ESMT M14D128168A (2Y)

DDR || SDRAM 2M x 16 Bit x 4 Banks
DDR Il SDRAM
Features
e JEDEC Standard
° Vpp = 1.8V £ 0.1V, Vppg = 1.8V £ 0.1V
® Internal pipelined double-data-rate architecture; two data access per clock cycle
e  Bi-directional differential data strobe (DQS, [WS); ﬁs can be disabled for single-ended data strobe operation.
® On-chip DLL
e Differential clock inputs (CLK and ﬁ)
° DLL aligns DQ and DQS transition with CLK transition
® 1KB page size
- Row address: A0 to A1l
- Column address: AO to A8
®  Quad bank operation
° CAS Latency : 3,4,5,6,7
®  Additive Latency: 0,1, 2, 3,4,5,6
®  Burst Type : Sequential and Interleave
° Burst Length : 4, 8
e Allinputs except data & DM are sampled at the rising edge of the system clock(CLK)
e Data I/O transitions on both edges of data strobe (DQS)
® DQS is edge-aligned with data for READ; center-aligned with data for WRITE
®  Data mask (DM) for write masking only
®  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
- DCC (Duty Cycle Corrector)
®  Auto & Self refresh
® Refresh cycle :
- 4096 cycles/64ms (15.6ps refreshinterval) at0 C = Tc = +85 C
- 4096 cycles/32ms (7.8us refresh interval) at 485 C < Tc = +95 C
® SSTL_18 interface
® |Iftck < 1.875ns, the device can not support Write with Auto Precharge function.
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ESMT

M14D128168A (2Y)

Ordering Information:

Product ID Max Freq. VDD (CII_D-?It?aCRDe-":;P) Package Comments
M14D128168A-1.5BG2Y 667MHz 1.8V DDR2-1333 (7-10-10)
M14D128168A-1.6BG2Y * 600MHz 1.8V DDR2-1200 (7-9-9) 84 ball BGA
M14D128168A-1.8BG2Y 533MHz 1.8V DDR2-1066 (7-7-7) | A(max)=1.2mm Potree
M14D128168A-2.5BG2Y 400MHz 1.8V DDR2-800 (5-5-5)

Note: 1. The speed grade is for die only.
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ESMT M14D128168A (2Y)

Ball Configuration (Top View)

(FBGA/VFBGA 84, 8mmX12.5mmX1.2mm Body, 0.8mm Ball Pitch)
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Note: A12 (ball R2) is used for MRS/EMRS.
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ESMT M14D128168A (2Y)

Ball Description

Pin Name Function Pin Name Function

Address inputs

- Row address AO~A11
AO0~A12, - Column address AO~A8 DM
BAO,BAl A12: use for MRS/EMRS (LDM, UDM)
A10/AP : Auto Precharge

BAO, BA1 : Bank selects (4 Banks)

DM is an input mask signal for write data.
LDM is DM for DQO~DQ7 and UDM is DM
for DQ8~DQ15.

DQO~DQ15 Data-in/Data-out CLK, CLK Differential clock input
RAS Command input CKE Clock enable
CAS Command input cs Chip select
WE Command input Vobo Supply Voltage for DQ
Vss Ground Vsso Ground for DQ
Vop Power VRer Reference Voltage
DQS, DQS

Bi-directional differential Data Strobe.
(LDQS, LDQS LDQS and /LDQS are DQS for DQO~DQ7; VoL Supply Voltage for DLL
UDQS and /UDQS are DQS for DQ8~DQ15.

UDQS, UDQS)
On-Die-Termination.
oDT ODT is only applied to DQ0O~DQ15, DM, DQS VsspL Ground for DLL
and /DQS.
NC No connection

Absolute Maximum Rating

Parameter Symbol Value Unit
Voltage on any pin relative to Vss Vin, Vout -0.5~23 \%
Voltage on Vpp supply relative to Vss Vb -1.0~23 \%
Voltage on VppL supply relative to Vss VoL -05~23 \%
Voltage on Vppg supply relative to Vss Vbpo -05~23 \%
Storage temperature Tste -55 ~ +100 °C (Note*®

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

Note *: Storage Temperature is the case surface temperature on the center/top side of the DRAM.
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ESMT M14D128168A (2Y)

Operation Temperature Condition

Parameter Symbol Value Unit
Operation temperature Tc 0~ +95 °C
Note: 1. Operating temperature 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 = 7.9ps ) and higher temperature Self-Refresh entry via A7 “1” on EMRS(2).

DC Operation Condition & Specifications

DC Operation Condition
(Recommended DC operating conditions)

Parameter Symbol Min. Typ. Max. Unit | Note
Supply voltage Vpp 1.7 1.8 1.9 \Y 4,7
Supply voltage for DLL VoL 1.7 1.8 1.9 \% 4,7
Supply voltage for output Vopo 1.7 1.8 1.9 \% 4,7
Input reference voltage VRer 0.49 x Vbpg 0.5 x Vppo 0.51 x Vbpg \Y 1,2,7
Termination voltage (system) Vit Vrer - 0.04 VRrer Vger + 0.04 \Y 3,7
Input logic high voltage Vi (DC) Vgrer + 0.125 - Vppo + 0.3 \Y
Input logic low voltage VL (DC) -0.3 - Vrer - 0.125 Y,

(All voltages referenced to VSS)

Parameter Symbol Value Unit Note
Output minimum source DC current ( Vppo(min); Vour lon 134 mA 56
=1.42V)
Output minimum sink DC current ( Vppg(min); Vour = Lo +13.4 mA 56
0.28V)
Note:

1. The value of Vgrer 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 Vppg of the transmitting device and Vrer is expected to track variations in Vppo.

2. Peak to peak AC noise on Vgrer may not exceed 2% Vrer (DC).

3. V7 of transmitting device must track Vgrer Of receiving device.

4. Vppg and VppL track Vpp. AC parameters are measured with Vpp, Vopg and Vppy tied together.

5. The DC value of Vrer applied to the receiving device is expected to be set to V.

6. Tc = 25°C, VDD = VDDQ =1.8V.

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

M14D128168A (2Y)

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

Parameter

Symbol

Test Condition

Version

-1.5

-1.6

-1.8

-2.5

Unit

Operating Current
(Active - Precharge)

IDDO

One bank;

tek = tek (|DD),t_Rc = trc (IDD), tras = tras (IDD)min;
CKE is High, CS is HIGH between valid commands;
Address bus inputs are SWITCHING;

Data bus inputs are SWITCHING

100

95

85

75

mA

Operating Current
(Active - Read -
Precharge)

IDD1

One bank; lout = 0MA;

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

tek = tek (IDD), tre = tre (IDD),

tras = tras (IDD)min, trep = treo (IDD);

CKE is HIGH, CS is HIGH between valid commands;
Address bus inputs are SWITCHING;

Data pattern is same as IDD4W

130

120

100

95

mA

Precharge
Power-Down
Standby Current

IDD2P

All banks idle;

tck = tek (IDD); CKE is LOW;

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

15

15

12

12

mA

Precharge Quiet
Standby Current

IDD2Q

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

65

65

55

50

mA

Idle Standby Current

IDD2N

All banks idle; e

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

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

65

65

55

50

mA

Active Power-down
Standby Current

IDD3P

All banks open; Fast PDN Exit
tek = tek (IDD); CKE is LOW; MRS(12) =0

50

50

45

40

Other control and address bus
inputs are STABLE; Data bus input | Slow PDN Exit
are FLOATING MRS(12) =1

25

25

18

18

mA

Active Standby
Current

IDD3N

All banks open;

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

90

90

80

70

mA

Operation Current
(Read)

IDD4R

All banks open, continuous burst Reads, lour = O0MA;
BL =4, CL =CL (IDD), AL = 0;

tck = tek (IDD), tR_AS = tras (IDD)max, trp = trp (IDD);
CKE is HIGH, CS is HIGH between valid commands;
Address bus inputs are SWITCHING;

Data pattern is the same as IDD4W;

250

240

210

170

mA

Operation Current

(Write)

IDD4W

All banks open, continuous burst Writes;

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

tek = tek (IDD), tR_AS = tras (IDD)max, trp = trp (IDD);
CKE is HIGH, CS is HIGH between valid commands;
Address bus inputs are SWITCHING;

Data bus inputs are SWITCHING

240

230

200

160

mA
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ESMT M14D128168A (2Y)

Version
-1.6 -1.8

Parameter Symbol Test Condition Unit

-1.5 -2.5

tek = tek (IDD);

Refresh command every trec (IDD) interval;

CKE is HIGH, CS is HIGH between valid commands;
Other control and address bus inputs are SWITCHING;
Data bus inputs are SWITCHING

Burst Refresh Current| IDD5 105 105 100 95 mA

Self Refresh Mode;

CLK and CLK atOV; CKE<O0.2V;

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

Self Refresh Current IDD6 mA

All bank interleaving Reads, lout = O0mA;

BL =4, CL=CL (IDD), AL = trep (IDD) — 1 x tck (IDD);
tCK = tCK (|DD), tRc = tRC (|DD),

trrp = trrp (IDD), trep = 1 X tek (IDD);

CKE is HIGH, CS is HIGH between valid commands;
Address bus inputs are STABLE during Deslects;
Data pattern is the same as IDD4W;

Operating Current
(Bank interleaving)

IDD7 260 250 220 180 | mA

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 Viy < V. (AC) (max.).
HIGH is defined as Vin > Vi (AC) (min.).
STABLE is defined as inputs stable at a HIGH or LOW level.
FLOATING is defined as inputs at Vger = Vppg/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.

-1.5 -1.6 -1.8 -25
Parameter DDR2-1333 DDR2-1200 DDR2-1066 DDR2-800 Unit
(7-10-10) (7-9-9) (7-7-7) (5-5-5)

CL (IDD) 7 7 7 5 fek
tRCD (IDD) 15 15 13.125 12.5 ns
tRC (IDD) 58.5 58.35 58.125 57.5 ns
tRRD (IDD)-1KB 7.5 8.34 7.5 7.5 ns
tCK (IDD) 15 1.667 1.875 25 ns
tRAS (IDD) min. 45 45 40 45 ns
tRAS (IDD) max. 70000 ns
tRP (IDD) 15 15 13.125 12.5 ns
tRFC (IDD) 90 90 75 75 ns

Elite Semiconductor Microelectronics Technology Inc.
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ESMT M14D128168A (2Y)

AC Operation Conditions & Timing Specification

AC Operation Conditions

-1.5/1.6/1.8 -2.5
Parameter Symbol Unit | Note
Min. Max. Min. Max.
Input High (Logic 1) Voltage VIH(AC) | Vger +0.2 VRer + 0.2 \%
Input Low (Logic 0) Voltage ViL(AC) Vrer - 0.2 Vger - 0.2 \%
Input Differential Voltage Vip(AC) 0.5 Vppo + 0.6 0.5 Vbbg \Y 1
Input Crossing Point Voltage  |Vix(AC) 0'50)(1\/7'?‘3 ) 0'56(1/7'35'33(3 * 0'50)(1\/7D5£’Q i 0'56(1/705["3 Vv 2
Output Crossing Point Voltage |Vox(AC) 0-50X1V2%3Q - O-SSI/ZDISDQ + 0.50x1\/2D5DQ - 105 ())(;_/ZDEQ )V 2

Note:

1. Vip(AC) specifies the input differential voltage [Vrr — 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 Vin(AC) —
ViL(AC).

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

Crossing point

Vix or Yox

Vep

Vsso
Input / Output Capacitance
Parameter Symbol Min. Max. Unit |Note
Input capacitance
. _ ~C DAG ~AG e Cint 2 5 pF 1

(A0~A12, BAO~BAL, CKE,CS,RAS ,CAS, WE, ODT)

Input capacitance (CLK, CLK) Cinz 2 5 pF 1

DQS, DQS & Data input/output capacitance Ciio 2 5 pF 2

Input capacitance (DM) Cinz 2 5 pF 2
Note: 1. Maximum capacitance delta is 0.25 pF.

