parameters of EMRS(1).

13. The DDR2 SDRAM is now ready for normal operation.

w

Nowu

Note :
*1) To guarantee ODT off, Vrer must be valid and a low level must be applied to the ODT pin.
*2) If DC voltage level of VooL or Vop is intentionally changed during normal operation, (for example, for the purpose of Vop
corner test, or power saving) “DLL Reset” must be executed.
*3) Every “DLL enable” command resets DLL. Therefore sequence 8 can be skipped during power up. Instead of it, the
additional 200 cycles of clock input is required to lock the DLL after enabling DLL.

Initialization Sequence after Power-UP
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Precharge DLL enable OCD default OCD Calibration
All DLL Eese! 5 | mode exit
200 Cycle (min.)
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Mode Register Definition

Mode Register Set [MRS]

The mode register stores the data for controlling the various operating modes of DDR2 SDRAM. It programs CAS latency, burst
length, burst type, test mode, DLL reset, WR and various vendor specific options to make the device useful for variety of different
applications. The default value of the mode register is not defined, therefore the mode register must be written after Power-Up for
proper operation. The mode register is written by asserting LOW on &, %, %, ﬁ, BAO~BA2 (The device 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 &, %, %, WE , BAO~BA2 going LOW are written in the mode register.

The tvrp time is required to complete the write operation to the mode register. The mode register contents can be changed using
the same command and clock cycle requirements during normal 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 is defined by A0 ~ A2. Burst address sequence
type is defined by A3, CAS latency (read latency from column address) is defined by A4 ~ A6. The DDR2 doesn’t support half clock
latency mode. A7 is used for test mode. A8 is used for DLL reset. A7 must be set to low for normal MRS operation. Write recovery
time WR is defined by A9 ~ Al1. Refer to the table for specific codes.

‘BA2|BA1|BAO‘ Al12 |A11 |AZ].O‘ A9 ‘ AS | A.7 | A6 ‘ A5 | A4 | AS ‘ AZ ‘ A.l | AO ‘ Address Bus

e b b bbbl b

ol 0| o0 PD WR DLL| TM | CAS Latency | BT Burst Length Mode Register
— } } —
Active Power down exit timing A7 Mode A3 | Burst Type
A12 PD 0 No 0 Sequential
0 Fast Exit (normal) 1 Yes 1 Interleave
1 Slow Exit (low power)
v \ 4 v
BA2 BA1l BAO Mode Register A8 | DLL reset A2 Al A0 | BurstLength
0 0 0 | MRS 0 No 0 0 0 Reserved
0 0 1 | EMRS(1) 1 Yes 0 0 1 Reserved
0 1 0 | EMRS(2) 0 1 0 4
0 1 1 | EMRS(3) : Reserved v 0 1 1 8
v CAS Latency 1 0 0 Reserved
Write recovery for Auto Precharge 1 0 1 Reserved
A6 A5 A4 Latenc
ALl A10 A9 | WR(cycles)® 4 1 1 0 Reserved
0 0 0 Reserved 1 1 1 Reserved
0 0 0 Reserved 0 0 1 Reserved
0 0 1 2 0 1 0 Reserved
0 1 0 3 3 0 1 1 3
o 1 1 4 € [+ o o 4
1 0 1 6 °lg |1 1 o0 6
1 1 1 8

Note:

1. WR(min.) (write recovery for Auto Precharge) is determined by tck (max.) and WR(max.) is determined by tck (min.)
WR in clock cycles is calculated by dividing twr (in ns) by tck (in ns) and rounding up a non-integer value to the next
integer ( WR[cycles] = twr (nS)/ tck (ns)). The mode register must be programmed to this value. This is also used with
trp to determine tpar.
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Burst Address Ordering for Burst Length

Burst | Starting Column Address .
Sequential Mode Interleave Mode
Length (A2, A1,A0) quenti v
000 0,123 0,1,2,3
4 001 1,2,3,0 1,0,3,2
010 2,3,0,1 2,3,0,1
011 3,0,1,2 3,2,1,0
000 0,1,2,3,4,5/6,7 0,1,23,4,56,7
001 1,2,3,0,5,6,7,4 1,0,8,2,5,4,7,6
010 2,3,0,1,6,7,4,5 2,3,0,1,6,7,4,5
8 011 3,0,1,2,7,4,5,6 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 56,7,4,1,2,3,0 54,7,6,1,0,3,2
110 6,7,4,52,3,0,1 6,7,4,52,30,1
111 7,4,5,6,3,0,1,2 7,6,5,4,3,2,1,0
Mode Register Set
L0 bl b2 Po3 o4 - \ 6 b7 ,8
SHE S W S W S G S G S G S G S S S G S
e it L e 1 1
*1 : MRS can be issued only at all banks precharge state.
*2 : Minimum tgrp is required to issue MRS command.

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 the DLL disabled 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_18. The device also supports a weak drive strength option,

intended for lighter load and/or point-to-point environments.
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Extended Mode Register Set-1 [EMRS(1)]

The EMRS(1) stores the data for enabling or disabling DLL, output driver strength, additive latency, ODT, disable DQS, OCD
program. The default value of the EMRS(1) is not defined, therefore EMRS(1) must be written after power up for proper operation.

The EMRS(1) is written by asserting LOW on g, RAS, CAS, ﬁ, BA1~BA2 and HIGH on BAO (The device should be in all
bank Precharge with CKE already high prior to writing into EMRS(1)). The state of address pins AO~A12 in the same cycle as @,

RAS, CAS,WE and BA1~BA2 going LOW and BAO going HIGH are written in the EMRS(1).

The turo time is required to complete the write operation to the EMRS(1). The EMRS(1) contents can be changed using the same
command and clock cycle requirements during normal operation as long as all banks are in the idle state. AO is used for DLL
enable or disable. Al is used for reducing output driver strength. The additive latency is defined by A3~A5. A7~A9 are used for

OCD control. A10 is used for DQS disable. ODT setting is defined by A2 and A6.

BA2 | BA1 | BAO | A12 | A11 | A10 | A9 A8 A7 A6 A5 A4 A3 A2 Al AO

RN EEN

| 0 | o | 1 [Qoff | 0" |Dgs| oCDprogram | Rt | Additive Latency | Rt | ODS | DLL |

1 A0 DLL Enable
A6 A2 | Rtt (nominal) 0 Enable
0 0 Disable 1 Disable
A 4
0 1 75 Q
Al0 | DQS Enable
5 e ! 0 150 Q Al Output Driver
1 D'nable 1 1 50 () Strength Control
Sabe 0 Normal (100%)
1 Weak (60%)
A 4
A12 4 M
Qo Additive Latency
0 | Output buffer enable A5 A4 A3 Latenc
1 | Output buffer disable y
0 0 0 0
0 0 1 1
0 1 0 2
v 0 1 1 3
A Driver Impedance Adjustment 1 0 o0 4
BA2 BAl BAO Mode Register A9 A8 A7 OCD operation 1 0 1 5
1 1 0 6
0 0 0 | MRS OCD calibration 1 1 1 Reversed
0 0 1 |EMRS() 0 0 0 | odeexi -
0 1 0 |EMRS(@) 0O 0 1 |Drivel
0 1 1 | EMRS(3): Reserved 0 1 0 | Drive-0
1 0 0 | Adjustable mode™
1 1 1 | OCD default state™
Note:
1. Allis reserved for future use and must be set to 0.
2. When adjustable mode of driver impedance is issued, the previously set value of AL must be applied.
3. After setting to default state of driver impedance, OCD calibration mode needs to be exited by setting A9~A7 to 000.
4. Output disabled - DQs, DQSs, DQS s. This feature is used in conjunction with DIMM IDD measurements when IDDQ
is not desired to be included.
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Extended Mode Register Set-2 [EMRS(2)]

The EMRS(2) stores the data for enabling or disabling high temperature self refresh rate. The default value of the EMRS(2) is not
defined, therefore EMRS(2) must be written after power up for proper operation. The EMRS(2) is written by asserting LOW on CS,
RAS, CAS, ﬁ, BAO, BA2 and HIGH on BA1 (The device should be in all bank Precharge with CKE already high prior to

writing into EMRS(2)). The state of address pins AO~A12 in the same cycle as &, RAS, CAS,WE, BAO and BA2 going LOW

and BA1 going HIGH are written in the EMRS(2).

