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Part Number Decoder

IC Supplier

KT: SMARTsemi
Product Family
DM: DRAM
Density

1G: 1Gb
Technology

2: DDR2
Voltage

D: 1.8V

Width

6: x16

Speed

80: DDR2-800
Package

BG: Mono BGA
Temperature
A: Automotive
C: Commercial
I: Industrial
Internal Code
EA: For Internal Use
Packaging

T: Tray
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DDR2 SDRAM

8M x 16 Bit x 8 Banks
DDR2 SDRAM

Features

® JEDEC Standard

® VDD=1.8V+0.1V,VvDDQ=1.8V 0.1V

® Internal pipelined double-data-rate architecture; two
data access per clock cycle

® Bi-directional differential data strobe (DQS, DQS );

DQS can be disabled for single-ended data strobe

operation.
On-chip DLL

Differential clock inputs (CLK and CLK )

DLL aligns DQ and DQS transition with CLK transition

Quad bank operation

CAS Latency: 3,4,5,6,7,8,9

Additive Latency: 0, 1, 2, 3,4, 5,6, 7

Burst Type: Sequential and Interleave

Burst Length: 4, 8

All inputs except data & DM are sampled at the rising

edge of the system clock (CLK)

® 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

Ordering Information

Data mask (DM) for write masking only

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

- Partial Array Self Refresh (PASR)

Auto & Self refresh

Refresh cycle:

- 8192 cycles/64 ms (7.8 ys refresh interval) at
0°C < T¢ < +85°C (Commercial) or

-40°C < T¢ < +85°C (Industrial/Automotive)

- 8192 cycles/32 ms (3.9 ps refresh interval) at
+85°C < Tc £ +95°C

- 8192 cycles/16 ms (1.95 s refresh interval) at
+95°C < Tc < +105°C

SSTL_18 interface

The DDR2-800 device does not support Write with Auto
Precharge function.

Max Data Rate :
Product ID Freq. Vop (CL-tRCD-tRP) Package Temperature Packing Comments
KTDM1G2D680BGAEAT | 400MHz | 1.8V (DE_E; g;SOO 84 ball BGA | Automotive Tray Pb-free
KTDM1G2D680BGCEAT | 400MHz | 1.8V (DE_E; g;SOO 84 ball BGA | Commercial Tray Pb-free
KTDM1G2D680BGIEAT | 400MHz | 1.8V (D5I_35R_’ E;SOO 84 ball BGA | Industrial Tray Pb-free
©2023 SMARTsemi™ - Confidential 7
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Functional Block Diagram
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DDR2 SDRAM Addressing
Configuration 64Mb x 16
# of Bank 8
Bank Address BAO - BA2
Auto Precharge A10/AP
Row Address AO - A12
Column Address A0 - A9
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Ball Configuration <Top View>

See the balls through the package

84 Ball BGA, 8mmx12.5mmx1.2mm Body, 0.8mm Ball Pitch
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Input / Output Functional Description

Pin Name Function

CLK, CLK Differential clock input
CKE Clock enable
cs Chip Select
RAS Command Input
"CAS Command Input
"WE Command Input

Address Inputs

- Row address: A0 - A12

- Column address: AO - A9
A10/AP: Auto Precharge

BAO - BA2: Bank selects (8 Banks)

DM DM is an input mask signal for write data. LDM is DM for DQ0O~DQ7 and UDM is DM for
(LDM, UDM) DQ8~DQ15.

DQO - DQ15 Data-in/Data-out

A0 - A12
BAO - BA2

DQS, DQS Bi-directional differential Data Strobe.
(LDQS 1Das LDQS and LDQS are DQS for DQO~DQY7;

uDQS, UDQS ) UDQS and UDQS are DQS for DQ8~DQ15.

oDT On-Die-Termination. ODT is only applied to DQO~DQ15, DM, DQS and DQS .
NC No connection
Voba Supply Voltage for DQ
Vpp Power
Vssa Ground for DQ
Vss Ground
VRer Reference voltage
VooL Supply Voltage for DLL
VsstL Ground for DLL
©2023 SMARTsemi™ - Confidential 10
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Absolute Maximum Ratings

Absolute Maximum DC Ratings

Symbol Parameter Rating Unit  Note
VN, Vout Voltage on any pin relative to Vss -0.5~23 \% 1
Voo Voltage on Vpp pin relative to Vss -1.0~23 \% 1
VooL Voltage on VppL pin relative to Vss -0.56~23 \% 1
Vbba Voltage on Vppq pin relative to Vss -0.5~23 Y, 1
Tste Storage Temperature -55 ~ +150 °C 1,2
Note:

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

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

DRAM Component Operating Temperature Range
Temperature Range

Symbol Parameter Unit  Note
Normal Operating Temperature Range - Commercial 0to +95 °C 1,2
Tc Normal Operating Temperature Range - Industrial -40 to +95 °C 1,3
Normal Operating Temperature Range - Automotive -40 to +105 °C 1,4,5

Note:

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

2. Supporting 0 to +85 °C with full AC and DC specifications.
Supporting 0 to +85 °C and being able to extend to +95 °C with doubling auto-refresh commands in frequency to a
32ms period (treri = 3.9 ps) and higher temperature Self-Refresh entry via A7 “1” on EMRS(2).

3. Supporting -40 to +85 °C with full AC and DC specifications.
Supporting -40 to +85 °C and being able to extend to +95 °C with doubling auto-refresh commands in frequency to a
32ms period (treri = 3.9 ps) and higher temperature Self-Refresh entry via A7 “1” on EMRS(2).

4. Supporting -40 to +85 °C with full AC and DC specifications.
Supporting -40 to +85 °C and being able to extend to +95 °C with doubling auto-refresh commands in frequency to a
32ms period (treri = 3.9us) and higher temperature Self-Refresh entry via A7 “1” on EMRS(2); extend to +105 °C with
quadrupling auto-refresh commands in frequency to a 16ms period (treri = 1.95us). If Tc > +95 °C, the device cannot
support Self refresh function.

5. ODT resistance, the input/ output impedance, and IDD values must be derated when T¢ <0 °C or > +85 °C.

©2023 SMARTsemi™ - Confidential 11
Rev:1.0
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DC Operating Conditions & Specifications

Recommendd DC Operating Conditions

Symbol Parameter Unit Note
Voo Supply Voltage 1.7 1.8 1.9 \% 1,5,6
VooL Supply Voltage for DLL 1.7 1.8 1.9 \% 1,5,6
Vbba Supply Voltage for Output 1.7 1.8 1.9 \% 1,5,6
VRrer Input Reference Voltage 0.49 x Vopa 0.5 x Vppa 0.51 x Vbpa \% 1,2,3,6
Vrr Termination Voltage (System) Vrer - 0.04 VRrer Vrer + 0.04 \% 1,4,6
Vin (DC) Input Logic High Voltage Vrer + 0.125 - Vppa + 0.3 \% 1
ViL(DC) Input Logic Low Voltage -0.3 - Vrer - 0.125 Vv 1
Note:

1. All voltages referenced to Vss.

2. The value of Vrer may be selected by the user to provide optimum noise margin in the system. Typically the value of
Vrer is expected to be about 0.5 x VDDQ of the transmitting device and Vger is expected to track variations in Vppa.
Peak to peak AC noise on Vrer may not exceed +2% Vgrer(DC).

Vrr of transmitting device must track Vrer of receiving device.

Vbpa and VppL track Vpp. AC parameters are measured with Vpp, Vppa and Vpp tied together.

There is no specific device Vpp supply voltage requirement for SSTL_18 compliance. However, under all conditions
Vbppa must be less than or equal to Vpp.

2

DC Operating Conditions

Symbol Parameter Value Unit Note
VoH Supply Voltage Vi1 + 0.603 \% 4
VoL Supply Voltage for DLL Vrr-0.603 V 4
[l Supply Voltage for Output 5 MA 1
[ILo| Input Reference Voltage 5 uA 2
lon Termination Voltage (System) -13.4 mA 3.4
loL Input Logic Low Voltage +13.4 mA 3.4
Note:

1. Anyinput OV < VN < Vpp; all other balls not under test = OV.

2. 0V £ Vour £ Vopg; DQ and ODT disabled.

