CT54V32M1601A

8M x 16 Bit x 4 Banks
DDR Il SDRAM

DDR Il SDRAM

. JEDEC Standard
Voo = 1.8V %= 0.1V, Vopa = 1.8V £ 0.1V

Features
. 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.

L ]
On-chip DLL

L ]
Differential clock inputs (CLK and ﬁ)
DLL aligns DQ and DQS transition with CLK transition

.
.
Quad bank operation
CAS Latency : 3,4,5,6,7,8,9
Additive Latency: 0, 1, 2, 3,4,5,6,7

.
.
.
L Burst Type : Sequential and Interleave
L 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
L Special function support
- 50/ 75/ 150 ohm ODT
- High Temperature Self refresh rate enable
- Duty Cycle Corrector
Partial Array Self Refresh (PASR)
=Tc =485 °C
= +95 °C

®  Auto & Self refresh
Refresh cycle :
8192 cycles/64ms (7.8u s refresh interval) at 0 °C
8192 cycles/32ms (3.9u s refresh interval) at +85 °C < Tc

L ]
If tck < 1.875ns, the device can not support Write with Auto Precharge function

SSTL_18 interface

Publication Date : Jul. 2017
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LTE CT54V32M1601A

Ordering Information:

Data Rate
Product ID Max Freq. VDD Package Comments
(CL-tRCD-tRP)
CT54V32M1601A-HP 667MHz 1.8V DDR2-1333 (7-10-10)
84 ball BGA
CT54V32M1601A-HR 533MHz 1.8V DDR2-1066 (7-7-7)
A(max) = 1.2mm
CT54V32M1601A-HD 400MHz 1.8V DDR2-800 (5-5-5) Pb-free
CT54V32M1601A-HRI 533MHz 1.8V DDR2-1066 (7-7-7) 84 ball BGA
CT54V32M1601A-HDI 400MHz 1.8V DDR2-800 (5-5-5) A(max) = 1.0mm
Functional Block Diagram
CLK —
—_— Clock
CLK — Generator
CKE—*
Bank B
Address Row -
1 Address 5 =
Mode Register & Buffer %
Extended Mode & fa) Bank A
Register Refresh 2
Counter n? S
1 |— - DQS, DQS
. Sense Amplifier — DM
~a 9 Column —_— -
CS § B Address .| Column Decoder
ﬁs S— 8 9 Buffer . -
o o s & == AME
CAS —| ¢© £ efres 2 £
. E 8 Counter Data Control Circuit 2 s 5
WE 8 g 50 DQ
i ol Al I
N oDT
CLK, CLK ——= pLL [—
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CT54V32M1601A

Ball Configuration (Top View)

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

(BGA84, 8mmX12.5mmX1.0mm Body, 0.8mm Ball Pitch)
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== CT54V32M1601A
Pin Description
Pin Name Function Pin Name Function
Address inputs
N - Row address AO~A12 DM is an input mask signal for write data.
A0~A12, DM . .
BAO BA1 - Column address AO~A9 LDM is DM for DQO~DQ7 and UDM is DM
’ A10/AP : Auto Precharge (LDM, UDM) for DQ8~DQ15.
BAO, BA1 : Bank selects (4 Banks)
DQO~DQ15 Data-in/Data-out CLK, CLK Differential clock input
RAS Command input CKE Clock enable
CAS Command input CcS Chip select
WE Command input Vbba Supply Voltage for DQ
Vss Ground Vssa Ground for DQ

Vob Power VRer Reference Voltage

DQS,
Bi-directional differential Data Strobe.
(LDQ@S, LDQS | LDQS and LDQS are DQS for DQO~DQ7; VooL Supply Voltage for DLL
R UDQS and LDQS are DQS for DQ8~DQ15.
uDQS, UDQS)
On-Die-Termination.
oDT ODT is only applied to DQO~DQ15, DM, VssoL Ground for DLL
DQS and
NC No connection
Absolute Maximum Rating
Parameter Symbol Value Unit
Voltage on any pin relative to Vss Vin, Vour -05~23 \Y,
Voltage on Vop supply relative to Vss Vbp -1.0~23 V
Voltage on Vool supply relative to Vss VoL -05~23 V
Voltage on Vbba supply relative to Vss Vbba -056~23 \%
Storage temperature Tste -55 ~ +100 °C ( Note*)
Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a
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
4/63

Revision : 1.1

reliability.
Note *: Storage Temperature is the case surface temperature on the center/top side of the DRAM.
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LTE CT54V32M1601A
Operation Temperature Condition
Parameter Symbol Value Unit
Operation temperature Tc 0~ +95 °C
Note: 1. Operating temperature is the case surface temperature on the center/top side of the DRAM.
2. Supporting 0 to +85°C with full AC and DC specifications.
Supporting 0 to + 85°C and being able to extend to + 95 “C with doubling auto-refresh commands in frequency to a
32ms period ( treri = 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, 49

Supply voltage for DLL VboL 1.7 1.8 1.9 \Y 49

Supply voltage for output Vbba 1.7 1.8 1.9 Vv 4,9
Input reference voltage VRer 0.49 x Vopa 0.5 x Vppa 0.51 x Vppa \Y, 1,2,9
Termination voltage (system) Vrr VRer - 0.04 VREF VRrer + 0.04 \Y 3,9

Input logic high voltage Vin (DC) VRrer + 0.125 - Voba + 0.3 \Y

Input logic low voltage ViL (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 VoH V1t + 0.603 Vv 8

Maximum required output pull-down under AC test load VoL V11 - 0.603 \VJ 8

Input leakage current [ 5 UA 5
Output leakage current Il Lo 5 uA 6
Output minimum source DC current ( Vboba(min); Vout | oH -13.4 mA 7,8
Output minimum sink DC current ( Vbopa(min); Vour = I oL +13.4 mA 7,8
1. The value of VRer may be selected by the user to provide optimum noise margin in the system. Typically the value of

Note:
VREF is expected to be about 0.5 x Vbba of the transmitting device and VREeF is expected to track variations in Vbba.

0.28V )
2. Peak to peak AC noise on VRer may not exceed 2% VRer(DC).
4. Vopa and Voo track Vob. AC parameters are measured with Vbb, Vbba and Voo tied together.

5/63

3. V71 of transmitting device must track VREF of receiving device.
5. Any input OV < VIN < VDD; all other balls not under test = 0V.
7. The DC value of VRer applied to the receiving device is expected to be set to Vrr.
9. There is no specific device Vbp supply voltage requirement for SSTL_18 compliance. However, under all conditions
Publication Date : Jul. 2017

6. OV < Vourt < Vbbq; DQ and ODT disabled.
Revision : 1.1

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

Vbba must be less than or equal to Voo.
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LTE CT54V32M1601A
DC Specifications
(IDD values are for the operation range of Voltage and Temperature)
Version .
Parameter Symbol Test Condition Unit
-HR | -HD
One bank;
Operating Current tck = tek (IDD),_trc = trc (IDD), tras = tras (IDD)min;
IDDO is Hi i i . 100 80 75 mA
(Active - Precharge) CKE is High, . CS is HIGH between valid commands;
Address bus inputs are SWITCHING;
Data bus inputs are SWITCHING
One bank; lout = OMA;
BL =4, CL = CL(IDD), AL = 0;
Operating Current tek = tck (IDD), tre = tre (IDD),
(Active - Read - IDD1 | tras = tras (IDD)min, trep = treo (IDD); 130 | 100 | 95 mA
Precharge) CKE is HIGH, CS is HIGH between valid commands;
Address bus inputs are SWITCHING;
Data pattern is same as IDD4W
All banks idle;
Precharge = . ; .
Power-Down IpD2p | tox = tox (IDD); CKE is LOW, 15 | 12 | 12 | mA
Standby Current Other control and address bus inputs are STABLE;
Data bus inputs are FLOATING
All banks idle; L
Precharge Quiet IDD2Q tek = tck (IDD); CKE is HIGH, CS is HIGH; 60 40 40 mA
Standby Current Other control and address bus inputs are STABLE;
Data bus inputs are FLOATING
All banks idle; L
ldle Standby C | IDD2N tek = tck (IDD); CKE is HIGH, CS is HIGH,; 55 45 45 A
€ standby turren Other control and address bus inputs are SWITCHING; m
Data bus inputs are SWITCHING
All banks open; Fast PDN Exit
rctve Power tok = tex (IDD); CKE is LOW; MRS(12)=0 | ¥ | ¥ | ®
S(t::r\llgb Oc\% er:‘-anct)wn IDD3P | Other control and address bus inputs mA
y are STABLE; Slow PDN Exit
’ . 30 20 20
Data bus input are FLOATING MRS(12) = 1
All banks open;
) tck = tek (IDD), tras = tras (IDD)max, tre = tre (IDD);
/éfjtr';’:nfta“dby IDD3N | CKE is HIGH, CS is HIGH between valid commands; | 60 | 50 | 50 | mA
Other control and address bus inputs are SWITCHING;
Data bus inputs are SWITCHING
All banks open, continuous burst Reads, lout = O0mA;
BL =4, CL = CL (IDD), AL = 0;
Operation Current tck = tek (IDD), tras = tras (IDD)max, tre = tre (IDD);
(Read) IDD4R CKE is HIGH, CS is HIGH between valid commands; 180 160 140 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 tek = tck (IDD), tras = tras (IDD)max, tre = tre (IDD);
(Write) IDDaw CKE is HIGH, CS is HIGH between valid commands; 170 150 130 mA
Address bus inputs are SWITCHING;
Data bus inputs are SWITCHING
Publication Date : Jul. 2017
Revision : 1.1
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CT54V32M1601A

Version
Unit

-HP -HR
100 mA

Test Condition
120 100

mA

Parameter Symbol
tek = tex (IDD);
Refresh command every trrc (IDD) interval;
CKE is HIGH, CS is HIGH between valid commands;
8

Other control and address bus inputs are SWITCHING;

IDD5

Data bus inputs are SWITCHING
mA

Auto Refresh Current
230 210

Self Refresh Mode;
CLK and CLK at 0V; CKE= 0.2V,
Other control and address bus inputs are FLOATING;
200

Self Refresh Current IDD6
Data bus inputs are FLOATING
All bank interleaving Reads, lout = OmA;
BL =4, CL= CL (IDD), AL = trcp (IDD)— 1 x tck (IDD);
tek = tek (IDD), tre = trc (IDD),
trrD = trrD (IDD). trep = 1 % tck (IDD);
CKE is HIGH, CS is HIGH between valid commands;
Address bus inputs are STABLE during Deslects;

IDD7
Data pattern is the same as IDD4W;,

Operating Current
(Bank interleaving)

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

Input slew rate is specified by AC Input Test Condition.
3. IDD parameters are specified with ODT disabled.

, IDD values must be met with all combinations of EMRS bits 10 and 11.

Note:

2.
4. Data bus consists of DQ, DM, DQS and
5. Definitions for IDD:
LOW is defined as Vin = Vi (AC) (max.).
HIGH is defined as Vin 2 Vi (AC) (min.).
STABLE is defined as inputs stable at a HIGH or LOW level.
FLOATING is defined as inputs at Vrer = Vbpa/2
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
+85 °C and double refresh option is still enabled.

SWITCHING is defined as:

clock).

6. When Tc = +85 °C, IDD6 must be derated by 80%.
IDD6 will increase by this amount if Tc =
7. AC Timing for IDD test conditions
For purposes of IDD testing, the following parameters are to be utilized.
-HP -HR -HD
Parameter DDR2-1333 DDR2-1066 DDR2-800 Unit
(7-10-10) (7-7-7) (5-5-5)
CL (IDD) 7 7 5 tek
tRCD (IDD) 15 13.125 125 ns
tRC (IDD) 58.125 58.125 57.5 ns
tRRD (IDD) 10 10 10 ns
tCK (IDD) 1.5 1.875 25 ns
tRAS (IDD) min. 45 45 45 ns
tRAS (IDD) max. 70000 ns
tRP (IDD) 15 13.125 125 ns
tRFC (IDD) 130 105 105 ns

Publication Date : Jul. 2017
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Note:
ViL(AC).
Vooo
Crossing point

2.