The turp time is required to complete the write operation to the EMRS(2). The EMRS(2) contents can be changed using the same
command and clock cycle requirements during normal operation as long as all banks are in the idle state. A7 is used for high
temperature self refresh rate enable or disable.

BA2 | BA1 | BAO | A12 | A1l | A10 | A9 A8 A7 A6 A5 A4 A3 A2 Al A0

NNy

o | 1] o] 0" | SRF | 0" Ibcc” 0" |

\ 4
A7 High Temperature

BA2 BALl BAO|  Mode Register Self Refresh rate
s—o o [ L o
0 0 1 |EMRS@) $
0 1 0 [EMRS(Q)
0 1 1 |EMRS(3): Reserved A3 DCC Enable
0 Disable
1 Enable
*Note:
1. AO0~A2, A4~A6 and A8~A12 are reserved for future use and must be set to 0.
2. User may enable or disable the DCC (Duty Cycle Corrector) by programming A3 bit accordingly.
3. When DRAM is operated at 85C <Tc=95C, the extended Self Refresh rate must be enabled by setting bit A7 to “1”
before the Self Refresh mode can be entered.
Elite Semiconductor Memory Technology Inc. Publication Date : Oct. 2015
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Extended Mode Register Set-3 [EMRS(3)]

BA2

BA1

BAO | A12 | All

A10 | A9 A8 A7 A6 A5 A4 A3 A2

Al

A0

NN

BN

Lo 1] 1] 0
BA2 BA1l BAO Mode Register

0 0 0 | MRS

0 0 1 |EMRSQ)

0 1 0 | EMRS(2)

0 1 1

EMRS(3): Reserved

Note: EMRS(3) is reserved for future. All bits except BAO and BAL1 are reserved for future use and must be set to 0 when
setting to mode register during initialization.
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Off-Chip Driver (OCD) Impedance Adjustment
DDR2 SDRAM supports driver calibration feature. Every calibration mode command should be followed by “OCD calibration mode
exit” before any other command being issued. MRS should be set before entering OCD impedance adjustment and ODT (On Die

Termination) should be carefully controlled depending on system environment.

OCD Flow Chart

MRS should be set before entering OCD impedance adjustment and
ODT should be carefully controlled depending on system environment

EMRS(1) : OCD calibration mode exit

EMRS(1) : Driver-1
DQ & DQS High ; DQS Low

ALL OK

A i

EMRS(1) : Driver-0
DQ & DQS Low ; DQS High

l

ALL OK Test

Test

Need Calibration

EMRS(1) : OCD calibration mode exit

:

EMRS(1) :
Enter Adjustable mode

:

BL=4 code input to all
DQs Inc, Dec, or NOP

:

EMRS(1) : OCD calibration mode exit

Need Calibration

EMRS(1) : OCD calibration mode exit

:

EMRS(1) :
Enter Adjustable mode

:

BL=4 code input to all
DQs Inc, Dec, or NOP

:

EMRS(1) : OCD calibration mode exit

y

EMRS(1) : OCD calibration mode exit

End
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EMRS(1) for OCD Impedance Adjustment
OCD impedance adjustment can be done using the following EMRS(1) mode. In drive mode, all outputs are driven out by DDR2
SDRAM. In Drive-1mode, all DQ, DQS signals are driven HIGH and all DQS signals are driven LOW. In Drive-0 mode, all DQ,

DQS signals are driven LOW and all DQS signals are driven HIGH. In adjustable mode, BL = 4 of operation code data must be
used. In case of OCD default state, output driver characteristics have a nominal impedance value of 18 Q during nominal
temperature and voltage conditions. Output driver characteristics for OCD default state are specified in OCD default characteristics
table. OCD applies only to normal full strength output drive setting defined by EMRS(1) and if weak strength is set or adjustable
mode is used, OCD default output driver characteristics are not applicable. After OCD calibration is completed or driver strength is
set to default, subsequent EMRS(1) commands not intended to adjust OCD characteristics must specify A9-A7 as '000' in order to
maintain the default or calibrated value.

Driver Impedance Adjustment Mode
A9 A8 A7

Operation
OCD calibration mode exit
Device-1: DQ,DQS High and DQS Low
Device-0: DQ,DQS Low and DQS High

Adjustable mode
OCD default state

Rk O|O|O
RO~ | O |O
RO O | |O

Adjust OCD Impedance

To adjust output driver impedance, controllers must issue EMRS(1) command for adjustable mode along with a 4bit burst code to
DDR2 SDRAM as in the following table. For this operation, Burst Length has to be set to BL = 4 via MRS command before
activating OCD and controllers must drive this burst code to all DQs at the same time. DTO in the following table means all DQ bits
at bit time 0, DT1 at bit time 1, and so forth. The driver output impedance is adjusted for all DQs simultaneously and after OCD
calibration, all DQs of a given device will be adjusted to the same driver strength setting.

The maximum step count for adjustment is 16 and when the limit is reached, further increment or decrement code has no effect.
The default setting may be any step within the 16 step range. When Adjustable mode command is issued, AL from previously set
value must be applied.

OCD Adjustment Table

DTO DT1 DT2 DT3 Pull-up driver strength Pull-down driver strength

0 0 0 0 NOP NOP

0 0 0 1 Increase by 1 step NOP

0 0 1 0 Decrease by 1 step NOP

0 1 0 0 NOP Increase by 1 step
1 0 0 0 NOP Decrease by 1 step
0 1 0 1 Increase by 1 step Increase by 1 step
0 1 1 0 Decrease by 1 step Increase by 1 step
1 0 0 1 Increase by 1 step Decrease by 1 step
1 0 1 0 Decrease by 1 step Decrease by 1 step

Others Reserve Reserve
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OCD Adjustable Mode

Command —(evrsa) S$S NOP Nemrsa)}—— NOP )

WL twR

DQS, DQS & \ ) \(/J”\/\ 7{,,,,

tDs |toH

DO S { DTO* DT1 X DT2 X DT3 )

DM % /

| |
T T

OCD adjustable

OCD calibration mode exit

Note: For proper operation of adjustable mode, WL = RL - 1 = AL + CL - 1 clocks and tps / ton Should be met as the

above timing diagram. For input data pattern for adjustment, DTO - DT3 is a fixed order and "not affected by
MRS addressing mode (ie. sequential or interleave).

OCD Driver Mode

CLK
CLK
Command EMRS(IX NOP XEMRS(lX
____ High-z — — iah-
DQS, DQS g——< DQs high and DQS low for Drive-1, DQs low and DQS high for Drive-0 ng—hZ
DQs high for Drive-1
DQ DQs low for Drive-0 /)
tor toir

Enter drive mode OCD Calibration mode exit
Note: Drive mode, both Drive-1 and Drive-0, is used for controllers to measure DDR2 SDRAM driver impedance. In

this mode, all outputs are driven out toir after “enter drive mode” command and all output drivers are
turned-off toir after “OCD calibration mode exit” command as the above timing diagram.
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ODT (On Die Termination)

On Die Termination (ODT) is a feature that allows a DDR2 SDRAM to turn on/off termination resistance for each DQ, all
DQS/DQS, and all DM signals via the ODT control pin. The ODT feature is designed to improve signal integrity of the memory

channel by allowing the DRAM controller to independently turn on/off termination resistance for any or all devices.

The ODT function is supported for Active and Standby modes. ODT is turned off and not supported in Self Refresh mode.

Timing for ODT Update Delay

Command 3 (EMRS(lX NOP
tAOFD
—f—r—tis
oDT — 5 F
tMOD(max.)
tMOD(min.)
Internal - . .
Rit Setting Old setting Updating New Setting

window.