3. The DC value of Vrer applied to the receiving device is expected to be set to V1.
4. After OCD calibration to 18Q at T¢ = 25 °C, Vpp = Vppq = 1.8V

©2023 SMARTsemi™ - Confidential 12
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IDD Specifications

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

DDR2-800

Test Conditions (5-5-5)

Parameter

Symbol

IDDO

Operating Current
(Active - Precharge)

One bank;
tCK = tCK(|DD), tRc = tRc(|DD), tRAS = tRAs(IDD)min;

CKE is High, CS is HIGH between valid commands;

Address bus inputs are SWITCHING;
Data bus inputs are SWITCHING

70

mA

IDD1

Operating Current
(Active - Read -
Precharge)

One bank; lout = 0MA;

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

tek = tek(IDD), tre = tre(IDD),tras = tras(IDD)min,

trep = trep(IDD);

CKE is HIGH, CS is HIGH between valid commands;

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

85

mA

IDD2P

Precharge Power-Down
Standby Current

All banks idle;

tek = tCK(|DD); CKE is LOW;

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

15

mA

IDD2Q

Precharge Quiet
Standby Current

All banks idle;
tck = tek(IDD); CKE is HIGH, CS is HIGH,;

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

55

mA

IDD2N

Idle Standby Current

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

55

mA

IDD3P

Active Power-down
Standby Current

Fast PDN Exit
MRS(12) = 0

All banks open;
tck = tek(IDD); CKE is LOW;

35

mA

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

Slow PDN Exit
MRS(12) = 1

25

mA

IDD3N

Active Standby Current

All banks open;
tck = tek(IDD), tras = tras(IDD)max, tre = tre(IDD);

CKE is HIGH, CS is HIGH between valid commands;

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

55

mA

IDD4R

Operation Current
(Read)

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

tCK = tCK(|DD), tRAS = tRAS (IDD)max, tRP = tRP(|DD);
CKE is HIGH, CS is HIGH between valid commands;

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

120

IDD4W

Operation Current
(Write)

All banks open, continuous burst Writes;
BL =4, CL = CL(IDD), AL = 0;
tek = tek(IDD), tras = tras(IDD)max, tre = trp(IDD);

CKE is HIGH, CS is HIGH between valid commands;

Address bus inputs are SWITCHING,;
Data bus inputs are SWITCHING

120

©2023 SMARTsemi™ - Confidential
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DDR2-800

Parameter Test Conditions ) Unit

tek = tex(IDD);
Refresh command every trrc(IDD) interval;

IDD5 Auto Refresh Current CKE is HIGH, CS is HIGH between valid commands; 105

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

Self Refresh Mode;
CLK and CLK at0V; CKE <0.2V,

IDD6 Self Refresh Current 10 mA
Other control and address bus inputs are FLOATING;
Data bus inputs are FLOATING
Operating Current All bank interleaving Reads, IOUT = OmA,
(Bank interleaving) BL = 4, CL= CL(IDD), AL = trcp(IDD) — 1 % tck(IDD);
tek = tek(IDD), tre = tre(IDD),trro = trro(IDD),
IDD7 trep = 1 x tek(IDD); 180 mA

CKE is HIGH, CS is HIGH between valid commands;

Address bus inputs are STABLE during Deslects;
Data pattern is the same as IDD4W

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 < ViL (AC) (max.).
HIGH is defined as Vin 2 Vi (AC) (min.).
STABLE is defined as inputs stable at a HIGH or LOW level.
FLOATING is defined as inputs at Vrer = Vppa/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. When Tc = +85 °C, 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:

Parameter SRl
. (5-5-5) B
CL (IDD) 5 tek
tRCD (IDD) 125 ns
tRC (IDD) 575 ns
tRRD (IDD) 10 ns
tCK (IDD) 2.5 ns
tRAS (IDD) min. 45 ns
tRAS (IDD) max. 70000 ns
tRP (IDD) 125 ns
tRFC (IDD) 127.5 ns
©2023 SMARTsemi™ - Confidential 14
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AC Operating Conditions & Timing Specifications

AC Operating Conditions

Parameter DDRSL=1866 Unit Note
ViH(AC) [Input High (Logic 1) Voltage Vgrer + 0.2 - \Y
ViL(AC) |Input Low (Logic 0) Voltage - Vger - 0.2 Vv
Vio(AC) |Input Differential Voltage 0.5 Vppq + 0.6 \% 1
Vix(AC) |Input Crossing Point Voltage 0.5 x Vppa - 0.175 0.5 x Vppq + 0.175 Vv 2
Vox(AC) |Output Crossing Point Voltage 0.5 x Vppq - 0.125 0.5 x Vppa *+ 0.125 \% 2
Note:

1. Vip(AC) specifies the input differential voltage |V1r — Vce| required for switching, where Vrr 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
ViH(AC) - ViL(AC).

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

Ccross.
Vbba
VTR
___— Crossing point
______ AVixorV
Vep IX or VOX
Vssa
Input / Output Capacitance
DDR2-800 .
Symbol Parameter = Unit Note
Min. Max
Input Capacitance
Cit (A0-A12, BAO-BA2, CKE, CS , RAS , CAS , WE , ODT) 1 175 pF L
Cinz Input Capacitance, CLK and CLK 1 2 pF 1
Cio DQS, DQS & Data Input/output Capacitance 2.5 3.5 pF 2
Cinz Input Capacitance (DM) 2.5 3.5 pF 2
Note:
1. Capacitance delta is 0.25 pF.
2. Capacitance delta is 0.5 pF.
©2023 SMARTsemi™ - Confidential 15
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AC Overshoot and Undershoot Specification

Item Pin DDR2-800 |  Unit
Maximum peak amplitude allowed for | Address, CKE, CS, RAS, CAS, WE, ODT, o5 y
overshoot area’ CLK, CLK , DQ, DQS, DQS , DM
Maximum peak amplitude allowed for Address, CKE, CS, RAS, CAS, WE, ODT, 05 Vv
undershoot area? CLK, CLK , DQ, DQS, DQS , DM
Address, CKE, CS, RAS, CAS, WE, ODT 0.66 V-ns
Maximum overshoot area above VDD
CLK, CLK ,DQ,DQS, DQS , DM 0.23 V-ns
Address, CKE, CS, RAS, CAS, WE,b ODT 0.66 V-ns
Maximum undershoot area below VSS
CLK, CLK ,DQ,DQS, DQS , DM 0.23 V-ns
Maximum Amplitude Overshoot Area
Vob
Voba
Volts  yssq
M ves
Undershoot Area
Maximum Amplitude
Time (ns)
Overshoot/Undershoot Definition
©2023 SMARTsemi™ - Confidential 16
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AC Operating Test Conditions

Parameter Value Unit \[e] ‘
Input reference voltage (VReF) 0.5 X Vppa V 1

Input signal maximum peak swing (Vswing(max.)) 1.0 Vv 1

Input signal minimum slew rate 1.0 Vins 2,3
Input level Vin/ Vi \%

Input timing measurement reference level VRer V

Output timing measurement reference level (Votr) 0.5 x Vppa Vv 4

Note:
Input waveform timing is referenced to the input signal crossing through the Vi / ViL(AC) level applied to the device

1.

2.

3.

under test.

The input signal minimum slew rate is to be maintained over the range from Vrer to ViH(AC) (min.) for rising edges and

the range from Vrer to ViL(AC)(max.) for falling edges as shown in the below figure.

AC timings are referenced with input waveforms switching from V| (AC) to ViH(AC) on the positive transitions and

ViH(AC) to VL AC) on the negative transitions.
The Vbpq of the device under test is reference.

Falling Slew =

.._.._...Ai_.l.:’_..|...._._,_._._.._._.._

Vrer - ViL(ac) Max

ATR

ATF

Rising Slew =

AC Input Test Signal Waveform

Measurement point

DQ O—MW— vyt

Output Load

Vopa
ViH(ac) Min
VIH(dC) min
VREr
V“_(dc) max
V||_(ac) max
Vss

ATR

©2023 SMARTsemi™ - Confidential
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AC Timing Parameters & Specifications

