L 7E CT54V64M1601A

DDR Il SDRAM 8M x 16 Bit x 8 Banks
DDR Il SDRAM

Features

JEDEC Standard

Voo = 1.8V + 0.1V, Vopa = 1.8V £ 0.1V

Internal pipelined double-data-rate architecture; two data access per clock cycle
Bi-directional differential data strobe (DQS, DQS ); DQS can be disabled for single-ended data strobe operation.
On-chip DLL

Differential clock inputs (CLK and CLK )

DLL aligns DQ and DQS transition with CLK transition

8 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

All inputs except data & DM are sampled at the rising edge of the system clock(CLK)
Data I/O transitions on both edges of data strobe (DQS)

DQS is edge-aligned with data for READ; center-aligned with data for WRITE

Data mask (DM) for write masking only

Off-Chip-Driver (OCD) impedance adjustment

On-Die-Termination for better signal quality
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Special function support

- 50/ 75/ 150 ohm ODT

- High Temperature Self refresh rate enable
- Duty Cycle Corrector

Auto & Self refresh

23 Refresh cycle :
- 8192 cycles/64ms (7.8 s refresh interval)at0 ‘C = T¢ = +85 °C
- 8192 cycles/32ms (3.9u s refresh interval) at +85 °C < T¢ = +95 °C
%  SSTL_18 interface
3 If tck < 1.875ns, the device can not support Write with Auto Precharge function.
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LTE

CT54V64M1601A
Ordering Information:
Data Rate
Product ID Max Freq. VDD (CL-RCD-1RP) Package Comments
CT54V64M1601A-HP 667MHz 1.8V DDR2-1333 (7-9-9)
CT54V64M1601A-HR 533MHz 1.8V DDR2-1066 (6-6-6) 84 ball BGA Pb-free
CT54V64M1601A-HD 400MHz 1.8V DDR2-800 (5-5-5)
Functional Block Diagram
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CT54V64M1601A

LTE

Ball Configuration (Top View)

(BGA84, 8mmX12.5mmX1.2mm Body, 0.8mm Ball Pitch)
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LTE CT54V64M1601A

Pin Description

Pin Name Function Pin Name Function

Address inputs

AO~A12 - Row address AO~A12 DM is an input mask signal for write data.
A o-BAY - Column address AO~A9 DM LDM is DM for DQO~DQ7 and UDM is DM
A10/AP : Auto Precharge (LDM, UDM) | for DQ8~DQ15.
BAO~BA2 : Bank selects (8 Banks)
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 Voba Supply Voltage for DQ
Vss Ground Vssa Ground for DQ
Vop Power VREF Reference Voltage
DQS, DQS

Bi-directional differential Data Strobe.
(LDQS, LDQS LDQS and LDQS are DQS for DQO~DQY7; VoL Supply Voltage for DLL
UDQS and LDQS are DQS for DQ8~DQ15.

UDQS, UDQS)
On-Die-Termination.
oDT ODT is only applied to DQ0~DQ15, DM, VsspL Ground for DLL
DQS and DQS.
NC No connection

Absolute Maximum Rating

Parameter Symbol Value Unit
Voltage on any pin relative to Vsg VN, Vout -05~23 V
Voltage on Vop supply relative to Vss Vop -1.0~23 \Y
Voltage on VopL supply relative to Vss VobL -05~23 \Y
Voltage on Vbbpa supply relative to Vss Vbba -05~23 \Y
Storage temperature Tste -55 ~ +100 °C ( Note*)

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

Note *: Storage Temperature is the case surface temperature on the center/top side of the DRAM.
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LTE CT54V64M1601A

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 ( trerr = 3.9y s ) 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 Vbb 1.7 1.8 1.9 \Y, 4,9
Supply voltage for DLL Voo 1.7 1.8 1.9 \Y 4,9
Supply voltage for output Vbba 1.7 1.8 1.9 \Y 4,9
Input reference voltage VRer 0.49 x Voba 0.5 x Vbpa 0.51 x Vpba Vv 1,2,9
Termination voltage (system) VT Vrer - 0.04 VREeF Vrer + 0.04 \ 3.9
Input logic high voltage Vi (DC) Vrer + 0.125 - Vooa + 0.3 \
Input logic low voltage Vi (DC) -0.3 - Vrer - 0.125 \Y

(All voltages referenced to VSS)

Parameter Symbol Value Unit | Note
Minimum required output pull-up under AC test load Vou V17 + 0.603 \ 8
Maximum required output pull-down under AC test load VoL V17 - 0.603 \ 8
Input leakage current [Tu] 5 uA 5
Output leakage current I Lo| 5 uA 6
Output minimum source DC current ( Voba(min); Vout | o1 13.4 mA 7,8
=1.42V ) o
Output minimum sink DC current ( Voba(min); Vour = l oL +13.4 mA 7,8
0.28V ) '

Note:

1. The value of VREF may be selected by the user to provide optimum noise margin in the system. Typically the value of
VREF is expected to be about 0.5 x Vbba of the transmitting device and VREF is expected to track variations in Vbba.

2. Peak to peak AC noise on VREF may not exceed +2% VRer(DC).

3. V17 of transmitting device must track VREF of receiving device.

4. Voba and Vool track Vob. AC parameters are measured with Vop, Voba and Vool tied together.

5. Any input OV < VIN < VDD; all other balls not under test = OV.

6. OV < Vourt < Vbbq; DQ and ODT disabled.

7. The DC value of VRer applied to the receiving device is expected to be set to Vrr.

8. After OCD calibration to 18Q at T¢ = 25°C, Vbp = Vbba = 1.8V.

9. There is no specific device VDD supply voltage requirement for SSTL_18 compliance. However, under all conditions
Vbba must be less than or equal to Vop.
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CT54V64M1601A
DC Specifications
(IDD values are for the operation range of Voltage and Temperature)
Version .
Parameter Symbol Test Condition Unit
-HP -HR -HD
One bank;
Oerating Current tck = tck (IDD), tre = tre (IDD), tras = tras (IDD)min;
perating IDDO | CKE is High, CS is HIGH between valid commands; 110 | 85 80 mA
(Active - Precharge) .
Address bus inputs are SWITCHING;
Data bus inputs are SWITCHING
One bank; lout = OmA;
BL =4, CL = CL(IDD), AL = 0;
Operating Current tck = tek (IDD), tre = tre (IDD),
(Active - Read - IDD1 | tras = tras (IDD)min, treo = trep (IDD); 130 95 90 mA
Precharge) CKE is HIGH, CS is HIGH between valid commands;
Address bus inputs are SWITCHING;
Data pattern is same as IDD4W
Prech All banks idle;
recharge tck = tek (IDD); CKE is LOW;
ggwnzrt;D%ﬁ?rent IDD2P Other control and address bus inputs are STABLE; 18 15 15 mA
y Data bus inputs are FLOATING
All banks idle;
Precharge Quiet tek = tek (|DD); CKE is HIGH, CS is HIGH;
IDD2 A
Standby Current Q Other control and address bus inputs are STABLE; 80 €0 €0 m
Data bus inputs are FLOATING
All banks idle;
tck =tck (IDD); CKE is HIGH, CS is HIGH,;
dle Standby Current| IDD2N | her control and address bus inputs are SWITCHING: 75 65 65 mA
Data bus inputs are SWITCHING
All banks open; . Fast PDN Exit 40 30 30
. tck = tek (IDD); CKE is LOW; MRS(12) =0
Active Power-down .
Standby Current IDD3P | Other control and address bus inputs mA
are STABLE; Slow PDN Exit 30 20 20
Data bus input are FLOATING MRS(12) = 1
All banks open;
. tck = tck (IDD), tras = tras (IDD)max, tre = tre (IDD);
,(A:ctwe Standby IDD3N | CKE is HIGH, CS is HIGH between valid commands; 70 65 60 mA
urrent Other control and address bus inputs are SWITCHING;
Data bus inputs are SWITCHING
All banks open, continuous burst Reads, lout = OmA,;
BL =4, CL = CL (IDD), AL = 0;
Operation Current tck = tek (IDD), tras = tras (IDD)max, tre = trp (IDD);
(Read) IDD4R | CKE is HIGH, CS is HIGH between valid commands; | 160 | 140 | 130 | mA
Address bus inputs are SWITCHING;
Data pattern is the same as IDD4W;
All banks open, continuous burst Writes;
BL =4, CL = CL (IDD), AL = 0;
Operation Current tck = tek (IDD), tras = tras (IDD)max, tre = trp (IDD);
(Write) IDDAW CKE is HIGH, CS is HIGH between valid commands; 160 140 130 mA
Address bus inputs are SWITCHING;
Data bus inputs are SWITCHING
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L7E CT54V64M1601A

Version

Parameter Symbol Test Condition Unit
-HP -HR -HD

tck = tex (IDD);

Refresh command every trrc (IDD) interval;
Auto Refresh Current | IDD5 | CKE is HIGH, CS is HIGH between valid commands; 130 115 110 mA
Other control and address bus inputs are SWITCHING;
Data bus inputs are SWITCHING

Self Refresh Mode;

CLK and CLK at 0V; CKE< 0.2V;

Self Refresh Current IDD6 Other control and address bus inputs are FLOATING;
Data bus inputs are FLOATING

10 mA

All bank interleaving Reads, lout = OmA;

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

IDD7 | trro = trrp (IDD), trep = 1 % tek (IDD); 210 195 185 mA
CKE is HIGH, CS is HIGH between valid commands;
Address bus inputs are STABLE during Deslects;

Data pattern is the same as IDD4W;

Operating Current
(Bank interleaving)

Note:
1. IDD specifications are tested after the device is properly initialized.
2. Input slew rate is specified by AC Input Test Condition.
3. IDD parameters are specified with ODT disabled.
4. Data bus consists of DQ, DM, DQS and DQS , IDD values must be met with all combinations of EMRS bits 10 and 11.
5. Definitions for IDD:
LOW is defined as Vin < ViL (AC) (max.).
HIGH is defined as Vin = Vin (AC) (min.).
STABLE is defined as inputs stable at a HIGH or LOW level.
FLOATING is defined as inputs at Vrer = Vbpa/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 2 +85 °C, IDD6 must be derated by 80%.
IDD6 will increase by this amount if Tc Z +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.

-HP -HR -HD
Parameter Unit
DDR2-1333 (7-9-9) | DDR2-1066 (6-6-6) | DDR2-800 (5-5-5)

CL (IDD) 7 6 5 tcK
tRCD (IDD) 13.5 11.25 12.5 ns
tRC (IDD) 56.25 56.25 57.5 ns
tRRD (IDD) 10 10 10 ns
tFAW (IDD) 45 45 45 ns
tCK (IDD) 1.5 1.875 25 ns
tRAS (IDD) min. 45 45 45 ns
tRAS (IDD) max. 70000 ns
tRP_(IDD) 13.5 11.25 125 ns
tRFC (IDD) 1275 1275 127.5 ns
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= CT54V64M1601A

AC Operation Conditions & Timing Specification

AC Operation Conditions

-HP/HR/ HD .
Parameter Symbol Unit Note
Min. Max.

Input High (Logic 1) Voltage VIH(AC) Vrer + 0.2 \
Input Low (Logic 0) Voltage ViL(AC) Vrer - 0.2 Y
Input Differential Voltage Vip(AC) 0.5 Voba+0.6 \ 1
Input Crossing Point Voltage Vix(AC) | 0.5 x Vobpa - 0.175 0.5 x Vopa + 0.175 \ 2
Output Crossing Point Voltage | Vox(AC) | 0.5 x Vbopa - 0.125 0.5 x Vopa + 0.125 Vv 2

Note:
1. Vip(AC) specifies the input differential voltage |V1r — Vcp| required for switching, where V1r 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 V\4(AC) —

ViL(AC).
2. The typical value of Vix / Vox(AC) is expected to be about 0.5 x Vbpa of the transmitting device and Vix / Vox(AC) is

expected to track variations in Vooa. Vix / Vox(AC) indicates the voltage at which differential input / output signals must
Cross.