Note: taorp must be met before issuing EMRS(1) command. ODT must remain low for the entire duration of tmop

ODT Timing for Active and Standby Mode

CLK
CLK

CKE

OoDT

Internal

|

|

|

| ’
Term Res. I |

|

|

|
: tAON(min.)—

ﬁ IAdN(max.) :

! |
I tAOF(min.)—
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ODT Timing for Power-Down Mode

Rtt

tis

tAONPD(min.)
tAONPD(max.)

CLK
CLK
CKE
oDT
Internal

Term Res.
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ODT Timing Mode Switch at Entering Power-Down Mode
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ODT Timing Mode Switch at Exiting Power-Down Mode
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Precharge

The Precharge command is used to precharge or close a bank that has activated. The command is issued when @, 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~BA2) and A10 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 tgp from the precharge, a Bank Active command to the same bank can be initiated.

Bank Selection for Precharge by Address bits

A10/AP BA2 BA1l BAO Precharge
0 0 0 0 Bank A Only
0 0 1 0 Bank B Only
0 0 0 1 Bank C Only
0 0 1 1 Bank D Only
0 1 0 0 Bank E Only
0 1 1 0 Bank F Only
0 1 0 1 Bank G Only
0 1 1 1 Bank H Only
1 X X X All Banks

NOP & Device Deselect

The device should be deselected by deactivating the cs signal. In this mode, DDR2 SDRAM would ignore all the control inputs.

The DDR2 SDRAM 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.
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Bank Active
The Bank Active command is issued by holding CAS and WE HIGH with CS and RAS LOW at the rising edge of the clock
(CLK). The DDR2 SDRAM has four independent banks, so two Bank Select addresses (BAO~BA2) are required. The Bank Active

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 Active command can be applied to the same bank. The
minimum time interval between interleaved Bank Active command (Bank A to Bank B and vice versa) is the Bank to Bank delay

time (trrp Min).

Bank Active Command Cycle

TO T1 T2 T3 Tn Tn+1 Tn+2 Tn+3

ﬁ A TTTA A g \ ﬁ‘%*'\

CLK _)\j_\,,,,x \,,,,X \,777X—$_/

commans X ACT }__agm N AcT K mw XX
S -

Address :>< RcE:v?/nAdedr. >< Cgﬁrx(dﬁr, X Rgv?ln:d%r. X C%?nAkd?jr. ><: SX Bank A X X ?ank B X Rgv?/n:dAdr. >_

tccp

Bank A Read begins

tRCD=1 Additive latency (AL) ]
tRRD 1
tRAS tRP j
tRC |
Bank A Bank B Bank A Bank B Bank A
Active Active Precharge Precharge  Active
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Read Bank

This command is used after the Bank Active command to initiate the burst read of data. The Read command is initiated by
activating CS, CAS, and deasserting WE at the same clock sampling (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 Bank

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

activating &, CAS, and WE at the same clock sampling (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.

Posted CAS

Posted CAS operation is supported to make command and data bus efficient for sustainable bandwidths in DDR2 SDRAM. In
this operation, the DDR2 SDRAM allows a Read or Write command to be issued immediately after the Bank Active command (or
any time during the trrp period). The command is held for the time of the Additive Latency (AL) before it is issued inside the device.
The Read Latency (RL) is controlled by the sum of AL and the CAS latency (CL). Therefore if a user chooses to issue a R/IW
command before the trcp(min), then AL (greater than 0) must be written into the EMRS(1). The Write Latency (WL) is always
defined as RL - 1 (read latency -1) where read latency is defined as the sum of additive latency plus CAS latency (RL=AL+CL).
Read or Write operations using AL allow seamless bursts.

Read followed by a Write to the Same Bank

<AL=2;CL=3;BL=4>
CLK
CLK
[ - I e |
ctive ea
oMo
| | [ |
o
Co
DQSIDQS ——————
., 1, I>=IReD
[ | | | | | |
| | | | | | |
o
[
-1 | 1 |
CLK
CLK | : - :
o | |
[ I ! :
CMD ‘ .
| : \\M\ o :
[ I I ! I I I I ‘
| | | ! | I f
[ : | : [ : L [ | :
~Ae L I ! [ [ [ ! T v \
DQS/DQS L ‘ ‘ | ] | | | | | A | N \ ‘ ]
| | | | \>:‘ tRCD | | | | L \ | | | | | | | | | |
T T , L RL=AL+C f3\‘ Co | : : :
| | | | | | | | | | | | | | ! | ! | ! | ‘ | ‘ ‘ |
T T f T * T + - L + L DoutQ) XDoutdD !
°e ! : ‘ : : | [ @ | /- : \ : : :
' | | | | | | | |
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Essential Functionality for DDR2 SDRAM

Burst Read Operation

The Burst Read command is initiated by having CS and CAS LOW while holding RAS and WE HIGH at the rising edge of
the clock. The address inputs determine the starting column address for the burst. The delay from the start of the command to
when the data from the first cell appears on the outputs is equal to the value of the read latency (RL). The DQS is driven LOW 1
clock cycle before valid data (DQ) is driven onto the data bus. The first bit of the burst is synchronized with the rising edge of DQS.
Each subsequent data-out appears on the DQ pin in phase with the DQS signal in a source synchronous manner.

The RL is equal to an additive latency (AL) plus CAS latency (CL). The CL is defined by the MRS and the AL is defined by the
EMRS(1).

Read (Data Output) Timing

CLK
CLK
bQs __ | -
DQS

tRPRE
DQ

tDQSQ(max.)

Burst Read
<RL=5(AL=2; CL=3); BL=4>

TO Tl T2 T3 T4 T5 T6 T7 T8

| |
! | |
e (Peedes Nop (. Nop H Nop ( Nop H Nop H{ NopP H Nop M NoP
I | I
| |
|

DQS,DQS

AL =2

DQs

TO Tl T2 T3 T4 T5 T6 T7 T8

CLK - I~ Im =y Kl i (o ol e ity [ i
cuo  (READA H{ Nop  Nop W nNop  Nop H Nop HH Nop H NoP ) NorP }
l 1 ”1””/=<tbg§g§ o ] 1 l
DQS,DQS : ‘ \‘ N LN A E—
1 CcL%3 1 l : 1 1 1 l
1 RL=3 l 1 1 1 1 l 1
— R EEREREIED
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Burst Read followed by Burst Write

<RL=5; WL= (RL-1) = 4; BL=4 >

o TO T1 Tn-1 n Tn+l Tn+2 Tn+3 Tn+4 Tn+5
CLK A T T \ S5 K \ ‘/fﬁ*f\ ‘/’7777\' . A T e
CLK _)\,,,J\T\ \””}\\LD ,,,)‘& Vo \,,,,\/‘\ \,,,,?\ \,,,J‘ \,,,,?\ \,,,,L
| ! | | ! | | | |
| | ! | ! | | | |
cp  ( PesedcS A NOP JH  NOP | Pomedchs NoP A Nop  Nop H{ NoP ) NoP )}
|

=)
! tRTW (Read to Write-turn around-time)