DDR2-800
Parameter
CL=6 2500
CL=5 2500
Clock Period tex(av 8000 S 13
CL=4 ox(avg) 3750 P
CL=3 5000
DQ Output Access Time from CLK/ CLK tac -400 +400 ps 10
CLK High Pulse Width ten(avg) 0.48 0.52 tex(avg) 13
CLK Low Pulse Width tcL(avg) 0.48 0.52 tek(avg) 13
DQS Output Access Time from CLK/ CLK tbasck -350 +350 ps 10
Clock to First Rising Edge of DQS Delay tbass -0.25 +0.25 tek(avg)
Data-in and DM Setup Time (to DQS) tos(base) 50 - ps
Data-in and DM Hold Time (to DQS) ton(base) 125 - ps 5
DQ and DM Input Pulse Width (for Each topw 0.35 } to(avg)
Input)
Address and Control Input Setup Time tis(base) 175 - ps
Address and Control Input Hold Time t(base) 250 - ps
Address and Control Input Pulse Width tipw 0.6 - tek(avg)
DQS Input High Pulse Width toasH 0.35 - tex(avg)
DQS Input Low Pulse Width tbasL 0.35 - tek(avg)
_I?i%Se Falling Edge to CLK Rising Setup toss 0.2 ) tox(avg)
_I?i(;se Falling Edge from CLK Rising Hold tos 0.2 ) tex(avg)
Data Strobe Edge to Output Data Edge tbasa - 200 ps
Data-out High-impedance Window from
CLK/ CLK thz - tac(max.) ps 10
Data-out Low-impedance Window from .
CLK/ CLK. t.z(DQS) tac(min.) tac(max.) ps 10
DQ Low-impedance Window from )
CLK/ CLK. tz(DQ) 2 X tac(min.) tac(max.) ps 10
. Min (tcL(abs), }
Half Clock Period thp ton(abs)) ps 6,13
DQ/DQS Output Hold Time from DQS tau tup - taus - ps
DQ Hold Skew Factor taHs - 300 ps
Active to Precharge Command tras 45 70K ns
Active to Active Command (Same Bank) tre 57.5 - ns
Auto Refresh Row Cycle Time trrc 127.5 - ns
Active to Read, Write Delay trep 12.5 - ns
Precharge Command Period trp 12.5 - ns
Active Bank A to Active Bank B Command trRrRD 10 - ns 20
©2023 SMARTsemi™ - Confidential 18
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DDR2-800
Parameter
Write Recovery Time twr 15 - ns 20
Write Data In to Read Command Delay twtr 7.5 - ns 20
Col. Address to Col. Address Delay tcep 2 - tex

Average Periodic Refresh Interval

(0°C < Tc < +85°C or -40°C < Tc < +85°C) trer ) 78 us

Aveorage PeriodicoRefresh Interval trer, ) 3.9 us

(85°C < Tc = +95°C)

(Agv;g\gleTF;eéliqllgslséfr)esh Interval trer ) 195 us

Write Preamble twPre 0.35 - tek(avg)

Write Postamble twpsT 0.4 0.6 tek(avg)

DQS Read Preamble trPRE 0.9 1.1 tex(avg) 11
DQS Read Postamble trPsT 0.4 0.6 tex(avg) 12
Loaq Mode Regi_ster / Extended Mode . 2 } tox

Register Cycle Time

é:;th;r%c;h_zla_:'g]iWnte Recovery + toac WR + torp - tex 1

:Sgle;;al Read to Precharge Command tarp 75 ) ns 20
Exit Self Refresh to Read Command txsrD 200 - tex

Exit Self Refresh to Non-Read Command txsNR trec + 10 - ns

Exit Precharge Power-Down to Any Non- typ 2 ) tox

Read Command

Exit Active Power-Down to Read Command txARD 2 - tex 3

Exit Active Power-Down to Read Command teaRDS 8- AL } tox 23

(Slow Exit / Low Power Mode)

CKE Minimum Pulse Width t 3 ) t
(High and Low Pulse Width) CKE K

Minimum Time Clocks Remain ON after

CKE Asynchronously Drops Low foeLay | tis + fex(avg) + tim i ns
Output Impedance Test Driver Delay torr 0 12 ns
MRS Command to ODT Update Delay tmop 0 12 ns
ODT Turn-on Delay taonp 2 2 tex 14,16
ODT Turn-on taon tac(min.) tac(max.) + 700 ps
. 2 X ek +
ODT Turn-on (Power-Down Mode) taonPD tac(min.) + 2000 tac(max.) + 1000 ps
ODT Turn-off Delay taorFp 2.5 25 tex 15,17,18
ODT Turn-off taor tac(min.) tac(max.) + 600 ps
. 2.5 xtek +
ODT Turn-off (Power-Down Mode) taorPD tac(min.) + 2000 tac(max.) + 1000 ps
ODT to Power-Down Entry Latency tanPD 3 - tex
ODT Power-Down Exit Latency taxrp 8 - tex
©2023 SMARTsemi™ - Confidential 19
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Note:

1.

tpaL[NCLK] = WR[NCLK] + tarp [NCLK] =WR+RU{trr[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.
3. MRS A12 bit defines which Active Power-Down Exit timing to be applied.
4. The figures of Differential Input Waveform Timing 1 and 2 are referenced from the input signal crossing at the V1(AC)
level for a rising signal and V/ (AC) for a falling signal applied to the device under test.
5. The figures of Differential Input Waveform Timing 1 and 2 are referenced from the input signal crossing at the V, (DC)
level for a rising signal and Vix(DC) for a falling signal applied to the device under test.
CK
TR = w
—————— — — - Vopa
_____ g A i BT it VIH{ac} min
N _ ::2,“,,., = — — = Vibyaey Min
RERVPRR, . P RSURPERRRPRYRTY ! TR R i VR_EF(dc) -—— — - VRer(e
-—— N g — — — — Vigggymax = — — — — = ViLjdey Max
-——— - — g — — — Mpgagmax — oy o = ViLag) Max
—————————————————— Ve ______________________VSS
Differential input waveform timing — tDS and tDH Differential input waveform timing — tI$ and 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 tqns to derive the DRAM output timing ton. The value to be used
for ton calculation is determined by the following equation;
tip = Min (tcu(abs), tcL(abs)), where:
tch(abs) is the minimum of the actual instantaneous clock HIGH time;
tcL(abs) is the minimum of the actual instantaneous clock LOW time;
7. tans 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 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.
8. tan = tup - tans, where:
tup is the minimum of the absolute half period of the actual input clock; and tqns 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. Ifthe system provides twp of 825 ps into a DDR2-1066 SDRAM, the DRAM provides ton of 575 ps minimum.
b. If the system provides tvp of 900 ps into a DDR2-1066 SDRAM, the DRAM provides tqn of 650 ps minimum.
9. RU stands for round up. WR refers to the tWR parameter stored in the MRS.
10. 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 tbasck(min.)(derated) = toasck(min.) - terr(6-10per)(max.) = -300 ps — 223 ps = -523 ps
and tpasck(max.)(derated) = tpasck(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.
11. 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 tyir(per)(min.) = - 72 ps and tyr(per)(max.) = + 63
ps, then trere(min.)(derated) = trere(min.) + tyr(per)(min.) = 0.9 x tck(avg) - 72 ps = + 1615.5 ps and
trere(max.)(derated) = trpre(max.) + tyr(per)(max.) = 1.1 x tck(avg) + 63 ps = + 2125.5 ps.
12. 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.)
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13.
14.

15.

16.

17.

18.

19.
20.

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
trest(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 taor(min.)(derated) = taor(min.) + {-
tur(duty)(max.) - terr(6-10per)(max.)} = - 350 ps + {- 74 ps - 223 ps} = - 647 ps and taor(max.)(derated) = taor(max.) +
{- tdir(duty)(min.) - terr(6-10per)(min.) } = 950 ps + { 66 ps + 202 ps } = + 1218 ps.

For taorp of DDR2-800/1066, the 1/2 clock of tck in the 2.5 x tck assumes a tch(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 tcr(avg) offset present at the DRAM input with respect to 0.5.

For example, if an input clock has a worst case tcr(avg) of 0.48, the taor(min.) should be derated by subtracting 0.02 x
tek(avg) from it, whereas if an input clock has a worst case tch(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, tcn(avg)(max.)) - 0.5] x tck(avg) or
taor(min.)(derated) = Min(tac(min.), tac(min.) - [0.5 - tcu(avg)(min.)] x tck(avg))
taor(max.)(derated) = 0.6 + Max(tac(max.), tac(max.) + [tcn(avg)(max.) - 0.5] x tck(avg)), where:

tcn(avg)(min.) and tcu(avg)(max.) are the minimum and maximum of tcn(avg) actually measured at the DRAM input
balls.

The DDR2-800 device does not support Write with Auto Precharge function.
This parameter has a two clock minimum requirement at any tck.

©2023 SMARTsemi™ - Confidential 21
Rev:1.0



é SMARTSG m im KTDM1G2D680BGXEAT

December 8, 2023

ODT DC Electrical Characteristics

Symbol Parameter Min. Typ. Max. Unit
Rtt Effective Impedance Value for 75Q Settin

RU1(eM | Eurs(r) (a6 :2] o 9 60 75 9 Q
Rtt Effective Impedance Value for 150Q Settin

RU2(ef) | Evirs(r) (A6 Apz] o 9 120 150 180 Q
Rtt Effective Impedance Value for 50Q Settin

RU3(eM | Furs(r) (A6 Apz] o o 40 50 60 Q

AVM Deviation of VM with respect to Vppa/2 -6 - +6 %
Note:

Measurement Definition for Rtt(eff) :
Rtt(eff) is determined by separately applying ViH(AC) and V\L(AC) to test pin, and then measuring current
I(ViH(AC)) and I(ViL(AC)) respectively.