== CT54V32M1601A
AC Operation Conditions & Timing Specification
AC Operation Conditions
-HR/HRI -HP
Parameter Symbol Unit Note
Min. Max. Min. Max.
Input High (Logic 1) Voltage Vin(AC) VRrer + 0.2 Vrer + 0.2 Vv
Input Low (Logic 0) Voltage ViL(AC) VRer - 0.2 Vrer - 0.2 \
Input Differential Voltage Vip(AC) 0.5 Voba+0.6 0.5 Voba+0.6 \Y 1
Input Crossing Point Voltage | ViX(AC) | 0.5xVoba- | 0.5xVooa+ | 0.5xVopa- | 0.5 x Vopa + \Y 2
0.175 0.175 0.175 0.175
Output Crossing Point Voltage | Vox(AC) | 0.5xVooa- | 0.5xVopa+ | 0.5xVopa- | 0.5x Vopa + v 2
0.125 0.125 0.125 0.125
1. Vip(AC) specifies the input differential voltage |V1r — Vcr| required for switching, where V1r is the true input signal (such
as CLK,DQS) and Vcr is the complementary input signal (such as CLK , ). The minimum value is equal to ViH(AC) —
The typical value of Vix / Vox(AC) is expected to be about 0.5 x Vbba of the transmitting device and Vix / Vox(AC) is
expected to track variations in Voba. Vix / Vox(AC) indicates the voltage at which differential input / output signals must

Cross.
Vix or Vox

Vep

Symbol Min.

Cinit

Input / Output Capacitance
Parameter
Cinz

25

Max.

Unit |Note

pF
pF

pF

pF

25

Input capacitance
Cins

(AO~A12, BAO~BA1, CKE, CS, RAS , CAS , WE , ODT)
Ci/o

Input capacitance (CLK, ﬁ)

8/63

& Data input/output capacitance

DQ@s,

Publication Date : Jul. 2017
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Input capacitance (DM)

Note: 1. Capacitance delta is 0.25 pF.
2. Capacitance delta is 0.5 pF.
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CT54V32M1601A
AC Overshoot / Undershoot Specification
Value
Parameter Pin Unit
-HR / HD -HP
Maximum peak amplitude allowed for Address, CKE. _ ’ 0.5 0.5 \
overshoot ODT, CLK, , DQ, DQS, , DM
Maximum peak amplitude allowed for Address, CKE. _ ’ 0.5 0.5 \
undershoot ODT, CLK, , DQ, DQS, , DM
Address, CKE, : S 05 0.66 V-ns
Maximum overshoot area above Vbp oDT,
CLK, , DQ, DQS, , DM 0.19 0.23 V-ns
Address, CKE, , , ; 05 0.66 V-ns
Maximum undershoot area below Vss oDT,
CLK, , DQ, DQS, , DM 0.19 0.23 V-ns

VBD, VD00  —

YWas, Wasn

Overshoot/Undershoot Definition ]

Maximam amplitude
Overshoot area

_,-o-"""_ﬂ‘ B

/ Volts (V)

W
Undershoot area

Time {ns)

www.champtech.com.tw
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L7E CT54V32M1601A

AC Operating Test Conditions

Parameter Value Unit Note
Input reference voltage ( Vrer ) 0.5 x Vbba \Y 1
Input signal maximum peak swing ( Vswina(max.) ) 1.0 \Y 1
Input signal minimum slew rate 1.0 Vins 2,3
Input level Vin ! ViL \
Input timing measurement reference level VREF \%
Output timing measurement reference level (Votr) 0.5 x Vbba \% 4
Note:
1. tér;?.ut waveform timing is referenced to the input signal crossing through the Vin / ViL (AC) level applied to the device under

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

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

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

Start of falling edg= input timing Start of rising edge input timing

——————————————————————————————————————— Yooo

M . e e e TS _7r__—__. WIH (AC)(min
L1

o £ —---= VIH({DC)(min)

WG (rmas) L _ _ '5'{ _____________________ Wb oo YRER
______ Moo simsmmmtmsnmnsaagb boadisans VILDC)(ma)
. e "1.1_“"" g _______f.; __________ VILEACHma.)

_________________________________________ Vg

ATF et~ ATR ————-
— VLIAC VIH (A iny —
Falling slew = JBEE = YLICAM) Rising slew = G = YR
ATF ATR

AC Input Test Signal Wave forms

Measurement point

DQ O—AW—= vy
RT=250

Output Load

Publication Date : Jul. 2017
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== CT54V32M1601A
AC Timing Parameter & Specifications
-HR
Parameter Symbol Unit Note
Min. Max.
CL=7 1500 3000 ps
Clock period CL=8 tek (avg) 1500 3000 ps 13
CL=9 1500 3000 ps
DQ output access time from fac -350 +350 ps 10
CLK/
CLK high-level width tcH (avg) 0.48 0.52 tck (avg) 13
CLK low-level width teL (avg) 0.48 0.52 tck (avg) 13
DQS output access time from tbasck -300 +300 ps 10
CLK/
Clock to first rising edge of DQS toass 2025 +0.25 tek (avg)
delay
Data-in and DM setup time tos 0 ps 4
(to DQS) (base)
Data-in and DM hold time toH
(to DQS) (base) S ps 5
DQ and DM input pulse width t 0.35 t
(for each input) i ox (@vg)
Address and Control Input tis (base) 125 ps 4
setup time
Address and Control Input hold ti (base) 200 ps 5
time
Cpntrol and Address input pulse tiew 0.6 tok (avg)
width
DQS input high pulse width toasH 0.44 tck (avg)
DQS input low pulse width toasL 0.44 tck (avg)
DQS falling edge to CLK rising toss 0.2 tek (avg)
setup time
DQS falling edge from CLK t 0.2 t
rising hold time oSt ox (@vg)
Data strobe edge to output data tbasa 250 ps
edge
Data-out high-impedance
I t max. S 10
window from CLK/ i tac(max.) P
Data-out low-impedance window .
from CLK/ (DQS) tac(min.) tac(max.) ps 10
- i tz
gLQK/Iow impedance window from 2 X tac(min.) tac(max.) ps 10
(DQ)
Min
Half clock period thp (tcL(abs),tcH(a ps 6,13
bs))
www.champtech.com.tw Publication Date : Jul. 2017
Revision : 1.1 11/63



L7E CT54V32M1601A

AC Timing Parameter & Specifications - Contiuned

-HR
Parameter Symbol Unit Note
Min. Max.
BS/SDQS output hold time from ton tip-tans ps
DQ hold skew factor tars 250 ps
Active to Precharge command tras 45 70K ns
Active to Active command tre 58.125 ns
(same bank) ’
Auto Refresh row cycle time trrc 130 ns
Active to Read, Write delay trcD 15 ns
Precharge command period tre 15 ns
Active bank A to Active bank B trrD 10 ns
command
Write recovery time twr 15 ns
Write data in to Read command twir 75 ns 19
delay
Col. address to Col. address tcen 2 tck
delay
Average periodic Refresh
interval (0°C <Tc = +85°C ) | =" 78 us
Average periodic Refresh ¢ 39
interval (+85°C <Tc = +95°C) REFI : us
Write preamble twpre 0.35 tek (avg)
Write postamble twpst 0.4 0.6 tck (avg)
DQS Read preamble trPRE 0.9 1.1 tck (avg) 11
DQS Read postamble tresT 0.4 0.6 tck (avg) 12
Load Mode Register / Extended tvrD 5 tex
Mode Register cycle time
Auto Precharge write recovery toaL X tex 1.20
+ Precharge time ’
Internal Read to Precharge trTp 75 ns
command delay
Exit Self Refresh to Read txsRD 200 tek
command
Exit Self Refresh to non-Read tysnR trec + 10 ns
command
Exit Precharge Power-Down to typ 5 tex
any non-Read command
Exit Active Power-Down to tYARD 5 tex 3
Read command
Exit active power-down to Read
command txARDS 10-AL tek 2,3
(slow exit / low power mode)
CKE minimum pulse width
(high and low pulse width) toke S tex

Publication Date : Jul. 2017
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== CT54V32M1601A
AC Timing Parameter & Specifications - Contiuned
-HR
Parameter Symbol Unit Note
Min. Max.
Minimum time clocks remains ts + 1t
ON after CKE asynchronously toeLay s ns
(avg)*+tiH
drops low
Output impedance test driver torr 0 12 ns
delay
MRS command to ODT update tvob 0 12 ns
delay
ODT turn-on delay taonp 2 2 tek
ODT turn-on taon tac(min.) tAC(zr?-,a7)§) * ps 14,16
. 3xt
ODT turn-on (Power-Down tAONPD tac(min.) + +tAc(|?(naC)}(() + oS
mode) 2000 1000 .
ODT turn-off delay taorD 25 2.5 tek 151’237’
ODT turn-off taoF tac(min.) tAc(rgg())(.) * ps
. 25xt
ODT turn-off (Power-Down tAGFPD tac(min.) + +tAc(ma)((:K) + oS
mode) 2000 1000 .
ODT to Power-Down entry tANPD 4 tek
latency
ODT Power-Down exit latency taxprp 11 te

Publication Date : Jul. 2017
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== CT54V32M1601A
AC Timing Parameter & Specifications - Contiuned
-HP -HR
Parameter Symbol Unit Note
Min. Max. Min. Max.
CL=7 1875 7500 - -
CL=6 X X 2500 8000
Clock period CL=5 | tck (avg) X X 2500 8000 ps 13
CL=4 X X 3750 8000
CL=3 X X 5000 8000
8LQK?UtQUt access time from fac -350 -400 +400 ps 10
CLK high-level width tcH (avg) 0.48 0.48 0.52 tck (avg) 13
CLK low-level width tcL (avg) 0.48 0.52 0.48 0.52 tck (avg) 13
83(8/ output access time from toasck -300 +300 -350 +350 ps 10
gl?Ck to first rising edge of DQS toass -0.25 +0.25 -0.25 +0.25 tok (avg)
elay
Data-in and DM setup time tos 50 ps 4
(to DQS) (base)
Data-in and DM hold time toH
(to DQS) (base) 125 ps 5
DQ and DM input pulse width t 0.35 t
(for each input) pIPw cK (avg)
Addres.s and Control Input tis (base) 125 175 ps 4
setup time
?ddress and Control Input hold ti (base) 200 250 ps 5
ime
V(\:/i%r;:]rol and Address input pulse 06 06 tok (avg)
DQS input high pulse width 0.35 0.35 tck (avg)
DQS input low pulse width 0.35 0.35 tck (avg)
Ee?ifﬁmgg edge to CLK rising toss 0.2 0.2 tok (avg)
DQS faIIing.edge from CLK tosk 0.2 0.2 tek (avg)
rising hold time
Data strobe edge to output data tbasa 175 200 ps
edge
Data-out high-impedance
window from CLK/ thz tac(max.) tac(max.) ps 10
Data-out low-impedance window tLz . .
A tac(min.) tac(max.) tac(min.) tac(max.) ps 10
from CLK/ (DQS)
& i t
g&/wpedame window from (DL;) 2xtac(min.) | tac(max) | 2xtac(min.) | tac(max.) ps 10
Min Min
Half clock period thp (tcL(abs),tcH(a (teL(abs),tch(a ps 6,13
bs)) bs))
www.champtech.com.tw Put_;li_cation Date : Jul. 2017
P Revision : 1.1 14/63