2. Maximum capacitance delta is 0.5 pF.

Elite Semiconductor Microelectronics Technology Inc. Publication Date : May 2017
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ESMT M14D128168A (2Y)

AC Overshoot / Undershoot Specification

Value
Parameter Pin Unit
-1.5/1.6/1.8 -2.5

Maximum peak amplitude |Address, CKE,CS ,RAS , CAS , WE , ODT, 05 v
allowed for overshoot CLK, CLK,DQ, DQS, DQS, DM '
Maximum peak amplitude |Address, CKE,CS ,RAS ,CAS , WE , ODT, 05 v
allowed for undershoot CLK, CLK,DQ, DQS, DQS, DM
Maximum overshoot area  |Address, CKE, CS,RAS , CAS , WE, ODT, 0.5 0.66 V-ns
above V, - _

op CLK, CLK,DQ, DQS, DQS, DM 0.19 0.23 V-ns
Maximum undershoot area Address, CKE,CS ,RAS ,CAS, WE, ODT, 0.5 0.66 V-ns
below V _ —

s CLK, CLK,DQ,DQS, DQS, DM 0.19 0.23 V-ns

| Cvershoot/Undershoot Definition |
Maximum amplitude
/l;% Owershoot area
Voo, Wooo =
/ Volts (V)
Wag, Weso -
\-\\_l//',_ Undershoot area
Time (ns)
Elite Semiconductor Microelectronics Technology Inc. Publication Date : May 2017
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ESMT M14D128168A (2Y)

AC Operating Test Conditions

Parameter Value Unit Note
Input reference voltage ( Vrer) 0.5 X Vppo \% 1
Input signal maximum peak swing ( Vswing(max.) ) 1.0 \% 1
Input signal minimum slew rate (SLEW) 1.0 Vins 2,3
Input level Viu/ Vi \%
Input timing measurement reference level VRer \%
Output timing measurement reference level (Vorr) 0.5 X Vbpg \% 4

Note:

1. Input waveform timing is referenced to the input signal crossing through the Vi / ViL (AC) level applied to the device under test.

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

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

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

Start of falling edge input timing Start of nising edge input timing

——————————————————————————————————————— Yooo
— WIH (ACHImMIN
- YIHDCmin.
YaninG(max) | __ _ Y REF
_______________________ VLD (max.)
_______ /Z WL GACmae)
--------------------------------- WEg
ATF-o——a
) WREF — WILACIMaEK) . WIH (ACHmMIin) — YREF
Falling slew = Rising slew =
ATF ATR
AC Input Test Signal Wave forms
Measurement point
DO Qe AN 17
RT =250
Output Load
Elite Semiconductor Microelectronics Technology Inc. Publication Date : May 2017
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M14D128168A (2Y)

AC Timing Parameter & Specifications

-1.5 -1.6
Parameter Symbol Unit Note
Min. Max. Min. Max.
Clock period CL=7 tck (avg) 1500 3000 1667 3000 ps 13
DQ output access time from
— tac -350 +350 -350 +350 ps 10
CLK/CLK
CLK high-level width tcH (avg) 0.48 0.52 0.48 0.52 tek (avg) 13
CLK low-level width teL (avg) 0.48 0.52 0.48 0.52 tek (avg) 13
DQS output access time from . 300 300 200 200 1
—_— - + - + S
CLK/CLK pscr P
Clock to first rising edge of DQS tooss 0.25 +0.25 0.25 +0.25 tex (avg)
delay
Data-in and DM setup time tos
(to DQS) (base) 200 200 ps 4
Data-in and DM hold time toH
(to DQS) (base) 200 200 ps 5
DQ and DM input pulse width
(for each input) toipw 0.35 0.35 tek (avg)
/-_\ddress and Control Input setup tis (base) 125 125 ps 4
time
Address and Control Input hold tn (base) 200 200 ps 5
time
\(/:v%r;;rol and Address input pulse tow 06 0.6 tex (avg)
DQS input high pulse width tbosH 0.44 0.44 tck (avg)
DQS input low pulse width tbosL 0.44 0.44 tck (avg)
DQS falling edge to CLK rising
setup time toss 0.2 0.2 tek (avg)
DQS falling edge from CLK rising
hold time tosh 0.2 0.2 tck (avg)
Data strobe edge to output data o050 250 250 ps
edge
Data-out high-impedance ‘ ¢ ) 10
window from CLK/CLK Hz ac(max.) Ac(max.) ps
Data-out low-impedance window tuz ¢ . ¢ ) . ) 10
— min. max. min. max. s
from CLK/CLK (DQs) | tec(min) ac(max.) ac(min.) ac(max) P
DQ low-impedance window from tiz oyt ) ¢ 2 xt ) ) 10
CLK/CLK (D) X tac(min.) ac(max.) X tac(min.) ac(max.) ps
Min Min
Half clock period thp (tcL(abs),tcn(a (tcL(abs),ten( ps 6,13
bs)) abs))

Elite Semiconductor Microelectronics Technology Inc.
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ESMT

M14D128168A (2Y)

AC Timing Parameter & Specifications - Contiuned

-15 -1.6 .
Parameter Symbol Unit Note
Min. Max. Min. Max.
DQ/DQS output hold time from ton tup-toms tre-toms ps
DQS
DQ hold skew factor toHs 250 250 ps
Active to Precharge command trAs 45 70K 45 70K ns
Active to Active command
(same bank) tre 58.5 58.35 ns
Auto Refresh row cycle time trrc 90 920 ns
Active to Read, Write delay trep 15 15 ns
Precharge command period trp 15 15 ns
Active bank A to Active bank B taro 75 8.34 ns
command
Write recovery time twr 15 15 ns
Write data in to Read command twr 75 8.34 ns 19
delay
Col. address to Col. address t 2 2 t
delay CCD CK
Average periodic Refresh
interval (0C =Tc = +85C ) | UReP 15.6 15.6 us
Average periodic Refresh
interval (+85°C <Tc = +95¢C) | [ REF 7.8 78 us
Write preamble twprE 0.35 0.35 tck (avg)
Write postamble twesT 0.4 0.6 0.4 0.6 tck (avg)
DQS Read preamble trPRE 0.9 11 0.9 11 tek (avg) 11
DQS Read postamble trpsT 0.4 0.6 0.4 0.6 tck (avg) 12
Load Mode Register / Extended ¢ 5 5 t
Mode Register cycle time MRD K
Auto Precharge write recovery +
Precharge time toa X X tex 1,20
Internal Read to Precharge
command delay tRrP 75 8.34 ns
Exit Self Refresh to Read
command txsrD 200 200 tek
Exit Self Refresh to non-Read
command IxsnR trrc + 10 trrc + 10 ns
Exit Precharge Power-Down to t 5 5 t
any non-Read command P o«
Exit Active Power-Down to
Read command bearo 5 5 tex s
Exit active power-down to Read
command txaRDS 10 - AL 10 - AL tek 2,3
(slow exit / low power mode)
KE mini | idth
CKE minimum pulse widt foxe 5 5 tex

(high and low pulse width)
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ESMT

M14D128168A (2Y)

AC Timing Parameter & Specifications - Contiuned

-1.5 -1.6 _
Parameter Symbol : - Unit Note
Min. Max. Min. Max.
Minimum time clocks remains tis + tox ts + tox
ON after CKE asynchronously toeLAY ns
drops low (@vg)+tn (avg)+tin
Output impedance test driver torr 0 12 0 12 ns
delay
MRS command to ODT update tuon 0 12 0 12 ns
delay
ODT turn-on delay taonD 2 2 2 2 tek
ODT turn-on taon tac(min.) tAC(nge;)é) "1 tac(min) tAC(ng%') * ps 14,16
. 3 X tck . 3 X tek
DT -on (P -D tac(min.) + D)+
godet)um on (Power-Down taonPD AC(ZOBO) +tac(max.) + tAc(nglono) +tac(max.) ps
1000 + 1000
ODT turn-off delay thoFD 25 25 25 25 o | 18"
ODT turn-off taor tac(min.) tAC(rggg') * tac(min.) tAc(rg&;(-) * ps
. 2.5 X tek . 2.5 X tek
DT -off (P -D )+ )+
godet)um off (Power-Down taorPD tAC(zrgglo) +tac(max.) + tAc(nglono) +tac(max.) ps
1000 + 1000
ODT to Power-Down entry
latency tanpp 4 4 tex
ODT Power-Down exit latency taxrp 11 11 tck
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M14D128168A (2Y)

AC Timing Parameter & Specifications - Contiuned

-1.8 -2.5
Parameter Symbol Unit Note
Min. Max. Min. Max.
CL=7 1875 7500 - -
CL=6 2500 7500 - -
Clock period tck (avg) ps 12
CL=5 3000 7500 2500 8000
CL=4 3750 7500 3750 8000
DQ output access time from CLK/
—_— tac -350 +350 -400 +400 ps 9
CLK
CLK high-level width tcH (avg) 0.48 0.52 0.48 0.52 tek (avg) | 12
CLK low-level width teL (avg) 0.48 0.52 0.48 0.52 tek (avg) | 12
DQS output access time from CLK/
= tbesck -325 +325 -350 +350 ps 9
CLK
Clock to first rising edge of DQS delay | tposs -0.25 +0.25 -0.25 +0.25 tek (avg)
. . tos
Data-in and DM setup time (to DQS) (base) 0 50 ps 3
r . toH
Data-in and DM hold time (to DQS) (base) 75 125 ps 4
DQ and DM input pulse width (for
each input) toipw 0.35 0.35 tck (avg)
Address and Control Input setup time | ts (base) 125 175 ps 3
Address and Control Input hold time tin (base) 200 250 ps 4
Control and Address input pulse width tipw 0.6 0.6 tek (avg)
DQS input high pulse width tbosH 0.35 0.35 tek (avg)
DQS input low pulse width toosL 0.35 0.35 tek (avg)
I_DQS falling edge to CLK rising setup toss 0.2 0.2 tex (avg)
time
I_DQS falling edge from CLK rising hold tosn 0.2 0.2 tex (avg)
time
Data strobe edge to output data edge tboso 175 200 ps
Data-out high-impedance window from . ¢ ) 9
CLK/CLK HZ ac(max.) ac(max.) ps
Data-out low-impedance window from tz ) ) ¢ ‘ . ) 9
— min. max. min. max. s
CLK/CLK (DQS) ac(min.) ac( ) ac(min.) Ac( ) p
DQ low-impedance window from CLK/ tz oyt ) ¢ 2yt ) ) 9
— X tac(min. max. X tac(min. max. s
CIK (DQ) ac(min.) ac(max.) ac(min.) ac(max.) p
Half clock period thp Min (tci, tcH) Min (tci, tch) ps 5,12
DQ/DQS output hold time from DQS toH thp-toHs tHp-toHs ps
DQ hold skew factor toHs 250 300 ps
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AC Timing Parameter & Specifications - Continued

-1.8 -2.5 .
Parameter Symbol ) _ Unit | Note
Min. Max. Min. Max.
Active to Precharge command tras 40 70K 45 70K ns
Active to Active command
(same bank) tre 58.125 57.5 ns
Auto Refresh row cycle time trec 75 75 ns
Active to Read, Write delay trRcp 13.125 12.5 ns
Precharge command period trp 13.125 125 ns
Active bank A to Active bank B ¢ 75 75 ns
command (1KB page size) RRD : '
Write recovery time twr 15 15 ns
Write data in to Read command delay twTr 7.5 7.5 ns 19
Col. address to Col. address delay tcep 2 2 tek
Average periodic Refresh interval
(0C =Tc = +85C ) treFI 15.6 15.6 us
Average periodic Refresh interval (+85 ¢ 78 78
T <Tc = +95C) REF ' ' HS
Write preamble twpre 0.35 0.35 tek (avg)
Write postamble twpsT 0.4 0.6 0.4 0.6 tck (avg)
DQS Read preamble trPRE 0.9 1.1 0.9 1.1 tck (avg) | 10
DQS Read postamble trpsT 0.4 0.6 0.4 0.6 tck (avg) 11
Load Mode Register / Extended Mode t 2 > t
Register cycle time MRD oK
Auto Precharge write recovery +
Precharge time tbAL WR + tngp WR + tngp tek 18
Internal Read to Precharge command tare 75 75 ns
delay
Exit Self Refresh to Read command txsrD 200 200 tek
Exit Self Refresh to non-Read
command txsnR trrc + 10 trrc + 10 ns
Exit Precharge Power-Down to any
non-Read command b 3 2 ek
Exit Active Power-Down to Read t 3 5 t 2
command XARD cK
Exit active power-down to Read
command txaRDS 10 - AL 8-AL tek 12
(slow exit / low power mode)
CKE minimum pulse width 3 3
(high and low pulse width) teke tex
Minimum time clocks remains ON tis + tis +
after CKE asynchronously drops low toeLAY tek(avg)+Hiy tek(avg)+tin ns
Elite Semiconductor Microelectronics Technology Inc. Publication Date : May 2017
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AC Timing Parameter & Specifications - Continued