Crossing point

Vix or VYox

Vep
¥sso
Input / Output Capacitance
Parameter Symbol Min. Max. Unit | Note]
Input capacitance
(AO~A12, BAO~BA2, CKE, CS ,RAS , CAS , WE , ODT) G 1 2 P !
Input capacitance (CLK, CLK ) Cinz 1 2 pF 1
DQS, DQS & Data input/output capacitance Ciio 25 4 pF 2
Input capacitance (DM) Cins 25 4 pF 2

Note: 1. Capacitance delta is 0.25 pF.
2. Capacitance delta is 0.5 pF.
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CT54V64M1601A
AC Overshoot / Undershoot Specification
. Value .
Parameter Pin Unit
-HP/HR -HD
Maximum peak amplitude allowed for Address, CKE (E RAS , CAS E , 05 05 v
overshoot ODT, CLK, CLK , DQ, DQS, DQS, DM ' '
Maximum peak amplitude allowed for Address, CKE, (g RAS , CAS WE , 05 05 v
undershoot ODT, CLK, CLK, DQ, DQS, DQS, DM
Address, CKE, CS , RAS , CAS , WE , 05 0.66 Vens
Maximum overshoot area above Vpp ODT,
CLK, CLK,DQ, DQS, DQS, DM 0.19 0.23 V-ns
Address, CKE, CS , RAS , CAS , WE , 05 0.66 V-ns
Maximum undershoot area below Vss ODT,
CLK, CLK,DQ, DQS, DQS, DM 0.19 0.23 V-ns
Overshoot/Undershoot Definition ]
Maximaum amplifude
?ﬁ Crvershoot ares
_F____._u_,...-r* -
VBD, VD00  — =
/ Volts (V)
YWas, Wasn s
W Undershoot area
Time {ns)
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LTE

CT54V64M1601A
AC Operating Test Conditions
Parameter Value Unit Note

Input reference voltage ( Vrer ) 0.5 x Vbpa \Y 1

Input signal maximum peak swing ( Vswine(max.) ) 1.0 \Y 1

Input signal minimum slew rate 1.0 Vins 2,3

Input level Vin / Vi \%

Input timing measurement reference level VRerF \Y

Output timing measurement reference level (Votr) 0.5 x Vbba \% 4
Note:
1. Input waveform timing is referenced to the input signal crossing through the Vin / ViL (AC) level applied to the device under

test.

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

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

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

Start of falling edg= input timing Stiart of nsing edge input timing

——————————————————————————————————————— Yooo
A _\\__ _____________________ __/r____. WIH (ACI(min.)
SO i R RS S e e e === VIH{DC)(min)
Vewins(mad b N . I [I— VREF
'{‘ y
______ 5‘?““‘ —smtmsmemsaagblocdiaass VILEC)(ma)
e nan 's“I______ o _______f.; __________ WVILGACIIma,)
_________________________________________ Vg
W — YiL(ACHma Vil (AC)min) — VREF
Falling slew = Bt eahoe’a e Rising slew = MG
ATF ATR

AC Input Test Signal Wave forms

Measurement point

DQ O—AW—= vy
RT=250Q

Output Load
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CT54V64M1601A
AC Timing Parameter & Specifications
-HP -HR ]
Parameter Symbol Unit Note
Min. Max. Min. Max.
CL=7 tck (avg) 1500 3000 1875 7500 ps 13
CL=6 tck (avg) - - 1875 7500 ps 13
Clock period
CL=5 tck (avg) - - 2500 7500 ps 13
CL=4 tck (avg) . - 3000 7500 ps 13
DQ output access time from
CLK/ CLK tac -350 +350 -350 +350 ps 10
CLK high-level width tcH (avg) 0.48 0.52 0.48 0.52 tck (avg) 13
CLK low-level width teL (avg) 0.48 0.52 0.48 0.52 tck (avg) 13
DQS output access time from
CLK/ CLK toasck -325 +325 -325 +325 ps 10
Clock to first rising edge of DQS toass 025 +0.25 -0.25 +0.25 tox (ava)
delay
Data-in and DM setup time tos
(to DQS) (base) 0 0 ps 4
Data-in and DM hold time toH
75 75 5
(to DQS) (base) ps
DQ and DM input pulse width
(for each input) topw 0.35 0.35 tck (avg)
Addresg and Control Input tis (base) 125 125 ps 4
setup time
?ddress and Control Input hold 1 (base) 200 200 ps 5
ime
Control and Address input pulse
width PP tipw 0.6 0.6 tok (avg)
DQS input high pulse width toasH 0.35 0.35 tck (avg)
DQS input low pulse width tpasL 0.35 0.35 tck (avg)
DQS falling edge to CLK risin
setup timeg g g tpss 0.2 0.2 tck (avg)
DQS falling edge from CLK
rising hold time tos 02 0.2 tck (avg)
Data strobe edge to output data
edge 9 P toasa 175 175 ps
Data-out high-impedance fa ¢ 10
window from CLK/ CLK thz o{max.) Ac(max.) ps
Data-out low-impedance window|  tiz . ) 10
from CLK/ CLK (DQs) tac(min.) tac(max.) tac(min.) tac(max.) ps
DQ low-impedance window from tz 2 X tac(mi ¢ 2 X tac(mi ¢ 10
CLK/ CLK 0Q) X tac(min.) ac(max.) X tac(min.) ac(max.) ps
Min Min
Half clock period tHP (tcL(abs),tcH(a (teL(abs),ten( ps 6,13
bs)) abs))
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CT54V64M1601A

AC Timing Parameter & Specifications - Contiuned

-HP -HR )

Parameter Symbol : : Unit | Note
Min. Max. Min. Max.

BngDQS output hold time from taH tup-tans tup-tans ps
DQ hold skew factor taHs 250 250 ps
Active to Precharge command tras 45 70K 45 70K ns
Active to Active command tre 56.25 56.25 ns
(same bank)
Auto Refresh row cycle time trrc 127.5 127.5 ns
Active to Read, Write delay treD 13.5 11.25 ns
Precharge command period trp 13.5 11.25 ns
Active bank A to Active bank B
command tRRD 10 10 ns
Four Activate Window traw 45 45 ns
Write recovery time twr 15 15 ns
Write data in to Read command
delay twr 7.5 75 ns 19
Col. address to Col. address ¢ 5 5 i
delay cco cK
Average periodic Refresh
interval (0°C =Tc = +85°C ) tReFi 7.8 7.8 us
Average periodic Refresh
interval (+85°C <T < +95°C) | Rer 3.9 3.9 us
Write preamble twPRE 0.35 0.35 tek (avg)
Write postamble twpsT 04 0.6 04 0.6 tek (avg)
DQS Read preamble trPRE 0.9 1.1 0.9 1.1 tok (avg) | 11
DQS Read postamble trPST 04 0.6 04 0.6 tck (avg) 12
Load Mode Register/ Extended ¢ 5 5 i
Mode Register cycle time MRD K
Auto Precharge write recovery
+ Precharge time toaL WR+nre WR+nre tox 1,20
Internal Read to Precharge
command delay trP 7.5 7.5 ns
Exit Self Refresh to Read IxSRO 200 200 tox
command
Exit Self Refresh to non-Read
command txsNR trrc + 10 trrc + 10 ns
Exit Precharge Power-Down to 3 3
any non-Read command be tex
Exit Active Power-Down to 3 3 3
Read command baRD oK
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CT54V64M1601A
AC Timing Parameter & Specifications - Contiuned
-HP -HR ]
Parameter Symbol - : Unit | Note
Min. Max. Min. Max.
Exit active power-down to Read
command tXARDS 10 - AL 10 -AL toK 2,3
(slow exit / low power mode)
CKE minimum pulse width
. . tcke 3 3 tek
(high and low pulse width)
Minimum time clocks remains s + ¢ s + ¢
ON after CKE asynchronously tDELAY 1S +(t3K 1S +(t3K ns
drops low (avg)+tH (avg)+tH
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.) tAC(nge;)é') * tac(min.) Mc(zr?_’z;g) * ps 14,16
3 X tek 3 X tex
ODT turn-on (Power-Down tac(min.) + tac(min.) +
mode) taonpPD 5000 +tAcgl’ggc))(.) + 5000 +tACgr(T)1&))(.) + ps
15,17
ODT turn-off delay taoFD 25 25 25 25 tek 18
. tac(max.) + . tac(max.) +
ODT turn-off taoF tac(min.) 600 tac(min.) 600 ps
. 2.5 X tck . 2.5 x tek
ggg'et)urn-off (Power-Down taoppp | taC(min.) + +tag(max.) + tac(min.) + | ¢ (max,) + os
1000 1000
ODT to Power-Down entry
latency tanpo 4 4 tek
ODT Power-Down exit latency taxep 1 1 tek
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AC Timing Parameter & Specifications - Contiuned

-HP
Parameter Symbol i " Unit | Note
in. ax.

CL=6 2500 8000

CL=5 2500 8000
Clock period tek (avg) ps 13

CL=4 3750 8000

CL=3 5000 8000
DQ output access time from
CLK/ CLK tac -400 +400 ps 10
CLK high-level width tcH (avg) 0.48 0.52 tck (avg) 13
CLK low-level width tcL (avg) 0.48 0.52 tck (avg) 13
DQS output access time from
CLK/ CLK toasck -350 +350 ps 10
Clock to first rising edge of DQS tbass 0.25 +0.25 tox (avg)
delay
Data-in and DM setup time (to DQS) | tbs (base) 50 ps 4
Data-in and DM hold time (to DQS) | toH (base) 125 ps 5
DQ and DM input pulse width (for
each input) toipw 0.35 tck (avg)
?ddress and Control Input setup tis (base) 175 ps 4
ime
Address and Control Input hold time | tiH (base) 250 ps 5
Control and Address input pulse
width PP tipw 0.6 tck (avg)
DQS input high pulse width toasH 0.35 tck (avg)
DQS input low pulse width tpasL 0.35 tck (avg)
DQS falling edge to CLK rising
setup time toss 0.2 tck (avg)
DQS falling edge from CLK rising 02 ¢
hold time tosH . cK (avg)
Data strobe edge to output data edge| toasa 200 ps
Data-out high-impedance window
from CLK/ CLK tHz tac(max.) ps 10
Data-out low-impedance window tLz . 10
from CLK/ CLK (0QS) tac(min.) tac(max.) ps
DQ low-impedance window from tLz ot . ¢ 10
CLK/ CLK 0Q) x tac(min.) ac(max.) ps

. Min

Half clock period thp (tow(abs) ton(abs)) ps 6,13
DQ/DQS output hold time from DQS taH thp-tans ps
DQ hold skew factor taHs 300 ps
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AC Timing Parameter & Specifications - Contiuned