L7E CT54V32M1601A

AC Timing Parameter & Specifications - Contiuned

-HP -HR
Parameter Symbol Unit Note
Min. Max. Min. Max.
BS/SDQS output hold time from ton tip-tans tip-tars ps
DQ hold skew factor taHs 250 300 ps
Active to Precharge command tras 45 70K 45 70K ns
?S,C;%ee fa/:%ive command tre 58.125 57.5 ns
Auto Refresh row cycle time trrc 105 105 ns
Active to Read, Write delay trcD 13.125 125 ns
Precharge command period tre 13.125 125 ns
ﬁg:;vriaaadnkAto Active bank B trRD 10 10 ns
Write recovery time twr 15 15 ns
\é\gg data in to Read command twir 75 75 ns 19
g;le.]yaddress to Col. address tcen 2 2 tox
Average periodic Refresh
interval (0°C <Tc =< +85°C ) | [Rer 78 78 us
Average periodic Refresh
interval (+85°C < T = +95°C) | REF 3.9 3.9 us
Write preamble twere 0.35 0.35 tck (avg)
Write postamble twpsT 0.4 0.6 0.4 0.6 tek (avg)
DQS Read preamble trPRE 0.9 1.1 0.9 1.1 tck (avg) 11
DQS Read postamble trpsT 04 0.6 0.4 0.6 tck (avg) 12
Load Mode Register / Extended tvrD 2 2 tek
Mode Register cycle time
fulo Precharge wite 1EC0VY | tow | WRstnee WR#tnge tex 1
Internal Read to Precharge trTp 75 75 ns
command delay
(I:Ec)>(rlrt1 rﬁ:lrl:dRefresh to Read txsRD 200 200 tox
(I:Eé(:; ri::lr]:dRefresh to non-Read txsNR trec + 10 trec + 10 ns
Exit Precharge Power-Down to typ 3 2 tek
any non-Read command
Exit Active Power-Down to tYARD 3 2 tek 3
Read command
Exit active power-down to Read
command txARDS 10-AL 8 -AL tek 2,3
(slow exit / low power mode)
CKE minimum pulse width
(high and low pulse width) toke 3 3 fex

Publication Date : Jul. 2017

.ch h. .
www.champtech.com.tw Revision : 1.1 15/63



L7E CT54V32M1601A

AC Timing Parameter & Specifications - Contiuned

-HP -HR
Parameter Symbol Unit Note
Min. Max. Min. Max.
Minimum time clocks remains tis + tox tis + tox
ON after CKE asynchronously toeLAY (avg)+tH (avg)*+tiH ns
drops low
Output impedance test driver torr 0 12 0 12 ns
delay
MRS command to ODT update tmoD 0 12 0 12 ns
delay
ODT turn-on delay taonp 2 2 2 2 tc
ODT turn-on ton | tao(min) | BB F g miny | WML s | 14016
. 3 x tek . 2 X tck
ODT turn-on (Power-Down taonpp | tAC(mIN.) + +Hac(max.) + tac(min.) + +tac(max.) + ps
mode) 2000 1000 2000 1000
15,17,
ODT turn-off delay taorD 25 2.5 25 2.5 tek 18
ODT turn-off taor tac(min.) tAc(rgga(.) * 1 tag(min) tAC(lgloa())(.) + os
. 2.5 x tek . 2.5 x tek
ODT turn-off (Power-Down taoFPD tac(min) + +ac(max.) + tac(min.) + +tac(max.) + ps
mode) 2000 1000 2000 1000
ODT to Power-Down entry tANPD 4 3 tox
latency
ODT Power-Down exit latency taxpp 11 8 tek
Note:

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

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

4. The figures of 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.

.................................................... Yooo
i I /.7 ; )
A Fancs, VSRS ESSESIRSREIIE (RE soermrwwor. 3 ISRSBBHCY PG o (] i)
i TSN i \ i
Wi (-&:Kmﬂ} Waw (D0 min )
— Vi (DC)(min.) / - REF
----- "-l,l' . ";' I ¥ O -\._'-----
u:FEJr;hrmx Y s s i | L L) (1LY
........ e Vi(ACK 3 : e MILLACH M)
""" - Weg e enee= Wigh
Input Waveform Timing 1 {tos, tos) Input Waveform Timing 2 (te , tw )

6. tup is the minimum of the absolute half period of the actual input clock. tvp is an input parameter but not an input

specification parameter. It is used in conjunction with tans to derive the DRAM output timing tan. The value to be used for tan

calculation is determined by the following equation;

tvp = Min ( tcr (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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L7E CT54V32M1601A

7. tans accounts for:
a. The pulse duration distortion of on-chip clock circuits, which represents how well the actual tup 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. taH = thp - tans, where:
typ 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. Ifthe system provides tup of 825 ps into a DDR2-1066 SDRAM, the DRAM provides ton of 575 ps minimum.
b.  If the system provides tvp of 900 ps into a DDR2-1066 SDRAM, the DRAM provides tan of 650 ps minimum.

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

10. When the device is operated with input clock jitter, this parameter needs to be de-rated by the actual terr (6-10per) of the
input clock. (output de-ratings are relative to the SDRAM input clock.)
For example, if the measured jitter into a DDR2- 1066 SDRAM has terr (6-10per)(min.) = - 202 ps and terr (6-10per)(max.)
= + 223 ps, then tbasck (min.)(derated) = tbasck (Min.) - terr (6-10per)(max.) = -300 ps — 223 ps = -523 ps and tbasck (Max.)
(derated) = tpasck (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 tyr (per) of the input
clock. (output de-ratings are relative to the SDRAM input clock.)
For example, if the measured jitter into a DDR2-1066 SDRAM has tur (per)(min.) = - 72 ps and tyr (per)(max.) = + 63 ps,
then trere (Min.)(derated) = trere (mMin.) + tur (per)(min.) = 0.9 x tck (avg) - 72 ps = + 1615.5 ps and trere (Max.)(derated) =
trere (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) =
tresT (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.) + { - tyr (duty)(min.) -
terr (6-10per)(min.) } = 950 ps + { 66 ps + 202 ps} = + 1218 ps.

18. For taorp of DDR2-800/1066, 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
tch (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, tcu (avg)(max.)) - 0.5] x tck (avg) or

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

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

ten (avg)(min.) and tcx (avg)(max.) are the minimum and maximum of tch (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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I(VIL(AC)) respec

tively.

ViH[AC) - VILIAC)

Rtt(e

AV

OCD Default Characteristics

M:(

Parameter

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

2xVM
Vooo

HVYmAG) - [{ViLIAG)

-1) %10

0%

Min.

12.6
0
1.5

Typ.
18

Max.
234

- = CT54V32M1601A
ODT DC Electrical Characteristics
Parameter Symbol Min. Typ. Max. Unit
Rtt effective impedance value for 75Q) setting 60
75 90 Q
EMRS(1) [A6, A2] =0, 1 Rit1(ef)
Rtt effective impedance value for 150Q) setting 120 150 180 Q
EMRS(1) [A6,A2)=1,0 Rit2(eff)
Rtt effective impedance value for 50()  setting
40 50 60 Q
EMRS(1) [A6,A2] = 1, 1 Rit3(eff)
Deviation of VM with respect to Vooa /2 AVM -6 +6 %
Measurement Definition for Rtt(eff) :
Ritt(eff) is determined by separately applying VIH(AC) and VIL(AC) to test pin, and then measuring current I(VIH(AC)) and

Note

Unit
Q
Q

Vins

Output impedance
Pull-up and pull-down mismatch

Output slew rate

Note:
1.
2.

3.

4.

5.

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

AC to AC.

Absolute specifications: the operation range of Voltage and Temperature
Mismatch is absolute value between pull-up and pull-down; both are measured at same temperature and voltage.

Impedance measurement condition for output source DC current: Vbba = 1.7V; VouT = 1,420mV; (VouT - VbDQ)/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.

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 ]

P t Symbol P HR +HD Unit | Note
arameter ymbo Min. | Max. | Min. | Max. | Min. | Max.

Average clock period tck (avg) 1500 | 3000 | 1875 | 7500 | 2500 | 8000 ps 1
Clock period jitter tur (per) -50 50 -90 90 -100 100 ps 5
Clock period jitter during ) ) )
DLL locking period tur (per,lck) 40 40 80 80 80 80 ps 5
Cycle to cycle period jitter tur (cc) -130 130 -180 180 -200 200 ps 6
Cycle to cycle clock period
jitter tur (cc, Ick) -120 120 -160 160 -160 160 ps 6
During DLL locking period
Cumulative error across 2 | . oner) | -100 | 100 | 132 | 132 | -150 | 150 | ps | 7
cycles
Cumulative error across 3 |y - (3per) | -100 | 100 | -157 | 157 | -175 | 175 | ps | 7
cycles
Cumulative error across 4 | - (4nery | -100 | 100 | -175 | 175 | -200 | 200 | ps | 7
cycles
Cumulative error across 5 | 00 | -100 | 100 | -188 | 188 | -200 | 200 | ps | 7
cycles
Cumulative error across terr
n=6,7.8,9.10 cycles (6-10per) 150 150 250 250 300 300 ps 7
Cumulative error across terr
n=11,12,....49,50 cycles (11-50per) 150 | 150 | 425 | 425 | 450 | 450 | ps | 7
Average high pulse width 1, - 0y 048 | 052 | 048 | 052 | 048 | 052 (:/*;) 2
Average low pulse width |, 1) 048 | 052 | 048 | 052 | 048 | 052 (:/‘;) 3
Duty cycle jitter tyr (duty) -45 45 -75 75 -100 100 ps 4

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

tek (avg) ={ itcu_,- }/H
j=

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

N
ten (avy) ={ E}‘cnj ’/i Nx tcy (avy) )
_Ilt

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

N
tCL{wg]={ E}'ct.,- ’/i Nx tek (avg) )
_ll.

H =200
4. tyr (duty) is defined as the cumulative set of tcn jitter and tcL jitter. tcn jitter is the largest deviation of any single tcH from ten
(avg). tcLjitter 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) = {tcyj - tcL (avg) where j =1 to 200}
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5. tur (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.

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.
tut (cc) and tuir (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 (nNper) is not subject to production testing.

N
tgpp (Nper) ={ Y, tek; } - n X tey (avy)
Jut

2 <n<50for tgpp (Npern)

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 tek (abs) tex_(avg)(min.) + tur (per)(min.) tck (avg)(max.) + tur (per)(max.) ps
Absolute clock high pulse width ten (abs) ter (avg)(min.) x tek (avg)(min.) + | tcn (avg)(max.) X tek (avg)(max.) S
CH tur (duty)(min.) + tyr (duty)(max.) P
Absolute clock low pulse width teL (avg)(min.) x tek (avg)(min.) + | tcL (avg)(max.) X tck (avg)(max.)
tcL (abs) . ps
tur (duty)(min.) + tyr (duty)(max.)