;- =

\

DQS,DQS

WLERL-1=4

I I
} ‘ l
1 RL=5 l
| | |
| I I
| I I

DQs

<DoutA(§<DoutA DoutAé(DoutA3>—o—<DinAOXDinjAlXDinAZXDi‘nA3>
! |

\ \ ‘ | ‘ \ ‘
Note: The minimum time from the Burst Read command to the Burst Write command is defined by a read to
write-turn around-time(trrw), which is 4 clocks in case of BL = 4 operation, 6 clocks in case of BL = 8

operation.
Seamless Burst Read
<RL=5;AL=2;CL=3;BL=4>
- TO T1 T2 T3 T4 T5 T6 T7 T8
CLK R Ui G i | T ey Walalalt =y il i
| ! | | ! | | | |
| | | | ! | | | |
e (P A NoP Pt K _NoP )~ Nop o Nop A NoP H{ Nop H NOP )
| | | |
| ! | | |
_ | ! | | P R
DQS,DQS : ‘ ; : \ ‘ /\ - 77‘
CAL=2 l CLE3 l l
‘ ‘ ‘ RL=5 } ‘
| ! | | ! | | \ L
D - - 3 tB1
Qs : boutAOXDoutAl DoutA%{DoutAQXDoutB(x:)ou XDoutBé
! | | | |
Note: The seamless burst read operation is supported by enabling a Read command at every other clock for BL =
4 operation, and every 4 clock for BL = 8 operation. This operation is allowed regardless of same or different
banks as long as the banks are activated.
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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. Write latency (WL) is defined by a read latency (RL) minus
one and is equal to (AL + CL -1); and is the number of clocks of delay that are required from the time the write command is
registered to the clock edge associated to the first DQS strobe. A data strobe signal (DQS) should be driven low (preamble) one
clock prior to the WL. The first data bit of the burst cycle must be applied to the DQ pins at the first rising edge of the DQS following
the preamble. The tpgss specification must be satisfied for each positive DQS transition to its associated clock edge during write
cycles. The subsequent burst bit data are issued on successive edges of the DQS until the burst length is completed, which is 4 or
8 bit burst. When the burst has finished, any additional data supplied to the DQ pins will be ignored. The DQ signal is ignored after
the burst write operation is complete. The time from the completion of the burst write to bank precharge is the write recovery time
(twr)-

Write (Data Input) Timing

o tDQSH tbQsL
DQS
DQS ’767577‘—\/ ”””””
pQs Q N —
twPRE

- %@ox// Do D

Burst Write
<RL=5 (AL=2; CL=3); WL=4; BL=4>
TO T1 T7 Tn

S S
CLK — ‘ s E—

I I I I

! | . |
CMD < P\[;i»l:eel(‘jrgiﬁs )‘( NOP NOE:)—( Precharge )—

i I I . I
Casel : with|tbQsS(max) | | | |
DQS,DGS 1 : 1 s :

W \ | 1 tWR :

| ! | | | |
DQs ‘ } : : (DinAo DinA2) DinA3 ) : $ :

| ! | | tDSH, ! | |
Case2 : with| tDQss(min) | | DQSS}—d 1 ,:,,,, ! ! ‘
DQS,DQS ; \ : T X ST N 1 $ \

' WL=RL-1=4 | } ‘ 1 | >3twr | 1

| ! ! | ) ! | | | |
DQs ‘ } : —(DinAo X(Dina1Y Dina2)(DinA3) : $ :

| ! ! | ! | | | |

<RL=3(AL=0; CL=3); WL=2; BL=4 >
TO T1 T2 T3 T4 T5

CIK - -y TR
| ! | | ! |
| ! ! | ! | | SS !
CMD (WRITEA nop H{ Nop W Nop )~ NoP ) NOP ) Precharge }{ NOr. ) BakA )
: : | | 1 : | | :
| ! tDQss! | ! | | | |
_ | LR N oot - ! ! ! ! !
PQs00s ; N ‘ ‘ s ‘
WL=RL-1=2 | | ! tWR ! | >=tRP '
[ [l | | T T [ T |
DQs ! - {pinA0) DinALY DinA2) DinA3 ) ; ; ; $ !
| ! | | ! | | | |
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Burst Write followed by Burst Read

<RL=5 (AL=2; CL=3); WL=4; BL=4 >
TO T1 T2 T3 T4 T5 T6 T7 T8 T9

CLK -5 : : , . : .
ax A N )

I I I I
Write to Read = CL -1+BL/2+HWTR | ! |
| | | | |

|
e NoP N Nop - Nop M Nop ) Peedcas A NOoP )} NOP M Nop H Nop ) NOP )
| I

| I I
- | 1 | | | S PR R W
DQS,DQS T ) ) T T T | 1)
Qs.bQ ‘ \ DQS|A__ ! _\_ ‘ ‘ ‘ ‘ S
WL=RL-1=4 . | | /4‘\L22 | | CL=3 ' |
| ! ! | [ [ [ [ |
l ! l l 1 , RL=5 1 1 l
| | ‘ ‘ >z | | | :

/= - - -
D T DinAO X DinA1 X DinA2)X DinA3
S S G | G GO G0}

Note: The minimum number of clock from the Burst Write command to the Burst Read command is [CL - 1 + BL/2
+ twrr]. This twrr iS not a write recovery time (WR) but the time required to transfer the 4 bit write data from
the input buffer into sense amplifiers in the array.

Seamless Burst Write

<RL=5; WL=4; BL=4>

|
| ! |
owo  (PERER )X Nop (Wi M NoP - NOoP M NOP }{ NOP }{ NOP ) NOP )

I
DQS.50S : ‘ ‘ \ ﬁj\_‘\_/‘\_‘\_/j\
} WL=RL-134 | } 1 l | 1 |
| | ! | |
3 : : — (B0 BrdY5i2) (e oredpredEred-——-
| ! | | |

Note: The seamless burst write operation is supported by enabling a Write command at every other clock for BL =
4 operation, and every 4 clock for BL = 8 operation. This operation is allowed regardless of same or different
banks as long as the banks are activated.
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Read Interrupted by a Read

Burst Read can only be interrupted by another read with 4 bit burst boundary. Any other case of read interrupt is not allowed.

<CL=3;AL=0; RL=3; BL=8>

| |
| | |
cwo  (READA)H{ Nop HREADB M nNop - Nop M NoP )} NOP M NOP NOP
| ! ! | ! | | |
| ! | | ! | | |
_ | | i e | === Cataiaie - ———- === ’
DQS,DQS : ‘ : _”)“\ S S S - S
| | ! | | |
| ! : : !
| ! | | ! [ [ |
DQs : : —( Ao Y A1 X a2 X A3 Y Bo (' BL X B2 (B3 X B4 X B5 Y B6 X B7
| | | | ! | | | ‘
Note:

1. Read burst interrupt function is only allowed on burst of 8. Burst interrupt of 4 is prohibited.
2. Read burst of 8 can only be interrupted by another Read command. Read burst interruption by Write
command or Precharge command is prohibited.

3. Read burst interrupt must occur exactly two clocks after previous Read command. Any other Read burst
interrupt timings are prohibited.

. Read burst interruption is allowed to any bank inside DRAM.

. Read burst with Auto Precharge enabled is not allowed to interrupt.

. Read burst interruption is allowed by another Read with Auto Precharge command.

. All command timings are referenced to burst length set in the mode register. They are not referenced to
actual burst. For example, Minimum Read to Precharge timing is AL + BL/2 where BL is the burst length
set in the MRS and not the actual burst (which is shorter because of interrupt).

~N o O A
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Write Interrupted by a Write

Burst Wirte can only be interrupted by another Write with 4 bit burst boundary. Any other case of Write interrupt is not allowed.

<CL=3; AL=0; RL=3; WL=2; BL=8 >
CLK
CLK
CMD
DQS,DQS
DQs
Note:

1. Write burst interrupt function is only allowed on burst of 8. Burst interrupt of 4 is prohibited.

2. Write burst of 8 can only be interrupted by another Write command. Write burst interruption by Read
command or Precharge command is prohibited.

3. Write burst interrupt must occur exactly two clocks after previous Write command. Any other Write burst
interrupt timings are prohibited.

4. Write burst interruption is allowed to any bank inside DRAM.

5. Write burst with Auto Precharge enabled is not allowed to interrupt.

6. Write burst interruption is allowed by another Write with Auto Precharge command.

7. All command timings are referenced to burst length set in the MRS. They are not referenced to actual
burst. For example, minimum Write to Precharge timing is WL+BL/2+ twr Where twg starts with the rising
clock after the un-interrupted burst end and not from the end of actual burst end.
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Burst Read Followed by Precharge

Minimum Read to Precharge command spacing to the same bank = AL + BL/2 + max(trTe, 2) - 2 clocks.

