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Preliminary 8M X 16 Bit DDR DRAM
Feature
CAS Latency and Frequency
CAS Maximum Operating Frequency (MHz) « Differential clock inputs (CK and CK )
Latency DDR466 | DDR400 | DDR333 | DDR266 « Four internal banks for concurrent operation
(43) (5T) (6K) (75B) « Data mask (DM) for write data.
2 i i 133 100 « DLL aligns DQ and DQS transitions with CK transitions.
« Commands entered on each positive CK edge; data and
2.5 - 166 166 133 data mask referenced to both edges of DQS.
3 233 200 - - * Burst lengths: 2, 4, or 8
* CAS Latency: 2 & 2.5 for 6K/75B, 2.5 & 3 for 5T, 3 for 43

» Double data rate architecture: two data transfers per clock
cycle.

« Bidirectional data strobe (DQS) is transmitted and received
with data, to be used in capturing data at the receiver.

* DQS is edge-aligned with data for reads and is center-
aligned with data for writes.

General Description

The 128Mb DDR SDRAM is a high-speed CMOS, dynamic
random-access memory containing 134,217,728 bits. It is
internally configured as a quad-bank DRAM and is based on
Nanya’s 110nm process.

The 128Mb DDR SDRAM uses a double-data-rate
architecture to achieve high-speed operation. The double
data rate architecture is essentially a 2n prefetch architecture
with an interface designed to transfer two data words per
clock cycle at the I/O pins. A single read or write access for
the 128Mb DDR SDRAM effectively consists of a single 2n-bit
wide, one clock cycle data transfer at the internal DRAM core
and two corresponding n-bit wide, one-half-clock-cycle data
transfers at the 1/0 pins.

A bidirectional data strobe (DQS) is transmitted externally,
along with data, for use in data capture at the receiver. DQS
is a strobe transmitted by the DDR SDRAM during Reads and
by the memory controller during Writes. DQS is edgealigned
with data for Reads and center-aligned with data for Writes.

The 128Mb DDR SDRAM operates from a differential clock
(CKand CK ; the crossing of CK going high and CK going
LOW is referred to as the positive edge of CK). Commands
(address and control signals) are registered at every positive
edge of CK. Input data is registered on both edges of DQS,
and output data is referenced to both edges of DQS, as well
as to both edges of CK.

 Auto Precharge option for each burst access

* Auto Refresh and Self Refresh Modes

« 15.6us Maximum Average Periodic Refresh Interval
« 2.5V (SSTL_2 compatible) I/O

* Vop = Vbpg = 2.5V £ 0.2V (6K/75B)

*Vob=Vbbg =2.6V = 0.1V (5T/43)
« Lead-free and Halogen-free product available

Read and write accesses to the DDR SDRAM are burst
oriented; accesses start at a selected location and continue
for a programmed number of locations in a programmed
sequence.

Accesses begin with the registration of an Active command,
which is then followed by a Read or Write command. The
address bits registered coincident with the Active command
are used to select the bank and row to be accessed. The
address bits registered coincident with the Read or Write
command are used to select the bank and the starting column
location for the burst access.

The DDR SDRAM provides for programmable Read or Write
burst lengths of 2, 4, or 8 locations. An Auto Precharge
function may be enabled to provide a self-timed row
precharge that is initiated at the end of the burst access.

As with standard SDRAMs, the pipelined, multibank
architecture of DDR SDRAMs allows for concurrent operation,
thereby providing high effective bandwidth by hiding row
precharge and activation time.

An auto refresh mode is provided along with a power-saving
Power Down mode.

Prior to normal operation, the DDR SDRAM must be
initialized. The following sections provide detailed information
covering device initialization, register definition, command
descriptions and device operation.

The functionality described and the timing specifications
included in this data sheet are for the DLL Enabled mode of
operation.