- VIL(A
Rtt(eff) = VHAQ - VLAQ
HVHAG) - I(VILAG)

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

2x VM
AVM = (S22 -1) x 100%
Vooo

ODT DC Electrical Characteristics

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 V/ns 1,4,5
Note:

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

2. Impedance measurement condition for output source DC current: Vppa = 1.7V; Vour = 1,420mV; (Vour - Vopa)/IOH
must be less than 23.4Q for values of Voyt between Vppq and Vppa - 280mV. Impedance measurement condition for
output sink DC current: Vppa = 1.7V; Vout = 280mV; Vout/loL must be less than 23.4Q for values of Vout between 0V
and 280mV.

3. Mismatch is absolute value between pull-up and pull-down; both are measured at same temperature and voltage.

Slew rate measured from V, (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.

P
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Clock Jitter
DDR2-800 .
Parameter Symbol = Unit Note
Min. Max
Average Clock Period tek(avg) 2500 8000 ps 1
Clock Period Jitter tur(per) -100 100 ps 5
Clock Period Jitter During DLL Locking Period tur(per, Ick) -80 80 ps 5
Cycle to Cycle Period Jitter tyr(cc) -200 200 ps 6
Cyc_le to Cycle Period Jitter During DLL Locking tor(ce, Ick) 160 160 ps 6
Period
Cumulative Error Across 2 Cycles terr(2per) -150 150 ps 7
Cumulative Error Across 3 Cycles terr(3per) -175 175 ps 7
Cumulative Error Across 4 Cycles terr(4per) -200 200 ps 7
Cumulative Error Across 5 Cycles terr(5per) -200 200 ps 7
Cumulative Error Across n = 6,7,8,9,10 Cycles terr(6-10per) -300 300 ps 7
Cumulative Error Across n = 11,12,...,49,50 Cycles terr(11-50per) -450 450 ps 7
Average High Pulse Width tcr(avg) 0.48 0.52 tex(avg) 2
Average Low Pulse Width teL(avg) 0.48 0.52 tek(avg) 3
Duty Cycle Jitter tyr(duty) -100 100 ps 4
Note:
1. tck(avg) is calculated as the average clock period across any consecutive 200 cycle window.
tek (avg) = E‘cu; }/
j=1
N =200
2. tcn(avg) is defined as the average HIGH pulse width, as calculated across any consecutive 200 HIGH pulses.
N
tcn (avy) “{ 2. tewy }/(Nx tek (avy) )
j=1
N =200
3. tcu(avg) is defined as the average LOW pulse width, as calculated across any consecutive 200 LOW pulses.
N
tey avg) = { Yty }/(Nx tck (avg) )
=1
H =200
4. tyr(duty) is defined as the cumulative set of tcy jitter and tc jitter. tcw jitter is the largest deviation of any single tcu
from tcu(avg). tcL jitter is the largest deviation of any single tcL from tc(avg).
tyr(duty) is not subject to production test.
tJ|T(duty) Min./Max. of {tJn'(CH), LHT(CL)}, where:
tyr(CH) = {tcwj - tcn(avg) where j =1 to 200}
tur(CL) = {tcij - tcL(avg) where j =1 to 200}
5. tyur(per) is defined as the largest deviation of any single tck from tck(avg).
tur(per) = Min./Max. of {tckj - tck(avg) where j =1 to 200}
tyr(per) defines the single period jitter when the DLL is already locked.
tyr(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.
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6. tur(cc) is defined as the difference in clock period between two consecutive clock cycles: tyr(cc) = Max. of [teki +1 -
texi|
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

terp (NPeEN) ={ > tek; } - n X tek (avy)
j=1

2 <n<50for tgpp (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 DDR2-800
Absolute Clock Period tek(abs) | tek(avg)(min.) + tur(per)(min.) | tex(avg)(max.) + tur(per)(max.) | ps
Absolute Clock High Puise Width | tey(as) | '@/ LErBispmin e | fen@)ffseg ERemisimen) | ps
Absolute Clock Low Pulse Width | tc(abs) tCL(aVQ)(;:iT'Eguﬁ;)c(ﬁ?:g)(min.) + tCL(anZFTJ??a)U)t(yt)C(ﬁE:;/(-g))(maxl) N

Example: For DDR2-800, tch(abs)(min.) = (0.48 x 2500ps) - 100 ps = 1100 ps

Input Slew Rate De-rating

For all input signals the total tis, tos (setup time) and tin, ton (hold time) required is calculated by adding the data sheet tis
(base), tos (base) and tiy (base), tor (base) value to the Atis, Atps and Atn, Atpy de-rating value respectively.

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

Setup (tis, tbs) 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 Viu(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 ViL(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 ‘Vrer(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 (tw, 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 (i, tor) nominal slew rate for a falling signal is defined as the slew rate between
the last crossing of Vi4(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 Vrer(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 Vrer(DC) region’, the slew
rate of a tangent line to the actual signal from the DC level to Vrer(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 /
V|L(AC) at the time of the rising clock transition) a valid input signal is still required to complete the transition and reach V4
I ViL(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 tps/tpn with Differential DQS

DQS, DQS Differential Slew Rate

4.0 Vins 3.0 Vins 2.0 Vins 1.8 Vins 1.6 Vins 1.4 Vins 1.2 Vins 1.0 Vins 0.8 Vins
Atps Atpy Atps  Atpy  Atps Atpy  Atps Atpy Atps | Atpy  Atps  Atpy Atps  Atpy | Atps  Atpy Atps  Atpy

P00 +100 | +45 [+100 | +45 |+100 | +45 | - - - - - - - - - - - - | ps
D] 67 | 21 [ +67 [ +21 [ +67 | +21 [ +79 [ +33 | - - - - - - - - - - | ps
§ ol o 0 0 0 0 0 [+12 [ +12 | +24 [ +24 | - - - - - - - - | ps
¢ 0o B - 5 | 14| 5 [ 14| +7 | 2 |+19 ] +10 [ +31 [ +22 | - - - - - - | ps
2 03 B - - -l Bt 19+ 7 [+23 ] +5 [+35 [ +17 | - - - - | ps
00 - | - | - | - | - | - [0 42| +2 30 [+14] 18 |+26| 6 |+38] +6 | - | - |ps
3 06| B - - - - - - - |10 | 59 | +2 | -47 [ +14 | 35 | +26 | -23 | +38 | -11 | ps
2 05 B - - - - - - - - - |28 |-12]-77] o [-65 [+12] -53 | ps

0.4 B - - - - - - - - - - - | 52 [-140 | -40 [-126 | 28 [-116 | ps

CLK, CLK Differential Slew Rate

1.5 VIns 1.0 V/ns

- 25 +120 +75 +150 +105 +180 +135 ps
S 20 +100 +45 +130 +75 +160 +105 ps
¢ | 15 +67 +21 +97 +51 +127 +81 ps
2 10 0 0 +30 +30 +60 +60 ps
5 0.9 -5 -14 +25 +16 +55 +46 ps
2 0.8 13 -31 +17 -1 +47 +29 ps
g 0.7 -22 -54 +8 -24 +38 +6 ps
< 06 -34 -83 -4 -53 +26 -23 ps
S 05 60 125 -30 -95 0 65 ps
é 0.4 -100 188 70 158 -40 128 ps
E 03 -168 292 138 262 -108 232 ps
© 25 200 375 170 -345 140 315 ps
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

Yooa

Nominal

oozt Vin(ACKming

--=-=Vre(DO)
=== ViLAGHmax)

Wil DC){min)
oS
b e
Vss
bas
Tiforertial 0GS, B3| < \
CLK,CLK| DeEs | 5
CLK
tis bW
Vuu VORI | SS———
Wiy GACHmin
Vper 0 AC
regon
Vig (DC)dmin) -—
OC 1o Yrer
norsinal
VREF(OC) - slew ratz
ViL(ooymax) |
ViLAC)(max) -

L T T

........... i ST S

Setup siew rate _ Vrer (DC) - ViL(AC)(max)
Falling signal ATFS

Holdslewrate _ VRer (DC)- ViL(DC)(max.)
Rising signal ATRH

ATRH ATRS

Setmslewrata-

Rising signal

rHold sew rate
Falling signal

ATFH

Yin (AC)(min.) - Vrer (DC)
ATRS

_ Yin(DC)(min) - Veer (DC)

ATFH
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Slew Rate Definition Tangent

Single-ended DAS | DAS

D@S

Dfferential D@3, 0G5
CLK TR | bas

CLK
tos  tow tos 1oy
tis  ti tis  tl
VoD o T TN NPTl | PN L eapre) [ememonty
Vin (ACHmin ) o
Vrer to AC
region
Yig(OOmin)
DC_IO VR
ion
22 tangen!
n
Yrer OC) -+ o f s s