-1.8 -2.5 .
Parameter Symbol i . Unit Note
Min. Max. Min. Max.
Output impedance test driver delay torr 0 12 0 12 ns
MRS command to ODT update delay tmop 0 12 0 12 ns
ODT turn-on delay taonD 2 2 2 2 tek
ODT turn-on taon tac(min.) t’fg?;)é') tac(min.) | tac(max.) +0.7| ns 13,15
) : . 3 X tck (avg) . 2 X tck (avg)
ODT turn-on (Power-Down mode) taoned | tac(min.) +2 ttac(max.) + 1 tac(min.) + 2 tac(max.) + 1 ns
14,
ODT turn-off delay taorD 25 25 25 25 tek 16,17
ODT turn-off taor tac(min.)  [tac(max.) +0.6 tac(min.)  |tac(max.) +0.6 ns
i s . 2.5 X tck (avg) . 2.5 X tck (avg)
ODT turn-off (Power-Down mode) taorep | tac(min.) +2 ttac(max.) + 1 tac(min.) + 2 ttac(max.) + 1 ns
ODT to Power-Down entry latency tanPD 4 3 tek
ODT Power-Down exit latency taxeD 11 8 tck

Note:

1. AL: Additive Latency.

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

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

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

-t-n; -thr tos ' ton Yoo
wooo .
. X ) VHCACKMIN T f ) i
. ” \{ VIHDC)(min ) % v - Vil .
REF
\“1\ ﬁ'f \\ YLD mER ] \'\h i \"\ WIL(DC I maz.)
7 o WILCACIMER.] ] o YILCAC)mE. )
Vs Wes
Input Waveform Timing 1 (tos, tou) Input Waveform Timing 2 (t ,tn )

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

6. tons 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.
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7. tQH =tup - tQHs, where:
tue is the minimum of the absolute half period of the actual input clock; and tons is the specification value under the max
column. {The less half-pulse width distortion present, the larger the ton value is; and the larger the valid data eye will be.}
Examples:

a. If the system provides typ of 1200 ps into a DDR2-800 SDRAM, the DRAM provides ton of 900 ps minimum.
b. If the system provides typ of 1300 ps into a DDR2-800 SDRAM, the DRAM provides ton of 1000 ps minimum.

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

9. 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 DDR2-800 SDRAM has terr (6-10per)(min.) = - 272 ps and terr (6-10per)(max.) =
+ 293 ps, then tpgsck (Min.)(derated) = tpgsck (MiN.) - terr (6-10per)(max.) = -350 ps - 293 ps = -643 ps and tpgsck (Max.)
(derated) = tpgsck (max.) - terr (6-10per)(min.) = 350 ps + 272 ps = +622 ps. Similarly, t.z (DQ) for DDR2-800 de-rates to t, 7
(DQ)(min.)(derated) = -800 ps - 293 ps = -1093 ps and t.z (DQ)(max.)(derated) = 400 ps + 272 ps = +672 ps.

10. 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 DDR2-800 SDRAM has ty7 (per)(min.) = - 72 ps and tyr (per)(max.) = + 93 ps, then
trrre (Min.)(derated) = trpre (MIN.) + tyr (Per)(min.) = 0.9 X tck (avg) - 72 ps = + 2178 ps and trpre (Max.)(derated) = trpre
(max.) + tyr (per)(max.) = 1.1 x tck (avg) + 93 ps = + 2843 ps.

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

For example, if the measured jitter into a DDR2-800 SDRAM has ty7 (duty)(min.) = - 72 ps and tyr (duty)(max.) = + 93 ps,
then trpst (Min.)(derated) = trpst (MIN.) + tyr (duty)(min.) = 0.4 x tck (avg) - 72 ps = + 928 ps and trpst (Max.)(derated) =
tresT (Max.) + tyr (duty)(max.) = 0.6 X tck (avg) + 93 ps = + 1593 ps.

12. Refer to the Clock Jitter table.

13. 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.

14. 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.

15. 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.)

16. When the device is operated with input clock jitter, this parameter needs to be derated by { - ty7 (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 DDR2-800 SDRAM has terg (6-10per)(min.) = - 272 ps, terr (6- 10per)(max.) = +
293 ps, tyr (duty)(min.) = -96 ps and tyr (duty)(max.) = + 94 ps, then taor(min.)(derated) = taor(mMin.) + { - tyr (duty)(max.) -
terr (6-10per)(max.) } =-400 ps + { - 94 ps - 293 ps} = -787 ps and taor(max.)(derated) = taor(max.) + { - ty7 (duty)(min.) -
terr (6-10per)(min.) } = 1000 ps + { 96 ps + 272 ps } = +1368 ps.

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

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

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

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

or

taor (Min.)(derated) = Min(tac (min.), tac (min.) - [0.5 - tcy (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 tcq (avg)(max.) are the minimum and maximum of tcy (avg) actually measured at the DRAM input balls.

18. tpaL [NCLK] = WR [nCLK] + tnrp [NCLK] = WR + RU {trp [ps] / tck (avg) [ps] }, where WR is the value programmed in the
mode register set.

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

20. Iftck < 1.875ns, the device can not support Write with Auto Precharge function.
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ODT DC Electrical Characteristics

Parameter Symbol Min. Typ. Max. Unit
FEQRtA ;f;(itl:;i\fzér’nzg]d:r:)c’elvalue for 75Q) setting Rit1(eff) 60 75 90 o)
Elt\; ;f;e((lzgi\fiérngg)dinﬁeovalue for 150Q0 setting Rit2(eff) 120 150 180 0
Elt\; ;fge((lz;i\fiérngg]ciznﬁelvalue for 50Q) setting Rit3(eff) 40 50 60 0
Deviation of VM with respect to Vppg /2 AVM -6 - +6 %

Note:
Measurement Definition for Rtt(eff) :

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

I(VIL(AC)) respectively.
YViH(AC) - VIL{AC)
[{VIH(AC)) = [{VIL(AC))

Ritt{eff) =

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

2 xVYM

AVM = ( Voo

-1) x 100%

OCD Default 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: VbbQ = 1.7V; Vout = 1,420mV; (VouT - VDDQ)/IoH must be
less than 23.4Q) for values of VouT between VbbQ and VbbQ - 280mV. Impedance measurement condition for output sink
DC current: VbpQ = 1.7V; VouT = 280mV:; VouT/loL must be less than 23.4Q for values of VouT between OV and 280mV.

hw

Slew rate measured from ViL (AC) to VIH (AC).

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

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.
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Clock Jitter [ DDR2- 1333, 1066, 800]

Input clock jitter spec parameter. These parameters and the ones in the table below are referred to as 'input clock jitter spec
parameters' and these parameters apply to DDR2-1066 and DDR2-800 only. The jitter specified is a random jitter meeting a
Gaussian distribution.

-1.5/1.6 -1.8 -2.5
Parameter Symbol - - - Unit | Note

Min. Max. Min. Max. Min. Max.
Clock period jitter tyr (per) -50 50 -90 90 -100 100 ps |5
Clock period jitter during
DLL locking period tar (per,lck) -40 40 -80 80 -80 80 ps |5
Cycle to cycle period jitter tyr (cC) -130 130 -180 180 -200 200 ps | 6
Cycle to cycle clock period jitter
During DLL locking period tur (cc, Ick) 120 120 160 160 160 160 ps | 6
Cumulative error across 2 terr (2per) 100 | 100 | -132 | 132 4150 | 150 ps |7
cycles
Cumlative error across 3 terr (3per) 100 | 100 | -157 | 157 175 | 175 ps |7
cycles
Cumulative error across 4 terg (4per) 100 | 100 | -175 | 175 200 | 200 ps |7
cycles

i

Cumulative error across 5 term (5per) 1100 | 100 | -188 | 188 200 | 200 ps |7
cycles
Cumulative error across terr

-1 1 -2 2 - 7
n=6,7,8,9,10 cycles (6-10per) 50 50 50 50 300 800 ps
Cumulative error across terr

-1 1 -42 42 -4 4 7
n=11,12,....49 50 cycles (11-50per) 50 50 S S 50 50 ps
Duty cycle jitter tyr (duty) -45 45 -75 75 -100 100 ps | 4
Note:

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

N
tck (avy) ={ E?tCHj }/H
_II=

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

N
ton (avo) ={ EH:H; }/IZ N tek (avy) |
i=1

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

M
tCL[aug]={ Yotey }/(NK tcy (avy) )

f=1
H =200
4. tyr (duty) is defined as the cumulative set of tc jitter and tc, jitter. tcy jitter is the largest deviation of any single tcy from teu

(avg). tc jitter is the largest deviation of any single tc. from te. (avg).
tyr (duty) is not subject to production test.
tyr (duty) = Min./Max. of { tyir (CH), tyr (CL)}, where:
tyr (CH) ={ tcu] - ten (avg) where j =1 to 200}
tyr (CL) ={tcL] - tcL (avg) where j =1 to 200}

5. tyur (per) is defined as the largest deviation of any single tck from tcx (avg).
tyr (per) = Min./Max. of { tck j - tck (avg) where j =1 to 200}
tur (per) defines the single period jitter when the DLL is already locked.
tur (per, Ick) uses the same definition for single period jitter, during the DLL locking period only.
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tur (per) and tyr (per, Ick) are not subject to production testing.

6. tyr (cc) is defined as the difference in clock period between two consecutive clock cycles : tyr (cc) = Max. of | tex i +1 - tex ]
tur (cc) defines the cycle to cycle jitter when the DLL is already locked.
tur (cc, Ick) uses the same definition for cycle to cycle jitter, during the DLL locking period only.
tur (cc) and tyr (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
tgpp (Nper) ={ Eﬁtc“f } - n ¥ty (avy)
_II=

2 <n<50for tgpp (NPeN

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

Parameter Symbol Min. Max. Unit
Absolute clock period tck (abs) tck (@avg)(min.) + tyr (per)(min.) | tck (avg)(max.) + tyr (per)(max.) ps
Absolute clock high pulse t b ten (@avg)(min.) x tek (avg)(min.) + | tcu (avg)(max.) x tek (avg)(max.)
width cn (abs) tyr (duty)(min.) + tyr (duty)(max.) ps
Absolute clock low pulse ¢ b teL (avg)(min.) X tek (avg)(min.) + | tci (avg)(max.) X tek (avg)(max.)
width ot (abs) tyr (duty)(min.) + tyr (duty)(max.) ps

Example: For DDR2-800, tcn (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 tn, ton (hold time) required is calculated by adding the data sheet t;s (base), tbs
(base) and tiy (base), ton (base) value to the A tis, A tps and A tn, A tpy de-rating value respectively.
Example: tps (total setup time) = tps (base) + A tps.

Setup (tis, tos) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of Vrer (DC) and the first
crossing of Viy (AC)(min.). Setup (tis, tos) nominal slew rate for a falling signal is defined as the slew rate between the last crossing
of Vrer (DC) and the first crossing of Vi. (AC)(max.). If the actual signal is always earlier than the nominal slew rate line between
shaded ‘Vger (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 (t, 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 Vgee (DC). Hold (tw, ton) nominal slew rate for a falling signal is defined as the slew rate between the last crossing of Viy
(DC)(min.) and the first crossing of Vrer (DC). If the actual signal is always later than the nominal slew rate line between shaded ‘DC
level to 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 Vger (DC) level is used for de-rating value (see the figure of Slew Rate
Definition Tangent).