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

Input Slew Rate De-rating

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

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

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

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

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

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

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

DQS, differential slew rate
4.0 V/ns 3.0 Vins 2.0 Vins 1.8 V/ns 1.6 Vins 1.4 Vins 1.2 Vins 1.0 ViIns 0.8 Vins Unit
Atps ! AtoH |Atps!Aton |Atps! At |Atps!AtoH|Atos! AtoH|Atos{AtoH|Atos! Aton|Atps! Aton| Atpbs ! A ton
20 [+1007 +45 [+100! +45 | +100: +45 | - 1 - e R - - - - - - DS
‘@ | 15 | +67 | +21 | +67 | +21 | +67 | +21 | +79 | +33 | - | - - - - - - - - - ps
S|10floti o 0! 0 0 | 0 [ +121 +12]+241+24] _ 1 . s I ps
o 09| -t - 5 114 | 5 1 14 | +7 0 2 | #1910 +10 | +31 1 22 | . | - o N ps
S los| - 1 . _ob o 3031 | 1 9 | #1107 | #2300 45 | 4354 #17 | L 4 S ps
g lor | - ¢ - - - - 1 - | 10t 42 | 42 | 30 | +14 | 18 | +26 | -6 | +38 | +6 | - | - | ps
o | 06 | .- - B - - . .+ . | 10 59 | +2 i -47 | +14 ! -35 | +26 : 23 | +38 | -11 | ps
Slos | .+ - | -~ - | v o o r o T 24 8 | 2 77| 0 i 65| +12 | 53 | ps
04 | - - - - - - - - - - | -52 ;-140 | 40 ; -128 | -28 ; -116 | ps
De-rating Value of tis/tit (DDR2-800, 1066, 1333)
CLK, differential slew rate
20Vins | 15Vins | 1.0Vins | Uni
Atis At A tis ' At A tis ' AtH nit
40 +150 | +94 +180 | +124 w210 1 +154 DS
35 +143 ! +89 +173 : +119 +203 : +149 ps
- 3.0 +133 ! +83 +163 - +113 +193 ! +143 ps
§ 25 +120 +75 +150 +105 +180 5 +135 DS
< 20 +100 +45 +130 +75 +160 : +105 ps
% 15 +67 | +21 +97 | +51 +127 | +81 ps
= 1.0 0 i 0 +30 i +30 +60 i +60 ps
- 0.9 -5 : -14 +25 : +16 +55 : +46 ps
@ 0.8 13 | =31 +17 | 1 +47 | +29 ps
o 0.7 -22 ' -54 +8 ' -24 +38 ' +6 ps
§ 06 34 -83 ] - 53 +26 : 23 ps
= 05 60 125 -30 95 0 : 65 bs
2 0.4 -100 -188 -70 -158 -40 ! -128 ps
g 0.3 168 | 292 138 | 262 108 | 232 bs
g 025 -200 i -375 -170 i -345 -140 i -315 ps
o 0.2 -325 | -500 -295 | -470 -265 | -440 ps
0.15 517 : -708 -487 : 678 -457 : 648 ps
0.1 -1000 |  -1125 970 I -1095 940 | -1085 ps
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Slew Rate Definition Nominal

PDBY

: ¥ (DC)min} -————-
Single-ended DOS | DAS S
g VLD mas) -—-————

Vsg=mm=mm

Das

Differential DGS, DOS CLK

CLE, CLK DS
CLE

L1 1] 1 e e, S Gl e

Vin(ACKmin) _

' tosi tou1

______________________ Wiy AC(min

———————————————————— YReF (DC)

e

—

tps lpn

is tin

Wik (DCYmin.)

Veer(DC) _L

ViLiDCyiman)

WILEACHma)

o et e

Setup slew rate  YREF(DC) - VL{AC)Hmas)

Falling signal ATFS
Holdslewrate  VRer (DC)- ViL(DC)(max)
Rising signal ATEY

Setup slew rate _ Win (ACI(mMIN. - Vrer (DG
Rising signal \TRS

Hold sewrate _ ViH(DC)(min.) - Vrer (DG)
Falling signal ATFH
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Slew Rate Definition Tangent

L L e G e s es o ¢ T Wi (ACI(min )
M e Wt s o e, 1 SR :
Single-ended DQS | DQS ”‘{J”E?Eﬁﬁ;’:é-:::::- S s DR ses SO o, 8 TR | A Lt
~ M e ket 1 MRS = WILGAC)(man)
55 [T SRR

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"fll 1 O [T D e i e B T G T T ihnt cartEa
-~ —» — > — —» |
ATFS ATRH ATRS ATFH
Setup slew rate _ tangent fine [VYrer (DC) - V(AT max) ] Setup slew rate _ tangent line [Viy (AC)(Min.) - Yrer (DC) ]
Falling signal ATFS Risng signal ATRS
Hold slew rate _ tangent line [Vger (DC)- Vi (DC)(max ) ] Hod slew rate _ tangent line [ViH (DC)(MIN) - Vrer (DC) |
Rising signal ATRH Faling signal ATEH
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Command Truth Table
Note 7 Notel7| S | ==t = s A12~A11
COMMAND DM A10/AP ’
CKE(n-1) | CKE(n) BAO.1 A9~AQ | Note
Extended
(Ex ) H H o lL|l L | L | L] X OP CODE 12
Mode Register Set
Auto Refresh H
H L L L H X X
Refresh Entry L 10,12
efrres Self L H H H 69
Refresh | Exit L H X X i
H| X X | x 12
Bank Active H H L L H H X \Y, Row Address
Auto Precharge Disable L Column
Read H H L H L H X \Y Address | 1,3
Auto Precharge Enable H (A9~AD)
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 \Y, L
Precharge H H L L H L X X
All Banks X H
H X X X 4,11
Entry H L L H H H X 12.15
Active Power-Down X
] L H H X X X X 4.8,
Bt Ll H | H | H 12,15
H X X X 4,11,
Entry H L L H H H X 12.15
Precharge Power-Down X
. L H H X X X X 4.8,
Exit Ll H | H | H 12,15
DM H H X \Y X 16
Device Deselect H X H X X X X X
No Operation H X L H H H X X
(OP code = Operand Code, V = Valid, X = Don't Care, H = Logic High, L = Logic Low)
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

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

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

Note:
1.
2.
3.
4.
5.
6. Self Refresh Exit is asynchronous.
7.
8 All states not shown are illegal or reserved unless explicitly described elsewhere in this document.
9 On Self Refresh, Exit Deselect or NOP commands must be issued on every clock edge occurring during the txsnr period.
Read commands may be issued only after txsro is satisfied.
10. Self Refresh mode can only be entered from all banks Idle state.
11. Power-Down and Self Refresh can not be entered while Read or Write operations, MRS/EMRS operations or Precharge
operations are in progress.
12. Minimum CKE HIGH / LOW time is tcke (min).
13.  The state of ODT does not affect the states described in this table. The ODT function is not available during Self Refresh.
14. CKE must be maintained HIGH while the device is in OCD calibration mode.
15.  ODT must be driven HIGH or LOW in Power-Down if the ODT function is enabled.
16. Used to mask write data, provided coincident with the corresponding data.
17. If tck < 1.875ns, the device can not support Write with Auto Precharge function.
Publication Date : Jul. 2017
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Power On and Initialization

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

Power-Up and Initialization Sequence

The following sequence is required for Power-Up and Initialization.
1. Apply power and attempt to maintain CKE below 0.2 x Vbobpa and ODT (*1) at a low state (all other inputs may be undefined).
- Vbp(*2), VooL(*2) and Vopaq are driven from a single power converter output, AND
- Vrris limited to 0.95V max, AND
- VRer tracks Voba /2.
or
- Apply Vbp(*2) before or at the same time as VpoL.
- Apply VooL(*2) before or at the same time as Vooa.
- Apply Vpopa before or at the same time as V1t and VRer.
at least one of these two sets of conditions must be met.

Start clock and maintain stable condition.

For the minimum of 200us after stable power and clock (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.
Issue EMRS(2) command. (To issue EMRS(2) command, provide “LOW” to BAO, “HIGH” to BA1.)
Issue EMRS(3) command. (To issue EMRS(3) command, provide “HIGH” to BAO and BA1.)
7. II??AS\#G) EMRS(1) to enable DLL. (To issue "DLL Enable" command, provide "LOW" to A0, "HIGH" to BAO and "LOW" to
8. Issue a Mode Register Set command for “DLL reset” (*3).
(To issue DLL reset command, provide “HIGH” to A8 and “LOW” to BAO-1)
9. Issue Precharge commands for all banks of the device.
10. Issue 2 or more Auto Refresh commands.
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.

DN

oo

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

Initialization Sequence after Power-UP

" 400ns 1 Taz H Tmwen  +  Imz>  » Tarz | Turo [FE H [ Tare 1 Tazz Filow 323 #1207
. - - . : . . . . Flow Chart ‘
Precharge DLL enable O CD default OCD Calibration
All DLL Reset mode exit
I

200 Cycle (min.)
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Mode Register Definition

Mode Register Set [MRS]

The mode register stores the data for controlling the various operating modes of DDR2 SDRAM. It programs CAS latency, burst
length, burst type, test mode, DLL reset, WR and various vendor specific options to make the device useful for variety of different
applications. The default value of the mode register is not defined, therefore the mode register must be written after Power-Up for

proper operation. The mode register is written by asserting LOW on CS, , CAS, , BAO and BA1 (The device should
be in all bank Precharge with CKE already high prior to writing into the mode register). The state of address pins AO~A12 in the
same cycle as CS, , CAS, , BAO and BA1 going LOW are written in the mode register.

The twuro 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.

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

v bbb bbbl

0 0 PD WR DLL | TM | CAS Latency | BT Burst Length Mode Register
SR } } !
Active Power down exit timing A7 Mode A3 | Burst Type
A12 PD 0 No 0 Sequential
0 Fast Exit (normal) 1 Yes 1 Interleave
1 Slow Exit (low power)
L J v
BA1 BAO Mode Register A8 | DLL reset A2 A1 A0 | Burst Length
0 0 | MRS 0 No 0 0 0 Reserved
0 1 EMRS(1) 1 Yes 0 0 1 Reserved
1 0 EMRS(2) 0 1 0 4
1 1 | EMRS(3) : Reserved ¥ 0 1 1 8
¥ CAS Latency 1 0 0 Reserved
Write recovery for Auto Precharge 1 0 1 Reserved
A6 A5 A4 Latenc
A11 A10 A9 | WR(cycles)" y .1 0 Reserved
0 0 0 9 1 1 1 Reserved
0 0 0 92 0 0 1 8
0 0 1 2 o 0 1 0 Reserved
0 1 0 3 2 0o 1 1 3
0 1 1 4 & 8 1 0 0 4
1 0 0 5 8 |31 o 1 5
1.0 1 6 s 1 1 o0 6
1 1 0 7 o I 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 ( WR[cycles] = twr (ns)/ tck (ns)). The mode register must be programmed to this value. This is also used with
trp to determine tpaL.
2. Iftck < 1.875ns, the device can not support Write with Auto Precharge function. WR must be set A11~A9 to 001.
www.champtech.com.tw Publication Date : Jul. 2017
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Burst Address Ordering for Burst Length

—
2
o,
—
Py
o

L?alr:;stth Startlng(gzlan’nAoA)ddress Sequential Mode Interleave Mode
000 0,1,2,3 0,1,2,3
4 001 1,2,3,0 1,0,3,2
010 2,301 2,301
011 3,0,1,2 3,2,1,0
000 0,1,2,3,45,6,7 0,1,2,3,4,56,7
001 1,2,3,0,5,6,7,4 1,0,3,2,5,4,7,6
010 2,3,0,1,6,7,4,5 2,3,0,1,6,7,4,5
8 011 3,0,1,2,7,4,5,6 3,2,1,0,7,6,5,4
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 5,4,7,6,1,0,3,2
110 6,7,4,5,2,3,0,1 6,7,4,5,2,3,0,1
111 7,4,5,6,3,0,1,2 7,6,54,3,2,1,0
Mode Register Set
Lo P b2 L3 L4 Vs .6 o7 .8
Y - el e S -
ORI S S W S S S S G S G S G S S S G aa o
COMMAND ; [ eroch ; . (Eridteey L . ;

| \_All Banks f j

SR R | ———

*1 : MRS can be issued only at all banks precharge state.
*2 : Minimum tre 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.