-HP
Parameter Symbol : Unit | Note
Min. Max.
Active to Precharge command tRAS 45 70K ns
Active to Active command tre 575 ns
(same bank)
Auto Refresh row cycle time trrc 127.5 ns
Active to Read, Write delay trcD 125 ns
Precharge command period trp 12.5 ns
Active bank A to Active bank B 10
command tRRD ns
Four Activate Window traw 45 ns
Write recovery time twr 15 ns
Write data in to Read command
delay twTr 75 ns 19
Col. address to Col. address ¢ 5 ¢
delay cco cK
Average periodic Refresh
interval (0°C <Tc =< +85°C ) | tRem 8 us
Average periodic Refresh
interval (+85°C <Tc < +957C) | tReF 3.9 us
Write preamble twPRE 0.35 tck (avg)
Write postamble twesT 0.4 0.6 tck (avg)
DQS Read preamble trRPRE 0.9 1.1 tck (avg) | 11
DQS Read postamble tresT 0.4 0.6 tck (avg) 12
Load Mode Register / Extended ¢ 5 ¢
Mode Register cycle time MRD oK
Auto Precharge write recovery
+ Precharge time toaL WRHnre tex 1
Internal Read to Precharge ¢ 75
command delay RTP : ns
Exit Self Refresh to Read IxSRD 200 tox
command
Exit Self Refresh to non-Read trec + 10
command txsNR RFC ns
Exit Precharge Power-Down to 5
any non-Read command b oK
Exit Active Power-Down to 5 3
Read command bearn oK
Exit active power-down to Read
command txARDS 8 -AL tck 2,3
(slow exit / low power mode)
CKE minimum pulse width toke 3 tok
(high and low pulse width)
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AC Timing Parameter & Specifications - Contiuned

-HP
Parameter Symbol - Unit | Note
Min. Max.
Minimum time clocks remains
ON after CKE asynchronously tpeLay | tis + tck (avg)+tiH ns
drops low
Output impedance test driver
delay torr 0 12 ns
MRS command to ODT update
delay tmop 0 12 ns
ODT turn-on delay taonD 2 2 tex
ODT turn-on taoN tac(min.) tac(max.) + 700 ps 14,16
2 X tek
ODT turn-on (P -D
um-on (Power-Down taonPp | tac(min.) + 2000 | +ac(max.) + ps
mode) 1000
ODT turn-off delay taorD 2.5 2.5 tek 151’ :37
ODT turn-off taor tac(min.) tac(max.) + 600 ps
2.5 X tek
DT -off (P -D
ODT turn-off (Power-Down thorPd | tac(min.) + 2000 | +ac(max.) + DS
mode) 1000
ODT to Power-Down entry 3
latency tanPD tek
ODT Power-Down exit latency taxpp 8 tek
Note:

1. tpa[nCLK] = WR[NCLK] + tngp [NCLK] =WR+RU{tre[ps]/tck(avg)[ps]}, where WR is the value programmed in the mode

register set and RU status for round up.
2. AL: Additive Latency.
MRS A12 bit defines which Active Power-Down Exit timing to be applied.

w

4. The figures of Input Waveform Timing 1 and 2 are referenced from the input signal crossing at the ViH (AC) level for a rising

signal and VIL (AC) for a falling signal applied to the device under test.

5. The figures of Input Waveform Timing 1 and 2 are referenced from the input signal crossing at the VIL (DC) level for a rising

signal and VIH (DC) for a falling signal applied to the device under test.

DQS e '\ s
) | A
D% g LK ----- "
all— | ——-
tos  Low Ltﬂﬁ 4] [P ov s S oS OUO [z RO 100 N D | Vopa
P ity N rverl I ST UN T (NN, ] \ .

; e Vi (ACImIR)
foe R TR TRENT) EIRN  comoorserorn: "2 HEESILIES Vs (AC ; H |
_____‘xt__________ TR R T (E— 7 A - YHDC)(min)
___________ [ . — \ memmmmmmmmmemsmanaleieaaas Y RER

N, 7?_._.. " iy Yner 5 . SO VTN 5 T3 11 -0
] ‘\* Vi (DO meac. ) e i (B0 ]
s = Vi(ACKma) BEE—— i § €109 () 5]
""" = Weg T e g
Input Waveform Timing 1 (tos, tos) Input Waveform Timing 2 (ts .t )

6. tup is the minimum of the absolute half period of the actual input clock. tip is an input parameter but not an input
specification parameter. It is used in conjunction with tans to derive the DRAM output timing tax. The value to be used for tan

calculation is determined by the following equation;

thp = Min (tcn (abs), tcL (abs) ), where:

tch (abs) is the minimum of the actual instantaneous clock HIGH time;
tcL (abs) is the minimum of the actual instantaneous clock LOW time;
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7. tans accounts for:

a. The pulse duration distortion of on-chip clock circuits, which represents how well the actual tvp at the input is
transferred to the output; and

b. The worst case push-out of DQS on one transition followed by the worst case pull-in of DQ on the next transition, both
of which are independent of each other, due to data pin skew, output pattern effects, and p-channel to n-channel
variation of the output drivers.

8. tan = tup - tans, where:
twp is the minimum of the absolute half period of the actual input clock; and tans is the specification value under the max
column. {The less half-pulse width distortion present, the larger the tan value is; and the larger the valid data eye will be.}
Examples:

a. If the system provides tyip of 825 ps into a DDR2-1066 SDRAM, the DRAM provides ton of 575 ps minimum.
b. If the system provides tip of 900 ps into a DDR2-1066 SDRAM, the DRAM provides ton of 650 ps minimum.

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

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

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

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

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

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

clock. (output de-ratings are relative to the SDRAM input clock.)
For example, if the measured jitter into a DDR2-1066 SDRAM has tur (duty)(min.) = -72 ps and tur (duty)(max.) = +63 ps,
then trest (min.)(derated) = trest (Min.) + tur (duty)(min.) = 0.4 x tck (avg) - 72 ps = +678 ps and trest (Max.)(derated) = trpsT
(max.) + tur (duty)(max.) = 0.6 x tck (avg) + 63 ps = +1188 ps.

13. Refer to the Clock Jitter table.

14. 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.
15. 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.

16. 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.)

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

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

18. For taorp of DDR2-800/1066/1333, the 1/2 clock of tck in the 2.5 x tck assumes a tcn (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 tcw (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 tck

(avg) from it, whereas if an input clock has a worst case tcn (avg) of 0.52, the taor (max.) should be derated by adding 0.02 x

tck (avg) to it. Therefore, we have;

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

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

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

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

tch (avg)(min.) and tcu (avg)(max.) are the minimum and maximum of tcy (avg) actually measured at the DRAM input balls.
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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CT54V64M1601A
ODT DC Electrical Characteristics
Symbol Min. Typ. Max. Unit
Elt\t/l 22?1c)ti\[l§(3i,rn,o?2€;df%?e1 value for 75 Q) setting Rit1 (eff 60 75 90 0
Elt\t/l stfc(a;:;i\fign'fze)djn1CfeOvaIue for 150 QQ setting Rit2(eff) 120 150 180 0
Elt\t/l sgc(a;:)ti\[/':esi’rr;\pze]zd=aqc,:e1 value for 50 Q setting Rit3(eff) 40 50 60 Q
Deviation of VM with respect to Vopa /2 AVM -6 - +6 %

Note:

Measurement Definition for Rtt(eff) :

Rit(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.

VIHIAC) - VILIAC)

Rit(eff) =

HVHAC)) - [{ViLiAG))

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

AVM:(

OCD Default Characteristics

-1) % 100%

Parameter Min. Typ. Max. Unit Note
Output impedance 12.6 18 23.4 Q 1
Pull-up and pull-down mismatch 0 - 4 Q 1,2,3
Output slew rate 1.5 - 5 V/ns 1,45

Note:

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

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

os W

AC to AC.

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

Slew rate measured from ViL (AC) to VIH (AC).
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
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Clock Jitter [ DDR2- 1333, 1066, 800 ]

-HP -HR -HD .
Parameter Symbol Min. | Max. | Min. | Max. | Min. | Max | omt | Nete

Average clock period tex (avg) 1500 | 3000 1875 | 7500 | 2500 8000 ps 1
Clock period jitter tur (per) -90 90 -90 90 -100 100 ps 5
g'ljf 'To‘;ilr:éd ;gtri: dd“”"g tur (per.lck) 80 | 8 | -80 | 80 | -80 | 80 ps |5
Cycle to cycle period jitter tur (cc) -180 180 -180 180 -200 200 ps 6
Cycle to cycle clock period jitter

During DLL locking period tur (cc, Ick) -160 160 -160 160 -160 160 ps 6
Cumulative error across 2 cycles | terr (2per) -132 132 -132 132 -150 150 ps 7
Cumulative error across 3 cycles | terr (3per) -157 157 -157 157 -175 175 ps 7
Cumulative error across 4 cycles | terr (4per) -175 175 -175 175 -200 200 ps 7
Cumulative error across 5 cycles | terr (5per) -188 188 -188 188 -200 200 ps 7
S:gn ;'2“; foercr;; aoross ter (6-10per) | -250 | 250 | -250 | 250 | -300 | 300 ps |7
Sshagviebian tenr (11-50per) | -425 | 425 | -425 | 425 | -450 | 450 | ps |7
Average high pulse width tcn (avg) 0.48 0.52 0.48 0.52 0.48 0.52 tek (avg) | 2
Average low pulse width tcL (avg) 0.48 0.52 0.48 0.52 0.48 0.52 tek (avg) | 3
Duty cycle jitter tur (duty) -75 75 -75 75 -100 100 ps 4

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

tck (avg) ={ ifcuj }/H
j=

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

N
te [aug]={ 2. tew; ’/[ Nx tek (avy) )
f=1

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

N
tey (avg) = [ EI'CI.,: i/[ Nx tek (avy) )
_JIE

H =200

4.  tyr (duty) is defined as the cumulative set of tch jitter and tcL jitter. tch jitter is the largest deviation of any single tcn from tcn
(avg). tcL jitter is the largest deviation of any single tcL from tcL (avg).
tur (duty) is not subject to production test.
tur (duty) = Min./Max. of { tur (CH), tur (CL)}, where:
tur (CH) = { tchj - tcn (avg) where j =1 to 200}
tur (CL) = {tcij - tcL (avg) where j =1 to 200}

5.  tyr (per) is defined as the largest deviation of any single tck from tck (avg).
tur (per) = Min./Max. of { tckj - tck (avg) where j =1 to 200}
tur (per) defines the single period jitter when the DLL is already locked.
tur (per, Ick) uses the same definition for single period jitter, during the DLL locking period only.
tur (per) and tyr (per, Ick) are not subject to production testing.
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6.  tur (cc) is defined as the difference in clock period between two consecutive clock cycles : tur (cc) = Max. of | tek 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 tyir (cc, Ick) are not subject to production testing.

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

N
tgpp (nper) ={ Elcnj } - n % teg (avy)
j=1
2 <n <50 for tgpg (NPer)

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

Parameter Symbol Min. Max. Unit
Absolute clock period tck (abs) tck (avg)(min.) + tur (per)(min.) tck (avg)(max.) + tut (per)(max.) ps
Absolute clock high pulse width ¢ b tcr (avg)(min.) x tek (avg)(min.) + | tcn (avg)(max.) x tek (avg)(max.)
cr (abs) tur (duty)(min.) + tur (duty)(max.) ps
Absolute clock low pulse width ¢ b teL (avg)(min.) x tck (avg)(min.) + | tc (avg)(max.) x tck (avg)(max.)
ot (abs) tyr (duty)(min.) + tur (duty)(max.) ps

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

Input Slew Rate De-rating

For all input signals the total tis, tbs (setup time) and tw, ton (hold time) required is calculated by adding the data sheet tis (base), tbs
(base) and ti1 (base), ton (base) value to the Atis, Atps and Atn, Aton de-rating value respectively.
Example: tos (total setup time) = tos (base) + Atps.

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

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

Hold (tn, ton) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of V. (DC)(max.) and the
first crossing of Vrer (DC). Hold (tH, ton) nominal slew rate for a falling signal is defined as the slew rate between the last crossing
of Viu (DC)(min.) and the first crossing of Vrer (DC). If the actual signal is always later than the nominal slew rate line between
shaded ‘DC level to Vrer (DC) region’, use nominal slew rate for de-rating value (See the figure of Slew Rate Definition Nominal).