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

For slew rates in between the values listed in the tables below, the de-rating values may be obtained by linear interpolation. These
values are typically not subject to production test. They are verified by design and characterization.
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De-rating Value of tbs/toH with Differential DQS (DDR2-800, 1066, 1333)

DQS, DQS differential slew rate
4.0 ViIns 3.0 ViIns 2.0 Vins 1.8 Vins 1.6 Vins 1.4 Vins 1.2 Vins 1.0 ViIns 0.8 VIns Unit
AtDsEAtDH AtDsEAtDH AtDsEAtDH AtDsEAtDH AtDsEAtDH AtDsEAtDH AtDsEAtDH AtDsEAtDH AtDsEAtDH
2.0 [+100! +45 | +100 ! +45 | +100: +45 | - | - R N e e -+ - | ps
‘@ |15 | +67 1 +21 [ +67 | +21 | +67 1 +21 [ 479 1 +33 | - I - N - - e -+ - | ps
S|0of]o o 0 1 0 0 © 0 | +12 1 +12 | +24 1 +24 | - | - - - - - - - ps
o | 09 - - -5 1 -14 5 0 -14 | +7 0 -2 | +19 ¢ +10 | +31 1 +22 - - - - - - ps
Slos]| - ' - N 13 0 31 | -1 19 [ 4110 7 [+23 0 45 | 4351 +17 | - 1 - e ps
slo7 | -+ - N N 210 1 <42 | +2 1 -30 [ +14 | -18 | +26 1 -6 | +38 | +6 N ps
@ loe]| - 1 - R -4 - - -10 ¢ 59 | +2 1 -47 [ +14; -35 [ +26 ; -23 [ +38 | -11 | ps
los | - & - - - - 7 - | 24 89 | 12 77| 0 | 65 | +12 | 53 | ps
o4 - 1 - I - - I I -+ - | 52 1-140| -40 | -128 | 28 ! -116 | ps
De-rating Value of tis/tiH (DDR2-800, 1066, 1333)
CLK, CLK differential slew rate

2.0 Vins 1.5 V/ns 1.0 V/ns .

Ats | Aty Atls | Aty Ats | Aty Unit

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

3.5 +143 | +89 +173 | +119 +203 | +149 ps

@ 3.0 +133 ! +83 +163 ! +113 +193 ! +143 ps

£ 2.5 +120 : +75 +150 ! +105 +180 ; +135 ps

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

T 1.5 +67 ' +21 +97 ' +51 +127 ' +81 ps

= 1.0 0 ! 0 +30 1 +30 +60 . +60 ps

2 0.9 -5 l -14 +25 l +16 +55 i +46 ps

a 0.8 -13 I -31 +17 ; -1 +47 ; +29 ps

£ 0.7 22 : -54 +8 : -24 +38 : +6 ps

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

~ 0.5 -60 : -125 -30 : -95 0 : -65 ps

= 0.4 -100 ! -188 -70 : -158 -40 5 -128 ps

S 0.3 -168 : -292 -138 : -262 -108 : 232 ps

g 0.25 200 | 375 170 1 345 140 T 315 ps

o 0.2 -325 5 -500 -295 5 -470 -265 5 -440 ps

0.15 -517 : -708 -487 : -678 -457 5 -648 ps

0.1 1000  +  -1125 -970 i -1095 -940 i -1065 ps
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Single-ended D25

Differential DQS,
CLE,

Q5

LK

Setup slew rate _

Falling signa

Hold slew rate
Rizirg =ignal

YR (ACH(min)

Yin (DCAmIng

VReF(DC)

YLD CIma)

WILEACIm A

Yag

“ooo
nog YH{DCHmIn)
YILIDCImax.)

Slew Rate Definition Nominal

Yag

tosi ton1

tost toH1

reqion

=
)
m
m
g
x=
(]

nominal
slew rate

/N

1

I  —

nominal
slew rate

DC to

I

YREF(DIC) - VIL(AC)(mas.)

ATFS
YRer (DC)- VLD Chiman.)

ATRH

Setup slewrate _ ¥y (ACIIMIND - VRer{DC)
Riging signal

rold sewrate _ YIH (DCHMIN - VRer (DC)

- L b |

ATRH ATRS

Falling signal

ATRS

AT

F_
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Slew Rate Definition Tangent

Y ooo
Win (DCI(min
YLD M)

Single-ended D25 | DQS

Ysg
tost toH1
Das _
Difierential DQS, DAE| -~ N\ 2
CLK CLK | Do
LK
Yoo o _ b Ll __b_____.
Vg (ACHmIng - o
VREF toAC naminal
region line nominal

VigiDCymin) —[r [T

VRer(DC) -

ViLDCy(man) - B B F A E—
naminal Vrer tORC
line region
ViLRCiman) -
I"-"ISS _____ I I r1-"— """~ r——r—-——-—~-~~-—-=—77 e
4+ — [ — o —® -
ATFS ATRH ATRS ATFH
Setup slew rate _ tangent line [VYReEr (DO - Y LIACHmax) ] Setup slew rate _  tangent line [V (ACY(MIN.) - Vrer (DC) ]
Falling signa ATFS Rizng signal ATRS
Hold slew rate  _ tangent line [Yrer (DC)- YiL{DCHmas) ] Hold slew rate  _  tangent line [YiH (DCIming - Vrer(DC ]
Rizing ggnal - ATRH Falling =ignal ATFH
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Command Truth Table

Note 7 Note 7| ___ _ All,
COMMAND CKE(n-1)| CKE(n) CS | RAS | CAS | we | DM | BAO,1 | A10/AP A9~AQ Note
(Extended) Mode Register Set H H L L L L X OP Code (included A12) 1,2
Auto Refresh H
H L L L H X X
Entry L 10,12
Refresh Self
. L H H H
Refresh | Exit L H X X 6,9, 12
H X X X
Bank Active H H L L H H X \Y Row Address
Auto Precharge Disable L Column
Read H H L H L H X \Y Address | 1,3
Auto Precharge Enable H (A8~A0)
Auto Precharge Disable L Column
Write H H L H L L X \Y Address | 1,3,17
Auto Precharge Enable H (A8~AD)
Bank Selection \Y L
Precharge H H L L H L X X
All Banks X H
H X X X 4,11,
Entry H L L " " o X 12.14
Active Power-Down X
Exi L H H X X X X 48,
X L | H H | H 12,14
H X X X 4,11,
Entry H L ] H H o X 12,14
Precharge Power-Down X
) H X X X 4.8,
Exit L H T Hlrl X 12,14
DM H H X \Y X 15
Device Deselect H X H X X X X X
No Operation H X L H H H X X
(OP Code = Operand Code, V = Valid, X = Don’t Care, H = Logic High, L = Logic Low)
Note:
1. BA during a MRS/EMRS command selects which mode register is programmed.
2. MRS/EMRS can be issued only at all bank Precharge state.
3. Burst Reads or Writes at BL = 4 cannot be terminated or interrupted.
4. The Power-Down mode does not perform any Refresh operations. The duration of Power-Down is limited by the Refresh
requirements. Need one clock delay to entry and exit mode.
5. The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.
6. Self Refresh Exit is asynchronous.
7. CKE (n) is the logic state of CKE at clock edge n; CKE (n—1) was the state of CKE at the previous clock edge.
8. All states not shown are illegal or reserved unless explicitly described elsewhere in this document.
9. On Self Refresh, Exit Deselect or NOP commands must be issued on every clock edge occurring during the txsnr period.
Read commands may be issued only after txsrp is satisfied.
10. Self Refresh mode can only be entered from all banks idle state.
11. Power-Down and Self Refresh can not be entered while Read or Write operations, MRS/EMRS operations or Precharge
operations are in progress.
12. Minimum CKE HIGH / LOW time is tcke (min).
13. The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.
14. ODT must be driven HIGH or LOW in Power-Down if the ODT function is enabled.
15. Used to mask write data, provided coincident with the corresponding data.
16. ODT must be driven HIGH or LOW in Power-Down if the ODT function is enabled.
17. If tck < 1.875ns, the device can not support Write with Auto Precharge function.
Elite Semiconductor Microelectronics Technology Inc. Publication Date : May 2017
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Power On and Initialization

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

Power-Up and Initialization Sequence

The following sequence is required for Power-Up and Initialization.
1. Apply power and attempt to maintain CKE below 0.2 x Vppg and ODT (*1) at a low state (all other inputs may be undefined).
- Vobp(*2), Vooo(*2) and Vppg are driven from a single power converter output, AND
- Vqris limited to 0.95V max, AND
- VRer tracks VDDQ 12.
or
- Apply Vpp(*2) before or at the same time as Vpp..
- Apply Vpp(*2) before or at the same time as Vppg.
- Apply Vppg before or at the same time as Vrr and Vger.

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

For the minimum of 200us after stable power and clock (CLK, CLK ), then apply NOP or Deselect and take CKE High.
4. Waiting minimum of 400ns then issue Precharge commands for all banks of the device. NOP or Deselect applied during
400ns period.
Issue EMRS(2) command. (To issue EMRS(2) command, provide “LOW” to BAO, “HIGH” to BA1.)
Issue EMRS(3) command. (To issue EMRS(3) command, provide “HIGH” to BAO and BA1.)
Issue EMRS(1) to enable DLL. (To issue "DLL Enable" command, provide "LOW" to AO, "HIGH" to BAO and "LOW" to
BAL.)
8. Issue a Mode Register Set command for “DLL reset” (*3).
(To issue DLL reset command, provide “HIGH” to A8 and “LOW” to BAO-1)
9. Issue Precharge commands for all banks of the device.
10. Issue 2 or more Auto Refresh commands.

w

Noou

11. Issue a Mode Register Set command with LOW to A8 to initialize device operation. (To program operation parameters without

resetting the DLL.)
12. At least 200 clocks after step 8, execute OCD calibration (Off Chip Driver impedance adjustment).

If OCD calibration is not used, EMRS(1) OCD default command (A9=A8= A7=1) followed by EMRS(1) OCD calibration mode

exit command (A9=A8=A7=0) must be issued with other operating parameters of EMRS(1).
13. The DDR2 SDRAM is now ready for normal operation.

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

Initialization Sequence after Power-Up

FHtC

CLK
LK

2
y
it
f I " T
| | | | |
PRALY I I v I I
L L L L L L
I I I I I
I I I I I
CKE I I I | '
I I I v I
I ! I I I
| | 'S, |

'
\
\
'
I
| I
L
I | 7
I
\
! I
! |
\
|
\

‘
‘
‘

‘

‘

‘

‘

l

(o2s)

‘

:

40\0ns L tR‘P 1 tMRD 1 tMRD \ tMRD 4 tMRD 1\ tRP tRFc 1 tRFC tMRD T F!EIHQWCONCD \r‘ t(DIT 1
1 ' ' ' 1 1 ' ' b ow art ' ' '
Precharge DLL enable OCD default OCD Calibration
All DLL Reset mode exit
1 & |
200 Cycle (min.)
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Mode Register Definition

Mode Register Set [MRS]

The mode register stores the data for controlling the various operating modes of DDR2 SDRAM. It programs CAS latency, burst
length, burst type, test mode, DLL reset, WR and various vendor specific options to make the device useful for variety of different
applications. The default value of the mode register is not defined, therefore the mode register must be written after Power-Up for
proper operation. The mode register is written by asserting LOW on CS, RAS, CAS, WE, BAO and BA1 (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 &, RAS , m, ﬁ, BAO and BA1 going LOW are written in the mode register.