VilDCl{man) -+ ;
dmina Vrer lOPAC
il region
ViLfACHmax) -E—-
Vgs ---- P e S e oy eoad dletebadbodedady ioc it chod o
e — — ] fe—  —» e
ATFS ATRH ATRS ATFH
Setup slew rate _ tangent ine [ VRer (DC) - ViL(AC)(max) ) Setup slew rate _ tangent line [V (AC)(min.) - Vrer (DC) |
Falling signal ATFS Risng signal ATRS
Hold slew rate _ tangent Ine [VRer (DC)- ViL(DC)(max) ] Hoid slew rate _ tangent line (ViH (DCY(min) - Vrer(DC) ]
Rising signal ATRH Faling signal ATFH
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Command Truth Table

CKE CKE —x —ie ~rc e BAO- A12-A11,
Command (1) (n)’ CS RAS CAS WE DM BA2 A10/AP A9-A0 Note
(Extended)
Mode Register Set H H L L L L X OP CODE 1,2
Auto Refresh H H L L L H X X
Refresh Entry L 10,12
Self Refresh . L H H H
Exit L H H X X X X 6,9,12
Bank Active H H L L H H \% Row Address
Auto Precharge Disable L Column
Read H H L H L H X \Y Address 1,3
Auto Precharge Enable H (A9-A0)
Auto Precharge Disable L Column
Write H H L H L L X \% Address |1,3,17
Auto Precharge Enable H (A9-A0)
Bank Selection \% L
Precharge Al Banks H H L L H L X X m X
Entry H L H X X X X 4,11,
. L H H H 12,15
Active Power-Down X
Exit Lo | m X X X by 48,
xi L H H H 12,15
Entry H L H X X X X 4,11,
L H H H 12,15
Precharge Power-Down X
Exit L gopH X X [ X[y 48,
L H H H 12,15
DM H H X V 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.

MRS/EMRS can be issued only at all bank Precharge state.
Burst Reads or Writes at BL = 4 cannot be terminated or interrupted.

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.

Self Refresh Exit is asynchronous.
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.
All states not shown are illegal or reserved unless explicitly described elsewhere in this document.

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 txsrp is satisfied.

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

11. Power-Down and Self Refresh cannot 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.

17. The DDR2-800 device does not support Write with Auto Precharge function.

ron
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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! at a low state (all other inputs may be
undefined).
- Vbp?, Vppi? and Vppq are driven from a single power converter output, AND
- Vrris limited to 0.95V max, AND
- Vger tracks Vppa/2
or
- Apply Vop? before or at the same time as Vppy.
- Apply Vpp2 before or at the same time as Vppa.
- Apply Vppq before or at the same time as Vit and Vrer.
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 and “HIGH” to BAO and BA1.)

Issue EMRS(1) to enable DLL. (To issue "DLL Enable" command, provide "LOW" to A0, "HIGH" to BAO and "LOW" to

BA1 and BA2 and A9 = A8 = A7 = “LOW” must be used when issuing this command.)

8. Issue a Mode Register Set command for “DLL reset”.
(To issue DLL reset command, provide “HIGH” to A8 and “LOW” to BAQ-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).

13. 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).

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

Noo

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 VppL or Vpp is intentionally changed during normal operation, (for example, for the purpose of
Vb 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.

tCHEC

* BERit LZZ WZWZ? LHZN\ZE LNZZ Z&f WN\I ZMNL

—— ;

'MRD ‘ '-\'D‘D Follow OCD
Flowchart
o DJ_]T k& min 200 Cycle (\(\ ocD -
ENABLE RESET Default CAL. MODE
EXIT
Initialization Sequence after Power-Up
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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' CS, RAS, CAS, WE,
BAO, BA1 and 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 AO~A12 in the same cycle as "CS, RAS, CAS, WE, BAO, BA1and BA2 going
LOW are written in the mode register

The turp 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
too low for normal MRS operation. Write recovery time WR is defined by A9 ~ A11. Refer to the table for specific codes.

|Ba2|BA1 [BA0| A12 [An[Aaw| Ao [As [ A7 [ A |As [a4]| a3 | a2] A1 |a0| Addressbus

Lad 4 T &L T

0| o 0 PD WR DLL | TM | TAS Latency | BT | BurstLength Mode Register
J 1 l l | —
Active Power down exit timing_ A7 Mode A3 | Burst Type
A12 PD 0 No 0 | Sequental
Fast Exit (normal) 1 Yes 1 Interleave
1 Slow Exit (low power)
v v v
BA2 BA1 BAO Mode Register A8 | DLL reset A2 A1 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
hJ CAS Latency 1 0 0 Reserved
Write recovery for Auto Precharge 1 0 1 Reserved
A6 A5 A4 | Latenc
A11 A10 A9 | WRicycles)® y I 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 1 4 ® 1 0 0 a
1 0 0 5 [ 1 0 1 5
1 0 1 6 8 1 1 0 3
1 1 1 8

Note:

1. BA2 and A13-A15 are reserved for future use and must be set to 0 when programming the Mode Register.
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 tpac.

3. The DDR2-800 device does not support Write with Auto Precharge function. WR must be set A11~A9 to 000.
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Burst Address Ordering for Burst Length

LBe::;stth Starting( :Zk‘;? :o?ddress Sequential Mode Interleave Mode
000 0,1,23 0,1,2,3
001 1,2,3,0 1,0,32
) 010 2,3,0,1 2,3,0,1
011 3,0,1,2 3,2,1,0
000 0,1,2,3,4,56,7 0,1,2,3,4,56,7
001 1,2,3,0,56,7,4 1,0,3,2,5,4,7,6
010 2,3,0,1,6,7,4,5 2,3,0,1,6,7,4,5
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 56,7,4,1,2,3,0 547,6,1,0,3,2
110 6,7,54,2,30,1 6,7,4,5,2,3,0,1
111 7,4,5,6,3,0,1,2 7,6,5,4,3,2,1,0
Mode Register Set
1 B v A oo 1 3 ! : ! 6 I 1 8
t i I i I t i | i

Note:

1. MRS can be issued only at all banks precharge state.
2. Minimum trp 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 "CS, RAS, CAS, WE , BA1and 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 A0~A12 in the same cycle as "CS, RAS, CAS, WE, BA1andBA2 going LOW and BAO going HIGH
are written in the EMRS(1).

The turp 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. A0 is
used for DLL enable or disable. A1 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.

In single ended mode, the DQS signals are internally disabled and don't care.

|BA2|BA1‘BAO‘A12|A11|A10|A_QIAB‘A?|A§|A5|A4‘A3‘A2 |A1 |AO|

TR EENEEREN RN

[ 0 | o | 1 [Qoff| 0" |Das| OCDprogram | Rtt | Additive Latency | Rit [ODS [ DLL |

v A0 DLL Enable
A6 A2 | Rtt (nominal) 0 E_nable
{ 0 0 Disable L Disabe
0 1 75 Q
A10| pQs Enable
1 0 150 Q Al Output Driver
? g_natglle 1 1 50 O Strength Control
Lzt 0 | Normal (100%)
1 Wea_k (60%)
v
A12 fr =
Qo Additive Latency
0 | Output buffer enable A5 A4 A3 Eatene
1 | Output buffer disable 2
0 0 0 0
0 0 1 1
0 1 0 2
4 0 1 1 3
y Driver Impedance Adjustment 1 G 0O 4
BA2 BA1 BAO Mode Register A9 A8 A7 OCD operation 10 2 5
1 1 0 6
0 0 0O ]|MRS OCD calibration
0 0 1 EMRS(1) 0 0 0 inidts edt 1 1 1 Reversed
0 1 0 |EMRS(2) 0 0 1 | Drive-1
0 1 1_1 EMRS(3): Reserved 0 1 0 | Drive-0
1 0 0 | Adjustable mode -
1 1 1 | OCD default state *
Note:

1. A11is 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

LOWon CS, RAS, CAS, WE , BAO and 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 cycleas CS , RAS ,

CAS , WE , BAO and BA2 going LOW and BA1 going HIGH are written in the EMRS(2).

The tvrp 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.

lsazl BA1[ BAU[ qul A11| A1o| A9

| As

| A7 | A6 | A5 | Ad [ A3 | A2

A1 | AO ‘

HERE

T T TTIT T

o] 1 ]o]

0'1

| SRF |

0" |pcc™

0" |

BA2 BA1 BAOD Mode Register
0 0 0 MRS
0 0 1 EMRS(1)
0 1 0 EMRS(2)
0 1 1 EMRS(3): Reserved
Note:

v

A7 High Temperature
Self Refresh rate
0 Disable
| Enable
A3 DCC Enable
0 Disable
1 Enable

1. AO0~A2, A4~A6 and A8~A12 are reserved for future use and must be set to 0.

User may enable or disable the DCC (Duty Cycle Corrector) by programming A3 bit accordingly.