For the earliest possible Precharge, the Precharge command may be issued on the rising edge which is “Additive latency (AL) +
BL/2 clocks” after a Read command. A new Bank Active command may be issued to the same bank after the Precharge time (trp).
A Precharge command cannot be issued until tras is satisfied.

The minimum Read to Precharge spacing has also to satisfy a minimum analog time from the rising clock edge that initiates the
last 4-bit prefetch of a Read to Precharge command. This time is called trrp (Read to Precharge). For BL = 4, this is the time from
the actual read (AL after the Read command) to Precharge command. For BL = 8, this is the time from AL + 2 clocks after the Read
to the Precharge command.

<RL=4 (AL=1; CL=3)>
TO T1 T2 T3 T4 T5 T6 T7 T8

,,,,,,,,, - ——_—— {[— [[—

ok 4(\_\_\4\

oo (PRI )( nop W NoP W Preshage ) NoP_H{__ Nop )} Nop )} BA )\ \op )

AL[+ BL/2 clks ‘ ‘ ! ‘

: |

BL=4 DQS,DQS } : 1 1
AL=1 1 CLz3 l : >= tRP l 1 1

bos ! RL=4 ‘ ; 1 | | | |

‘ j‘: g ‘ ‘ DoutA%@outAi DoutA ; : ‘

l >= {RTP 1 | cL=3 ! ! :

! ! ! ! ! |

! I
CMD C?§£§>< NOP H NOP )—( NOP )—( NOP HPrechargeA)—( NOP H NOP H NOP )
' AL} BL/2 clks ; ;

BL=8 DQS,DQS

— - L -
I
I
|
r
|
L]
- - - ==
r
|
|
=
S
\‘

RL =

DQs

“oHe -

>= tRTP

<RL=5(AL=2; CL=3); BL=4>
TO T1 T2 T3 T4 T5 T6 T7 T8

CLK -1 i | ; : S r N . { . R , N \ )
Ty X X | U G D S G S S G

ovp (PSS NOP ) NOP M NOP )(Precharge A NOP )}~ NOP )} 52 NOP )
/777:7777\_}\7777 _Xiiii ‘
-—— = \,,,7‘

I
PR I I I :
DQS,DQS ‘ ‘ ‘ |
| | | I
| ALE2 ‘ CL=3 | w | | |
bOs } RL=5 l l | | | | |
- - . DoutAQ{DoutA¥DoutAZADoutA .
3= tRAY ‘ ‘ ‘ : ‘ : 1
! >= tRTP ! CcL=3 | | !
<RL=6 (AL=2; CL=4); BL=4>
TO T1 T2 T3 T4 T5 T6 T7 T8

CLK -- i \ ! . N " | , J . ; . N | |
ax 4 A A A D G D G U D W D W G

oo (et N NoP ) NOP {_ NOP ){PrechargeAl{  NOP }=( NOP )} %% NoP )
"~ AL+ BL/2 ckks ! ‘ l 4= tRP 1 l 1
— ! I I ! [ § - \— - |
DQS,DQS : : : ‘ \ | \7”7\/\ 4 /:\ —
! | | ! - - |
L ALE2 | CLz4 w ‘ ‘ | |
DQs : : RL =6 : ! | : : :

j‘: o ; ; : : DoutA(}(DoutA])loutAél—?—
| >= tRTP ! CL=4 ! ! !
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<RL=4 (AL=0; CL= 4); BL=8 >

T0 T1 T2 T3 T4 T5 6 T7 T8

CLK oA i | Faiai \ ("7 m g Wl Kl Wl \ Im sy v

CLK —}\7777/\‘\ \,,,,X ,,,,:\ ,,,,\:( \,,,,\/‘\/ \,,,,X\ \,,,,X\ \,,,,}‘\ \,,,,/\‘\
| ! | | ! ! | | |
| | | | ! | | | |

cMD (Poeas " nop H Nop K Nop { NOP MHprecharg A} NoP ) Nop ) EaRA )

 AL+2 clks ¥ max(trRTr;2) ‘

|
|
| \
| e S \‘\r \ \, | \‘\' \ \, b
| —
v [P [ /

DOUIA(XDOUtA],(DoutAZXDoutATDO utAz)KDoutAg(:)outAGXDo utA%—:'
| I I

DQS,DQS

DQs

Burst Write Followed by Precharge

Minimum Write to Precharge command spacing to the same bank = WL + BL/2 clocks + twr.

For write cycles, a delay must be satisfied from the completion of the last burst write cycle until the Precharge command can be
issued. This delay is known as a write recovery time (twr) referenced from the completion of the Burst Write to the Precharge
command. No Precharge command should be issued prior to the twr delay.

<WL= (RL-1) = 3; BL=4>
- TO T1 T2 T3 T4 5 T6 T7 T8
CLK -4 - g e | - | 1 y Tl Ly L | - v
cMD (%ﬁﬁf‘%( nop ) Nop M nNop < Nop W NoP )} NOP )} NOP ){PrechargA)
3 | | | : S P | :
. WwL=3 l l ! 1 l 1 l
DQs ‘ 1 : /_\Din A0 )-( DinA2) DinA3) : : : !
<WL= (RL-1) = 4; BL=4 >
TO T1 T2 T3 T4 5 T6 T7 T9
ok ey S ===
oMD (P nop ) Nop H{_ Nop )~ _Nop H_ Nop )« NoP NOP?}(Memmg@
f | f f | | Y f
L WwL=4 l l 1 1 l 1 l
P — s
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Write data mask by DM

One write data mask (DM) pin for each 8 data bits (DQ) will be supported on DDR2 SDRAM, Consistent with the implementation
on DDR2 SDRAM. It has identical timings on write operations as the data bits, and though used in a uni-directional manner, is
internally loaded identically to data bits to insure matched system timing. DM is not used during read cycles.

Data Mask Timing

- ) - | 0 . - | - $---—
S W S U S U SN G N D A 2

DQ ]
| | | | ! |
1 1 l l 1 l
| ! | | ! |
DM : ‘ / T\ } : /T ‘ $
‘ ‘ Writé mask latency = 0 ‘ ‘
Example: <WL=3; AL=0; BL=4 >
TO T1 T2 T3 T4 TS5 T6 T7 T8
: 1 : : 1 1 ‘ twi
Command X_WRIT_X NOP
[toQss(min.)] | 3 ! WITDQ‘SS 1 3 3 3 3
DQS 5GS ‘ ‘ ‘ \/\1&‘ ‘ |
DQ ‘ /Din1  Din2 Dins):& ‘ ‘
] [ T | - | |
DM | \ &
[toQss(max.)] } | ! WL possT— 3 : | 1 }
wssen L7 777275 XSS ‘
DQ Din0 %Dim bin2 Y Din3 N
I N | | A N
DM ZA / 1
T | | | |
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Read with Auto Precharge

If A10 is HIGH when a Read command is issued, the Read with Auto Precharge function is engaged. The device starts an Auto
Precharge operation on the rising edge which is (AL + BL/2) cycles later than the Read with AP command if tras (Min) and trrp(Min)
are satisfied.

If tras(min) is not satisfied at the edge, the start point of Auto Precharge operation will be delayed until tras(min) is satisfied.
If trrp (Min) is not satisfied at the edge, the start point of Auto Precharge operation will be delayed until tgrp (Min) is satisfied.

In case the internal precharge is pushed out by trrp, trp Starts at the point where the internal precharge happens (not at the next
rising clock edge after this event). So for BL = 4, the minimum time from Read_AP to the next Bank Active command becomes AL +
(trtp + trp)*. For BL = 8, the time from Read_AP to the next Bank Active command is AL + 2 + (trrp + trp)*. (Note: “*” means
“rouded up to the next integer”).