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

Although for slow slew rates the total setup time might be negative (i.e. a valid input signal will not have reached Viy / V). (AC) at
the time of the rising clock transition) a valid input signal is still required to complete the transition and reach Vi / 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 tpos/toH with Differential DQS(DDR2- 800, 1066, 1333)

DQS, DQS differential slew rate

4.0 Vins 3.0 Vins 2.0 V/ns 1.8 Vins 1.6 V/ns 1.4 Vins 1.2 Vins 1.0 Vins 0.8 V/ns Unit
Atps | Atpn | Atps | Atpr | Atps | Atpn | Atps | Aton | Atps | Atpr | Atps | Atpw | Atps | Aton | Atps | Atpw | Atps | Atow
2.0 [+100 | +45 [ +100 | +45 |+100} +45 | . | - - R .- .- . . - | ps
‘@ [15 | +67 | +21 | +67 | +21 | +67 | +21 | +79 1 +33 | _ | - .- _ - o - . - [ ps
S |10l 0 o0 0 i 0 0 | 0 | +12 1 +12 | +24 | +24 | _ | - - - e ps
o |09 - 5 0 14 | 5 0 14 | 47 0 -2 | #1910 +10 | 431 1 +22 .- - - ps
Slos| . : - - - |3t s 419 v 7 |43 45 | 435 0 417 | L 4 - .- ps
g lo7 | . ¢ - o - . . - | 10 42| +2 1 30 | +14 | 18 | +26 | -6 | +38 | +6 | . . - | ps
@ o | . 1 - _ - - _ i - | 10 B9 | +2 | 47 | +14 | 35 | +26 | 23 | +38 | 11 | ps
Slos| . ¢+ - | . - | T - T 24 8 | A2 77| o 65| +12 | 53 | ps
04| . 1 - I I - N .1 - | 52 1 -140| -40 ! -128| -28 | -116 | ps
De-rating Value of tis/tiH (DDR2- 800, 1066, 1333)
CLK, CLK differential slew rate
20Vins | 1.5 Vins | 1.0Vins | Unit
Atis § AtiH Atis ' AtiH Atis ' At

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

35 143 . +89 +173 ! +119 +203 ! +149 bs

- 3.0 +133 | +83 +163 ' +113 +193 ! +143 ps

S 25 +120 | +75 +150 +105 +180 +135 ps

< 20 +100 ! +45 +130 ! +75 +160 +105 oS

% 15 +67 . +21 +97 . +51 +127 +81 oS

> 1.0 0 | 0 +30 | +30 +60 | +60 ps

2 0.9 5 | -14 +25 +16 +55 +46 ps

@ 0.8 13 : 31 +17 : ] +47 : +29 ps

o 0.7 22 : 54 +8 . 24 +38 . +6 ps

3 06 34 : 83 4 : 53 +26 : 23 ps

= 05 60 | 125 30 95 0 55 b

e 0.4 -100 ! -188 -70 -158 -40 -128 ps

g 0.3 -168 ! 292 138 ! 262 108 ! 232 ps

g 0.25 -200 i -375 -170 i -345 -140 i -315 ps

&) 0.2 -325 : -500 -295 | -470 -265 | -440 ps

0.15 517 | -708 -487 [ 678 457 [ 648 ps

0.1 1000 |  -1125 970 I -1095 -940 i -1065 ps
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Slew Rate Definition Nominal

S
- e, PR e e 2N Y H (AC)min )
Single-ended DQ5 | Dag YWDCHmIn ———--—--QF----7-------ooooo Ve (OC)

Vu(DC}m‘?}f-}"::::::: e e e e e Vi (ACHma)

i R e |

|tpsi  tous
Das
w1 CLK ;

Differential DS, D2S

CLE, CLK DS
CLE

tps lpn

is tin

L1 1] 1 e e, S Gl e

Vin(ACKmin) _

Wik (DCYmin.)

Veer(DC) -|

ViLiDCyiman)

WILEACHma)

g e T, B O T el S =

— e > A

ATFS ATRH ATRS ATFH
Setup siew rate _ VReF (DC)- ViL(AC)(max) Setup siewrate _ Vin (AC)(MIN.) - Vrer (DC)
Falling signal ATFS Rsing signal ATRS
Holdslewrate _ VRer (DC)- ViL(DC)(max) Hold sewnate VM (DC)(Min.) - Veer (DC)
RISIﬂg ﬂﬁmﬂl - ATRH F-Bllm :Hgl"ﬂl - ATFH
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Slew Rate Definition Tangent

L L e G e s es o ¢ T Wiy (AC)MIN )
S e e S e e G S e Vi :
Single-ended DQS | DQS ”‘{J”E?Eﬁﬁ;’:é-:::::- S s DR ses SO o, 8 TR | A Lt
E I o 5 At i 1 B St = YILAC)(mai)
55 [T = ST

tpsi  tom tosr  tom

Differential DG [RES;

5,
CLE, CLE

tps ftou
tis lin
L1 W I B B
Vi (AC)mIn) - AN
\'FHEF to AC nominal
TREROn : nominal
line
Vin (DCYmin) - 'i ------ -1.-.

VYrer(DC)

YViL(DCHmas)

l"fllssl ___________________ B T G T T
— —» — —» — —» |
ATFS ATRH ATRS ATFH
Setup slew rate _ tangent line [ VREF (DC) - ViL{AC){max) ] Setup slew rate _ tangent line [V (ACHMIN.) - Vrer (DC) ]
Falling signal ATFS Risng signal ATRS
Hold slew rate _ tangent line [VRer (DC) - ViL(DC)(man) ] Hod slew rate _ tangent fine [Vi (DC)(Min.) - Vrer (DC) |
Rising signal ATRH Faling signal ATEH
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Command Truth Table
COMMAND Note 7| Mote? om| Bao-2| At0aP | Note
CKE(n-1)| CKE(n)| €S | RAS | CAS | WE A9~A0
E
(Extended) H HolL| L | L |L|X OP CODE 12
Mode Register Set
Auto Refresh
H L L L H X X
Entry L 10,12
Refresh Self
e _ L H H | H 6.9
Refresh | Exit L H X X .
X X | X 12
Bank Active H H L L H H X \ Row Address
Auto Precharge Disable L Column
Read H H L H L H| X v Address | 1,3
Auto Precharge Enable H (A9~A0)
Auto Precharge Disable L Column
Write H H L H L L X \Y Address | 1,3,17
Auto Precharge Enable H (A9~AD)
Bank Selection \VJ L
Precharge H H L L H L X X
All Banks X H
H X X X 4,11,
Entry H L N H o nl X 12,15
Active Power-Down X
. H X X X X 4.8,
Exit L H . H H H 1215
H X X X 4,11,
Entry H L B Y X 12,15
Precharge Power-Down X
Exi L H H X X X X 4.8,
. L | H H | H 12,15
DM H H \Y X 16
Device Deselect H X H X X X X X
No Operation H X L H H H X X

Note:

AW DN

© oo ~NO O

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

. BA during a MRS/EMRS command selects which mode register is programmed.
. MRS/EMRS can be issued only at all bank Precharge state.

. Burst Reads or Writes at BL = 4 cannot be terminated or interrupted.
. The Power-Down mode does not perform any Refresh operations. The duration of Power-Down is limited by the Refresh

requirements. Need one clock delay to entry and exit mode.

. The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.
. Self Refresh Exit is asynchronous.
. CKE (n) is the logic state of CKE at clock edge n; CKE (n—1) was the state of CKE at the previous clock edge.
. All states not shown are illegal or reserved unless explicitly described elsewhere in this document.
. On Self Refresh, Exit Deselect or NOP commands must be issued on every clock edge occurring during the txsnr period.

Read commands may be issued only after txsro is satisfied.
10. Self Refresh mode can only be entered from all banks Idle state.

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

operations are in progress.
12. Minimum CKE HIGH / LOW time is tcke (min).
13. The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.
14. CKE must be maintained HIGH while the device is in OCD calibration mode.
15. ODT must be driven HIGH or LOW in Power-Down if the ODT function is enabled.

16. Used to mask write data, provided coincident with the corresponding data.
17. Iftck < 1.875ns, the device can not support Write with Auto Precharge function.
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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 Vopq and ODT (*1) at a low state (all other inputs may be undefined).
- Vobo(*2), Voo(*2) and Vopq are driven from a single power converter output, AND
- Vrris limited to 0.95V max, AND
- Vrer tracks Voba /2.
or
- Apply Vbop(*2) before or at the same time as VopL.
- Apply VobL(*2) before or at the same time as Voba.
- Apply Vopa before or at the same time as V1t and VRrer.

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.
Waiting minimum of 400ns then issue Precharge commands for all banks of the device. NOP or Deselect applied during
400ns period.

5. Issue EMRS(2) command. (To issue EMRS(2) command, provide “LOW” to BAO and BA2, “HIGH” to BA1.)

Issue EMRS(3) command. (To issue EMRS(3) command, provide “LOW” to BA2, “HIGH” to BAO and BA1.)

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

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

8. Issue a Mode Register Set command for “DLL reset” (*3).
(To issue DLL reset command, provide “HIGH” to A8 and “LOW” to BAO~BA2)

9. Issue Precharge commands for all banks of the device.

10. Issue 2 or more Auto Refresh commands.

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

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

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

mode exit command (A9=A8=A7=0) must be issued with other operating parameters of EMRS(1).

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

W

No

Note :
*1) To guarantee ODT off, VREF must be valid and a low level must be applied to the ODT pin.
*2) If DC voltage level of Voo or Vob 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

T 4 18-3a0 To0 V¥ -NaU o0 JaVIS oS Vo0 Vav At ar gV ot avacs

CKE J I - T e e e T L T
R P T T S S S-S S S S S S-S S SN NS S S S N SR B
P ST JE A SR N "R IR YRR S A S - S

: = g (RS = Horms ) Commoh__J
ol ' T ok . ' " ] H f " " . v
el il P

40!0ns [ tre H thro f thro 1 thro '{ thro tee ¥ téu:c 4 thrc ! thro | Follow 0CD "I tjD\T

Flow CHart
OCD default OCD Calibration
= -E [ mode exit

200 Cycle (min.)

Precharge DLL enable
All DL L Reset
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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 ,h6 BAO~BA2 (The device should be in
all bank Precharge with CKE already high prior to writing into the mode register). The state of address pins AO~A12 in the same
cycleas CS, RAS, CAS, WE ,6 BAO~BA2 going LOW are written in the mode register.

The turp time is required to complete the write operation to the mode register. The mode register contents can be changed using
the same command and clock cycle requirements during normal operation as long as all banks are in the idle state. The mode
register is divided into various fields depending on functionality. The burst length is defined by A0 ~ A2. Burst address sequence
type is defined by A3, CAS latency (read latency from column address) is defined by A4 ~ A6. The DDR2 doesn’t support half clock
latency mode. A7 is used for test mode. A8 is used for DLL reset. A7 must be set to low for normal MRS operation. Write recovery
time WR is defined by A9 ~ A11. Refer to the table for specific codes.