Preliminary (September 2005, Version 0.0)
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8M X 16 Bit DDR DRAM

Preliminary

Pin Configuration
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Column Address Table

Organization

Row Address

Column Address

Refresh
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A0 -All

A0 - A8
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Block Diagram

CHE  wi—]
TR +—
o
ca - = 2 5
WE  wi— 25 z
cas w— EX| B
RAS -"‘P—Gl:. ? fr— Bank3
g = e T o
¥, CTK
&
5 S48 1
e | = 6
Wode | ﬁ 3
Repglsters ] g g
3[R L
|- 3 T
é IOMTT| meman
—y Artay
= é | [3 |ie0%s x 255 x 32)
= =E
| “f
1 'F;E + Bemge Amplers
1 —_— T
- . T
-] 1 1] o Can-Dais
| ! v T Low, uow
g 1| g T [* 142 Gating -
an-ad, bl & ! E R DM Mask Logic o LOGE,UDQ3
Al BAT—A03] 8 ! d
g D hmmmm- é
FI_ :
Column
Decoder
3
= Column-Addrezs ]
B CowmenLaich ] £ coLn

Mote: This Functional Block Diagram is intended to facilitate user understanding of the operation of
the device; it does not represent an actual circuit implementation.

Mote: DM is a unidirectional signal (input only), butis internally loaded to match the load of the bidi-
rectional DG and DQS signals.
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Input/Output Functional Description

Symbol

Type

Function

CK, CK

Input

Clock: CK and cK are differential clock inputs. All address and control input signals are
sampled on the crossing of the positive edge of CK and negative edge of CK . Output
(read) data is referenced to the crossings of CK and CK (both directions of crossing).

CKE, CKE1, CKE1

Input

Clock Enable: CKE HIGH activates, and CKE Low deactivates, internal clock signals and
device input buffers and output drivers. Taking CKE Low provides Precharge Power Down
and Self Refresh operation (all banks idle), or Active Power Down (row Active in any bank).
CKE is synchronous for power down entry and exit, and for self refresh entry. CKE is
asynchronous for self refresh exit. CKE must be maintained high throughout read and write
accesses. Input buffers, excluding CK,CK and CKE are disabled during Power Down.
Input buffers, excluding CKE, are disabled during self refresh. The standard pinout includes
one CKE pin. Optional pinouts might include CKEL1 on a different pin, in addition to CKEO,
to facilitate independent power down control of stacked devices.

CS, Cso, Ccs1

Input

Chip Select: All commands are masked when Cs is registered high.CS provides for
external bank selection on systems with multiple banks.CS is considered part of the
command code. The standard pinout includes oneCS pin. Optional pinouts might include

Cs1 on a different pin, in addition to CS0, to allow upper or lower deck selection on
stacked devices.

RAS, CAS, WE

Input

Command Inputs: RAS,CAS andWE (along with CS) define the command being
entered.

DM

Input

Input Data Mask: DM is an input mask signal for write data. Input data is masked when DM
is sampled high coincident with that input data during a Write access. DM is sampled on
both edges of DQS. Although DM pins are input only, the DM loading matches the DQ and
DQS loading. During a Read, DM can be driven high, low, or floated.

BAO, BA1

Input

Bank Address Inputs: BAO and BA1 define to which bank an Active, Read, Write or
Precharge command is being applied. BAO and BAL1 also determines if the mode register or
extended mode register is to be accessed during a MRS or EMRS cycle.

A0 —-All

Input

Address Inputs: Provide the row address for Active commands, and the column address
and Auto Precharge bit for Read/Write commands, to select one location out of the memory
array in the respective bank. A10 is sampled during a Precharge command to determine
whether the Precharge applies to one bank (A10 low) or all banks (A10 high). If only one
bank is to be precharged, the bank is selected by BAO, BA1. The address inputs also
provide the op-code during a Mode Register Set command.

DQ

Input/Output

Data Input/Output: Data bus.