The turo time is required to complete the write operation to the mode register. The mode register contents can be changed using
the same command and clock cycle requirements during normal operation as long as all banks are in the idle state. The mode
register is divided into various fields depending on functionality. The burst length is defined by A0 ~ A2. Burst address sequence
type is defined by A3, CAS latency (read latency from column address) is defined by A4 ~ A6. The DDR2 doesn’t support half clock
latency mode. A7 is used for test mode. A8 is used for DLL reset. A7 must be set to low for normal MRS operation. Write recovery
time WR is defined by A9 ~ Al11. Refer to the table for specific codes.

|BA1‘BAO‘ Al2 ‘All‘AlO‘AQ‘AS‘A?‘AG‘AS‘A4‘A3‘A2‘Al‘AO‘ Address Bus
0| o PD WR DLL | TM | CAS Latency | BT | BurstLength Mode Register
— ; ; —
Active Power down exit timing A7 Mode A3 | Burst Type
Al2 PD 0 No 0 Sequential
0 Fast Exit (normal) 1 Yes 1 Interleave
1 Slow Exit (low power)
v v v
BA1 BAO Mode Register A8 | DLL reset A2 Al AO | BurstLength
0 0 | MRS 0 No 0 0 0 Reserved
0 1 | EMRS(1) 1 Yes 0 0 1 Reserved
1 0 | EMRS(2) 0 1 0 4
1 1 | EMRS(3) : Reserved v 0 1 1 8
v Th e~
. CAS Latenc 1 0 0 Reserved
Write recovery for Auto Precharge Y 1 0 1 Reserved
All A10 A9 | WR(cycles)® A6 AS A4 | Latency 1 1 0 Reserved
™ 0 0 0 R d 1 1 1 Reserved
0 0 0 Reserved ° N 0 0 1 Rgzgxgd
0 0 1 2 =] 0 1 0 | Reserved
R — 3 2 e 0o 1 1 3
0 1 1 4 g |2
a |S 1 0 0 4
1 0 0 5 o & 1 0 1 5
1 0 1 6 5 1 1 0 6
1 1 0 7 e 11 1 7
1 1 1 8 y,
Note:
1. WR(min.) (write recovery for Auto Precharge) is determined by tck (max.) and WR(max.) is determined by tck (min.)
WR in clock cycles is calculated by dividing twr (in ns) by tck (in ns) and rounding up a non-integer value to the next
integer ( WR[cycles] = twr (nS)/ tck (nS)). The mode register must be programmed to this value. This is also used with
trp to determine tpac.
2. Iftck < 1.875ns, the device can 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

Burst | Starting Column Address .
Length (A2, A1,AO) Sequential Mode Interleave Mode
000 0,1,2,3 0,1,2,3
4 001 1,2,3,0 1,0,3,2
010 2,3,0,1 2,3,0,1
011 3,0,1,2 3,2,1,0
000 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7
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
8 011 3,0,1,2,7,4,5,6 3,2,10,7,6,5,4
100 4,56,7,0,1,2,3 4,5/6,7,0,1,2,3
101 56,7,4,1,2,3,0 54,7,6,1,0,3,2
110 6,7,4,52,3,0,1 6,7,4,52,3,0,1
111 7,4,5,6,3,0,1,2 7,6,54,3,2,1,0
Mode Register Set
10 ! L2 ,3 L4 |5 , 6 b7 ;8
P S G SR G S S D G S G S G SR W S w S o
| | | | S | | | |
 tex ] | tee?t | turo | | |
*1 : MRS can be issued only at all banks precharge state.
*2 : Minimum tgp 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 Impedance Control

The normal drive strength for all outputs is specified to be SSTL_18. The device also supports a reduced drive strength option,

intended for lighter load and/or point-to-point environments.

Elite Semiconductor Microelectronics Technology Inc.
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Extended Mode Register Set-1 [EMRS(1)]

The EMRS(1) stores the data for enabling or disabling DLL, output driver impedance control, 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, BAl and HIGH on BAO (The device should be
in all bank Precharge with CKE already high prior to writing into EMRS(1)). The state of address pins AO~A12 in the same cycle as
CS, RAS, CAS,WE and BAl 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. AO is used for DLL
enable or disable. Al is used for reducing output driver impedance control. 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.

BAl | BAO Al12 All | A10| A9 | AB | A7 | A | A5 | A | A3 | A2 | A1 | AO

NN EN

| 0 ‘ 1 ‘ Qoff ‘ 0! ‘ DS ‘ OCD program ‘ Rit ‘ Additive Latency ‘ Rit ’D.I.C‘ DLL ‘
v A0 | DLL Enable
A6 A2 | Rtt (nominal) 0 Enable
v 0o Disable L Disable
0 1 75 Q
Al0| DQS Enable
2 1 0 150 O Output Driver
0 Enable Al
— 1 Disabl 1 1 50 Q Impedance Control
1580'e 0 Full strength
v 1 Reduced strength
v
*4
Al2 Qoff Additive Latency
0 | Output buffer enable A5 A4 A3 Latenc
1 | Output buffer disable y
v 0 0 0 0
0 0 1 1
0 1 0 2
A9 A8 A7 OCD operation 0 1 1 3
y - - 1 0 0 4
- OCD calibration 1 1
BAL1 BAO Mode Register 0 0 0 | lode exit 0 5
- 1 1 0 6
0 0 | MRS 0 0 1 | Drive-1 1 1 1 Reversed
0 1 | EMRS(1) 0 1 0 | Drive-0 ,
1 0 | EMRS(2) 1 0 0 | Adjustable mode
1 1 | EMRS(3): Reserved 1 1 1 | OCD default state™

Note:
1. Allis reserved for future use and must be set to 0.

2. When adjustable mode of driver impedance is issued, the previously set value of AL must be applied.
3. After setting to default state of driver impedance, OCD calibration mode needs to be exited by setting A9~A7 to 000.
4. Output disabled - DQs, DQSs, DQS s. This feature is used in conjunction with DIMM IDD measurements when IDDQ is
not desired to be included.
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Extended Mode Register Set-2 [EMRS(2)]

The EMRS(2) controls refresh related features. The default value of the EMRS(2) is not defined, therefore EMRS(2) must be

written after power up for proper operation. The EMRS(2) is written by asserting LOW on CS, RAS, CAS, WE, BAO and
HIGH on BA1 (The device should be in all bank Precharge with CKE already high prior to writing into EMRS(2)). The state of

address pins AO~A12 in the same cycle as CS, RAS, CAS,WE and BAO going LOW and BA1 going HIGH are written in the

EMRS(2).

The turp time is required to complete the write operation to the EMRS(2). The EMRS(2) contents can be changed using the same
command and clock cycle requirements during normal operation as long as all banks are in the idle state. A7 is used for high
temperature self refresh rate enable or disable. A3 is used for DCC enable or disable.

BAl | BAO Al12 All

Al10 | A9

A8 | A7 | A6

A5

A4 A3 A2 | Al

A0

BRI

| 1] o | 0" | SRF | 0" | bcc™ 0"
\ 4
y A3 DCC Enable
BAl1 BAO Mode Register 0 Disable
0 0 | MRS 1 Enable
0 1 | EMRS(1)
1 0 | EMRS(2)
1 1 | EMRS(3): Reserved
A 4
A7 High Temperature
Self Refresh rate
0 Disable
1 Enable
Note:

1.
2.

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

I T I

BA1l BAO Mode Register
0 0 | MRS
0 1 | EMRS(1)
1 0 | EMRS(2)
1 1 | EMRS(3): Reserved
Note:
EMRS(3) is reserved for future. All bits except BAO and BAL are reserved for future use and must be set to O 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 Impedance Adjustment Flow Chart

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

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

l

ALL OK

EMRS(1) : OCD calibration mode exit
A b

DQ & DQS Low ; DQS High

EMRS(1) : Driver-0

ALL OK

Test

Test

Need Calibration

Need Calibration

EMRS(1) : OCD calibration mode exit

EMRS(1) : OCD calibration mode exit

:

EMRS(1) :
Enter Adjustable mode

l

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

:

:

EMRS(1) :
Enter Adjustable mode

l

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

:

EMRS(1) : OCD calibration mode exit

EMRS(1) : OCD calibration mode exit

y

EMRS(1) : OCD calibration mode exit

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

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

Driver Impedance Adjustment Mode
A9 A8 A7

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

Adjustable mode
OCD default state

Rk, OO |O
RO~ | O |O
R OO | O

Adjust OCD Impedance

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

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

OCD Adjustment Table

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

0 0 0 0 NOP NOP

0 0 0 1 Increase by 1 step NOP

0 0 1 0 Decrease by 1 step NOP

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

Others Reserve Reserve
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OCD Adjustable Mode

CLK — S v~ SN L VLA O A— A /f”": \/f . f N~ i s WA Y m—
CLK _)\,,,J\_SS_/\,,,J\_/\,,,J \\,,,,\_\,,,,X_SS_/,,,J\ \,,,,/\ /\,
S
Command (1) NOP
—<EMRS 1X SS XEMRS(I))—( NOP>—
WL twR
DQS, DQS SS v
tbs
DO S { bTO * pT1 X DT2 X DT3 )
Y ‘ ZN V4 ‘ %
OCD calibration mode exit

!

OCD adjustable

Note: For proper operation of adjustable mode, WL = RL - 1 = AL + CL - 1 clocks and tps / tpn 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

NOP ><EMRS(1><

Command —<EMRS(1><
High-Z

____ High-z
DQS, DQS g——< Drive-0

DQs high and DQS low for Drive-1, DQs low and DQS high for

DQs high for Drive-1

DQs low for Drive-0
toir

DQ
toIr
T

OCD Calibration mode exit

Enter drive mode
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 to;r after “enter drive mode” command and all output drivers are

turned-off toir after “OCD calibration mode exit” command as the above timing diagram.
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ODT (On Die Termination)

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

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

Timing for ODT Update Delay

Command B <EMRS(1X NOP
tAOFD
HFH tis
oDT — 5
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 tmop
window.

ODT Timing for Active and Standby Mode

T6

CLK —— -
CLK ‘ /‘\,,,J‘\
| | |
| | |
CKE ‘ ! !
| | |
| I |
| | |
| | |
T | |
OoDT | | |
| | | T
| | | |
| | | |
Internal | ‘ ‘ ‘ ‘
Term Res. | | | | | : | !
| \ \ \ tAON(min.) —f ‘ ‘ ‘ ‘ \ ‘
I | | | | ~— tAON(max) I tAOF(min.y——» | |

<— tAOF(max.)
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ESMT

ODT Timing for Power-Down Mode
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ESMT

ODT Timing Mode Switch at Entering Power-Down Mode
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ESMT

ODT Timing Mode Switch at Exiting Power-Down Mode
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Precharge
The Precharge command is used to precharge or close a bank that has activated. The command is issued when 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, BA1l) 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.

Bank Selection for Precharge by Address bits

A10/AP BA1l BAO Precharge
0 0 0 Bank A Only
0 1 0 Bank B Only
0 0 1 Bank C Only
0 1 1 Bank D Only
1 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.

Bank Active

The Bank Active command is issued by holding CAS and WE HIGH with CS and RAS LOW at the rising edge of the clock
(CLK). The DDR2 SDRAM has four independent banks, so two Bank Select addresses (BAO, BA1) are required. The Bank Active
command to the first Read or Write command must meet or exceed the minimum of RAS to CAS delay time (trcp(min.)). Once
a bank has been activated, it must be precharged before another Bank Active command can be applied to the same bank. The
minimum time interval between interleaved Bank Active command (Bank A to Bank B and vice versa) is the Bank to Bank delay
time (trrp MiIN).

Bank Active Command Cycle

TO T1 T2 T3 Tn Tn+1 Tn+2 Tn+3
T "%’\ ””””” N Y T

CK - S . R ey - S-. — , ,
CLK _}\,,,J\\_\,,,,\/\_l\\,,,,\_/ 5_/\,,,,X /\,,,,X /,,,)\ \,,,)\_
commana Y ACT ¥ K_AcT Xt K X_PRE X X_PRE Y_ACT }—

) T
Bank A Bank A Bank B Bank B Bank A
Address >( RovavnAddr_ X Cola.\rJAddr. X Row Addr. X Coﬁr;&ddr_ )< $>< BankA X X BankBX Row Addr. )
T

tccp

Bank A Read begins

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

This command is used after the Bank Active command to initiate the burst read of data. The Read command is initiated by
activating CS, CAS, and deasserting WE at the same clock sampling (rising) edge as described in the command truth table.
The length of the burst and the CAS latency time will be determined by the values programmed during the MRS command.