Publication Date : Jul. 2017
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, OCD

, BA1 and HIGH on BAO (The device should be in all bank

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

Extended Mode Register Set-1 [EMRS(1)]
The EMRS(1) is written by asserting LOW on CS, , CAS,
Precharge with CKE already high prior to writing into EMRS(1)). The state of address pins A0~A12 in the same cycle as CS,
CAS, and BA1 going LOW and BAO going HIGH are written in the EMRS(1).
The tmro 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 disable. ODT setting is defined by A2 and A6.
In single ended mode, the signals are internally disabled and don't care.
BA1 | BAO | A12 | A11 | A10 | A9 A8 A7 A6 A5 Ad A3 A2 A1 AOQ
l l L J l L J l l l l l l l l l 1
0 | 1 |aoof 0" | | oCDprogram | Rit | Additive Latency | Rt | ODS | DLL |
L J
+ A0 DLL Enable
A6 A2 | Rtt (nominal) 0 Enable
00 Disable L Disable
¥ 0 1 75 Q
A10 | p@s Enable 10 150 Q .
0 Enablo A1 Output Driver
; na 1 1 50 Q Strength Control
Disable 0 Normal (100%)
1 Weak (60%)
y
” ¥
A12 Qoff Additive Latency
0 | Output buffer enable A5 A4 A3 Lat
1_| Output buffer disable atency
0 0 0 0
0 0 1 1
0 1 0 2
v 0 1 1 3
Y Driver Impedance Adjustment 1 0 0 4
BA1 BAO Mode Register A9 A8 A7 OCD operation ] (1) (1) g
0 0 | MRS O o o |OCD calibration 1 1 1 7
0 1 | EMRS(1) mode exit
1 0 | EMRS(2) 0 0 1 | Drive-1
1 1 | EMRS(3): Reserved 0 1 0 | Drive-0
1 0 0 | Adjustable mode™
1 1 1 | OCD default state™
Note:
1. A11is reserved for future use and must be set to 0.
2. When adjustable mode of driver impedance is issued, the previously set value of AL must be applied.
3.  After setting to default state of driver impedance, OCD calibration mode needs to be exited by setting A9~A7 to 000.
4. Output disabled - DQs, DQSs, s. This feature is used in conjunction with DIMM IDD measurements when |IDDQ
is not desired to be included.
www.champtech.com.tw Put?li_cation Date : Jul. 2017
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and BAO going LOW and BA1 going

Extended Mode Register Set-2 [EMRS(2)]
defined, therefore EMRS(2) must be written after power up for proper operation. The EMRS(2) is written by asserting LOW on CS,
CAS,
EMRS(2)). The state of address pins AO~A12 in the same cycle as CS, , CAS,
HIGH are written in the EMRS(2).
The twro 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.
BA1 | BAO | A12 | A11 | A10 | A9 A8 A7 A6 A5 A3 A2 A1l A0
=1 5 w3
1] o | 0 | SRF | 'bce?| PASR |
L J
A7 High Temperature
BA1 BAO|  Mode Register Self Refrash rate
ORI —
0 1 | EMRS(1) ¥
1 0 | EMRS(2) A3 DCC Enable
1 1 | EMRS(3): Reserved 0 Disable
Enable
¥
A2 A1 A0 Partial Array Self Refresh
0 0 0 | Full Array
0 0 1 | Half Array (BA[1:0]=00&01)
0 1 0 | Quarter Array (BA[1:0]=00)
0 1 1 Not defined
1 0 0 3/4 Array (BA[1:0]=01, 10&11)
1 0 1 Half Array (BA[1:0]=10&11)
1 1 0 | Quarter Array (BA[1:0]=11)
1 1 1 | Not defined

The EMRS(2) stores the data for enabling or disabling high temperature self refresh rate. The default value of the EMRS(2) is_not
, BAO and HIGH on BA1 (The device should be in_all bank Precharge with CKE already high prior to writing into

-

*Note:
1.
2.
3.

EMRS(2).

A0~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.

If PASR (Partial Array Self Refresh) is enabled, data located in areas of the array beyond the specified address range
will be lost if self refresh is entered. Data integrity will be maintained if trer conditions are met and no Self Refresh
command is issued. If the PASR feature is not supported, EMRS(2)[A0-A2] must be set to 000 when programming
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A1

[T 1T

LTE
Extended Mode Register Set-3 [EMRS(3)]
A12 | A11 | A10 | A9 A8 A7 A6
0

[ 1]

Mode Register

EMRS(1)
EMRS(2)
EMRS(3): Reserved

0 0
0 1
1 0
1 1

BA1 BAO
MRS
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

setting to mode register during initialization .
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Off-Chip Driver (OCD) Impedance Adjustment
DDR2 SDRAM supports driver calibration feature. Every calibration mode command should be followed by “OCD calibration mode
exit” before any other command being issued. MRS should be set before entering OCD impedance adjustment and ODT (On Die

Termination) should be carefully controlled depending on system environment.

OCD Flow Chart

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

Y

| Start }
EMRS(1) : OCD calibration mode exit —

-

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

A

ALL OK ALL OK

Test

Need Calibration Need Calibration

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

' '

EMRS(1) : EMRS(1) :
Enter Adjustable mode Enter Adjustable mode

; :

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

' l

EMRS(1) : OCD calibration mode exit

EMRS(1) : OCD calibration mode exit

Y
EMRS(1) : OCD calibration mode exit

End
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signals are driven LOW. In Drive-0 mode, all DQ,

DQS signals are driven LOW and all

used.

EMRS(1) for OCD Impedance Adjustment
SDRAM. In Drive-1mode, all DQ, DQS signals are driven HIGH and all

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

maintain the default or calibrated value.

A8 A7

Driver Impedance Adjustment Mode
Operation
Low

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

OCD impedance adjustment can be done using the following EMRS(1) mode. In drive mode, all outputs are driven out by DDR2

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

High

set to default, subsequent EMRS(1) commands not intended to adjust OCD characteristics must specify A9-A7 as '000' in order to

A9

Device-0: DQ,DQS Low and
Adjustable mode

OCD default state

A0~ | OO
A 0|0 | |O

A0 O |O

Adjust OCD Impedance
calibration, all DQs of a given device will be adjusted to the same driver strength setting.

value must be applied.

OCD Adjustment Table
Pull-up driver strength

Pull-down driver strength

NOP
NOP
NOP

Increase by 1 step

signals are driven HIGH. In adjustable mode, BL = 4 of operation code data must be

To adjust output driver impedance, controllers must issue EMRS(1) command for adjustable mode along with a 4bit burst code to

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

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

Decrease by 1 step

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

DT0O DT1 DT2 DT3
0 0 0 0 NOP
0 0 0 1 Increase by 1 step
0 0 1 0 Decrease by 1 step
0 1 0 0 NOP
1 0 0 0 NOP
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
Publication Date : Jul. 2017
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OCD Adjustable Mode

===y
g

CLK -y -5 ——— ————
R SR S S SR SN S S
Command 4EMRS(1X § NOP
WL tWR
s . T
tDs |tDH,

DQS, DQS
ba S | Do * pT1 X DT2 ) DT3 }
DM %//{%m, WW 74
\
OCD calibration mode exit

\
OCD adjustable

Note: For proper operation of adjustable mode, WL = RL - 1 = AL + CL - 1 clocks and tbs / 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  -- s e e ‘ .
SR A G U S ) S

CLK —_—
Command —(EMRSUX NOP Hl\EMRSUK
_ High-Z — — iah-
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 >—
tor toIr
OCD Calibration mode exit

!

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

turned-off torr 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/ , and all DM signals via the ODT control pin. The ODT feature is designed to improve signal integrity of the memory

channel by allowing the DRAM controller to independently turn on/off termination resistance for any or all devices.
The ODT function is supported for Active and Standby modes. ODT is turned off and not supported in Self Refresh mode.

Timing for ODT Update Delay

Command ———— 5% 7—<EMRS(1 X NOP
tAOFD
\ —-F*— tis
oDT — 5
tMOD(max .)

p————( tMOD(min.)

Internal - -
Rtt Setting Old setting Updating >1

s New Setting

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

window.
ODT Timing for Active and Standby Mode
TO T1 T2 T3 T4 T5 T6
CLK ==l - -y T lr=——y |- -4 |- -
_ho A L D D S G SR A T N
CLK |____|—~____| I--__I I | |____| |~--__ [ |
I i 1 i i ! i I | i i
i i 1 I i 1 [l ) ] i )
i I 1 i | i i i i
CKE i ) 1 : i ] : i i '\ | i
| | 1 i i 1 ¥ i | ! 1
1 i tis 1 [ | tis ! [ 1 | | i
I I 1 I I 1 i | i 1 I
i | T i T 1 I i | i i
oDT i h 1 I i 1 [ i i i i
! [ ' ' : ' ' thorp ! [ ‘
[ | 1 tAOND [ + T + 1 [ !
[ | [ | [ ! ) ! i 1 1
Internal 1 . L i 1 ) [ | 1 1
Term Res. i | 1 i i L . Rit i ' i i
| , I . tAON(mip.)——={#— | . | | \ |
i , ' . i tAON(max.) , I tAOF(min ——=|f— | '
tAOF(max.)
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ODT Timing for Power-Down Mode

T0 T4 T2 T3 T4 TS T6

CT( - -——— j——— Im == — - . - T jom === Jm—— — -

| i i " 1 1 I ! I i ! 1

| 1 I 1 i i 1 I I i ! i

CKE L i ! 2 ! J 1 ! 1 ! ! !

| | 1 i 1 1 i 1 | i ! 1

| I 1 1 i i | 1 1 i ! 1

| I t I 1 ' I I I I |

! . IS ! : , L bs . : . . . . .

| I T Y T i I 1 1 I I 1

ODT | i 1 1 1 i i 1 I 1 1 1

1 1 1 i 1 1 i T ] ] T T

| 1 I ' 1 i i I I I 1 I

| , i | \ T ; : : tAOFPD(max.) |

Internal I . i . tAOFPD(min.) T T t T | 1 I

Term Res. | . | . 1 i . 1 ; | I I

" ' - i i Rtt I 1 I 1 1

' tAONPD(min.) L - L ' ; T i : :

' tAONPD(max.) ! 1 ' ' ! ' !
i 1 | 1 | 1 I I 1
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!__

ODT Timing Mode Switch at Entering Power-Down Mode
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ODT Timing Mode Switch at Exiting Power-Down Mode
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Precharge
The Precharge command is used to precharge or close a bank that has activated. The command is issued when 7, ~ and
are LOW and is HIGH at the rising edge of the clock. The Precharge command can be used to precharge each bank

respectively or all banks simultaneously. The bank select addresses (BAO, BA1) and A10 are used to define which bank is
precharged when the command is initiated. For write cycle, twr(min.) must be satisfied until the Precharge command can be issued.

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

Bank Selection for Precharge by Address bits

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

NOP & Device Deselect

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

The DDR2 SDRAM are put in NOP mode when is active and by deactivating , and . For both Deselect and
NOP, the device should finish the current operation when this command is issued.

Bank Active

The Bank Active command is issued by holding and HIGH with  and LOW at the rising edge of the clock
(CLK). The DDR2 SDRAM has four independent banks, so two Bank Select addresses (BAO, BA1) are required. The Bank Active
command to the first Read or Write command must meet or exceed the minimum of to delay time (trep(min.)). Once

a bank has been activated, it must be precharged before another Bank Active command can be applied to the same bank. The
minimum time interval between interleaved Bank Active command (Bank A to Bank B and vice versa) is the Bank to Bank delay
time (trro Min).

Bank Active Command Cycle

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

S S D S S SO S W S W S S S S S S

—_— e e - - b e e e o = m — = -

Command :}: ACT }( A K ACT K Posted Eg){ PRE )‘( }{
paaress X =\ ™ e ) Banka ) X

oy (AL Bank A ReJd begins

¥ ACT —

} Bank A -
Row Addr.

tRRD
tRAS tRIP
tRC \
Bank A Bank B BankA Bank B BankA
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 , , and deasserting at the same clock sampling (rising) edge as described in the command truth table.

The length of the burst and the 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 , , and 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 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 latency (CL). Therefore if a user chooses to issue a R/W
command before the trco(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 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>

i 1 1 !
.Ba kA| =-l-=

DQS/DQS

1
|

: |

i ! L

| | !