‘BAZ‘BM‘BAO‘ A12 ‘A11‘A10‘A9‘AS‘A?‘A6‘A5‘A4‘A3‘A2‘A1‘AO‘ Address Bus

e

0 0 0 PD WR DLL | TM | CAS Latency | BT Burst Length Mode Register
| L
} | |
Active Power down exit timing A7 Mode A3 | Burst Type
A12 PD 0 No Sequential
0 Fast Exit (normal) 1 Yes 1 Interleave
1 Slow Exit (low power)
L 3 L 3 L 3
BA2 BA1 BAO Mode Register A8 | DLL reset A2 A1 A0 | Burst Length
0 0 0 | MRS 0 No 0 0 0 Reserved
0 0 1 EMRS(1) 1 Yes 0 0 1 Reserved
0 1 0 EMRS(2) 0 1 0 4
0 1 1 EMRS(3) : Reserved ¥ 0 1 1 8
M CAS Latency 1 0 0 Reserved
Write recovery for Auto Precharge A6 A5 Ad Lat 1 0 1 Reserved
- atency 1 1 0 Reserved
A11 A10 A9 WR(cycles)™"
(cycles) 0 0 0 Reserved 1 1 1 Reserved
0 0 0 Reserved™ 0 0 1 Reserved
0 0 1 2 0 1 0 Reserved
0 1 0 3 & 0 1 1 3
0 1 1 4 § 8 1 0 o0 4
10 0 5 £ [ 1 0o 1 5
1 1 0 / i IR 7
1 1 1 8
Note:

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

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 s tial Mod Interl Mod
Length (A2, A1,A0) equential Mode nterleave 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 0,1,2,3,4,56,7 0,1,2,3,4,56,7
001 1,2,3,0,56,7,4 1,0,3,2,54,7,6
010 2,3,0,1,6,7,4,5 2,3,0,1,6,7,4,5
8 011 3,0,1,2,7,4,5,6 3,2,1,0,7,6,5,4
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 56,7,4,1,2,3,0 54,7,6,1,0,3,2
110 6,7,4,5 2,301 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
o . 2 13 L4 5 | 6 |7 | 8
oI SR U S S S S SN S SN G S S SN S SR G S o
i i i | : | i i i
COMMAND —5—@@ ! ! [ Woae : ) ! '
' | \ ‘Register Set | Command | 5
L tex L teét : tiro ! ! !
*1 : MRS can be issued only at all banks precharge state.
*2 : Minimum tgrpe is required to issue MRS command.

DLL Enable / Disable

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

Output Drive Strength
The normal drive strength for all outputs is specified to be SSTL_18. The device also supports a weak drive strength option,
intended for lighter load and/or point-to-point environments.
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Extended Mode Register Set-1 [EMRS(1)]

The EMRS(1) stores the data for enabling or disabling DLL, output driver strength, additive latency, ODT, disable DQS, OCD
program. The default value of the EMRS(1) is not defined, therefore EMRS(1) must be written after power up for proper operation.
The EMRS(1) is written by asserting LOW on CS, RAS, CAS, WE , BA1~BA2 and HIGH on BAO (The device should be in all
bank Precharge with CKE already high prior to writing into EMRS(1)). The state of address pins AO~A12 in the same cycle as CS,
RAS , CAS,WE and BA1~BA2 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. A1 is used for reducing output driver strength. The additive latency is defined by A3~A5. A7~A9 are used for
OCD control. A10 is used for DQS disable. ODT setting is defined by A2 and A6.

BA2 | BA1 | BAO | A12 | A11 | A10 | A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

RN

0 | 0 | 1 |Qoff| 0" [pas| OCDprogram | Rit | Additive Latency | Rit | ODS | DLL |

l A0 DLL Enable
A6 A2 | Rtt (nominal) 0 Enable
0 0 Disable 1 Disable
L J
— 0 1 75 Q
A10 | DQS Enable =
5 1 0 150 Q M Output Driver
1 5_”ab'le 1 1 50 Q Strength Control
isable 0 Normal (100%)
1 Weak (60%)
A12 Qoff* y
Additive Latency
0 Qutput buffer enable
1 | Output buffer disable AS A4 A3 | Latency
0 0 0 0
0 0 1 1
0 1 0 2
¥ 0 1 1 3
Driver Impedance Adjustment 1 0 0 4
BA2 BA1 BAO Mode Register A9 A8 A7 OCD operation 1 ? 8 g
0 0 MRS 0 OCD calibration 1 1 1 Reversed
0 1 EMRS(1) mode exit
1 0 | EMRS(2) Drive-1
1 1 | EMRS(3): Reserved Drive-0

Adjustable mode ™
OCD default state™

a0 0
a0~ 0 O
A 00 O

Note:
1. A11is reserved for future use and must be set to 0.
When adjustable mode of driver impedance is issued, the previously set value of AL must be applied.
After setting to default state of driver impedance, OCD calibration mode needs to be exited by setting A9~A7 to 000.
Output disabled - DQs, DQSs, DQS s. This feature is used in conjunction with DIMM IDD measurements when IDDQ
is not desired to be included.

Bl
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F Ay E
The EMRS(2) stores the data for enabling or disabling high temperature self refresh rate. The default value of the EMRS(2) is not
defined, therefore EMRS(2) must be written after power up for proper operation. The EMRS(2) is written by asserting LOW on CS,

Extended Mode Register Set-2 [EMRS(2)]
RAS , CAS, WE, BAO, BA2 and HIGH on BA1 (The device should be in all bank Precharge with CKE already high prior to
writing into EMRS(2)). The state of address pins AO~A12 in the same cycle as CS, RAS, CAS,WE , BAO and BA2 going LOW

and BA1 going HIGH are written in the EMRS(2).
The twrp time is required to complete the write operation to the EMRS(2). The EMRS(2) contents can be changed using the same
command and clock cycle requirements during normal operation as long as all banks are in the idle state. A7 is used for high
temperature self refresh rate enable or disable.
BA2 | BA1 | BAO | A12 | A11 | A10 | A9 A7 A6 A5 A4 A3 A2 A1 A0
o 1o 0" | SRF 0" [Dcc™ 0"
A7 High Temperature
BA2 BA1 BAO Mode Register Self Refresh rate
5 5 T TVIRS 0 Disable
0 0 1 | EMRS(Y) ! Enable 1
0 1 0 EMRS(2)
0 1 1 | EMRS(3): Reserved A3 DCC Enable
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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A0

A1

A7

L7E
A8 A3 A2

Extended Mode Register Set-3 [EMRS(3)]
A9 A6 A5 A4

TITITTITT,

Mode Register

BA2 BA1 BAO
0 0 | MRS
EMRS(1)
EMRS(2)
Note: EMRS(3) is reserved for future. All bits except BAO and BA1 are reserved for future use and must be set to 0 when

0
0 0 1
0 1 0
0 1 1 EMRS(3): Reserved

setting to mode register during initialization.
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Off-Chip Driver (OCD) Impedance Adjustment

DDR2 SDRAM supports driver calibration feature. Every calibration mode command should be followed by “OCD calibration mode
exit” before any other command being issued. MRS should be set before entering OCD impedance adjustment and ODT (On Die

Termination) should be carefully controlled depending on system environment.

OCD Flow Chart

MRS should be set before entering OCD impedance adjustment and

ODT should be carefully controlled depending on system
Y environment
{ Start )

| EMRS(1) : OCD calibration mode exit |
|-

Y A Y

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

Test

Need Calibration l Need Calibration

EMRS(1) : OCD calibration mode exit

'

EMRS(1) :
Enter Adjustable mode

EMRS(1) : OCD calibration mode exit

Y
EMRS(1) :
Enter Adjustable mode

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

Y
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

l

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

AalalO OO
A0~ OO
00O [a 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
DT0O 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 ==, -%- --- -———-y --- -&H- iy i
CLK _.li - |____1:& f{____k A'{___:l’: J'i'-____\s\_g_f{____}&_) ----u_.
Command %EMRSU){ g NOP }.{EMRSM})i( NOP}
WL {WR
DQs, DQS 5 S y:—"*
wsfon.
DQ 5 DTO } DT1 X DT2 } DT3 )

DM 772277272 (7272222277777

I '\
OCD adjustable OCD calibration mode exit

Note: For proper operation of adjustable mode, WL = RL - 1 = AL + CL - 1 clocks and tps / ton should be met as the
above timing diagram. For input data pattern for adjustment, DTO - DT3 is a fixed order and "not affected by
MRS addressing mode (ie. sequential or interleave).

OCD Driver Mode

CLK - ; -———
CLK — ————’I‘—“——
Command —(EMRS(1)< NOP ){EMRS(1>)<
— High-Z — —_— igh-
DQS, DQS |g__< DQs high and DQS low for Drive-1, DQs low and DQS high for Drive-0 )M
DQs high for Drive-1
DQ DQs low for Drive-0 >
toIT o
Enter drive mode OCD Calibration mode exit

Note: Drive mode, both Drive-1 and Drive-0, is used for controllers to measure DDR2 SDRAM driver impedance. In
this mode, all outputs are driven out torr after “enter drive mode” command and all output drivers are
turned-off to;r 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.

CT54V64M1601A

Timing for ODT Update Delay

m( _"'n._ﬁ_'\\"—___l. rEEES - e U ==
CLK _31_\&_"\_}"3_%.____‘:._/\-,____'l._f{;____\_,:____K_
/
Command = {EVRs(1 ))( NOP
tAOFD
\ —-}C*— tis
oDT — 5
tMOD(max.)
p—————= | tMOD(min.)
Internal - - K -
Rit 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 twop
window.
ODT Timing for Active and Standby Mode
T0 T1 T2 T3 T4 5 T6
CLK  --. - == e —
CLK —},{--——}1‘—*~———}‘—"*——--. - N
i i i i [l 1
1 1 " | 1 i ) |
I 1 i I i i § 1
CKE ! 1 I . d 1 N \
! 1 1 i J | ¥ |
! 1 i f i 1 i 1
! ' tis ! i ' tis ! [ 1 1 1
1 1 . | ] i I 1 I 1
! 1 ] P T 1 I 1 ! '
oDT | ~[:, ; . .~'—_ X . | , | |
! 1 i i ' ' i tAOFD 1 1 1
1 i i tAQPND ' ; T 7 ! ]
! 1 1 | l 1 X 1 . | i
Internal ! 1 !
Term Res. i ' i : 1 Rit | ]
| . . , TAON(min.) — ' , | . , .
, . , ) 1 tAON(max.) , 1 tAOF(min.) 1 J
*— tAOF(max.)
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ODT Timing for Power-Down Mode

CLK q
CLK i ! 1 | v 1 " |
1 1 1 1 i 1 1 [ 1 ! 1
1 1 1 1 1 L i 1 [ 1 | 1
CKE - L 1 1 [ \ 1 ) \ i !
' | 1 ¥ i L | 1 [ 1 ! !
| | | f | ' | ' ' 1 ! 1
! 1 tis ! ' 'tis ! 1 i [ i ! i
1 | 1 1 i ) I | 1 [ 1 ! |
i i T 1 T [ | ] i | I
oDT i ,‘l: i . -‘.: I , 1 ! | | i
! i ! [ ! L | 1 [ [ T T
i | i f [ | i i I i
; \ . . . ; ; . i tAOFPD(max.) |
Internal i i i . tAOFPD(min) r : i ' |
Term Res. i | 1 ' l r i ! i
T T { Ritt ! t
tAONPD(min.) ' ! v T " v ' ! !
tAONPD(max.) : : ! ) ! | !

1 1
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ODT Timing Mode Switch at Entering Power-Down Mode
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L 7

ODT Timing Mode Switch at Exiting Power-Down Mode
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Exiting from slow Active Power-Down mode

or Precharge Power-Down mode.

L
L
CKE

(

Active and Standby
mode timings to

be applied.

(
{
(

mode timings to

Power-Down
be applied.