Write Bank

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

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

Posted m

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 trep(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-foHowed-by-a-Write-to-the-Same-Bank
2
CLK -
CLK : : | | | | | | | | | | | | | [ | ! |
| | | | | | | | | | | | | | | | | | |
[ I I [ [ I | L I | [ I [ | I I I : I : | :
i 7 | | | | | | | | | |
Bank A/\Bank A Bank A, T | T ] T 7 T T T T
e S - WilRCim
|
: ‘ : ‘ : : ‘ : } : : ! : ! | | ! | ! | |
— ‘ I : I I { [ I ! I I ! I ! ! I
DQS/DQS ——————— ‘ : |
[ | | >= | |
[ I | I |
[ | | | |
QT :
[ |
CLK
CLK
CMD
DQS/DQS
DQ
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Essential Functionality for DDR2 SDRAM

Burst Read Operation

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

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

EMRS(1).

Read (Data Output) Timing

CLK
CLK
DS |-~~~
DQS
tRPRE
DQ
tDQSQ(max.)
Burst Read
<RL=5(AL=2; CL=3); BL=4>
- TO T1 T2 T3 T4 T5 6 T7 T8
CLK - i~ . -y Ly | i -y T Iy ey -
cvo Pﬁgﬁé){ NoP  Nop H Nop  NoP M NOP H NOP ) NOP ) NOP )
l 1 1 l | =< tpQscy l 1
DQS,DQS : ‘ ‘ : \r,,:,,,,\"”‘/,,,,,\,\"”‘/,,,,\_'_‘ -
L AL=2 l cL=3 1 1 1 1 l
1 1 l RLE5 1 l l l 1
DQs ‘ 1 ‘ ‘ 3 PoutadPoutal outAd— S
<RL=3 (AL=0; CL=3); BL=8>
- TO T1 T2 T3 T4 T5 6 T7 T8
CLK - i~ . -y Ly | T el T Iy ey -
CLK AIT/\\_\}\_/\X_\\_\X_/\/\_\/ \,,,,L\,,,,L
CMD (READA){ nop H Nop M Nop H{ Nop M NoP H{ NOP H NoP M NoP )+
l 1 1 =< tbQsck| 177777 I
DQS.DQS 1 ‘ R U A Y S W A )———;————-———7—
1 cL=3 1 l 1 1 1 1 1
1 RLz3 l 1 1 l l l 1
DQs ‘ 3 ‘ boundporadiponadonadfourdfonrdGoundfoal————
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Burst Read followed by Burst Write

<RL=5; WL=(RL-1) = 4; BL=4>
TO T1 Tn-1 Tn Tn+l Tn+2 Tn+3 Tn+4 Tn+5
ﬁ IR Y ‘%’7'\ T T A \ ‘/ TN ‘/”777\' "7 T T T \'T T
CLK _)\,,,J\T\ \”’)\\SS ,,,,\/S \,,,,\‘\ \,,,,\/‘\ \,,,,>‘\ \,,,J\‘\ \,,,J‘ \,,,,L
| ! | | ! | | | |
| | o | __ ! | | | |
owp  ("eEige N Nop (_ Nop M PEife H( NOP H{ NoP M NOP ' NOP M Nop }-
j tRTu\/)V (Re‘ad to Write-turn ‘around-‘time) : : : : :
_ | ! | el el Gl i & =—-=-- U akataid ,
PQs,003 : & — N Y
| RL=5 | | 1 | | | |
| | | |  WLERL-1=4 | | |
| | | | L | L !
DQs L ‘ outAQDoutA IYDoutAXDoutAd————(DinA0 XDinA1 XDinA2 {DinA3)
T |
! ‘ | ‘ | ‘ ‘ |
Note: The minimum time from the Burst Read command to the Burst Write command is defined by a read to
write-turn around-time(trrw), Which is 4 clocks in case of BL = 4 operation, 6 clocks in case of BL = 8
operation
Seamless Burst Read
<RL=5;AL=2;CL=3;BL=4>
TO T1 T2 T3 T4 T5 T6 T7 T8
CLK T T T T T Y T ol ' (Y ' "
CLK _)\,,,J\:\ \****X ,,,,X ,,,,\‘\/ \ ,,X \,,,,>‘\ \,,,,)‘\ \,,,J‘ \,,,,L
1 | 1 1 | 1 1 1 1
cvo (PSS Nop W PSS M NoP b Nop . NoP M Nop ) Nop ) NoP )
| l | | : | 1 1 |
—_— ! ! ! s N\ T \ T A
DQS,DOS : : : ‘ v X X /ool T‘
| ! | | -0 a T -7 T
'AL=2 | l CLz3 | 1 1 1 1
1 1 1 RL=5 | 1 | l 1
! ! | ! | | A L
DQs . ‘ : boutAOXDoutAl DoutAé{DoutA?(DoutB(MDoutBlXDoutBé
! | | ‘ ; ‘ ;
Note: The seamless burst read operation is supported by enabling a Read command at every other clock for BL =
4 operation, and every 4 clock for BL = 8 operation. This operation is allowed regardless of same or different
banks as long as the banks are activated.
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Burst Write Operation

The Burst Write command is issued by having CS, CAS and WE LOW while holding RAS HIGH at the rising edge of the
clock (CLK). The address inputs determine the starting column address. Write latency (WL) is defined by a read latency (RL)
minus one and is equal to (AL + CL -1); and is the number of clocks of delay that are required from the time the write command is
registered to the clock edge associated to the first DQS strobe. A data strobe signal (DQS) should be driven low (preamble) one
clock prior to the WL. The first data bit of the burst cycle must be applied to the DQ pins at the first rising edge of the DQS following
the preamble. The tpgss specification must be satisfied for each positive DQS transition to its associated clock edge during write
cycles. The subsequent burst bit data are issued on successive edges of the DQS until the burst length is completed, which is 4 or
8 bit burst. When the burst has finished, any additional data supplied to the DQ pins will be ignored. The DQ signal is ignored after
the burst write operation is complete. The time from the completion of the burst write to bank precharge is the write recovery time

(twr).

Write (Data Input) Timing

tDQSH tbQsL
. bes
BTQ: DQS \7—\7 77777 [ ) Il
twPRE twpsT
tbs tos H toH
DM KN KN K2 7
|
Burst Wriie
<RL=5(AL=2; CL=3); WL=4; BL=4>
TO T1 T7 Tn
TRy Sy
CLK - ‘ s to---
I I I I
Il | A |
CMD < p\(;jl(:ﬁ'giﬁs H NOP NGE]{ Precharge )—
Casel : with|tposs(max) | 1 } |
I I I
DQS,DQS ; T 1 T S :
LW - : : tWR |
| ! | | | |
DQs ‘ } : : {DinA0) DinALY DinAZ)DinA3) : $ :
\ | ‘ tDSH, | |
Case2 : with|tDQsS(min) | : tpQss [ | | | |
| | TT T, [y ST | | |
DQS.DQS : : w . * AN ‘ S ‘
! WL=RL-1=4 ! } ‘ ! Lo>Ztwr l
| ! | ] ! ! | ] |
DQs ; : : : (pinA0 DinA2)Y DinA3 : $ :
| ! | | ! | | | |
<RL=3 (AL=0; CL=3); WL=2; BL=4>
TO T1 T2 T3 T4 T5 T6 T7 Tn
CLK - A i el Kl { 1Ty ey K [Ty 8- Wl
CLK _/\,,,,/\‘\_\,,,,\‘\_\,,,,X_/ ,,,,X \,,,,X \,,,J\‘\ \,,,,/\‘\ S \,,,,j‘\_
| ! | | ! | | | |
| ! | | ! | | g |
SS Al
cMD (WRTEAH__Nop - NoP_ H_ NoP )} NOP _ NOP ) Precharge }{ NOr. }H{ Gax
| ! | ! LH |
| ! | : ! : : | |
| : o tDQss! | \7777 : | | | :
PQs.5Q8 ; o N ‘ ‘ s ‘
WL=RL-1=2 | | | tWR ! | >=|trRP |
| [l | | T T I T |
DQs ! L {binA0) DinALY DinA2) DinA3Y ; : : $ !
f ‘ 1 f 1 f ‘ : : : f
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Burst Write followed by Burst Read

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

Note

the input buffer into sense amplifiers in the array.

TO T1 T2 T3 T4 T5 T6 T7 T8 T9
CLK -5 i ol Kol { [ iy oy Ty [ [ W
Write to Read = C:IL -1+BL/2+HWTR | : | | : : :
ovo (T NOoP W Nop H( Nop M Nop ) FuEiSS M NOP ) NOP M NoP ) Nop M NOP )
| ] : | | : | | |
[l . ! ! M e | .
DQS,DQS —5 1 \ DQS ‘ : : ; ! S
WLERL-1=4 AL=2 l l cL=3 | ;
| 1 T | | | | |
| : | | mu=s | | |
| | BT | | | :
DQ <5 ; {DinAo DinA2) DinA3 : OUtA

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

Seamless Burst Write

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

banks as long as the banks are activated.

B TO T1 T2 T3 T4 T5 T6 T7 T8
CLK - (el \ Im= -y Falaiht | el el -- -y T ==y 7
| | | | ! | | | |
| | | ! | | | |

cMD (Poed S W NOP  J{( Posteacss W NOP‘ = Nnop H Nop ) Nop M Nop ' NoP |
| | | | ! | | | |
| ! | | ! | | | |

s | ; (N VS S/ W W R
! WL=RL-134 | ‘ | ! ! ! !
| | | | | |

; : : R I I T LT (e T I s S
| | | | ! | | | |
. . | | | | !
! | | | |

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
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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>

CLK -—— . . ¥
CLK _\)\,,,,/\‘\_)\,,,,x_\\,,,,x_/\\,,,,& \\,,,,\/‘K \\7777X \\7777/\‘\_>\7777>\_\\————‘

ovo  (READA)H{ NoP READB M NOP  NOP H_ NOP )}« NOP M NOP )< NOP
|

I

| ! i e | === Wt == ———- P
DQS,DQS

I I I

| | | | | | | |

| | | | ! | | |

‘ ‘
DQs : : : A0 Y AL X A2 X A3 X Bo X B1 X B2 X B3 | B4 “ B6

| | | ! | | |
Note:

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

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

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

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

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

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

~N o oA
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Write Interrupted by a Write

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

<CL=3; AL=0; RL=3; WL=2; BL=8>

DQS,DQS

DQs

Note:
1. Write burst interrupt function is only allowed on burst of 8. Burst interrupt of 4 is prohibited.
2. Write burst of 8 can only be interrupted by another Write command. Write burst interruption by Read
command or Precharge command is prohibited.
3. Write burst interrupt must occur exactly two clocks after previous Write command. Any other Write burst
interrupt timings are prohibited.
. 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.

~N o oA
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Burst Read Followed by Precharge

Minimum Read to Precharge command spacing to the same bank = AL + BL/2 + max(trTe, 2) - 2 clocks.
For the earliest possible Precharge, the Precharge command may be issued on the rising edge which is “Additive latency (AL) +
BL/2 clocks” after a Read command. A new Bank Active command may be issued to the same bank after the Precharge time (trp). A
Precharge command cannot be issued until tras is satisfied.
The minimum Read to Precharge spacing has also to satisfy a minimum analog time from the rising clock edge that initiates the last
4-bit prefetch of a Read to Precharge command. This time is called trrp (Read to Precharge). For BL = 4, this is the time from the

actual read (AL after the Read command) to Precharge command. For BL = 8, this is the time from AL + 2 clocks after the Read to
the Precharge command.