1 I [

, 1 >=tRCD

| | !

[ ! L
L

t

| |

DQ

- o wm ml owm m w wm -

DQS/DQS

DQ
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Essential Functionality for DDR2 SDRAM

Burst Read Operation

The Burst Read command is initiated by having o

The RL is equal to an additive latency (AL) plus

EMRS(1).

and

Read (Data Output) Timing

LOW while holding and

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.

latency (CL). The CL is defined by the MRS and the AL is defined by the

HIGH at the rising edge of

tcH | tcL
T R S G S S G
CLK JE | v v " [
pes | N
e R
tRPRE
DQ Dout
tDQSQ(max.
tQH
Burst Read
< RL=5 (AL=2; CL=3); BL=4 >
TO T T2 T3 T4 T5 T6 T7 T8
CLK  ---, - - --- i - Vi - = == p—m =
CLK —?fl -___.1!_ 1- -.lff f----.? ----?\ --.-.?'-_a' ___.':‘\_-____-:‘-_..___T,'-_
co (P B l{_ NoP J-{__Nop M Nop ] [NOP. H{ [ NoP_ M| Nop | Nor ] Nob }-
! . ! ! . =< {pascK] ! ! :
DQS,D0S : : \ ':””m"ml___.”";—.—' E—
P ALH2 . I CL £33 . I I | |
' : : RLE 55 1 : : : :
DQs . : . I {Douta DoutA1l:.Dout/-l\2{DoutA3 ! .
L [l | ] i
< RL= 3 (AL=0; CL= 3); BL=8 >
TO T1 T2 T3 T4 T5 T6 T7 T8
CLK -—— ym == =) -——— -—- -—— - - - - .-
S S S S B S S S SN S SN S SE S SN S S S .
cMD (FEADAE}I-{ NOP_|~{ NGP H NOPE NOP M NoP ([ nop ) nop H] NoP -
: . \ €=<tboscx : : : : |
DQs,Das ; . (L o W S f"'n fooh T
f CL=3 I . : : : I I
' RL33 : : : : : : I
DQs : : {Poutho{Boutii{ Boutha{Beufas{ DoutAd (DoliAs| DoutAG@Eﬂ—:— —:—
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Burst Read followed by Burst Write

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

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

K ---s o - - y ey I R S B )
CLK _f__\___\fﬁ_!{__*_f_\f__"ﬂ Lk \ L A E«

i
i

i

| oun, i 1 1

cMD {_nggg[ff;_)—{ NOP ;—{ NOP M Peie™ ( NOP |+ NOP - NoP A NOP H NOP |-
) tRTW (Read to Write-turn around-time ) : :
AT

DQS,DQS . = ! \ﬁ_ :

L [P

)
L
1
! 1
! i
i
1
i

' Wl £RI-1v=44
i

T
]
]
1
L
i

DQs = : " { Doutaq { Douta1{ Doutal2{ DoutAls —:—(DinAo){Diﬁm}{DinAzj{ DinA3 )

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 17 T8

CLK — . oy -y g fom g [
CLK _1,1...."5'_#-.....‘::*_:'l....llx "'I'--...\': '-----E' hmematt

(DoutA;{DoutB(l) DoutB1){DoutB2

) 1
oo (T H_[Nop - TeErE H_[nop: ([ Nop, H [ NoP - noP | NoP -
¥ [ I i i i ] 1
DQS,DQS . : ! : { - ) ) “_".,'""}f_:
! ! ] =T h 7 Sl § ===
VALd2 . | CLE3 ' : : : :
. : : RLES . ! ! : !
N i N L ] é
i

DQs L L DoutAO' DoutA1 ({ DoutA:

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 , and LOW while holding 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

tbasH toast

twpsT

i E‘W{‘Iﬂﬁlwia_//lll Trrry,

Mt_ ) tDH% E@’/fﬁ/

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

- R R PRpEp
¥

oo (e W TNoP - [NoP W [Nop: }-{ [NoP | Nop (] Nop N{H Prochdrge -

Casel : with tbass(max) N o
bas.pas ' - v A VN &
! WL=RL-1=4 : foass |+ |toss : vos=lwr :
Das : : : ——{ DinA0X pinA1} PinAZY DinA3} : B :
. : ' : [osH, i i ' .
Case2 : with tbQss(min) ' [ tpQss| ' 1 f | !
P h i ' LR Bl re-—=; e . | '
DQs,DQs : . iRt {'q i, . =
| WL =RL-1=4 : : - \ L >3 tWR

R =7\ e e ————

< RL=3 (AL=0; CL=3); WL=2; BL=4 >

TO T1 T2 T3 T4 T5 T6 7 Tn
TR eewy — R [P fr-- = (PR . Hiemnny
CLK _."-.__.1:1._}.____ .____1’-'_3\___:'5}) ~---.15_f~____1!$_a'~____k_-".___$_L___.‘€L_
cvo (Y RITEI:\}-{ NOPE ' al NOF:' 1 procrarte }{ | Nog ?-{W

L
o
z
[ (o]
Lo
A
z
(o]
R I vl

i B S 65 o i S S B
WL=RL-1=2 ' ' ' twr ! ' >=|tRp
DQs ' ——{Ginad) I:)inA1H:@(PinAo} ; : : F
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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

c [ B g | _———— ' | ———— o i = p—— d X
S RV S ST SN U S SEUN S SO SN O WD SN A S WD SO W S
__| Write to Read = (?L -1+BL/2+tWTR ' X 1 i ! X X

e {_[NOP H [Nop; H_[Nopl M [Nop! H{ Pl H | NoP_ | Nor M| NOP | NOP }-{| NOR |
| ws| | : | | N R Y
DQS,DQS T voas|f A X ) X T T ' ! [
WLERL-f =4 : ; AL=2] . . loL=3 - -
! : : ' ! ; RL=5 : I I
! — ] f > StWTR : | :
DQ . . {Dihao)(DmAT) Dina2){DinA3) : DoutAD

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

Seamless Burst Write

<RL=5;WL=4; BL=4>
TO T1 T2 T3 T4 T5 T6 T7 T8

P

cwo  (Pem | NOPL M Taee M NOPI}I-{ NoP, H NoP I NOF:‘ H_ Nop NO;D:I

saspas—| Lo L e e Ty
, wL=RL134 . : | : : : '
i T T i ! i | A ' C

DS ' : : +—{BraejtermtHDina2)(Djnas)(dinBo){DinB 1{DjnB2){DinB3) +———
i 1 ] [} i [

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

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

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

PR S S S S S S SN S T G S S

.
'
ot
—
1
i

.

-

NOF|

py
P4
3 -
T
o

, | ; g
owp  ( READAH NOP M READ B H_[NOP! }-{ | NOP, H_| NOP

p
T

DQS,DQS

1
1
\
-r
\
\
o
;
I |
H
i
.
'
il
! |
| ’)’\!
7
|
1
r:
|
s - -
h
1
\
e - doet - |- - -
—
i
i
dag
-

-

vs)
I}
=

2]
% I
3

-

%

1

] 1
Das : ; ﬂlm Azj{AsjBo)’jm
] i i

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 >

T T T2 5 T6 17 T8
o 4_\_1\_; D S B S S

owo NOP:,H Write A -~ o H NOFi’ H NOFi’ H NO%’ HNor !
? ED D ED s = s D el

Note: | |

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

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

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

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

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

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

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

Precharge

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

to the Precharge command.

<RL=4 (AL=1; CL=3) >
TO T1 T2 T3 T4 T5 T6 T7 T8
CLK -y mm Ty = [ e lam == b= ===y Ty I = = "
1 L] i i ' ! i I i
owo  (TREE¥}{[NOP }H{_[NOP: [ Pipsarse} [NOP T [NOP 1} [NOP ] [&r < [NoP 1)
« AL[+ BL/2 clks ) - ; : : ! -
BL =4 DQS,D0S . : : .,..r i __‘J;____i""f‘____',{""", : : :
AL 1 . CL33 : : *= RP ; | :
bas ' RL 5 4 ! : . : : : :
- Doutaf, DoutA} DoutA, Douta : '
! 3= tRAS ' ; / X X :
. >= tRTP, CL=3 i i i :
v (TR 0P [Nom [{ 6P { N0 { P { 6P 1) { o }{JRor )
* AL[+ BL/2 clks ' ; i : : : !
BL=8 DQSPas ' . . ﬁl"l.ﬂ ____‘lf"""jl' "‘f""l.'i‘____f"'};"__"; -“.f_':
AL = 1 . cL=3 - i i : ! -
: RL =4 ; i ! ' | | |
bas : : : DoutAl DOUKA} i Dou Douf Bou o Bou BoutAR DoutA7 :
' I >= {RTP I
< RL=5 (AL=2; CL= 3); BL=4 >
= TO T T2 T3 T4 T5 T6 T7 T8
CLK  --3 - =) -y o i---- e T ! o nm ;
IR B T G A G A A o S T O A A
' | i i P ' ' " |
owo (B {_NoP ([N H_[NoP }{PrismmeRH_[NOP ([ NoP H{_[Za  H_[NoP )
' AL|+ BL/2 clks - ' : 3= tRP : : :
DQS,DaS . : , : '"_:""mll___ ¥ ————
L ALE2 . I CLz3 - k . :
B : RL=5 : : I I : . !
: L : . DoutAG{DoutA §DoutAZ} DoutA L L
! 3= {RAS ! ' ) ) : ' !
' ' >= {RTP . ' CL:= 3 ' . '
< RL=6 (AL=2; CL=4); BL=4 >
TO T1 T2 T3 T4 T5 T6 T7 T8
CLK TR | T =TT L == b=y T T e mm ) b
ok A A A % K X £ 0N £ o0X o ox £.oX ¥yox foA
' 1 ' " ' i ' [ '
' ' i . ! ' ' " \
oo (BN INOP L [NOP T H NOP ) Prdcharge RH[NOP [)-{" [NOP ™ [%EA ™ [NOP '}
" AL[+ BL/2 clks - ' : 3= RP : ' :
DQsS,DAS : : ; . : ""T""t 'ﬂ' !
' 1 1 ' 1 | ———- |
, ALF2 . \ CLz4 1 | ' i |
bas : : RL=6 : - | ; i \
: . L . : : DoutAd{ DoutA fDoutA2f DoutAF————
! 3= {RAS ! N ) ) A !
' g >= {RTP . : cL=4 : .
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< RL=4 (AL= 0; CL=4); BL=8 >
T0 T T2 T3 T4 T5 T6 T7 T8

CLK - R e - PSRERE e ey .
R G G S S S S SN A S S SN S G S S SN0 B
1 i i i ! ] ¥ N 1
| | | | ! i [ L] 1
cMD ( Peati® i NoP 1 [NoP 4 NOP '~ INOP | ‘-\Prdcharg A){_|NOP < NOP I} [N 1)
i i i ] ! L] I [] 1
' AL+2 clks ¥ max(trTr;2) ' X ! > = {Rp ! :
_ i ! [} PR N R ! === b-——— b == n- == i

DQs,DQS . ' . | Y i X / \ -
AL=30 i ' CL =4 | i : ' [ ' i
:  RL= : : 1 ] [ ] :
DQs ! ' ! ! ; : 7 ; y !
. . DoutA0{Douta1 | DoutA2){DoutA{Doutad{Doutas|Dotas ) Doutar———+
' >= {RAS ' | ! ] 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
CLK .=y g = = Y ——— ——— [ Lm b e Jom = m g e e L
oK i D SRR S S SR SR N SRS S SN S N SN S N G S
I I : : l Z : : |
cmD (Fast= 4 Nop - nop TH op )= Nop TH Nop 1)=( [NOP " [NOP  }{Precharg A}
T e T
DQs,0as . : G . : . :
. L=38 I : | I : i
pas : ~—{priaof omariompz)( DinAs) : : - ]