Active and Standby
mode timings to

be applied.

mode timings to

Power-Down
be applied.
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The Precharge command is used to precharge or close a bank that has activated. The command is issued when CS, RAS and
WE are LOW and CAS is HIGH at the rising edge of the clock. The Precharge command can be used to precharge each bank
respectively or all banks simultaneously. The bank select addresses (BAO~BA2) and A10 are used to define which bank is

Precharge
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 BA2 BA1 BAO Precharge
0 0 0 0 Bank A Only
0 0 1 0 Bank B Only
0 0 0 1 Bank C Only
0 0 1 1 Bank D Only
0 1 0 0 Bank E Only
0 1 1 0 Bank F Only
0 1 0 1 Bank G Only
0 1 1 1 Bank H Only
1 X X X All Banks

NOP & Device Deselect
NOP, the device should finish the current operation when this command is issued.

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
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Bank Active

The Bank Active command is issued by holding CAS and WE HIGH with CS and RAS LOW at the rising edge of the clock
(CLK). The DDR2 SDRAM has four independent banks, so two Bank Select addresses (BAO~BA2) are required. The Bank Active
command to the first Read or Write command must meet or exceed the minimum of RAS to CAS delay time (trcp(min.)). Once
a bank has been activated, it must be precharged before another Bank Active command can be applied to the same bank. The
minimum time interval between interleaved Bank Active command (Bank A to Bank B and vice versa) is the Bank to Bank delay

time (trro mMin).

Bank Active Command Cycle

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

CLK

command ¥ ACT J  Peed ¥ ACT }{_;;s;gﬂ_}{:z){ PRE X W 'PRE ¥ ACT |J—

nacress Y ) S Y EE Y EwE | S) Banka ¥ X_BankB K aovaee —

taco
tRCD=1 Additive latency (AL) Bank A Read begins ,
tRRD :
tRAS tRP !
tRC i
Bank A Bank B Bank A Bank B Bank A
Active Active Precharge Precharge  Active
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Read Bank

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

Write Bank

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

Posted CAS

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

Read followed by a Write to the Same Bank

<AL=2;CL=3;BL=4>

CLK _‘:
CLK i
|

CMD |
[N ' |

[ 1 i |

[ ' ' 1

I i 1 I I

DQS/DQS : R R R
1 I i i :

I 1 L ' |

DQ ! Djn0 Din1 Din2 Qin3 +————+——+——
b ! 1 1 f ] " 1 1 |

5 6 10 12
CLK - g = 3 -y [ 1— — =l !
f 1 i I ) A 1 ¥ '||
oK _/ W \M_\_z‘. __ W _ /. \_ﬂj_\ﬂﬂﬂﬂ_ e
1 5 ! [ 1 i I I ] [ =
T NIRRT IRIRIRIRIR] i

[ [ [ i | " (I [ | 1 1 [

jm g eal 2 - i : g"W?ﬁe_'-q ! [ 1 o ! 1 |
CMD : : :\_B_aqk_Afl ; i \Bank A : : ; ; ; al.BaD_‘.lé.A.l"ll P : : : g : ; : : :
T T T TR O T L=3 , £ 4 W|_=R|__1‘=21L N : A
i : ; : : : : I ) :\' : I : ] P i 1 [ ! 1 ] ] |
i M i 1 i | ] ' ] 1 |_ S _ | : S iy ; it , |
e 1 i | | ] 1 L | | [ [ L | [ ? !
DQS/DQS i o i : |>_ IR(‘\S 1 [ i 1 | \"'L [ W \_ﬁ__?\_m_)l—:—:—:—l
R R YTt EY
1 : 1 1 U | LA | LI i | ! i ’ J ; | N : 1 : : i
DQ T T T T T b -+ Lo L Dout( HDoutdD D o) %:
[ i | [ [T [ ) oy ' | :: . |: : S |
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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

tcH tcL
CLK
CLK
DQS
DQS
DQ
tDQSQ(max. tDQSQ(max.)
tQH tQH
Burst Read
< RL=5 (AL= 2; CL= 3); BL=4 >
TO T1 T2 T3 T4 T5 T6 T7 T8

z

i [l
ovp (e T Nop M [Nop' M [Nop' H[NoP. H[ Nop H NO

H_Nop H{ o

. ; : i . y =< {pascK : ‘
DQS,'DTSS : Ir : I: {---:----I ".----1 hr---}—%%*l
] L i [ -TTA | i .
‘ALd2 . : CLE3 : I I ; :
: ) : RLES : : : : :
1 L i [ ! L L . i - i ]
DQ . 1 ; —_—— |
s . I:Dout/-}O{Dout/-I\ﬂ:_Dout,i\Z{Douti-\S —— .
! ' ' ' '
< RL= 3 (AL= 0; CL= 3); BL=8 >
TO T T2 T3 T4 T5 T6 T7 T8
CLK —--- - - 1‘."l ---
i

SR S S S

cMD {READAI}I-—{ NOP NOP;H NoP H NopP M NO

' 2 o

: L : =< t:DQSCK ' '

1 L P - - - el - L Tl ]
paspos : A A B b

: CL:3 I : : I I : :
f i ool Bl o ool —————-
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Burst Read followed by Burst Write
< RL= 5; WL= (RL-1) = 4; BL=4 >
TO T1 Tn-1 T Tn+1 Tn+2 Tn+3 Tn+4 Tn+5

i
i
cvp  ( FesaTES L TNOP i—{ NOP_ M TS ){_NOP_}4_NOP )4{_NOP )4 NOP )4 NOP }-

! {RTW (Read to Write-turn around-time) )

' i - - - - A -—— —— — F - !

Das oS ', $ — A o

: RL=5 ; . ! | : ; |

: : : : . WL £ RL-1=4 ; : :
Das : ;5 ; ( Doutad{ Doutat{ DoutAl2{DoutAé —F{DinAo}{Dir;m }{DinAz'}(DilnAs}

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

operation.
Seamless Burst Read
<RL=5;AL=2; CL=3; BL=4>
TO T T2 T3 T4 T5 T6 T7 T8

I

— ..

L

1 [}

CLK === ey B ===y Calal Ll =y am -
CLK _j1____?\_j-____k_|'.____\'( ..____‘1 f..____}; ».____'(I‘n T___ }t
' P

CMD { é‘éﬁﬁ‘s H NoP Mt T NoP { Nop H NoP H{ NOP M NOP M NOI;' \—

' ] ] ' Pt - - -

N

A
i
]
i
[
s

A S N 1

i | i Py ik |

DQSD i

[
' ===
1
1
[
1

]
[
Lt

'
|
i
1
1 ] I ]
DoutA(}ﬁDoutA‘I I;I" DoutA?{DoutA%{ DoutB0O DoutB1 ){DoutBZ
) 1 1
'

>
—
I
N
(@]
-
-y
w

DQs

Y
=
= Ir
o

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

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

Write (Data Input) Timing

- toasH toasL
DQS
DQS _____ —glm e - ] i= = = ===m=
bDas \‘\ DQS o I A r’\l E /:ff
tWPRE tWPST

| EDA 512_0"‘2 ol I%‘ECC/_A_LLA_M [ [ ]

o T WA . I, v

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

om0 (Fame H[Nop : H [Nopt W [Nop: H{ [ NP NoP | Nop ] Nﬁ H Precha;'ge}—

oS O I N SO O T T O S T O T G G S G

Casel : with| tDass(max) : | \ X :
R i . . P b - - - ———- ' | '
DQS,DAS T - T o A___ '|._|{1 i [ j &

" wil=RL-1=4 ! foass |4 |ips ; v os=lwr :
foe : : : Aoz prash— % :
Case2 : with tDQSS(Imin) ' ' rtléC!_S@ R ! ! X
Das,bas : T T i 4 S T & '

Cowl=RU-1=4 ! i : L >dtwr :
Das . - . “—{ Dindo{ DinA1){ DinA2}, DinA3} : & :

< RL=3 (AL=0; CL=3); WL=2; BL=4 >
TO T1 T2 T3 T4 T5 T6 T7 n

CLK _.I'F 1{' pr--- il pm ===

S D S G A W G W A S

i
'
'
i
i

il
i
i
'

—-'_1-r"—
i

(NP H{[NGP ) [NGR, (| NOP ) resvrge ([ NOR }(| 5o )

oo {WRITE ;A}—{ NOP

tpass: o
NN

5
. . : .
inA0 ¥ BinA1 Y DinA2)Y DinA3 ¥ ; : : & :
i ] 1

-
]
'
1
i
1

DQS,DQS

)

DQs

WL = RL -1 =

- - o
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Burst Write followed by Burst Read
< RL=5 (AL=2; CL=3); WL=4; BL=4 >
TO T T2 T3 T4 T5 T6 T7 T8 T9
CLK -—a === e = - === i = P = = = - pm——— == g -
SR SO S U S S S SR SN SO G U WD G S S W G S
Write to Re'gd = GL -1+BL/2+tWTR i ' i ' ' )
emo  (C NoP_JH_ Nop H( Nop JH{_ Nop - "EES ¢ NOP - "NOP NOP NOP | NOP |
: o] i : | : : : : .
WLERL-]=4 . : i AL =2 : i cL=3 . :
: : : : : : RU=5 | ¢ ] :
i T I N > StWIR | 3 i ; .
DQ : {DinAo){Dinm ){ DinA2){DinA3} : DoutAd"
[l i f—— - ¥ i i L] [} J

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

Seamless Burst Write

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

T0 T1 T2 3 T4 15 6 7 T8
CLK - -y - .- g 1= e —--- - - B
CLK _~....}|E-_-.--.%_J(___.E_Fll-.__.' __._'\:'» .____-E\ ~____«?‘- S
oo (TEE I H NOP FeEToRS NOP (" NOP NoP ) NOF? H NOI% - NOP )
bas e : : I U G A S
: WL=RL-134 | : I ; ! : !
Z : -—{BriAc)ormAT-DhA2)oins Djneo)Bret e med-—-

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

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

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

CMD {_RM—{ NOPi}—{ READl:3}—{ NOP: — NOP: H NOP: I NOFi ! NOF% }-{-N—Oli:’)-{ NOP
S T e 315 5 5 5 8 = s et
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.

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

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

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

7. 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).
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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 >
TO T T2 T3 T4 T5 T6 T7 T8

P S SR SN S VNN S N S S S S S S A A

o R T | (LT — JRp SR (T -

cmp  ( NOP_ | WriteA.H NOP | Wiite B |~ NoP H~_Nop - nop H NoP H__NopH Nop

DQsS,D

3
g
;
:

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

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

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

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

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

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

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

DQs .
Note:
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Burst Read Followed by Precharge

Minimum Read to Precharge command spacing to the same bank = AL + BL/2 + max(trtp, 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 trtp (Read to Precharge). For BL = 4, this is the time from
the actual read (AL after the Read command) to Precharge command. For BL = 8, this is the time from AL + 2 clocks after the Read
to the Precharge command.