<RL=4 (AL=1;CL=3)>
TO T1 T2 T3 T4 T5 T6 T7 T8
CLK A TN oy VA \ T ‘/””’\' i el ity g
CLK _/\,,,J\‘\_/\,,,)‘\ \,,,,\/‘( \,,,,\‘\ [P\ VY | N VR | N W— | () W—  { ,)‘\
I ! I I ! ! | ! I
| ! | | ! ! | | |
oo (PSS A Nop H NoP N Nop ) NOP ) NOP ) NOP M NOP ) BamkA )
Aujoprecharge AL+BL/2 clks ! ! | l >=tRP 1 1
T P | [P [ [ |
BL=8 — ' ! / ! i g \ g v g \ ' v
t RTP <= 2 clocks DQs,DQs ‘ | | - \”,)\\_/\,,”\H\ \””)\ \,,,)\ :
| ! ! | | |
AL=1 ‘ ¢L=3 l ‘ ‘ 1 ‘ |
! ! | |
bos 1 . RU=4 | 1 | | | ‘ 1
; — N G Yy —
| | | I>= tRTP ! ! | ! |
! ! | T ! | |
| ! | 1 tRTP : ! ! ! :
Precharge begins here
, | | ! ! | | ! |
S I T N T N B R ]
cvp  (PeedeS A NoPp - Nop M Nop ) NOP NoP - Nop  EEEA AL NoP )
Au-oprecharqe S=ALHRTP+RP ‘ : : i ) : |
! ! ! R - (e [ ' | !
BL=4 — | | / b g \ G \ | ) |
tRTP > 2 clocks DQS.DES : ! [ N \j\_/\ B ; ; ;
AL=1 ! cL=3 l l } } 1 }
DOs | | RU=4 : : : : : :
3 ; 3 : DoutA2, ‘ DoutA3, ‘ : ‘
| ! tRTP, ! trp | | | : :
| | | | | | | | |
Precharge begins here

A new Bank Active command may be issued to the same bank if the following two conditions are satisfied simultaneously.
(1) The Precharge time (tre) has been satisfied from the clock at which the Auto Precharge begins.
(2) The RAS cycle time (trc) from the previous bank activation has been satisfied.
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trRC Limit

trRP Limit

<RL=5 (AL=2; CL=3); BL=4; tRCD = 3 clocks; tRTP <= 2 clocks >

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK - e | o o g -y | bl
| ! | | !
| ! ! | |
emp  (Pemeaes) T Nop H NoP M NoP { Nop N NoP M NOP M Nop ) BEKA T
Autoprecharge | | | ! ! | | |
| >% tRAS(min) Autoprecharge begid‘s : ! ! !
T . : | | |
N | | | At e Y —— ! |
DQS,DQS . . . | i b . |
ALz 2 | CL=3 | ' = tRP [ ! |
| | T [ | |
‘ RLE=S ‘ ‘ w | | | |
DQs - : PoutAQiDoutAiDoutAZXDoutA - )
| | |
| l | |
>={RC
CLK e P | e\ T\ ey
CLK \,,,,)‘\_\,,,,}“_/\,,,,\‘(_\,,,J‘ [
[ | | ! ! |
| | | | ! | |
evo  (Peetes(Nop A NoP M Nop < Nop H NoP ) Nop M SaA M NoP )
Aufoprecharge | | | ! ! | | |
| >= tRAS(min) Autoprecharge begins ‘ : !
T . | | |
N | | | [l et 1Y -—--k - | |
DQS,DQS : | ) ) : \
AL=2 | CL=3 | T Fpm— [ | |
; RLE=S ; } l 1 : 1 1
DQs - } DoutAQ(DoutAJDoutAZADoutA - -
I I
l 1 : 1 l
>=tRC

Write with Auto Precharge

If A10 is HIGH when a Write command is issued, the Write with Auto Precharge function is engaged. The device automatically
begins precharge operation after the completion of the burst write plus write recovery time (twr). The Bank Active command

undergoing Auto Precharge from the completion of the write burst may be reactivated if the following two conditions are satisfied.
(1) The data-in to bank activate delay time (twr + trp) has been satisfied.
(2) The RAS cycle time (trc) from the previous bank activation has been satisfied.

<WR =2; BL=4; tRP =3 clocks >

trRC Limit

tWR + tRP

CLK
CLK
| | | ! I I I I
| | | ! | | v |
TAS 3 Bank A
oo (Fesedas) T nop . NoP . Nop (. NoP K NoP ( NoP }H NOP $H e )
Auoprecharge | | | ! ! t | B |
| | | | ! ! ! |
, | \ \ | Auto Precharge begins | |
| == = - ——— ! | | ! |
DQS,DQS b 8 )
| \‘—‘”’7 —‘CL ' >=twR ! >= {RP ' |
WL=RL-1=2 . | | I [ [ | |
| ! | | ! ! ! ! |
I I ! I I I I
, o : AR ! . . :
DQs : ——(DinAQDINATYDinAX DinA3 : : : s :
+ T + |
I
CLK N ¥
CLK i\ ___\
, |
L ' ' ' !
oMb Peefe ) NoP -(_ Nop M NOP )} NOP
Autoprecharge | | | !
' ! ! ! : Auto Pre
DQs,BQS ‘ \ a R
! WL=RL-134 l >F WR
| | | | ! !
| | ! |
Y e - - - ‘
DQs ‘ 8 —{DinA0 DinA2 X\ DinA3 } ‘
1 >=tRC | | \ l
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Auto Refresh & Self Refresh

Auto Refresh

An Auto Refresh command is issued by havingCS, 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 trp(min) before the Auto Refresh command is applied. An address counter,
internal to the device, supplies the bank address during the refresh cycle. No control of the external address bus is required once
this cycle has started. When the refresh cycle has completed, all banks will be in the idle state. A delay between the Auto Refresh
command and the next Bank Active command or subsequent Auto Refresh command must be greater than or equal to the
trec(min).To allow for improved efficiency in scheduling and switching between tasks, some flexibility in the absolute refresh
interval is provided. A maximum of eight Refresh commands can be posted, meaning that the maximum absolute interval between
any Refresh command and the next Refresh command is 9 X trer.

COMMAND i {PRE) i (Rhuto } i i i S i i i i
CKE = High — : : : : : : S5 : : : :
| - ter ‘ . . thee . . 3 . |
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Self Refresh

A Self Refresh command is defined by having CS, RAS, CAS and CKE held LOW with WE HIGH at the rising edge of the
clock (CLK). ODT must be turned off before issuing Self Refresh command, by either driving ODT pin low or using EMRS(1)
command. Once the command is registered, CKE must be held LOW to keep the device in Self Refresh mode. The DLL is
automatically disabled upon entering Self Refresh and is automatically enabled upon exiting Self Refresh. When the device has
entered Self Refresh mode, all of the external signals except CKE, are “don’t care”.

For proper Self Refresh operation all power supply pins (Vop, Vobe, VooL and Vrer) must be at valid levels. The device initiates a
minimum of one refresh command internally within tcke period once it enters Self Refresh mode. The clock is internally disabled
during Self Refresh operation to save power. Self Refresh mode must be remained tcke (min).

The user may change the external clock frequency or halt the external clock one clock after Self Refresh entry is registered,
however, the clock must be restarted and stable before the device can exit Self Refresh operation. The procedure for exiting Self
Refresh requires a sequence of commands. First, the clock must be stable prior to CKE going back HIGH. Once Self Refresh Exit
is registered, a delay of txsrp(min) must be satisfied before a valid command can be issued to the device to allow for any internal
refresh in progress. CKE must remain HIGH for the entire Self Refresh exit period txsrp for proper operation except for Self
Refresh re-entry. Upon exit from Self Refresh, the device can be put back into Self Refresh mode after waiting txsnr(min) and
issuing one Refresh command. NOP or deselect commands must be registered on each positive clock edge during the Self
Refresh exit interval txsnr. ODT should be turned off during txsrp. The use of Self Refresh mode introduces the possibility that an
internally timed refresh event can be missed when CKE is raised for exit from Self Refresh mode. Upon exit from Self Refresh, the
device requires a minimum of one extra auto refresh command before it is put back into Self Refresh mode. If Tc > +95 C, the
device can't support Self refresh function.