3. If PASR (Partial Array Self Refresh) is enabled, data located in areas of the array beyond the specified address range
will be lost if self refresh is entered. Data integrity will be maintained if trer conditions are met and no Self Refresh
command is issued. If the PASR feature is not supported, EMRS(2)[A0-A2] must be set to 000 when programming

EMRS(2).
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Extended Mode Register Set-3 [EMRS(3)]

‘BA2]BA1|BAO[A12‘A11‘A10|Ag|A8|A7|As‘AS‘A4|A3|A2|A1‘Ao‘

NN

o[+ [ 1] : |

BA2 BA1 BAO Mode Register
0 0 0 | MRS
0 0 1 | EMRS(1)
0 1 0 | EMRS(2)
0 1 1 EMRS(3): Reserved
Note:

1. EMRS(3) is reserved for future. All bits except BAO and BA1 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 entening OCD impedance adjustment and

' ODT should be carefully controlled depending on system environment
3
Co)
EMRS(1) : OCD calibration mode exit
1 A Y
EMRS(1) : Driver-1 EMRS(1) : Driver-0
DQ & DQS High ; DQS Low| DQ & DQS Low ; DQS High
ALL OK
Test 1% Ot Test
Need Calibration Need Calibration
EMRS(1) : OCD calibration mode exit EMRS(1) : OCD calibration mode exit
L I
EMRS(1) : EMRS(1) :
Enter Adjustable Enter Adjustable mode
\J y
BL=4 code input to all BL=4 code input to all
DQs Inc, Dec, or NOP DQs Inc, Dec, or NOP
\ L
EMRS(1) : OCD calibration mode exit EMRS(1) : OCD calibration mode exit
]
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
0 0 0 OCD calibration mode exit
0 0 1 Device-1: DQ, DQS High and DQS Low
0 1 0 Device-0: DQ, DQS Low and D_QSHigh
1 0 0 Adjustable mode
1 1 1 OCD default mode

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
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 Decrease by 1 step NOP

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

Others Reserved Reserved
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OCD Adjustable Mode

m( T '_'$_'- i ' ' ! T il :')QJ_( gy = i
CLK o SS—/‘————X /\____X /‘____\ ‘____\_gji\_l____* i
Command —Emsm i NOP XEMRS{IH NOP)—

WL twr

Das, bas 3 \
DS

DaQ $ om* pT1 X D12 X DT3 )

oM 7 %) 1% 7

| [

I I

OCD adjustable OCD calibration mode exit

Note:

For proper operation of adjustable mode, WL = RL - 1 = AL + CL - 1 clocks and tos/ tor 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

Command —(EMRSUX NOP )-(EMRSUX

DQS, DQS ng—h-z—< DQs high and DQS low for Drive-1, DQs low and DQS high for Drive-0 /M
DQs high for Drive-1
DQ DQs low for Drive-0 >'—'
toir 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 torr after “enter drive mode” command and all output drivers are turned-off tor 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

TG S Y —
CLK _{__RB}_\ / i ! \ \ N f/i\_

Command 5 (EMRSHX NOP

taoFD

opT _\—-%S e

tMOD(max.)

tMOD(mIn)

Internal : :
Rtt Setting Old setting Updating >

New Setting

Note:

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

ODT Timing for Active and Standby Mode

-

o
o
_t

1
. i L - tAorD N
1 | |

Internal I

Term Res. I | | : i
' ; : TAON(miD. ) ——| | i A |
| : . | -— tAQN(max) | 1 tAOF(mip )—{H I
— tAOF(max.)
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ODT Timing for Power-Down Mode
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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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Essential Functionality for DDR2 SDRAM

Precharge

The Precharge command is used to precharge or close a bank that has activated. The command is issued when CS ,

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 trp from the precharge, a Bank Active command to the same bank can be

initiated.

A10/AP 7.V

BA1

Bank Selection for Precharge by Address bits
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 0 1 Bank F Only
0 1 1 0 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 is 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 (BA0-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 (trep(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).

CLK
CLK

Command

Address

Bank Active Command Cycle

Bank B Bank B R
Row Addr. Col. Addr «©
tceo

T0 T1 T2 T3 n Tn+1 Tn+2 Tn+3

—— q ] i) fet B =il ——— e T
X At ¥ B X agT ol }C;X PRE X X_PRE_X ACT }—
p T Bank A X X K ebwde

Bank A Read begins

trRCD=1 Additive latency (AL)
tRR
trAs trRP i
trRC i
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 CS , CAS ,and WE atthe 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/W command before the tRCD(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

CMD

DQS/DQS

DQ

CLK
CLK

CMD

DQS/DQS

DQ
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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

DQs =]

bas | rpsT

o o
tan

Burst Read

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

Das,bas

<RL=3 (AL=0;CL=3); BL=8>
T4 T5 T8 ¥ T8

DQS,DOS

CL
RL

b=l -4
w

DOs
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CLK
CLK

CMD

DQsS,DAs

DQs

Note:

Burst Read followed by Burst Write
<RL=5; WL=(RL-1)=4;BL=4>

TO T1 Tn-1 Tn Tn+1 Tn+2 Tn+3 Tn+4 Tn+5

| |
[ ! [ 1 ! 1 [
| 1 L ' | |
(Pasi H_nop FH( Nop M PgtER M NOP M NOP M NOP M NoP M NOP )
! tRTW (Read to Write-tum around-time) i : ! ! |

iy I

)

1
l : I : |
! . WLERL-1=4 : : :

:,';‘ 3 ) outf-\[}l‘t(joutﬂ'i DoutA OLIIA?—‘—(DIHAOXDIHIA"I XD|nA2XD::1A3>

A bt (T e e S

RL=5 :
I I
i ;

The minimum time from the Burst Read command to the Burst Write command is defined by a read to

write-turn around-time(tRTW), 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 T T2 T3 T4 T5 T6 T7 T8
CLK —-—— -——— == ==+ Tt FEEERCE] |~ == ———— ———— ———— [
CLK —)\————'\:\ \————\'.\ \————B.‘ ‘————\:; —‘}‘ X emm s —}\ b
| | | | | 1 | | ]
| | | | | 1 | | 1
e (P NoP W " W NoP  Nop ) Nop - NoP H{ NoP W NOP )}
| | | | | 1 | I [
| | | | | 1 | | ]
DS Das : : : ! ST N XN X T
| ! 1 | T R | S | EYCHERED e |
' ALS2 ; CcL:3 l : ! : :
! f : RL:5 : i I : ;
Das : : , : E OUMDS(DOUM'I Doum;ﬁloum?@wtﬁ%outﬁ'l DoutB}
| : : 1 & 1
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 tpass 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

toasH

toosL

1Ds oS o E
v A, 7
Burst Write
<RL=5(AL=2; CL=3); WL=4; BL=4>
T0 T4 TS T6 T7 Tn
TR LR Vi sy g~ s
clk  —4A . (W S S QRN S SR, R

I L I ] ! ] i ] ]

L | | i ! L 1 & [
cMp  ( Pomestis N NOP . H NOPI H__NoP NoP H NOPI H NOF: H No;r':)-{ By -
Case1 : with|tbass(max) i | Vo i Dl ' i '
DQSDaS : : : : N $ ;

! WL=RL-1=4 : {pass | [toss! ! ' os=kwr :

| 7 | ) LN o 1 | i
Das : : : . @sz}{mms} : S :

| | | | ! | 1 | 1
Case2 : with{tDQSS{min) t i iDO_S‘:-“- - C ' i '
DOsDas : : : ‘i £ % AN P : % ;

! WL=RL-1=4 : ; . ! | >StwR | :

| ] | i E | | 1
Das . : : —(DinA0 DinA2){ DinA3 ; b .

| ' | [ ' | i | 1

<RL=3(AL=0; CL=3); WL=2; BL=4>
TO T T2 T3 T4 TS T6 TT Tn

TR --- gt == = 1 m i == g == 5= =
e S O G S S T G -

| ' I i ! i i 1 1
oo (WRITEA{ NoP { NoP W NoP }{ NOP M NOP ) Precharge }-{ NO.E—{?—)-{ el

| 1 | [ ' [ I e 1

i C assi -l : e : y ; i i
DasBas : \ F /_\_ : ; ' S

WL=RL-1=0 b \ . Wi | >=lgp ;

] 1 1 i L ] T 1 1
DOs : L {DinAD DinAZYDinA3 : I : S :
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Burst Write followed by Burst Read