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

TO T T2 T3 T7 T8
CLK  ==% Sl ~--- - - - - -- - - )
oo () (CNoP_} {_ NOP "} ((Prectase'} { = )} nop )
+ AL+ BL/2 clks ' - ; '
I i . ' - - i
BL=4 DQS,DQS . . : . 7 .
AL 2 1 . CL=3 ! .
e | | :
; ;: A : 'I,DoutAfI' DoutAil:DouEég:l DoutA: : :
i >= {RTP) i Ck=3 i i i
CcMD { PoERSAS } {_NOP } { NOP } 1: NOP } {: NOP } {: Precharge A} t; NOP ‘5 ll: NOP :I' { NOP ?
' ALl B2 clks J ' N . ] :
1 (] F - L T |'____1 oo U [
BL=8 DQS,DQS : : ' 'l: L____I l'l____':i L____:Fl 'j ____:1 }_
AL = 1 : CL=3 ; ] ; : '
- L : : '

n i

L] ‘ [l

¥ ¥ W
DoutAZ{DoutA |rl')mnA;r DoutA’ Mﬁwmi
1 ] ] [ Ll i

>= {RTP

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

B S SN SO S N G G U N G A
SN 0 O Ty O ) O T S G o O a0 O i O T
' AL+ BL/2 clks :

CLK -y -
CLK _u'r:'L f % 1

DQS,DQS . i ; [T '.!’_Sl"",-'—‘.,k' ;

- A |
L ALF2 . : CL=3 - . : |
DQs : RL=5 : : ' L] 1 ]
. . . DoutAq\{DoutA DoutAZ4DoutA .
' 3= tRAS] ! ! ) . p X
, f >= tRTP i i CL=3 | ) )
< RL=6 (AL=2; CL=4); BL=4 >
TO T T2 T3 T4 T5 T6 T7 T8

P G Gl G D W S W S W S S G aun GHD NS S 6NN

cup (TS INOP | ) [NOP: NOP }—{ Précharge Al [NOP [}—{" [NOP - ™ A {"TNoP |)

' AL [+ BL/2 clks ! !

]

i i

i " ' ' ! = - = - - o am—— - [

DQS,DAS ' : ' 1 . b / h :
L i

i

AL ¥ 2

DQs

.poutAoFDoutAi},DoutAZ#DoutAé—:—
|

C|_E=4 . | . |

'
[
0
[
1
1 b
"
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< RL= 4 (AL= 0; CL= 4); BL=8 >
T0 1 T2 T3 T4 5 T6 T7 T8

SR S S S G S S R S S S S G

oD (Fere= o Nop H{(_NoP - Nop {_ [NOP | }-{Précharg Al [NOP | JH{_ INOP L }-{ [5ni )

* AL+2 clks + max(trRTP;2) '

e

DQS,DQS . . v
ALFO0 | CL=j4 . : . : o f
: \RL=|4 ! ! I I I : !
DQs M i 1 i 1 1 i i 1
: : DoutA0| DoutA1| Douta2{ DoutA3 DoutA4kboutA5\E)outA6}‘l(DoutA7—1l
1 >= tRAB i I ! 1 i I '

Burst Write Followed by Precharge

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

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

< WL= (RL-1) = 3; BL=4>

TO T1 T2 T3 T4 T5 T6 T7 T8

SR (N S S SN S G S (NN S G A G S GHID S S G

---- bl Al | bl |

"\ NOP }-{[NOPT}{[NOP "}-{ [ NOP! }-{[NOP '}{ Plecrarg )

cMD (Theea HNOP T\ |NOP

: : | | . > = thR ' :
: L=3 : | | . : : :
Das . : —{pinropt Bitma BipA2), DpAd) : : : ;
< WL= (RL-1) = 4; BL=4 >
o TO T1 T2 T3 T4 T5 T6 T7 T9
CLK - == Jommm - = . "
RS S S S S S S =y

\{NOP T [NOP ) [NoP | NOPif_{Pechargé\j

CMD { "frirea . }‘{ NOP :}'“{ NOP | H NOP

: 5 . Lol |

cos s T T

. L=4 : ' E ; ! :

DQs I . : * D Ao}'{Dibm)Er_,\:V 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

T3 T4 T5 Tn
DQS [P (U $----,
bas SR R:_Csls_i
pQ n )@{ Din X o ) Din }(:Lgﬁ( Djn )
o T\ T\ 5
Write mask latency = 0 ' '
Example: < WL= 3; AL=0; BL=4 >
o TO T1 T2 T3 T4 T5 T6 T7 T8
Command }{ WRIT x: : N:OP I I I 5 I

v I T T o Y o X

DM i

[tDQSS(max.)]

DQS,DQS 7

Wﬁw% ! [ [

!
v

Din0 [} Din2 | |
Ll
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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 tgrp(min)
are satisfied.

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

<RL=4 (AL=1; CL=3) >
o T1 T2 T3 T4 | T5 T6 T7 T8
CLK y - - ---- - -y - -y Kb -y 0
6K SR G S S N SE SN G AN U G U G D G
' i i i ' i 1 |
cMD NOP H_ NOP W NOP }H{ NOP M NOP; W NOP M NOFi Ry
Aul oprecharglb AL+BL:/2 clk : : ¥ ' > = tIRP ' :
1 ' ' [ Y (R R L '
BL=8 — v 1 ‘ S — ) . i
t RTP <= 2 clocks Das,bas | i ' A m\—l’ -=ah fr----4 A 1 |
1 ' ' i ¥ ' i ' i
k AL:= 1 i GL =3 ! ! ] ' 1 |
bas : . RU=4 ; : | : , . !
: : , , _DoutAO}{Doutm) Douta2 { DoutA3)} DoulAA)i:DoutAS Doums){noum7>—
: : ; PRI ! : :
' ' ' 'tRTP : ' '
Precharge begins here
oD rgees A4 Inop tj{_ Nop Y4 Nop Yy |nopi H_ Nop ) NOP |+ Banka N
Adpprecharsg P=ALHRTP+HRP : : ' . ' :
BL=4 e ' ' ' oo T T ' : '
t RTP > 2 clocks bas,pas ] ] . Ao J’;« A S }:l N : !
ALi= ' oL=3 . ! ! : !
. = VRN I N |
s : . DoutA0 DoulA1> DoutA2:|<DoutA3} i :
: tRTP: P tRP ! : ' :
Precharge begins here

A new Bank Active command may be issued to the same bank if the following two conditions are satisfied simultaneously.
(1) The Precharge time (trpr) 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 >

L TO T T2 T3 T4 T5 T6 T7 T8
CIK - o p— g === [ "
PR S S S G SR SN S TN S S G G N G A G A
: i : ; : : ; : i
omp PSS NOP W NOP MW NOP o NoP H NOP H NOP }H NOP )_(Jﬁz\—»
\ufoprecharge [ ' i " I % | P
Aufoprech: gl >= tRAS(min) s Autdprecharge begi|’|13 : : : \
{RC Limit DQs,DQS - i . : i = ':r' .- -'{_.'T "m - '
ALZ2 i CL33 ; - — : :
- RL=5 : ' : i :
pas : : ; : DoutAd} Doutaf! Douta{ Douta :
. ; ; ! i : :
>={RC '

CLK ==y -
ok KA f K

=

e

oo { Puees L NOP H{ | NOP

Aufoprecharge

HCop - nop H{[wop: H{ [ wor! "SI ) [nor

; W
' >= tRAS(min) Autoprechgdrge beQins L ' ;
- i i W B [Epp—— y————

(e Limit | DQSDOS ; . SRR /A W
i ¥ T -==1 i
AL 32 . CL%3 i - e T '
: RL=5 ] : : ! ! :
DQs - . DoutA0{ DoutA1 150utA2}100utA” !

>=1{RC

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 >
T4 T5

CLK ‘. ,
CLK B - h,
¥ 1
Bank A
omp (e 4 NOP_}-{ s
: I I N ; :
N Auto Pr¢chargeibegins i i
_ v ; ; !
e Limit DQSDAS : : & :
. o= [ e i
WL = RL-1 2= 1R 2= 1RP . :
[ Ll i ]
[} L ] ] :
DQs - . i B
L] ]
L ] ¥ 1 ]
TO T9 T12

CT( ] u SE
ok — A s A

Aupprecharge

' Auto Precharge begins : .
__ - ' ' = ;
tWR + tRP DQS,DQS T Y A !
' WL=RL144 . o 2= IR = 1RP : i
. 0 X ' : X
L R S S —— ! ' ' ' '
DQs —3 : {Dinle)::Diqm ;{DinlAz};"Din_As} : : ; %
; i ' .
: >={RC | : | ] ! i 1 " i
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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
trrc(min).To allow for improved efficiency in scheduling and switching between tasks, some flexibility in the absolute refresh
interval is provided. A maximum of eight Refresh commands can be posted, meaning that the maximum absolute interval between
any Refresh command and the next Refresh command is 9 x trer.

St S A i AL Sl A Sy A S S S S S S S M A S S —
CCK —J:____H—-—- e T e g EEi— {EEE === (EEEE = .= JEEE I GEEE —— I____" e
i | : : : : ! : : : : :
i i " " ¥ 1 1 L [ [ 1 1
COMMAND i PRE} 7 ghutos 7 i i B T ] e 1
i i [ [ [ 1 1 [ [l ¥ 1 1
i i [ [ [ 1 1 [ [l [ 1 1
' H H H H X | ot ! [ ! !
CKE = High ™ ! i ! i ! ! =y : ; - :
| ! H ' H H : H ' . 1 H
; H : ! !
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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 (Voo, Vooa, 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 txsnsr(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.

T0 T T2 T3 T4 T5 T6 m Tn

tCH . tCL

CKE '

. P v v
oDT !

Htis
1 | 1
'

! ' ! tis | tH g ' ' : ' .
Command K’WW//IW/W% SEIFWW D e g vor R npr g vais 1

Note:

1. Device must be in the “All banks idle” state prior to entering Self Refresh mode.
2. ODT must be turned off taorp before entering Self Refresh mode, and can be turned on again when txsrp

timing is satisfied.
3. txsrp is applied for a Read or a Read with Auto Precharge command.
4. txsnr 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
treri 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, Or txarps, after CKE goes HIGH.

oK oy e R o VAT S PN PSS SRR PR A—
oK 1_151 A - B S T S R S
Lo lwsftH] o |tgty ' tH| 1S : : (| i
i ¥ . 1 [ E % i | .
CKE [ A ; g W
' ' ' P ' ' [ ' .
command S Y AL 2 R T Y AT R
ommand N WASERZ 72 LAY 7 A R/
i i [ i i
: tCKE tdkE i ; : i i
' ' ' ' ' txP, 'tXARD,
| tXARDS
Enter power-down mode Exit power-aown mode tCKE
% : Don't care
Read to Power-Down Entry
TO T1 T2 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9
- S - g— - P [ fmmnag - ——— —— - .
S S S U S S S S S S S SO WD SN A S G NN W GO GRS SN S GO A
, v . | ! i ! ' \ | |
' 1 ' ' *CKE ghould'be kept highuntil the end of burst operation
Command | +( READ }* 5 L : : - : " . : L ¢
High 1 . . . : X . : X : ! .
T ] [ k v N . X
ore : : : . 1 = : : : :
: . I e —teeey ' / : . X
BL-4 | D32 . C 5—_._P3t_f1_ . : . . X . s
: : AL+CL - ' | - .
DQ i : outAQHDoutA FDou DoutA; : ' : ! .
Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9
[T WA WD S SN S D S N S S G SR G S A S S S S
Command . READ 1': i : - E E : ! . . ; !
High « . . . . ) ) . CKE should be kept high until the end ofiburst bperation
i [ [ " 1 1 1 i = i i i i
& . . ; P X . .
cKe . ! ' ' : ! ! ! \ ":"Hf:f' : : ' :
wo| B T T
i ] ] ! 1 i i i
: ' ‘ AL + CL v ' : X : X
bQ ¥ ' & outAQ! DoutA] DoutAZ'{DoutA%:DoutA&—.:DoulA\_E J_Z)outAE}l?PoulA/: T T T T s
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Read with Auto Precharge to Power-Down Entry