<RL=4 (AL=1; CL=3)>
TO T1 T2 T3 T4 5 T6 T7 T8
CLK A A T T 3 it \ Ly o Vil \ ! v
| | | | ! | | | |
| | | ! ! | | |
cwp  ((PeeiCSA{ NOP - NOP M Precharge }{ NOP M NOP )} NoP M T* M NoP
AL+ BL/2 clks ! ; l l l 1 l
BL=4 | DQSDBQGS ; : | TN — 1 |
AL%1 1 cL=3 1 | >= RP 1 l l
bOs ! RL=4 ! ! | | ! ! !
‘ >‘: . ‘ ‘ DOUIA% @outAi ‘ DOUtA: 3 3 ‘
: >= tRTP : : ChL=3 | | | :
i | | \ | | | |
cMD < P(ESEDCATS H NOP H NOP )_( NOP H NOP )—(Precharge A)—( NOP H NOP H NOP )
AL+ BL2 clks } ; 1 1 l 1 l
! ! - - - - Vet ! !
BL=8 |  DOSDQS 1 ‘ T X
| | T - -
AL=1 ! CcL=3 \ } ! ! : ‘
‘ RL=4 1 1 ‘ | 1 ! 1
b 3 : : — oo pamndfpanpornniponponadpourt——
‘ | ‘ ‘ >= {RTP | | ‘
<RL=5(AL=2; CL=3); BL=4>
TO T1 T2 T3 T4 5 T6 T7 T8
CLK TTA ! "7 TTTTA y [T \ Ly ity Vi \ Im ==y v
| | | | ! | | | |
I I | | ! I | I |
owo (PRSI NoP ) NOP H{ NOP )(Precharge Al NOP )} NOP {7 NOP )
AL|+ BL/2 clks ! ! | >= {RP ! ! !
DQS,DQS : : : : /777‘L777\j"" \j 77777 >—o—: I
L ALE2 l CL=3 w : ‘ : l
bos 1 RL=5 1 l w | : ! 1
- . - - : DoutAQ(DoutAl{DoutA2XDoutA . .
! 3= tRAS ‘ ‘ ‘ ‘ ‘ : 1
' >= tRTP j CL=3 ! | |
<RL=6 (AL=2; CL=4); BL=4 >
T0 T1 T2 T3 T4 5 T6 T7 T8
SR ————y — ey ==y [E— \ T )
| | | | | | | | |
| | | | | | | | |
omp  ((PEeSA( NOP - NOP M NOP ){PrechargeA){ NOP )} NOP M 5% - NoP )
~ AU+BL/2 clks ! ! l 3= trP 1 | |
_ | | | | ! P e W e \—= - |
Pspes | | | ; | /S G (S VN
. ALE2 | | CL=4 | | | | |
} ‘ RL =6 ‘ 1 1 : l 1
DQs >§: — : 3 3 3 outAO‘ DoutA :DoutA —?—
| >= tRTP j C|_1:4 | | |
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<RL=4 (AL=0; CL= 4); BL=8 >

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK TTA T T \ 7T T f "7 77 v T T T \ ey i mm \ ol v
CLK —}\77,7/\"\ \7,7)“ 7,,,\:< ,,,,\‘( \,,,,X \,,,)‘\ \,,,J\‘\ \,,,,)\ \,,,)“\
| ! | | ! ! | | |
I | | | | I I |
cMD ( P;f;;‘igf‘s‘ " Nnop ) Nop W Nop )} NOP HPrecharg A NOP M NoP ) PakA

| | !
' AL+2 clks + max(trTr;2) ! :

DQS’DiQS : ! : /777r777\\,,,,// \\,,,,X \\,,,,}i\’ \\,,,,}‘\ /
AL20 | ‘cL=j4 | | : : : : :
| RL=l4 | | | 1 | 1 |
| | ! | | | |
bQs ‘ ‘ : DoutA(XDoutA],()outA2XDoutATDoutAlxDoutAQ(DoutAGXDOUtA?—*
] >= tRAS | | w | | | |

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>

o TO T1 T2 T3 T4 T5 T6 T7 T8
CLK -4 - -y TRt y - y -y (EEE - y -y )
| ! | | ! ! | | |
| ! | | ! ! ! ! |
CMD Poseae K Nop { Nop K Nop )} Nop H NoP )} NOP )} NOP }{PrechargA)
| | | | ! ! | | |
| | | | | S LT S . |
o | R JE— J— | | |
DQS.DQS 1 \: N \ :/\ ; ‘ :
I I i -0 -0 ! I
1 WL =3 l l ! 1 l l l
| ! | ! ! | | |
DQs s : : {binA0 DinA2Y{ DInA3 : : : :

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

TO T1 T2 T3 T4 T5 T6 T7 T9
oK S ===
CLK _}\,,,,)‘\_,\,,,,}‘\_\,,,,}‘\_/ ,,,,\‘( \,,,,X \,,,)‘\ \,,,,x \,,,$_/\,,,J‘
| ! | | ! ! | | |
| | | | ! | | | |
cvo g H_nop -(_Nop H__Nop_}{_NoP H{_NOP_{_ NOP { NOP _j{Precharg4)
| ! | | ! | | |
‘ 1 1 1 1 1 | >FWR| ;
_ | ! | A== = - ——— | !
DQS,DQS ‘ ‘ \ ( ) ( ) ; 5? ‘
I ! I - - I
1 WL =4 l | 1 1 | | |
| ! | | ! ! | | |
L ! I I /_ H H H ! J
DOs : : : —(DinA0 DinA2Y DInA3 : S :
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Write data mask by DM

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

Data Mask Timing

T1 T2 T3 T4 T5 Tn
DQS - GREE TR - e — S —
@ ] \,,,,)‘\ \,,,,?‘ \,,,,X \,,,,/‘\ [N J—
| | | | ! |
| | | | ! S‘S
DQ —{'Din X Din X”///X Din X Din X/////X Din X Din X Din st? X D@
| 1 l | 1 1
| | | | | |
DM : ! /__\ : : /__\ ‘ &
‘ ‘ Writé mask latency = 0 ‘ ‘
Example: < WL=3; AL=0; BL=4>
T T1 T2 T3 T5 T6 T7 T8
CLK --» ey o ! —— y . . -y e y ———— -
| : ‘ 1 l twR
Command x WRIT X
[toQss(min.)] : : : w 3 | 3 :
bQS,50S L T A
1 1 l | 1
DQ Din3 :
| | | | - | |
[tbQsS(max.)] 3 ! 3 WL : | : |
DQS.DQS R — %\ SN A J ‘
DQ ‘ in Din3 AN
L ] ] | T
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(mMin)

are satisfied.

If tras(min) is not satisfied at the edge, the start point of Auto Precharge operation will be delayed until tras(min) is satisfied.
If trrp (Min) is not satisfied at the edge, the start point of Auto Precharge operation will be delayed until trrp (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 + (trtp + trp)*. (Note: “” means “rouded

up to the next integer”).

<RL=4 (AL=1; CL=3)>

Precharge beqins here

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK i ~TTA mm i i i et el Wil el W
| ! | | ! ! ! ! |
| ! | | ! ! | | |
cMD (=S H Nop . Nop K Nop NOP H_ Nop A Nop M NOP‘ B
Aufoprecharge IAL+BL/2 clks } ! | 1 > = tRP ‘ !
BL=8 — : ) ‘ 1Ty Yol = P -y :
tRTP <= 2 clocks DQSDQS ‘ | | : \,,,)\\_/\,,,)\\ \,,,)‘\ \,,,,X 1 |
| | | | | \
AL=1 L=3 1 | ‘
‘ < ‘ ‘ | | | |
D | | - | | ! ! | ! |
- : e R R R e —
! ! ! >= tRTP ‘ ‘ ! ! !
! ! | T ! | |
| ! | 1 tRTP : ! : ' :
Precharge begins here
IR I N I I R
I I
| | | ) \ | |
cMD (P A Nop NOP H  nNop  NoP NoP )~ NOP Bank NOP
Aufoprecharde S=AL+RTP+RP ‘ : : ) ) : \
I T T T I
BL=4 == | | [l (T ! ] !
trre> 2 clocks | DQSPQS 3 : | - \?\_/ ; : ;
AL=1 ; CL=3 } l } ‘ }
T — 7 | | ! |
DQs : ‘ RL=4 : : ! | : !
: r T ‘ DoutAO‘DoutAl DoutA2XDoutA3, ! 4
| I
| ' tRTP: ! tRP | :
l w ‘

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 >

ovp (Pt NOP ) NoP K NOP )} NOP M NOP )} NOP M NoP A S

Autoprecharge !
Autoprecharge begiri‘s ! | |

T |

|

I
> tRAS(min)

trRC Limit DQsS,DQS

;
RL=5 ! :
DQs - : - ‘
I I I I
1 1 1 : 1
>=tRC
CLK TTAyT T T VA \ |m T \ Wl ity o \ m- "

owo (e NoP H NoP H NoP H NoP M NoP )} Nop (" TEEE (" NoP )

Autoprecharge

I
>= tRAS(min)

I
Autoprecharge beqms ! !

trRP Limit DQS,DQS

(@}
[l

I TR (R
w

ALz2
I

DQs

T
T
|
: DoutAGKDoutAiboutAZXDoutA
.
I

Write with Auto Precharge

If A10 is HIGH when a Write command is issued, the Write with Auto Precharge function is engaged (If tck < 1.875ns, the device can
not support Write with Auto Precharge function). The device automatically begins precharge operation after the completion of the
burst write plus write recovery time (twr). The Bank Active command undergoing Auto Precharge from the completion of the write
burst may be reactivated if the following two conditions are satisfied.

(1) The data-in to bank activate delay time (twr + trp) has been satisfied.

(2) The RAS cycle time (trc) from the previous bank activation has been satisfied.

<WR =2; BL=4; tRP = 3 clocks >
TO T1 T2 T3 T4 T5 T6 T7 Tm
CLK --A el ol | Pl | - | Wil el el | S---1 v
| ! | | ! ! | | |
| ! | | ! ! | ; |
TAs 8 Bank A
owo (e ) (_Nop H( NOoP M NOP - NOP M NOP } NOP M Nop M G )
Autoprecharge : | | : : t ! t ‘ !
: \ : : | Auto Precharge begins | :
. | iy —— - —— ! | ! |
- DQS,DOS | B \ B |
trRc Limit : \ [ [— | S= tWR >=tRP | i
WL=RL-1=2 . | | T T T | |
| ! | | ! ! ! ! |
| | ! ! | ! |
DQs ——(DinAQYDinATYDinAY(DInAS ; : : $ ‘
| e | |
o TO s T3 T4 T5 T6 ‘ T7 T8 T9 T12
CLK . oS- F-moy aent ¥ o Y B e - y VSS- - v '
p _/\,,,,/\f\_ss_\,,,,\g\_\,,,,?\_/,,,,\} X o\ X \*"*’és—’\"**x
| ! | | ! ! | ! |
L | \ , | | , \ ‘
cvo  ("EtE) e Nop ) Nop H{ NOP " NOoP ) NOP }{ NOP }{ NOP s%’_< )
Autoprecharge | | | ! ! t | 1 |
! : : : : /‘Suto Precharge pegins : :
i - - RE— ———— | | | |
tWR + tRP DQS,DQS —3 \’w SN S 8 |
! WL=RL-1=4 ! >FIWR >=tRP 1 1
| ! | | ! ! | | |
, | ! I | I |
! /ni : . : | ! ! p .
DQs —S DinAO DinA2 X DinA3 : : : 5 :
| mwel | | | |
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Auto Refresh & Self Refresh

Auto Refresh

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

CLK
CLK ! ! ! ! ! ! ! ! !
COMMAND § 'PI‘RE‘ i (qauto } i i i S5 i i § {CMD} §
CKE = High — I 3 ] 3 3 S 3 I 1 1
H S R S S N Pt 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 (Vob, Vopg, 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 txsng(min) and issuing one
Refresh command. NOP or deselect commands must be registered on each positive clock edge during the Self Refresh exit interval
txsnr. ODT should be turned off during txsro. 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.