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

G W G S G S G G S . S
| 3U2+t'leR

s i | 1
cuo  { NoP M Nop H NoP M NOP ) PeESE W NOP )} NOP M NOP M NOP }{ NOP )

CLK
CLK

! esz| : : : : :
— | == == |t ! l 1 [ sl o
Das Das : \_DOS /‘____:,'\ }l ; ! ! ! x il
WLFRL-1=4 | i | J{\L=2 i i CL=3 i |
| ! | I i 1 I [ I
1 ! 1 L ]
, ! : : . ' RL=8 . : !
| 1 ' I 's = tWTR 1 1 ! ' I
| ! L | ' I |
F oo - -
ba T T 1X DinA2){ DinA3 L ; oUtA
! ' DinAD in, in - j : : : ;
Note:

The minimum number of clock from the Burst Write command to the Burst Read command is [CL - 1 + BL/2 + twtg]. This
twTr 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>
T2 T3 T4 TS T6 T7 T8

CLK -— == s s - | fmm ’ i ’ ; ’ r o
CLK S ' t \____X_/\____\_f\___\'ﬁ .____X -____).\ o \____2\

] 1 1
| | | ! i [
om0 (e N o W amets W nop - Nop . Nop ) NoP { NoP }{ Nop |

Das,Das

Das

I I
| | |
; WL=RL-134
] I I
| | |

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>

ol O i A ) G O S Sk S S T S O S G A

1 | !
I )
cMD (READ;I\)—( NOP -(READ B NOPIH NoP H Nop - NopP { NOP H{ NOP - NOF
l | | ! ]
|
|
|
|

ey r 3 ettt | L= l———— i e ——— l.————__ll,—
Das 53S ; D GO U O U (. G O G S G A
| : i ! | | '. l
| ] | [} (]
DOs : : AGAzBDIBI 626456 B7 1
| A |

Note:

1.

No ok~

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

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

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).

Write Interrupted by a Write
Burst Write 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>

oo (C NOP ){ Write A NOP‘HWriteB (" NOP NoP NGP H__NoP ) Nop H{NOF

Das,Das

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

No ok

Precharge command is prohibited.

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

Write burst interruption is allowed to any bank inside DRAM.

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

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

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 twr 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 T T2 T3 T4 T5 T6 R T8

B Sopp—mbny pranil — = S
CLK S ! \——--),\ ----- ’\—/ \----\— -—-—-\.&_J
o  ( PETE A NOP I ( NoP I H Precharge }+ NOP o

. AL+ BLZ ckks |

e i
BL=4 Das,Das

T
ALZ 1 : EL=3
]

T
I

outAl] r.m

cL=3

i 2
- RL=4

3= tRAS |
>= {RTP) |
1

Loson
\‘I._
. : '
oo (P NoP H{( _NoP H{ NoP NOPI}{Pmcm@ﬁ?){ NOP H{ NoP M nNoP )
] = [
(o

' AL+ BLZ clks ; | ' |
. ' ! | Y | mm—i [—_—— Jim= ==y /IS |
BL=g | DASDOS : : 1 Al G S . G o
AL=s1 ! CL=3 ! : ' ' :

0 T 7 ! 1 '
- .__|RL=4 | . ' ) ' |
I ! | i |

TO Lii T2

omo (PEET M NOP H_ NOP H_ NOP_)—(Precharge A}
' AL+ BL/Z clks ! ' [

' | | i ey

Das,Das - - - |
ALE2 | A CL:3
1 ]

RL=55

Das

outADoutA D outAZADoUA
3= tRAS

] l == {RTP '

cL=3 ;

<RL=6 (AL=2; CL=4); BL=4>
TO T1 T2 T3 T4 T5 T6 TF T8

1 | 1 1 |
oo { °;‘;f§:'5_)-{ NOP H NoP W NOP ){Precragea){ NOP }-{ NOP }—C

X
e Bl |
i
ﬁﬁ: H  NOP
' AL+ BL2 cks ' : . 4= tRP | |
— | | | ] ! o= = i = |
DQsDas : . : : : ! VoA /—_?\_ —
. ALF2 | | CL=4 1 [} | | |
| T T T T | | |
Das L | FkL =8 1 ! [l | | |
S B i T T B . 2, T
| ! == {RTP \ : Cl=4 | | |
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<RL=4 (AL=0; CL=4); BL=8 >
TO T T2 T3 T4 5 T8 T7 T8

CLK -—— o i | ' —_———— | . ; ; . ; . y |
CLK _fl____::\ Tl \'l\ et _?\ \____\I( -____",\ \-__.* s x J\_._.k N i }\
CMD ( P\-ms}gs_')-( NoP ( NOP r ' Nop o NOP HPrechargA}{ NOP H NoP M TR
| |
I

i AL+2 clks * max(LRTPQI') ! : > = trp f

DasDas : : : e \____X — — \ {
AL40 | lcL=l4 ! " . : | e —*:

! (RL=l4 | ; ! ! | | :

| i i | : !

DQs ' : : DoutAdiDoutA }@oumg‘)l(noumj@oum%aum?,(::omAs):‘boum?—lu
B ' | 1 | A ! !

\ == tRA

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 T T2 T3 T4 T8
CLE e - ———— | | m——— . === |m—=— ateh " 2 S P . I
| | | | ' | | | |
) | | | 5 | | | |
cMD P H__NoP ) _NoP K NoP - NOoP M NOP )} NOP }{ NOP }{PrechargA)
] I ] i ' 1 ] I ]
: | : | .' L |>=ti : |
: WL =3 | i . | : :
| i i Ll I I | i
Das : : | {DinA0 DinA2Y, DinA ; : : :
<WL= (RL-1) = 4; BL=4 >
T0 T T2 T3 T4 T5 T6 TT TS
Efl-( - o r— . ;| o o o I = I.____l . -y I
CLK — ————:?\ \————).\ \—-——V.K—/'————X— S _— | A ===~
1 1 [ 1 | 1 [
1 1 ] 1 1 i\ |
N G T T T S NOP & -{Frechors
| : | : | - |
| ! [ | ! 4 4 )
(o : : : T N : $ i
DOSDGS : : . \ & ; . '
! WL =4 : : | i i : i
1 T ) 1 S | . .| : | :
Das : : : +—{DinAD ).( DinA2 ), DinA3} . $: :
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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

T T2 T3 T4 T5 n
pas - == g (=== . == == ’ Lmmm e S----if—
s A XXX

ba ——{Din X Din ¥/7/7X Din X Din X///7¢ Din X Din X Din X:F;%;X_Din_)

e

DM - -

Writé mask latency =0

Example: < WL=3; AL=0; BL=4>

Command

[tDCSS(min.}]

Dasbas

nle]

DM

[toQSS(max. )]

R || S

Daspas

Da
DM
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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 trrr(min) is not satisfied at the edge, the start point of Auto Precharge operation will be delayed until trre(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 + (trrp + trp)*. For BL = 8, the time from Read_AP to the next Bank Active command is AL + 2 +
(trte + tre)*. (Note: “*” means “rouded up to the next integer”).

|

| |

! I I |
NOP M NoP }H NOP o NOP |

cmMp e H Nop - NoP K Nop
e >=ALHRTPHRP : ' ! | i
| T T |
BL=4 —= 1 | by iy T l ! |
trre > 2 clocks DK nes : ! : G LY S, —'.K fo__ _.Ik f ; ; |
AL=1 1 oL=3 : ) , : | :
DOs : mh=e : : : : | i
: - ; : DoutADY DoutA 1Y DautAZYDoutA : i
i i tRTP} i) trp ! | | ! :
l : : ! ! : : ! !
Precharge begins here
<RL=4(AL=1;CL=3) >
TO T1 T2 T3 T4 TS

oo (FEEwop ) Nop I nop I NOP: H_Nop - Nop M Nop M TET )

g IAL+BL/2 clks '
I

L 1
]
rTP <= 2 clocks basbas ; i Ve i —) | ) ]

ek Ry=4

]

1

T 1

i 1

L L 5
: Dout0 @ DoutAsiDoutgyDotaei Douta?)
I

1

]

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 (trp) 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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< RL=5 (AL=2; CL= 3); BL= 4; tRCD = 3 clocks; tRTP <= 2 clocks >
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Auto Refresh & Self Refresh

Auto Refresh
An Auto Refresh command is issued by having CS , RAS and CAS held LOW with CKE and WE HIGH at the rising

edge of the clock (CLK). All banks must be precharged and idle for tre(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 trrc(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 tREFI.

CLK -- —==y y Y o + ;

CLK . ! ; : ] i !
COMMAND i (PRE} i "q:"?:'é‘ . i i 5 . 1 {cmo} i
SRS E S I S -

1R U DA N S N it N N
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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, Voba, 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 txsng. 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.