Tm Tn

I I I ! I I
| ! | ! ! |
| | l | | |
o : S S S
CLK \ ) S £ .S CX__,,&__,,,/‘\
| | I I I i I I I
: ! ! ! ! >= tXSNR ! | |
| | . i ‘
! ! ! ! ! ' >= tXSRD ] | |
T ! ! T | | | ] T T I
! I I ! ! | | | | , i
L L L ! ! ! ! I}
| : | ] ! ! : ' S ' $ |
CKE ‘ | ‘ ‘ | ‘ S ‘ ‘ ! ! !
I ! I ! -— ! I I fe——] i |
| ! | tAOFD | Ltis ! ! s | | 1 ‘
| | | | | | | | | | | |
| | | | : ! | | | ! | !

L ! | | ! . | | | ,

I $ | |

oor 2 | | | 0777, i | 1N
| 'l tis | | ! ! . | | | ! |
I ! I ! ! | | | i
| ! : | s | tH | | : | : )
| ! | | ! ! S\S | i
Command SELF %
‘ %F ‘ jﬁ §Z ‘

Note:
1. Device must be in the “All banks idle” state prior to entering Self Refresh mode.
2. ODT must be turned off taorp before entering Self Refresh mode, and can be turned on again when txsrp
timing is satisfied.
3. txsrp is applied for a Read or a Read with Auto Precharge command.
4. tysnr is applied for any command except a Read or a Read with Auto Precharge command.
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Power-Down

Power-Down is synchronously entered when CKE is registered LOW (no accesses can be in progress). CKE is not allowed to go
LOW while MRS or EMRS command time, or read or write operation is in progress. CKE is allowed to go LOW while any of other
operations such as Bank Active, Precharge or Auto Precharge, or Auto Refresh is in progress. The DLL should be in a locked state
when Power-Down is entered. Otherwise DLL should be reset after exiting Power-Down mode for proper read operation.

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 Bank Active command in any bank, this mode is referred to as Active Power-Down. Entering Power-Down deactivates

the input and output buffers, excluding CLK, CLK , ODT and CKE. Also the DLL is disabled upon entering Precharge Power-Down
or slow exit Active Power-Down, but the DLL is kept enabled during fast exit Active Power-Down. In Power-Down mode, CKE LOW
and a stable clock signal must be maintained at the inputs of the device, and ODT should be in a valid state but all other input
signals are “Don’t Care”. CKE LOW must be maintained until tcke has been satisfied. Power-Down duration is limited by 9 times
trer Of the device.

The Power-Down state is synchronously exited when CKE is registered HIGH (along with a NOP or DESELECT command). CKE
HIGH must be maintained until tcke has been satisfied. A valid, executable command can be applied with Power-Down exit latency,
txp, txarD, OF txarps, after CKE goes HIGH.

o N-—--- (P
CLK >‘/\ \_\/‘\

CLK Yoo

e

Command %@LID NOP
I

, téKE \ | | | |
‘ ‘ tXP, tXARD,
tXARDS
f
Enter power-down mode Exit power-down mode tCKE

Read to Power-Down Entry

Tx+5 Tx+6 Tx+7 Tx+8 Tx+9
CIK S
¢ high until th
Command -
CKE
oo L T T S M (et
BL=4 | DOsS
bQ
CLK 3
CLK -3 )
Command S : !
: K end of burst peration
‘ s ‘ 1 | | | |
CKE | | | : : | | | \ 1 | | | |
| | | ! | | T : T T T
| | ' ' ! ! ! ' ' | | | |
\ | | L \’7777\ | R IR o | , , | |
bL=s | bas : : S—_ L N ‘ ‘ | |
| ! | ! ! | | d | | | '
| | A | | | : | | | | |
DQ : T $ : DoutA§(DoutA; DOUtA! T : : T 1
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Read with Auto Precharge to Power-Down Entry
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Write to Power-Down Entry

T1 ™ Tm+1 Tm+2 Tm+3 Tx Tx+1 Tx+2 Ty Ty+1 Ty+2
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Write with Auto Precharge to Power-Down Entry

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

4

BL

Command

Auto Refresh/ Bank Active/ Precharge to Power-Down Entry

CKE can go|to low one clock after a command

Command
CKE

Note: CMD could be Auto Refresh/ Bank Active/ Precharge command.

MRS/EMRS to Power-Down Entry

Tl T2 T3 T4 T5 T6 T7 T8 T9 T10 Ti1

TO

Command
CKE
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Asynchronous CKE Low event

DDR2 SDRAM requires CKE to be maintained “HIGH” for all valid operations as defined in this data sheet. If CKE asynchronously
ontents of array. If this event occurs,
memory controller must satisfy toe ay before turning off the clocks. Stable clocks must exist at the input of device before CKE is
raised “HIGH” again. The device must be fully re-initialized (steps 4 ~ 13) as described in initialization sequence. The device is

drops “LOW” during any valid operation, the device is not guaranteed to preserve the ¢

ready for normal operation after the initialization sequence.

Stable clocks

CLK
CLK

| N L

tDELAY

CKE _
\ :

I

CKEdfsygtl:g\;?nously Clocks can be turned off
P after this point

Clock Frequency change in Precharge Power-Down mode

DDR2 SDRAM input clock frequency can be changed under following condition:
The device is in Precharge Power-Down mode. ODT must be turned off and CKE must b
clocks must be waited after CKE goes LOW before clock frequency may change. The dev

command may need to be issued to appropriately set the WR, CL etc.. During DLL re-lock
DLL lock time, the device is ready to operate with new clock frequency.

e at logic LOW level. A minimum of 2
ice input clock frequency is allowed to
change only between tck (min) and tck (max). During input clock frequency change, ODT and CKE must be held at stable LOW
levels. Once input clock frequency is changed, stable new clocks must be provided before Precharge Power-Down may be exited
and DLL must be RESET via MRS after Precharge Power-Down exit. Depending on new clock frequency an additional MRS
period, ODT must remain off. After the

TO T1 T2 T4 Tx Tx+1 Ty Ty+1l  Ty+2  Ty+3

S Sy, LSS
\_ s SSDSMSS“\,/
| |

CLK
CLK

Ty+4 Tz

e ol ) 0 = (e e o

S

Frequency change
occurs here

|
I
200 clocks

‘53 /—

\
\
\
}
”
\
\
[
\
\
|

before power down exit

OoDT ‘ ‘ 1
tRP ‘ ‘ |
tAOFD «T— [ \ txp [
[ [ \
Minimum 2 clocks required [ ODT is off
before changing frequency Stable new clock during DLL RESET
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Functional Truth Table