o TO T1 T2 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9
b h . h h . :
L : | : | | - : :
Command . PRE :: ; ; . ! . + . o
h i , CKE should be kep{ high ntil the end of burs} operation
! ' AL+BL/2 ! : . ¢ se kep} high o perai
| . with tRTP =7{5ns ' ! ' 1 \ .
! X . i ¥ - ' i
d % and nlaAsmu ed 'i _,..--""';.a . X .
CKE ' . ' ; ' : . .
X . : : ' : 7 . .
i ' 1 : : : / : : P 0
BL-s| D38 : : s— W W N : . . : n
| X AL +CL ; ' : ' : : : '
pQ ! o ' outA0 Jpouta ffboutazfpoutas : . ! ! :
TO T T2 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9
LK == yf——yr = i = ==, — - [ pmm e - ———y - - R ——y 5
S N S S T Y Y YN SNV S S SN SN S S SN S S S NN SN N A S S
. : : : v ' . Stayt inte;nal prd charg; : . : i i
i i i ] U R s Ll " i
Command — READ } = . —PRE ! L - s
. i . AL+BL/2 i CKE should be' kept high uritil the nd ofiburst pperatipn
- . i . : C : : '
; T ¥ T - T T e . '
CKE ' ' ' \ ' " 1'i.""'fﬂ / L .
' ' ' 1 . u ' W | O
i i i i : ' . [ fJ/ i "
BL=8 B%g X " B— ! Q_-_..J'L A \ N ; ' '
: ) : AL + CL ' ‘ ‘ . : 3 . X .
ba 5 3 \ 4 4. ;_.a _J_d:)_4 \ . , .
Ty Ty+1 Ty+2 Ty+3
CLK T Y Y 1
. i i
Command X . . " /
H : : : : :
[ . ' '
oK ; : : : : . A : : : :
. ' . ' ' ' {WTR 1 \ J |
! ! KRR — T ' ! : : :
oL-a| B2 : = L s : : : : : : !
: : L : : ¥ ' i ' : : : : :
DQ ; 5 founac i niat Y Dinalh uillv-\o} = i ; : ; : ; :
TO T Tm Tm+1 Tm+2 Tm+3 Tm+4 Tm+5 Tx Tx+1 Tx+2 Tx+3 Tx+4
T —— —f - - . . . . . A Ty - y—
PP G SR S SN NN SN WS A S SV S U N N S SN SN S
] i ] " " ! 1 ' i " " i i
Command _:'{T ITE F " . : : : & , i :
! : : : : 1 : : ! ! !
T L2 T c : : & : ! !
CKE 1 ' [ : i : |\\ i ]
. . i : : tWTR , :
! ' - - - - Sk 4= L= [ ] ' '
1 1 1 i 1 ] i . " [ [
: ! WL . . : ! ! i . ' ' '
paQ : 3 —{DinA0 DinA2 DinA4}, DigA5 ¥ DinA6,{ DInAT & , = . ; :
. , . : — T T , )
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Write with Auto Precharge to Power-Down Entry
TO T Tm Tm+1 Tm+2 Tm+3 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6
- $" -== =y L Lo T '
Command _5_,: 5 s :"7777,,‘ ' C ' E s
e : : : : ' H ! \ 5 :
' X ; twR ' X .
BL=4 8782 - = : : : : . S
b ' = ' \“:m}ﬁ;ﬁm? :nr:w., B! . '
- TO T Tm Tm+1 Tm+2 Tm+3 Tm+4 Tm+5 Tx Tx+1 Tx+2 Tx+3 Tx+4
PR S S S S SO S SO D SO S SN A N G T 4R U D S S S S S G
Command —:u{@ FEAS : : @ HPRE
: $ : : ‘ ' : " : : : !
CKE , ! . . ' ! j A , :
! : ! X ' : : R ; , :
BL-g| D95 : S SO S A A e ; ; :
Lo : : : ; ; ! : E
0 ; % ! M ad S : : : :

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

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

TO T T2 T3 T10 T11
Command E\I'_CMD_‘LT E E E E E ; E E
' CKE !can gq to low one dock after a jommand . , '
CKE \ 1y ) ) ' i i )
Note: CMD could be Auto Refresh/ Bank Active/ Precharge command.
MRS/EMRS to Power-Down Entry
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Asynchronous CKE Low event

DDR2 SDRAM requires CKE to be maintained “HIGH” for all valid operations as defined in this data sheet. If CKE asynchronously
drops “LOW” during any valid operation, the device is not guaranteed to preserve the contents of array. If this event occurs,
memory controller must satisfy tog ay before turning off the clocks. Stable clocks must exist at the input of device before CKE is
raised “HIGH” again. The device must be fully re-initialized (steps 4 ~ 13) as described in initialization sequence. The device is
ready for normal operation after the initialization sequence.

Stable clocks

CLK
CLK
tDELAY
CKE —_—
\ /
A 51{‘_' E

CKE asynchronously Clocks can be turned off

drops low 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 Tx+1 Ty Ty+1  Ty+2 Ty+3 Ty+4 Tz

CLK 1 J e
CLK /r_\_/k_\_/ _,ss - Em V_K M

command i X NOP){NOP}( @(Ea’ b@}’f;’ Nl W/j’/f’fﬁ NOP}{NOIP)( DL >{NOP‘}< Qo
| | ,"J ' B

CKE —I—I—

|
I
200 clocks

s|/

| I I
\ B+ H4 t 5
X Frequency change
occurs here

I |
I |
I |
I |
| |
I | B
| i

|
|
t
1
|
|
|
|
|
|

[ |

oDT LSS ; :
tRP | | | A — !

tAOFD — | | txpP 1 |

[ | | ] |

I
[
T
[
[
|
[
I
[
—l_'_\ | I
] ODT is off

Minimum 2 clocks required
during DLL RESET

before changing frequency Stable new clock
before power down exit
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Command

*7
DESEL

Address

NOP or Power-Down
NOP or Power-Down

CT54V64M1601A

Action

WE

CAS
X

Functional Truth Table
RAS
X

T

NOP
READ / READA /
WRITE / WRITEA

ILLEGAL (*1)
Bank Active, Latch RA

Precharge / Precharge All

Active

Current State
BA, CA, A10

PREA

PRE /

Refresh (*2)
Mode Register setting / Extended

L
BA, RA

BA, A10/A10
Refre:

MRS / EMRS

sh

Mode Register setting (*2)

NOP

X

NOP

Op-Code Mode-Add
D

r | I | r | I

IDLE

ESEL

Begin Read, Latch CA,

rr | I | I

NOP

Determine Auto Precharge

| O e I

X
X

[l I el e
x

X
x

BA, CA, A10

T

WRITE /

READ / READA

Begin Write, Latch CA,

WRITEA
ILLEGAL (*1)

Determine Auto Precharge

Precharge / Precharge All

Active

L
BA, CA, A10

PRE

ILLEGAL

/ PREA
ILLEGAL

resh

BA, RA
BA, A10 /A10

Refi

MRS / EMRS

NOP (Continue Burst to END)

X

DESEL

NOP (Continue Burst to END)

BANK ACTIVE

Op-Code Mode-Add

NOP

Terminate Burst, Latch CA,
Begin New Read,

X

Determine Auto Precharge (*1, 4)

X

T | X|r|r|xT|XT
I | X|r|IT|r|XI

A10

READ / READA
WRITE / WRITEA

ILLEGAL (*1)
ILLEGAL (*1)

T (X|r |||

BA, CA,

ILLEGAL (*1)/ ILLEGAL

r T\ |||~

I

Active

ILLEGAL

-
T
—

BA, CA, A10
BA, RA

PRE / PREA

Refresh

ILLEGAL

BA, A10/A10

MRS / EMRS

NOP (Continue Burst to end)
NOP (Continue Burst to end)

READ
X

DESEL

ILLEGAL (*1)

Op-Code Mode-Add

NOP

Terminate Burst, Latch CA,

X

READ / READA

I | T | X|r|T|r|T|

X

BA, CA, A10

Begin new Write,
Determine Auto-Precharge (*1, 4)

ILLEGAL (*1)

WRITE / WRITEA

ILLEGAL (*1)/ ILLEGAL

r | T | X|r|r|T|T |

BA, CA, A10

Active

ILLEGAL

rr|lT|lr ||| |-
T | T | X|r ||| |x

-

-

PRE / PREA

ILLEGAL

I—
T

BA,
BA

RA

,A10/A10
Refresh

MRS / EMRS
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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)
PR£CUJ£RGE L L | H| H | BARA Active ILLEGAL (*1)
L L H L BA, A10/A10 PRE / PREA ILLEGAL (*1)/ ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add | MRS/ EMRS ILLEGAL
H X X X X DESEL NOP (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)
PR€CUJ£RGE L | L | H| H| BARA Active ILLEGAL (*1)
L L H L BA, A10 PRE / PREA ILLEGAL (*1)/ ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add | MRS/ EMRS ILLEGAL
H X X X X DESEL NOP (Idle after trp)
L H H H X NOP NOP (ldle after trp)
ORE.CHARGIN L H L X BA, CA,A10 \I;{VIIE?AI\'II?E //WRREI',‘Ii\ED: / ILLEGAL (*1)
G L L H H BA, RA Active ILLEGAL (*1)
L L H L BA, A10/A10 PRE / PREA NOP (ldle 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 \I;{VIlEQAl\'IrDE //WlT?EI',I‘i\ED: / 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 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)
RE(\ZIXDT/II-EFEING L H L X BA, CA, A10 \llQVIIE?AI\'II'DE ;WR|5¢ED: / ILLEGAL (*1)
wih L L H H BA, RA Active ILLEGAL (*1)
AUTO
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 trrc)
L H H H X NOP NOP (Idle after trrc)
L H L X BA, CA, A10 \llQVIIE?AI\'II'DE ;WR|5¢ED: / 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 turp)
L H H H X NOP NOP (ldle after turp)
(Extended) L H L X BA, CA, A10 \?VE?EE ;WR|5¢ED: / ILLEGAL
REMG?EI}DTEER 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.
This command may be issued for other banks, depending on the state of the banks.

Note:

1

7.

2. All banks must be in “IDLE”.

3. All AC timing specs must be met.
If tck < 1.875ns, the device can not support Write with Auto Precharge function.

6. Available in case twrr is satisfied.

5. Available in case trep is satisfied by AL setting.

Publication Date :Dec. 2014

4. Only allowed at the boundary of 4 bits burst. Burst interruption at other timings is illegal.
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Simplified States Diagram

Power-Up and
Initialization
Sequence

CKEL

OoCD
calibration

Settign
MRS

Idle

All banks

Activating

—y Automatic Sequence
Command Sequence

ctive
Power

Reading

Reading

Writing
With
Auto Precharge,

Precharging

CKEL = CKE LOW

CKEH = CKE HIGH

ACT = Activate

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

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

REF = Auto Refresh
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PACKING DIMENSIONS

84-BALL DDRII SDRAM ( 8x12.5x1.2 mm)
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Symbol Dimension in mm Dimension in inch
Min Norm Max Min Norm Max
A 1.20 0.047

Aq 0.25 0.30 0.40 0.010 | 0.012 | 0.016
®o 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 1240 | 12.50 | 12.60 | 0.488 | 0.492 | 0.496
D1 6.40 BSC 0.252 BSC
E4 11.20 BSC 0.441 BSC
e 0.80 BSC 0.031 BSC

Controlling dimension : Millimeter.
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CT54V64M1601A
Revision History
Revision Date Description
0.1 2013.09.25 Original
0.2 2014.04.18 Modify the specification of Ibpz2q,lbp2n and Ippsp
1. Delete 8x12.5x1.0 mm packing dimension
0.3 2014.07.31 2. Delete trap
3. Delete speed grade -3
0.4 2014.08.12 Add the specification of tCK (CL=3) for speed grade -2.5
1. Delete "Preliminary”
2. Modify Input / Output Capacitance
10 2014.10.01 3.Modify the specification of IDDO, IDD1,IDD2P, IDD2Q,
IDD2N, IDD3P(f), IDD3P(s), IDD3N and IDD6
1.1 2014.12.30 Add speed grade -1.5
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