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

T0 1 T2 T3 T4 T5 T6 7 9
CLK B A S james EEEE 1=y === fe ooy o = = = g - - = ———t
CLK —li1_____ -u__._l;l 1....‘!i J;'-__._I \----Bj '—-——:}'—J ----- :?(_-..--*—'i....',
CMD {"gsee T Nop i - Nop T Nop I~ Nop T Nop ) [NOP |+ [Nop :.&-{ Prbcharg A)
] i [ i [} ' [l I
: I I : : . >F R, ;
Das,bas : f I W N T YT ' s I
W [ 1 " === il 1 1
. WL = 4 : : E : : . :
Das : . +—{piao) Dia1){BrazH Bitms} : & !
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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

DQ +(Eﬂ m 7 /7_ '/ J[oin T pin Din)E Din | Dinli?iﬁ [din)

w LY
’ ' Writé mask latency = 0 !
Example: <WL=3; AL=0; BL=4 >
T 1 2 3 T4 T5 6 7 T8
Command ";( WRIT ).{ : N:OP I I ' = '
[toass(min] o ["ogss : : ! ;
DQs,Bas "14.-’ ' _1
WY, Dino}m Din2 § 0in3 -mmm
DM i m : &\\\‘m
[toass(max.] 1 : :tDst
DaSBaS 1 [ /"/’I/’//, T%{ ".
= : I T /4l €7 T N\ DN\
o V007 /;,fzm - @&#\\\\r\ N\
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Read with Auto Precharge

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

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

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

T0 T T2 T3 T4 T5 T6 T7 T8

SR S S S S W G S A S G (O S U W SO S O

owp (P ) NoP H{_ NoP H NOP ]+ NOP H_ NOP }-{_ NOP }{ NoP }{ EakAT)
BL=8 (DQS,DQS

Aupprecharce AL+BL/2 clk ' ' . X > =tRp : '
t RTP <= 2 clocks , - | '\—:—r‘----"l'\—:'----Tn\—l‘-----.']k‘—l'----:k—;_':
\ AL = 1 \ GL=3 ' : \ X \ :
Do : . Ri=4 ! ! | i I : !
. : . e ) ) —
! ' ; 1>= tR]] . X ' X '
| - - L tRTP ' ' - '

I
Precharge begins here

o (P ){Ror H{_wor H_ wiop ) wop H_wop W or M i M wor )
Aul oprecharg:e >=AL+RTP+RP I I :

[
BL=4 Das ! ! !
t RTP > 2 clocks bas,bas i ! SR Y N — 4 . ]
AL'= 1 ! CL=3 : | | : :
bas ; " RL=4 ! \ ! ! I
T ! ! SoutAa) !
- T T DoutAO0 }{ DoutA1 }{ DoutA2 }i DoutA3
— ) ———
' | tRTP: ' tRP ! ! |
i 1

Precharge begins here

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

tRP Limit

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

TO T T2 T3 T4 T5 T6 T7 T8
CLK -— [T P— fam B imm e i - g e ) &
CLK _J‘,..."'ft_.'].__ _,_AJ.____"-I( 2 _:"{ .____‘? M __I5~'. }____1; J’T};_Jr.____‘
I I : ; : | : ; .
cMD { ued SN INOP )+ [NoP '} NOP h—-{ [NOP }+ [NOP [} [NOP'}4 [NOP ;}_{_%ni';g :J
h OpreChargue >=I! tRAS(fin) : Auto.prechar he begir{:s : I : '
— 1 ! : ' L e (Vs il i I i : :
DQsS,5as : . : . ' | N . .
' ' ' " =1 - ' u
AL=2 - cL=3 . e - :
T T * : | : : ]
DQs : DoutAlDoutA {DoutaAX Douta: .
1 1 1 L] ) 1 :
i i [ ] ' i | 1 [ "
>={RC
CER - Ll lpmmmm g Tl mEaw faemm lym = [ PRSp—— | PR "
CLK _}.__.Sr!_‘lfl_._.! I.._._II [ t L__.:ls_il.__.\{ .Ts_j ..... L} -._._.IEI
i 1 1 1 u i 1 1 i
omp (e} {—JNoP 1}~ NoP 14~ NOP EH NOP |+ [NOP [}<{ [NOP: }{;135;\ ' :I—{: NOP )
Auuorechargle > tRAS min) : Aultoprech rge beéins E : i I
1 ] [} ]
Paspas : . : — — X :
AL52 ' CL=3 ' T I-trP ' ! !
S | : : | | :
Das X X " .DoutAﬁDoutAnDoutAz DoutA}I—:——:—
1 ! i i I i I I :
>={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 >
TO T1 T2 T3 T4 T5 T6 T7 Tm
CIK I - Ammay R P I B n e e e i
K L SN SN SN SN W A SN S SN S S S
O O 2 T T L T O O X T O )
Auoprechar% : : : : : l_ i I : :
' N I 1 Auto Précharge begins f I
tRe Limit Dpas bas T \3 R -:'{ g -i'tl © Sk fwre “= tRp $ E
WL=RL-1=2 . ' T Q T g '
bas : - {Drfad(Dira DA Dina : , : # :
. >= {RC . : : 1 :
_ TO 5 T3 T4 T5 T6 T7 T8 T9 T12
CLK - o - -——- [ J— - i
CLK _lli.____kl_ﬁ_j._____?. P --k. - _:lw.‘ |.__.]F_jm_.__l¥_?~, ,l:',‘-_,l.'n.., _'ﬁ_}-u__._'-l:
OMD  { fosted CAé:,. i [NoP T} [NOP'}4 INOP E}-{ NOP |14 [NOP 7)-{ [NOP'}4 [NOP 5?-{ Bank A 1
A oprecharge B ] f 1 [ L — [ | ;‘ ] .Ad.IML:.}
: . : ! : Al\uto Precharge begins ' X
tWR + tRP DQs,Das —& e .;'f. ﬁ,-" = ;\':I‘ 5." " ! ! ! IE '
: WL=RL134 | — F R 2= tRP : I
DQs 5 . {Dinpo{ Dira1 i) DiriA3} : E : I; :
i >= fRC | ' - | : |
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Auto Refresh & Self Refresh

Auto Refresh

An Auto Refresh command is issued by having , and held LOW with CKE and  HIGH at the rising edge of the

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

O S G S S S G S S S S S G S P S S S S S S S S e

! Auto - L] x N L)
Refreshs T H d LA/

i

: i '

COMMAND ] {PRE} :
' o :

1

CKE = High + n v . " 0

E3
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Self Refresh

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

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

The user may change the external clock frequency or halt the external clock one clock after Self Refresh entry is registered,
however, the clock must be restarted and stable before the device can exit Self Refresh operation. The procedure for exiting Self
Refresh requires a sequence of commands. First, the clock must be stable prior to CKE going back HIGH. Once Self Refresh Exit
is registered, a delay of txsro(min) must be satisfied before a valid command can be issued to the device to allow for any internal
refresh in progress. CKE must remain HIGH for the entire Self Refresh exit period txsrp for proper operation except for Self
Refresh re-entry. Upon exit from Self Refresh, the device can be put back into Self Refresh mode after waiting txsnr(min) and
issuing one Refresh command. NOP or deselect commands must be registered on each positive clock edge during the Self
Refresh exit interval txsne. 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.

TO T1 T2 T3 T4 T5 T6 Tm Tn
teK ' ' ' ' ' g . . f
tcH | toL I ! i ' : ' i
i 1 [l [l ' ' i ] [} J i 1
CLK — dom L - el P '----.I,—¥‘--- R Boaaa e —— B - - -+ "
CLK _?3_...__-.\_7._?\_1’.._._1 S L ® l-...sE_-....'-‘*—----.%—-----'.'t
i [ i i ! i 1 1 ' ' '
- : ' ! : ! : . >=benR| ! !
:  tRP : ! ' . >=sXSRD ' ' '
[ i i i [ W T T
' i i ! ! 1 " ' '
: - o | | s : 3
CKE ' . ' ! ) . & - ! '
. i i i LI — i ] [J M— . i 1
' ' i AOFD '|tIS ! ' TS . ' X X
- : ' : : : : : : : '
,I L] [ [ ' ! i L L L] i [ :
o D | | . . | . S
! tis ' ' : | ; : . ' . i
' ! ' i . fis | tiH §* ! ' ] ' ' [
. ) , , F:l. . ) . . @: & },@
Command WW =4 SELF A-f&% NOP  Jeea  NOP NOP walid A
f : i T f : f : f f i i i T Bl— : — — ‘

Note:
1. Device must be in the “All banks idle” state prior to entering Self Refresh mode.
2. ODT must be turned off taorp before entering Self Refresh mode, and can be turned on again when txsro
timing is satisfied.
3. txsro is applied for a Read or a Read with Auto Precharge command.
4. 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, , 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
trer1 of the device.

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

. | R A
CLK ' X : ;
. |tis [tH] tH ;
oe i | Wiz 7ZZ
i ! 1 i
VAL ID VALID
Command %{\ALIDI% 777777 N m //
: tGKE : .
) ' tXP, tXARD, '
tXARDS
T
- tCKE
Enter power-down mode Exit power-down mode
% : Don't care
Read 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
CLK
S ' I S/ \ [ [ S A i
‘ i ' ' ' ' CKE should be kept high until thel end of burstt operation |
Command { RE j0 :}' % - :
for | ' | : | | | |
= i 1 i 1 i
CKE . - ! Ay 7 - ;
BL=4 %2 "«‘ “n I . i
AL +CL ' o / : : !
DQ {Dou‘AO EoutA ;DoutAZ EoutAIi : T
L . '
TO T T2 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9
A= = et = = = g - = = e == i e e 2 2 o - e —y
PP S S SN S Y A S S S S R S SO SN SN S S A S N N S S S
: \ . . ' i : : i . . ; X
Command —'-':.TEAD e * i : L L . I M j |
High — ' : ' . : ) CKE shguld be kept high urtil the nd ofiburst pperation
: : & ' ! i : : e . : !
o ' ! ' ! ! ! Il : :
! ! A U A I e : :
wes| B e T A — ——
N s R B /] Pl
DQ : T * : outAOEDoutAl DoutA%DouiA DouiA%;DoutA; ,DoutAG: DoutA7 T . T i
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Read with Auto Precharge to Power-Down Entry

Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9
" i 1 L] 1 ¥
Command : . : . + |
. CKE should be kept high yntil the end &f bursf operation i
. X : i " ; ;
. | ' N ' ' '
CKE . ) ol : i i i
’ T : . : d
. 4 / ! 1 ' ; [
a-a| B Y T — : . : !
: : : | : ! i |
i | ] 1 i 1 i i i
DQ outAGH DoutA fiDoutAZ{DoutA: - : : - - !
TO T T2 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9

L

ol == S TR e S S T M O W ST G G AR D S R P W T S v

: . : ! ! ! . Stgrt intefnal prgcharge i i ; : :

i i i | e ' ' '
AL L 1 P e aE T i 1 i i
Command —={ READ I & + P Fr . L . . ]
i | : AL+BL/2 EERT | . CKE should be kept high uitil the |end of, burst pperation
! ; ' with tRTP = 7.5ns ! ! : ! ! ' ! !
' - and tRAS(min.) satisfied ' ' . i | = ' ' '
oK ] . ; : - ! . ' = : - -
i ' ' ' 1 : . : : l..f ] i ! :
BL-s | B& : ; s{‘ : . ,J'?_?,\_ : i 1 ) )
i ' \ \ i 1 P . i ' ' i i
Z | : AL+ CL ! - | . / ! : i i
DQ ; : i f 0utAQ DoutA’ DouiZﬁDoutA: DoutAdi DoutAZDoutAQADoUtA ; : ; : :
Write to Power-Down Entry
TO T1 Tm Tm+1 Tm+2 Tm+3 Tx Tx+1 Tx+2 Ty Ty+1 Ty+2 Ty+3
CLK
CLK
Command WRITE
CKE
tWTR
e B
WL
DQ DinA0 DinA1 DinA2 DinA3
T0 T1 Tm Tm+1 Tm+2 Tm+3 Tm+4 Tm+5 Tx Tx+1 Tx+2 Tx+3 Tx+4
c
Cti 7 = ¥ — . :-,,,,;' 777?%"”'?' 77777 mm’xmmﬁ
Command ( RITE: i : £ i F :
: : S S S— — — ‘ :
CKE " : = :
pas ( = :