Current State | CS | RAS | CAS | WE Address Command Action
X X DESEL NOP or Power-Down
H X NOP NOP or Power-Down
L H L X BA, CA, A10 SV%AI\'II?E ;WRRI’E@I[E): / ILLEGAL (*1)
IDLE L L H H BA, RA Active Bank Active, Latch RA
L L H L BA, A10/A10 PRE / PREA Precharge / Precharge All
L L L H X Refresh Refresh (*2)
L L L L Op-Code Mode-Add | MRS/ EMRS Mode Register setting / Extended
Mode Register setting (*2)
H X X DESEL NOP
H X NOP NOP
Ll n || e sacamo | reormeioa | BenRelaeca
BANKACTIVE | L | H | L L | BA, CA, A0 WRITE / WRITEA gg?e"r‘nm:iu"gt‘;hreccﬁérge
L L H H BA, RA Active ILLEGAL (*1)
L L H L BA, A10 /A10 PRE / PREA Precharge / Precharge All
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add | MRS / EMRS ILLEGAL
H X X X X DESEL NOP (Continue Burst to END)
L H H H X NOP NOP (Continue Burst to END)
Terminate Burst, Latch CA,
L H L H BA, CA, Al10 READ / READA Begin New Read,
Determine Auto Precharge (*1, 4)
READ L H L L BA, CA, A10 WRITE / WRITEA ILLEGAL (*1)
L L H H BA, RA Active ILLEGAL (*1)
L L H L BA, A10/A10 PRE / PREA ILLEGAL (*1) / ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add | MRS / EMRS ILLEGAL
H X X X X DESEL NOP (Continue Burst to end)
L H H H X NOP NOP (Continue Burst to end)
L | H| L | H |BACAAI READ / READA ILLEGAL (*1)
Terminate Burst, Latch CA,
L H L L BA, CA, A10 WRITE / WRITEA Begin new Write,
WRITE Determine Auto-Precharge (*1, 4)
L L H H BA, RA Active ILLEGAL (*1)
L L H L BA, A10/A10 PRE / PREA ILLEGAL (*1) / ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add | MRS/ EMRS ILLEGAL
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Current State | CS | RAS | CAS | WE Address Command Action
H X X X X DESEL NOP (Continue Burst to end)
L H H H X NOP NOP (Continue Burst to end)
L H L H BA, CA, A10 READ / READA ILLEGAL (*1)
REAAUDTVOVith L H L L | BA, CA A10 WRITE / WRITEA | ILLEGAL (*1)
PRECHARGE L L H H BA, RA Active ILLEGAL (*1)
L L H L BA, A10/A10 PRE / PREA ILLEGAL (*1) / ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add | MRS/ EMRS ILLEGAL
H X X X X DESEL NOP (Continue Burst to END)
L H H H X NOP NOP (Continue Burst to END)
L H L H BA, CA, A10 READ / READA ILLEGAL (*1)
WFXL'%’““ L H L L | BA, CA A10 WRITE / WRITEA | ILLEGAL (*1)
PRECHARGE L L H H BA, RA Active ILLEGAL (*1)
L L H L BA, A10 PRE / PREA ILLEGAL (*1) / ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add | MRS / EMRS ILLEGAL
H X X X | x DESEL NOP (Idle after trp)
L H H H | X NOP NOP (ldle after trp)
L H L X BA, CA, A10 \TVI??AI\'II?E ;VVRREI¢E£ / ILLEGAL (*1)
PRE-CHARGIN
G L L H H BA, RA Active ILLEGAL (*1)
L L H L BA, A10/A10 PRE / PREA NOP (Idle after trp)
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add | MRS / EMRS ILLEGAL
H X X X X DESEL NOP (Bank Active after trcp)
L H H H X NOP NOP (Bank Active after trcp)
oW L H L X BA, CA, A10 \lquI??AI\'II?E ;WRRElﬁll:E)AA\ / ILLEGAL (*1, 5)
ACTIVATING L L H H BA, RA Active ILLEGAL (*1)
L L H L BA, A10/A10 PRE / PREA ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add | MRS/ EMRS ILLEGAL
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Current State | CS | RAS | CAS | WE Address Command Action
H X X X X DESEL NOP (Bank Active after twr)
L H H H X NOP NOP (Bank Active after twr)
L H L H BA, CA, A10 READ / READA ILLEGAL (*1, 6)
WRITE L H L L BA, CA, A10 WRITE / WRITEA WRITE / WRITEA
RECOVERING | | L | H| H | BARA Active ILLEGAL (*1)
L L H L BA, A10/A10 PRE / PREA ILLEGAL (*1) / ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add MRS / EMRS ILLEGAL
H X X X X DESEL NOP (Bank Active after twr)
L H H H X NOP NOP (Bank Active after twr)
RE(;Q/)?/II-EI—IElNG L H L X BA, CA, A10 \?VI??AIJI?E ;VVRF\I’EII"FE::\ / ILLEGAL (*1)
AV:::O L L H H BA, RA Active ILLEGAL (*1)
PRECHARGE L L H L BA, A10/A10 PRE / PREA ILLEGAL (*1) / ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add MRS / EMRS ILLEGAL
H| X | x| x |x DESEL NOP (lIdle after trec)
L | H|HI| H]|X NOP NOP (Idle after trec)
L H L X BA, CA, A10 \?VI??AIJI?E ;VVRF\I’EII"FE::\ / ILLEGAL
REFRESH L L H H BA, RA Active ILLEGAL
L L H L BA, A10/A10 PRE / PREA ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add MRS / EMRS ILLEGAL
H X X X X DESEL NOP (Idle after tyrp)
L | H|HI|H]|X NOP NOP (Idle after turo)
(Extended) | L | H | L | X | BACAAL0 Rl AR | ILLEGAL
MODE
REGISTER L L H H BA, RA Active ILLEGAL
SETTING L L H L BA, A10/A10 PRE / PREA ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add MRS / EMRS ILLEGAL

H = High Level, L = Low level, X = Don’t Care

BA = Bank Address, RA =Row Address, CA = Column Address, NOP = No Operation
ILLEGAL = Device operation and / or data integrity are not guaranteed.

Note:

This command may be issued for other banks, depending on the state of the banks.

All banks must be in “IDLE”.

All AC timing specs must be met.

Only allowed at the boundary of 4 bits burst. Burst interruption at other timings is illegal.
Available in case trcp is satisfied by AL setting.

Available in case twrr is satisfied.

oupwdE
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Simplified States Diagram

Power-Up and

Initialization
Sequence

CKEL

OoCD
calibration
J PR
' Idle
Settign (E)MRS
MRS All banks » Refreshing
EMRS precharged
ACT CKEH CKEL
CKEL
CKEL
CKEL
Active —) Automatic Sequence
Power ——————— Command Sequence
-Down
CKEL
Bank
Active Read
Write Write Read
o $

Reading
With
Auto Precharge

Writing
With
Auto Precharge

N

Precharging

CKEL = CKE LOW

CKEH = CKE HIGH

ACT = Activate

WR(A) = Write (with Auto Precharge)
RD(A) = Read (with Auto Precharge)
PR(A) = Precharge (All)

(E)MRS = (Extended) Mode Register Set
SRF = Enter Self Refresh

REF = Auto Refresh
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PACKING DIMENSIONS

84-BALL DDRII SDRAM (8x12.5x1.2 mm)

PIN #1 |
I
\ ‘ 7
| |
| |
| | CAVITY
| |
| |
| | N\ <
| |
| | <
| t L )
o W
‘ ‘ SOLDER BALL
| | <<
[ [ SEATING PLANE
| |
| |
| |
‘ j R DETAIL : "A”
2
" N
€
4—"—“——
Aacy 00 | |—
00 O O
000 00 e
0o 000 OO0 R
Q00 OO OO0 ©
00 000 PIN #1 OO0 T 1
000 000 N
— 00O
000 000 A
000 000 i
000 000
000 000 DETAL : "B”
PN g1 | QOO 000
———x0QoO 000
>j o\o ocoo |—
ng
Symbol Dimension in mm Dimension in inch
Min Norm Max Min Norm Max
A 1.20 0.047

Ay 0.25 0.30 0.40 0.010 | 0.012 | 0.016
D, 0.37 0.45 0.50 0.015 | 0.018 | 0.020

D 7.90 8.00 8.10 0.311 | 0.315 | 0.319
E 12.40 | 12.50 12.60 | 0.488 | 0.492 | 0.496
D, 6.40 BSC 0.252 BSC
E; 11.20 BSC 0.441 BSC
e 0.80 BSC 0.031 BSC

Controlling dimension : Millimeter.
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Revision History

Revision Date Description

0.1 2014.07.18 Original

1. Delete "Preliminary"

2. Modify Input / Output Capacitance

1.0 2014.10.01 3.Modify the specification of IDDO, IDD1,IDD2P, IDD2Q,
IDD2N, IDD3P(f), IDD3P(s), IDD3N and IDD6

4. Delete 1.0mm packing dimension

11 2015.10.22 Add VA grad
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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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