TO Ti T2 T3 T4 T5 T6 Tm ™

Y (N | So——— g — 58— -, -

1 i

i |

e . :
CLK = 3 ===~ "y
CLK ‘I ; ! I T N "
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| ! ! T T T [
i | [ [ | ' 1 [
i | 1 [ : ! % i
i ! [ I i | ' [
CKE ; I ; i | ! )
! : : LTy | i : :
: ! ) ) : i i ’
! i . X X | | i

7 ' : o S | i i 1
oOT 7% : : #VZZ” /ﬁ/ {E‘/L% fé\. w . é &
i 1| tis ' [ Z [ " | : |
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Command T SELF V77 /W/’g 27 NoP Jiga_NOP )@( NOP v{ vald ¥/
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Note:

1. Device must be in the “All banks idle” state prior to entering Self Refresh mode.

2. ODT must be turned off tAOFD 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. txsnris 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, txarp, Or txarps, after CKE goes HIGH.
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Read with Auto Precharge to Power-Down Entry
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Write with Auto Precharge to Power-Down Entry
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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 drops “LOW” during any valid operation, the device is not guaranteed to preserve the contents of array. If
this event occurs, memory controller must satisfy toeLay 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 ready for normal operation after the initialization sequence.

Stable clocks

SLiRaaE

\55 e

CKE asynchronously drops LOW Clocks can be turned
off after this point

1CK or nCK

Input 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 be at logic LOW level. A minimum
of 2 clocks must be waited after CKE goes LOW before clock frequency may change. The device 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 command may need to be issued to appropriately set the WR, CL etc.. During DLL re-
lock period, ODT must remain off. After the DLL lock time, the device is ready to operate with new clock frequency.

T0 T 2 T4 Tx Tx+1 Ty Ty+1  Ty+2 Ty+3 Ty+4 Tz

TR
CLK ™ 3
CMD
CKE : : : Frelquency Ch:ange : :\ ! ! ! ! !
s Gepunbeie I Ty o |l
oDT -+ ! : ; : : : : : : : : :
R UL\ L R e A
! e - | ODTis off during
1 1 1 ? 1 1 1 1 1 1 1 1 DLL IRESET 1
E : Nllinimum 412 clocksi : Stable m:ew c!ocki : : : :
| | required before ! : Ibefore power dovxlln exit : : : :
i i changing frequency | | | | | ! | |
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Functional Truth Table

Current State S RA Address Command
H X X X X DESEL NOP or Power-Down
L H H H X NOP NOP or Power-Down
READ / READA /
L H L X BA, CA, A10 WRITE / WRITEA ILLEGAL'
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?
Mode Register Setting /
L L L L | Op-Code MRS / EMRS ExtendedgMode Regigter
Mode-Add .
Setting2
H X X X X DESEL NOP
L H H H X NOP NOP
Begin Read, Latch CA,
L H BA, CA, A10 READ / READA De?ermine Auto Precharge
Begin Write, Latch CA,
BANK ACTIVE L H L L BA, CA, A10 WRITE / WRITEA De?ermine Auto Precharge
L L H H BA, RA Active ILLEGAL'
L L H L BA, A10/A10 | PRE/PREA Precharge / Precharge All
L L L H X Refresh ILLEGAL
Op-Code
L L L L 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'
Terminate Burst, Latch CA,
L H L L BA, CA, A10 WRITE / WRITEA | Begin new Read,
READ Determine Auto-Precharge’#
L L H H BA, RA Active ILLEGAL'
L L H L BA, A10/A10 | PRE/PREA ILLEGAL'/ ILLEGAL
L L L H X Refresh ILLEGAL
Op-Code
L L L L 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'
Terminate Burst, Latch CA,
L H L L BA, CA, A10 WRITE / WRITEA | Begin new Write,
WRITE Determine Auto-Precharge’#
L L H H BA, RA Active ILLEGAL'
L L H L BA, A10/A10 | PRE/PREA ILLEGAL'/ ILLEGAL
L L L H X Refresh ILLEGAL
Op-Code
L L L L 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'
READ with L H L L BA, CA, A10 WRITE / WRITEA | ILLEGAL'
AUTO L L H H BA, RA Active ILLEGAL'
PRECHARGE L L H L BA, A10/A10 | PRE/PREA ILLEGAL'/ ILLEGAL
L L L H X Refresh ILLEGAL
Op-Code
L L L L Mode-Add MRS / EMRS ILLEGAL
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Current State

Address

Command

RAS
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'
WRITE with L H L L BA, CA, A10 WRITE / WRITEA | ILLEGAL'
AUTO L L H H BA, RA Active ILLEGAL'
PRECHARGE’ [ L L H L | BA,A10/A10 | PRE/PREA ILLEGAL'/ ILLEGAL
L L L H X Refresh ILLEGAL
Op-Code
L L L L Mode-Add MRS / EMRS ILLEGAL
H X X X X DESEL NOP (ldle after trp)
L H H H X NOP NOP (ldle after trp)
READ / READA / 4
orE L H L X BA, CA, A10 WRITE / WRITEA ILLEGAL
CH ARG-IN G L L H H BA, RA Active ILLEGAL'
L L H L BA, A10/A10 | PRE/PREA NOP (Idle after trp)
L L L H X Refresh ILLEGAL
Op-Code
L L L L Mode-Add MRS / EMRS ILLEGAL
H X X X X DESEL NOP (ldle after trp)
L H H H X NOP NOP (ldle after trp)
READ / READA / 15
oW L H L X BA, CA, A10 WRITE / WRITEA ILLEGAL
ACTIVATING 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
Op-Code
L L L L 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)
L H L H BA, CA, A10 READ / READA ILLEGAL'"S
WRITE L H L L BA, CA, A10 WRITE / WRITEA | WRITE / WRITEA
RECOVERING L L H H BA, RA Active ILLEGAL'
L L H L BA, A10/A10 | PRE/PREA ILLEGAL'"/ ILLEGAL
L L L H X Refresh ILLEGAL
Op-Code
L L L L 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)
WRITE L H L X BA, CA, A10 READ /READA / ILLEGAL'
RECOVERING WRITE / WRITEA
with AUTO L L H H BA, RA Active ILLEGAL'
PRECHARGE L L H L BA, A10/A10 | PRE/PREA ILLEGAL'"/ ILLEGAL
L L L H X Refresh ILLEGAL
Op-Code
L L L L Mode-Add MRS / EMRS ILLEGAL
H X X X X DESEL NOP (ldle after trrc)
L H H H X NOP NOP (ldle after trrc)
READ / READA/ | ILLEGAL
L H L X BA, CA, A10 WRITE / WRITEA
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
Op-Code
L L L L Mode-Add MRS / EMRS ILLEGAL
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Address Command

A A
H X X X | X DESEL NOP (Idle after tyro)
L H H H | X NOP NOP (Idle after twro)
READ / READA / | ILLEGAL
(Eﬁgnggd) L H L X | BALCA A0 | \\RiTE/ WRITEA
reGisrEr 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
Op-Code
L L L Lo | ooy 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:

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

2. All banks must be in “IDLE”.

3. All AC timing specs must be met.

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

6. Available in case twrr is satisfied.

7. The DDR2-800 device does not support Write with Auto Precharge function.
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Simplified State Diagram

Power-Up and
Initialization

uence
. CKEL

All banks + Refreshing

ic Sequence

vd 5

CKEL = CKE LOW

CKEH = CKE HIGH

ACT = Activate

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

(EMRS = (Extended) Mode Register Set
SRF = Enter Seif Refresh

REF = Auto Refresh
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PACKING DIMENSIONS
84-BALL DDR2 SDRAM (8x12.5x1.2 mm)

Pin# A1
Index Side '\

o

|
|
1
|
— - ——— — ——— t———
|
1
|
|
E

v

i

DETAIL A—" ff N2 N <

D1 Seating plane—/_

e 0 X b Soider ball
1[ [ DETAIL A
a —® & O A C &
—eo| | |oo¥
000 I (oo
o0 | (eXoXo
000 : (o} o]
o0 00
000 | 000
—_—r O+ 10081 — o
000 | 000
0o0o0| , |o0O
000 [eXeoXe)
000 | [eXoNe)
000 ! 00
ooo| | |ooo
®00 i [eXoX
Pin # A1—" [
Index
Dimension in mm Dimension in inch
Norm i Norm Max
A - - 1.20 - - 0.047
A1 0.25 0.30 0.40 0.010 0.012 0.016
b 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
D1 6.40 BSC 0.252 BSC
E1 11.20 BSC 0.441 BSC
e 0.80 BSC 0.031 BSC
n 84

Controlling dimension : Millimeter.
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Disclaimer:

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

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

©2023 SMART Semiconductor. All rights reserved.
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