CLK . .
LK | ! | | ! : | ' | : ) :
! ! ! ! 1 ! ! ! >= tXSNR ‘ | |

I i i ! I ! T ! I
1 ! , [RP ‘ ! ! ' ' >= tXSRD ' | 1

7 . T | 7
1 ! ‘ 1 ¥ ‘ ! 1 ‘ 1 : ;
L L L ! ! | | )
| : | | ! ! : ' 3 ' Sﬁ |
CKE ! | ! ! | ‘ % \ | | | \
I ! I ‘<—> ! I I fe——s I |
| [ | tAOFD " ts ‘ | s | | 1 !
‘ ! ! !
| ! | | ! ! : | | | | 1
| | | | : ! | | | ! | !
s ! | | ! 3 | | | \ .
b3 ) i

oot A | | | WA $ | & A
' Htis ' I ! ! . ] . | > |
' ! I ! ! ' I )
| w | | "ts | tH 3 | | | | !

| ! ! \ | ‘ \ ‘
: s %/ Sl
Command 7/X_SELF 7 7X_NOP_)x_NOP_J7X_NOP_( Vaid )7
T ‘ f \ ! T T w T T ‘

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

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

If Power-Down occurs when all banks are idle, this mode is referred to as Precharge Power-Down; if Power-Down occurs when
there is a Bank Active command in any bank, this mode is referred to as Active Power-Down. Entering Power-Down deactivates the

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

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

D S

CLK

I

\|us|uHl o [

| |
CKE %/ﬁ

Command %@%P /% 7 @@/% NOP /2/ vmm)@%%(muo)%wxuo}@

i '[(l‘,KE tQKE | | i | |
‘ ‘ ‘ ‘ ‘ tXP, tXARD, ‘
‘L tXARDS
)
Enter power-down mode Exit power-down mode tCKE

V] bon't care

Read to Power-Down Entry

CLK
CLK

Command

CKE

|
|

,

DQs l
BL =4 DQS |
i

|

|

|

T

DQ

CLK
CLK

Command

DQ

)

I

!
end of burst peratibn

I

I

\

T

I

I

\

\

I

I

I

\

]

I
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Tx+3

TX+2

Read with Auto Precharge to Power-Down Entry
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TO
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Write with Auto Precharge to Power-Down Entry

T1 ™ Tm+1 Tm+2 Tm+3 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5

TO

Tx+3

Tx+2

Tx+1

Tx

Tm+5

Tm+4

Tm+2 Tm+3

Tm+1

Command

Command

Note: If tck < 1.875ns, the device can not support Write with Auto Precharge function.

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

w one clock af‘ter a cpmmand
|
I

CKE can go|to lo

Command
CKE

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

MRS/EMRS to Power-Down Entry

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 Ti1

TO

Publication Date : May 2017

Revision : 1.2

Elite Semiconductor Microelectronics Technology Inc.

55/63



ESMT M14D128168A (2Y)

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

IDELAY

CKE ———\1\
I

CKEd?SyQTSJ\?nOUSIy Clocks can be turned off
P after this point

Clock Frequency change in Precharge Power-Down mode

DDR2 SDRAM input clock frequency can be changed under following condition:

The device is in Precharge Power-Down mode. ODT must be turned off and CKE must 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.

T4 Tx+1 Ty Ty+l  Ty+2 Ty+3 Ty+4 Tz
\‘ \‘ o ‘ ;A iy S \
\ 5 \ ‘ «
@(g@W/SS@W 0 ) O (0 e
[ [ ‘
[ [ | <
[ [ / |
ik 1 = 200 ‘clocks

occurs here

si/

Minimum 2 clocks required
before changing frequency

|
|
|
1 Fréquency éhange
\
\
|
|
[

[
[
[
1
-
[
\
[
[
\
|

|
|
|
L
|
|
|
I
|
|
|
Stable new clock
before nower down exit

ODT is off
during DLL RESET
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Functional Truth Table "

Current State | CS | RAS | CAS | WE Address Command Action
X X DESEL NOP or Power-Down
NOP NOP or Power-Down
L H L X BA, CA, A10 5VERAI'I[')E ;WRREI?g: / ILLEGAL (*1)
IDLE L L H H BA, RA Active Bank Active, Latch RA
L L H L BA, A10 /A10 PRE / PREA Precharge / Precharge All
L L L H X Refresh Refresh (*2)
L L L L Op-Code Mode-Add | MRS / EMRS Mode Register setting / Extended
Mode Register setting (*2)
H X DESEL NOP
NOP NOP
L | H | L | H |BACAAL READ / READA gggrﬁﬁ?&u&iﬁ?eﬁﬁérge
BANKACTIVE | L | H | L | L | BACAAIO WRITE / WRITEA gg?;': n‘q’:’ nrgeAu"tithhr eccﬁérg .
L L H H BA, RA Active ILLEGAL (*1)
L L H L BA, A10 /A10 PRE / PREA Precharge / Precharge All
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add | MRS / EMRS ILLEGAL
H X X X X DESEL NOP (Continue Burst to END)
L H H H X NOP NOP (Continue Burst to END)
Terminate Burst, Latch CA,
L H L H | BA, CA, A10 READ / READA Begin New Read,
Determine Auto Precharge (*1, 4)
READ L H L L BA, CA, A10 WRITE / WRITEA ILLEGAL (*1)
L L H H BA, RA Active ILLEGAL (*1)
L L H L BA, A10/A10 PRE / PREA ILLEGAL (*1) / ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add | MRS/ EMRS ILLEGAL
H X X X X DESEL NOP (Continue Burst to end)
L H H H X NOP NOP (Continue Burst to end)
L | H| L | H |BACAAI READ / READA ILLEGAL (*1)
Terminate Burst, Latch CA,
L H L L | BA, CA, A10 WRITE / WRITEA | Begin new Write,
WRITE Determine Auto-Precharge (*1, 4)
L L H H BA, RA Active ILLEGAL (*1)
L L H L BA, A10/A10 PRE / PREA ILLEGAL (*1) / ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add | MRS/ EMRS ILLEGAL
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Current State | CS | RAS | CAS | WE Address Command Action
H X X X X DESEL NOP (Continue Burst to end)
L H H H X NOP NOP (Continue Burst to end)
L H L H BA, CA, A10 READ / READA ILLEGAL (*1)
READ with L H L L | BA, CA, A10 WRITE / WRITEA | ILLEGAL (*1)
pREACUHTAORGE L L H H | BA RA Active ILLEGAL (*1)
L L H L BA, A10/A10 PRE / PREA ILLEGAL (*1) / ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add | MRS / EMRS ILLEGAL
H X X X X DESEL NOP (Continue Burst to END)
L H H H X NOP NOP (Continue Burst to END)
L H L H BA, CA, A10 READ / READA ILLEGAL (*1)
WRITE with L H L L | BA, CA A10 WRITE / WRITEA | ILLEGAL (*1)
pREACUH-l,—AORGE L L H H | BA RA Active ILLEGAL (*1)
L L H L BA, A10 PRE / PREA ILLEGAL (*1) / ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add | MRS / EMRS ILLEGAL
H X X X | X DESEL NOP (ldle after trp)
L H H H X NOP NOP (ldle after trp)
oRE-CHARGIN L H L X BA, CA, A10 5\/%&".?{5 ;WRRI’EI#g: / ILLEGAL (*1)
G L L H H BA, RA Active ILLEGAL (*1)
L L H L BA, A10/A10 PRE / PREA NOP (Idle after trp)
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add | MRS/ EMRS ILLEGAL
H X X X X DESEL NOP (Bank Active after trcp)
L H H H X NOP NOP (Bank Active after trcp)
oW L H L X BA, CA, A10 5VER/-I\'I[')E ;WRRIE|¢E: / ILLEGAL (*1, 5)
ACTIVATING L L H H BA, RA Active ILLEGAL (*1)
L L H L BA, A10/A10 PRE / PREA ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add | MRS/ EMRS ILLEGAL
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Current State | CS | RAS | CAS | WE Address Command Action
H X X X X DESEL NOP (Bank Active after twr)
L H H H X NOP NOP (Bank Active after twr)
L H L H BA, CA, A10 READ / READA ILLEGAL (*1, 6)
WRITE L | H L L | BA CA A10 WRITE / WRITEA | WRITE / WRITEA
RECOVERING | | L H H | BA RA Active ILLEGAL (*1)
L L H L BA, A10/A10 PRE / PREA ILLEGAL (*1) / ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add MRS / EMRS ILLEGAL
H X X X X DESEL NOP (Bank Active after twr)
L H H H X NOP NOP (Bank Active after twr)
Recoverng | b | M| L | X | BAacaaw WRITE /WRITEA | 'HLEGAL (D)
AVL\ZIEII:]O L L H H BA, RA Active ILLEGAL (*1)
PRECHARGE L L H L BA, A10/A10 PRE / PREA ILLEGAL (*1) / ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add MRS / EMRS ILLEGAL
H X X X | X DESEL NOP (ldle after trec)
L H H H X NOP NOP (ldle after trec)
L H L X BA, CA, A10 \F/\)VERAI\'II?E ;V?Fi?gﬁ / ILLEGAL
REFRESH L L H H BA, RA Active ILLEGAL
L L H L BA, A10/A10 PRE / PREA ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add MRS / EMRS ILLEGAL
H X X X X DESEL NOP (ldle after tmrp)
L H H H | X NOP NOP (ldle after turp)
(Extended) L H L X BA, CA, A10 \?VI??AI\'II?E ;V\II:EF\’EII'IL}I[E):: / ILLEGAL
MODE
REGISTER L L H H BA, RA Active ILLEGAL
SETTING L L H L BA, A10/A10 PRE / PREA ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add MRS / EMRS ILLEGAL

H = High Level, L = Low level, X = Don’t Care
BA = Bank Address, RA =Row Address, CA = Column Address, NOP = No Operation
ILLEGAL = Device operation and / or data integrity are not guaranteed.

Note :

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. Available in case trep is satisfied by AL setting.
6. Available in case twrr is satisfied.
7. If tck < 1.875ns, the device can not support Write with Auto Precharge function.
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Simplified States Diagram

Power-Up and

Initialization
Sequence

CKEL

OCD
calibration
J PR SRF
' Idle
Settign E)MRS REF
MRS E) All banks » Refreshing
EMRS precharged
CKEL
ACT CKEH CKEL
CKEL
CKEL
CKEL
; — i
Active Automatic Sequence
Power ———— Command Sequence
-Down
CKEL
Bank
Active Read
Write Write Read
T S )
Write Read Reading
< \Alrit,
WRA ' ‘
WRA
PR, Reading
Writing ORA With
With Auto Precharge
Auto Precharge h 4
Precharging

CKEL = CKE LOW

CKEH = CKE HIGH

ACT = Activate

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

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

REF = Auto Refresh
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PACKING DIMENSIONS

84-BALL DDRIlI SDRAM (8x12.5x1.2 mm )
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— o 000 ‘
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000 000
000 000 DETAIL - 87
PN 41 | Q0O 000
oQO 000
>j %@ coo |—
g
Symbol Dimension in mm Dimension in inch
Min Norm Max Min Norm Max
A 1.20 0.047
A 0.25 0.30 0.40 0.010 | 0.012 | 0.016
D, 0.37 0.45 0.50 0.015 | 0.018 | 0.020
D 7.90 8.00 8.10 0.311 0.315 | 0.319
E 12.40 | 12,50 | 12.60 | 0.488 | 0.492 | 0.496
D, 6.40 BSC 0.252 BSC
E; 11.20 BSC 0.441 BSC
e 0.80 BSC 0.031 BSC
Controlling dimension : Millimeter.
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Revision History

Revision Date Description
0.1 2014.10.20 Original
0.2 2014.11.07 Modify the specification of Ipp
1.0 2015.09.02 %:B;ealde;t?e Ef&ltr?lgi%ut Capacitance
11 2017.03.15 Add speed grade -1.5
1.2 2017.05.22 Add speed grade -1.6
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Important Notice

All rights reserved.

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

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

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

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

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