DQ DinAO  DinA1 DinA2 DinA3 DinA4 DinA5 DinA6 DinA7
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Write with Auto Precharge to Power-Down Entry

TO T m Tm+1 Tm+2 Tm+3 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6
CLK
CLK

Command

CKE

ba i i DinAQ_DijAT  DinAZ DinA3 : i i

TO T Tm Tm+1 Tm+2 Tm+3 Tm+4 Tm+5 Tx Tx+1 Tx+2 Tx+3 Tx+4
CLK
CLK

Command WRITE A PRE

CKE

DQS
BL=8 DQS

WL

DQ DinA0  DinA1 DinA2 DinA3 DinA4 DinA5 DinA6 DinA7

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

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

T0 T T2 T3 T4 T5 T6 T7 T8 T9 T10 T
TIK  =enp [P— JE— [F— [ [ ey [ N F-- S - = - -
CLK = T}_,.j__.____?_}'.____\-f_ '-..__}l—-..._.'\_l' ..._'.ll_.._..’.[s_j_"l ....:!:_{T'.!_
Command —E'WD | E E : : I : I I

' | .
CKE ‘cang to Iov:/ one dock afl‘ter a command
CKE X ‘.\ . . .

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 toeay 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

P S
B W S S S

_—— - - _——— e

CLK
CLK

CKE —_—
\ :

CKE asynchronously
drops low

B

Clocks can be turned off
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.

TO T T2 Tx  Tx+1 Ty Ty+1 Ty+2 Ty+3 Ty+4

o X m_,"'_r,ﬁ,_,_,_,prL(L N
comrnand i XN(:)P){:NOP}Q @(gmﬁmNOPKNOP}{ DLL }{NOP}{ vaild

| | |
CKE 4—l7 l : : / l 5
1
\ B+ 5.3: —

|

|

| I
Frequency change ;

[

|

|

|

I

T
200 clocks
occurs here

, _
oDT : : ; 5 ——/
1
]
1

tRP

| |
[ |
| |
| | |
| | |
| | I
; } | | I
| |

|
|
|
|
|
|
J
|
i
|
|

e I

ODT is off

Minimum 2 clocks required
inimu qui during DLL RESET

before changing frequency Stable new clock
before power down exit
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™
i,

7
Address

CT54V3

Command

DESEL
ILLEGA

NOP or Power-Down
NOP or Power-Down

2M1601A

Action

L (*1)
Active, Latch RA

Functional Truth Table
CS RAS CAS
X

Current State

X

X X
H X
BA, CA,A10

H
X

NOP
READ / READA /
WRITE / WRITEA

Active
PRE / PREA

Bank
Precharge / Precharge All

Refresh (*2)
Mode Register setting / Extended

Mode Register setting (*2)

BA, RA

Refresh

IDLE

BA, A10

/A10
MRS / EMRS

NOP

DESEL

NOP
Begin Read, Latch CA,

r| T | r | I

X
Op-Code Mode-Add

NOP

Determine Auto Precharge

r|r | IT|XI

X

READ / READA

Begin Write, Latch CA,
Determine Auto Precharge

[l I e e
[l I e e I
X

X
I | X
T

X

BA, CA,A10
WRITE / WRI

TEA
ILLEGAL (*1)
Precharge / Precharge All

I
I
I

Active

ILLEGAL

EA
ILLEGAL

BA, CA,A10
BA, RA

PRE / PR
Refresh

EMRS

NOP (Continue Burst to END)

BA, A10/A10
MRS/

NOP (Continue Burst to END)

DES

Terminate Burst, Latch CA,

BANK ACTIVE

X
Op-Code Mode-Add

ILLEGAL (*1)

EL
NOP
Begin New Read,
Determine Auto Precharge (*1, 4)

X

READ / READA
ILLEGAL (*1)

T |(X|rr|r|xT|xT

X

T (X|r|T || T

BA, CA,A10

WRITE / WRITEA

Active
ILLEGAL

ILLEGAL (*1)/ ILLEGAL

r|lT|lr|r|ir|r
T | X|rr\ir|rr|\r

I—
T

PRE / PREA
ILLEGAL

l_
I

BA, CA A10
BA, RA

Refresh
MRS / EMRS

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

BA, A10/A10

e-Add
DESEL

ILLEGAL (*1)

READ

X
Op-Code Mod

NOP

Terminate Burst, Latch CA,

X

READ / READA

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

| i e I i A

X

ILLEGAL (*1)

BA, CA,

T | T |X|rr|T |||

A10
WRITE / WRITEA

ILLEGAL (*1)/ ILLEGAL

ILLEGAL

r|lT|X]|r|r|xT|xT|r

BA, C

A, A10
Active

ILLEGAL

WRITE

r |||
T | T | X|r|r|r|—|XI

PRE / PREA

57/63

-

BA
B

l_
I

Refresh

, RA
MRS / EMRS

A, A10/A10
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Action

Command
DESEL NOP (Continue Burst to end)
NOP NOP (Continue Burst to end)
READ / READA ILLEGAL (*1)
ILLEGAL (*1)
ILLEGAL (*1)

Address
WRITE / WRITEA
ILLEGAL (*1)/ ILLEGAL

X

7 /g

Current State

3
(7]

I_I_I_I_IIXI_I_I_I_IIXI_I_I_I_IIIXI_I_I_I_IIIXg‘

X

BA, CA, A10
BA, CA, A10
Active
PRE / PREA
ILLEGAL
ILLEGAL
NOP (Continue Burst to END)

BA, RA
BA, A10/A10
Refresh
MRS / EMRS

X
Op-Code Mode-Add
DESEL

NOP (Continue Burst to END)

ILLEGAL (*1)
ILLEGAL (*1)

ILLEGAL (*1)
ILLEGAL (*1)/ ILLEGAL

NOP
READ / READA

WRITE / WRITEA

READ with
AUTO
PRECHARGE

X

X
BA, CA, A10
Active
ILLEGAL

BA, CA, A10
BA, RA
BA, A10 PRE / PREA
Refresh
MRS / EMRS ILLEGAL
NOP (ldle after trp)
NOP (ldle after trp)

X
Op-Code Mode-Add

DESEL
ILLEGAL (*1)

NOP
READ / READA /
WRITE / WRITEA
Active ILLEGAL (*1)
PRE / PREA NOP (ldle after trp)
ILLEGAL
ILLEGAL
NOP (Bank Active after trcp)
NOP (Bank Active after trcp)

WRITE with
AUTO

PRECHARGE
X

X

IXI_II_II_IIXI_II_II_IIXI.EI.I’

T | X|lrjrrlxzx|lx|rirxT|X|rrjrjlxxT|r|-|xT| X

BA, CA,A10

BA, RA
BA, A10/A10
Refresh
MRS / EMRS
DESEL
NOP
BA, CA, A10 &Eﬁ#&;ngiﬁgﬁ /I ILLEGAL (*1, 5)
Active ILLEGAL (*1)
PRE / PREA ILLEGAL
ILLEGAL
ILLEGAL

BA, RA
BA, A10/A10
Refresh
MRS / EMRS

X

-

-

X
Op-Code Mode-Add

PRE-CHARGIN

G
X

X

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

r|T|lr |||
X

-

-

X
Op-Code Mode-Add

ROW
ACTIVATING

r |- |IT|XI
r|I r | I
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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(%V:?\;,EE,NG L | H | L | X | BACAA10 \?VE{/TTDE /’ W'Tfﬁgﬁ /' ILLEGAL (*1)
L L H H | BA RA Active ILLEGAL (*1)
PR&UJA?RGE L | L | H | L |BAAIJ/A 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 trrc)
L H H H X NOP NOP (Idle after trrc)
L | H | L | X | BACAA10 \llQVIIE?AI\'II'DE // wlTRElTAEAA /l ILLEGAL
REFRESH L L H H BA, RA Active ILLEGAL
L L H L BA, A10/A10 PRE / PREA ILLEGAL
L L L H X Refresh ILLEGAL
L L L L Op-Code Mode-Add MRS / EMRS ILLEGAL
H X X X X DESEL NOP (Idle after twrp)
L H H H X NOP NOP (Idle after twrp)
(Extended) L | H | L | X | BA CAA10 A RO 1 LLEGAL
REI\éIB(I)gTEER 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.
1. This command may be issued for other banks, depending on the state of the banks.
Publication Date : Jul. 2017
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Note:

7.

2. All banks must be in “IDLE”.
3. AllAC timing specs must be met.
5. Available in case trep is satisfied by AL setting.

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

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

6. Available in case twrr is satisfied.
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LTE CT54V32M1601A

Simplified States Diagram

Power-Up and
Initialization
Sequence

CKEL

OCD
calibration

Idle

Settign
MRS

All banks

——F Automatic Sequence
Command Sequence

Reading
With
Auto Precharge

Writing

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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CT54V32M1601A
PACKING DIMENSIONS
84-BALL DDRII SDRAM ( 8x12.5x1.2 mm)
o
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i i \
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| | ) =
Colo T —-%ﬁt_ﬁ.mu 1
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N g1 000 000
/\:‘_?5' o Q0o
o0 | ooo |[——
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_.'" S
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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 12.40 12.50 12.60 0.488 0.492 0.496
D, 6.40 BSC 0.252 BSC
E4 11.20 BSC 0.441 BSC
e 0.80 BSC 0.031 BSC

Controlling dimension : Millimeter.

www.champtech.com.tw

Publication Date : Jul. 2017
Revision : 1.1



LTE CT54V32M1601A

PACKING DIMENSIONS

84-BALL DDRII SDRAM ( 8x12.5x1.0 mm )

PN #1
K"\. y =
1 1
1 |
1 I CRVITY
i i
1 1 \\
1 ] \
1 |
1 ! =
w /
1 ! _— _ . p— -—
| ! SOLDER BALL _
1 | Lo
1 1 SEATING PLANE
i i
1 ]
1 ]
1 1 weE
: _t DETAL : A"
b
1 |
N/
. “.f
A ] b1
. e —
|
sas] | ool |—
oo 00 S—_—
Q00 o0 L =S \
060l | |oo® S9N
|
oo o000 PN 8 80 d
coo coo N 1
—t o teeet— o 000
Qo0 oo k
000 000
o000 000
o000 000 SETAL : THD
T oo0o0 000
/\:‘_?3' Q Q00
) !
o0 | oo0o
N7
J,-" pH—
5"
Symbol Dimension in mm Dimension in inch
Min Norm Max Min Norm Max
A 1.00 0.039

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 12.40 | 12.50 | 12.60 | 0.488 | 0.492 | 0.496
D1 6.40 BSC 0.252 BSC
E, 11.20 BSC 0.441 BSC
e 0.80 BSC 0.031 BSC

Controlling dimension : Millimeter.
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= CT54V32M1601A
Revision History
Revision Date Description
0.1 2016.02.02 Original
1. Delete "Preliminary”
10 2016.10.06 2. Update Input/ Output Capacitance
3. Modify DDR2-1333 (9-10-10) to DDR2-1333 (7-10-10)
for speed grade -HR
11 2017.07.06 1. Modify the specification of tDS/tDH
2. Correct typo
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