DQS, LDQS, UDQS

Input/Output

Data Strobe: Output with read data, input with write data. Edge-aligned with read data,
centered in write data. Used to capture write data. For the x16, LDQS corresponds to the
data on DQO- DQ7; UDQS corresponds to the data on DQ8-DQ15

NC

No Connect: No internal electrical connection is present.

NU

Electrical connection is present. Should not be connected at second level of assembly.

VDDQ

Supply

DQ Power Supply: 2.5V £+ 0.2V.

VSSQ

Supply

DQ Ground

VDD

Supply

Power Supply: 2.5V + 0.2V.

VSS

Supply

Ground

VREF

Supply

SSTL_2 reference voltage: (Vobe /2) = 1%.

Preliminary (September 2005, Version 0.0) 4 AMIC Technology, Corp.
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Preliminary 8M X 16 Bit DDR DRAM
Absolute Maximum Ratings*
Symbol Parameter Rating Unit
VN, Vout Voltage on 1/O pins relative to Vss —0.5 to VDDQ+ 0.5 \
VIN Voltage on Inputs relative to Vss -0.5t0 +3.6 \%
VoD Voltage on Vob supply relative to Vss -0.5t0 +3.6 \%
VbbQ Voltage on Vobq supply relative to Vss -0.5to +3.6 \Y
TA Operating Temperature (Ambient) Oto +70 °C
TaTG Storage Temperature (Plastic) -55 to +150 °C
Po Power Dissipation 1.0 W
lout Short Circuit Output Current 5.0 mA

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

DQS/DQ/DM Slew Rate

DDR266 DDR333 DDR400 DDR466
Parameter Symbol (75B) (6K) (5T) (43) Unit | Note
Min Max Min Max Min Max Min Max
DQS/DQ/DM
DCsLEw 0.5 4.0 0.5 4.0 0.5 4.0 0.5 4.0 Vins 1.2
Slew Rate

Notes: 1. Measured between V |H (DC), V IL (DC), and V IL (DC), V IH (DC).
2. DQS, DQ, and DM input slew rate is specified to prevent double clocking of data and preserve setup and hold times.
Signal transition through the DC region must be monotonic.

Capacitance

Parameter Symbol Min Max Unit Note
Input Capacitance: CK, CK ci1 2.0 3.0 pF 1
Delta Input Capacitance: CK, CK Delta CI1 0.25 pF 1
Input Capacitance: All Other Input-only pins (except DM) Cl2 2.0 3.0 pF 1
Delta Input Capacitance: All Other Input-only pins (except DM) Delta CI2 0.5 pF 1
Input/Output Capacitance: DQ, DQS, DM Cl/O 4.0 5.0 pF 1.2
Delta Input/Output Capacitance: DQ, DQS, DM Delta CI/O 0.5 pF 1

Notes:
1. Vopg = Vop = 2.5V + 0.2V (minimum range to maximum range), f = 100MHz, Ta = 25°C, VObc = Vbbqr2, VOpeak -Peak = 0.2V.

2. Although DM is an input-only pin, the input capacitance of this pin must model the input capacitance of the DQ and DQS pins.
This is required to match input propagation times of DQ, DQS and DM in the system.

Preliminary (September 2005, Version 0.0) 5 AMIC Technology, Corp.
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Preliminary 8M X 16 Bit DDR DRAM

DC Electrical Characteristics and Operating Conditions
(0°C £ TA£ 70%C; VDbQ = 2.5V £ 0.2V, VDD = + 2.5V £ 0.2V, see AC Characteristics)

Symbol Parameter Min Max Unit | Note
VoD Supply Voltage 2.3 2.7 \% 1
VbDQ I/O Supply Voltage 2.3 2.7 \% 1
Supply Voltage
Vss, Vsso PRl 9 0 0 \Y
I/O Supply Voltage
VREF I/O Reference Voltage 0.49 X Vbbg 0.51 x Vbbg \Y 1.2
VT I/O Termination Voltage (System) VRrer + 0.04 VRrer + 0.04 \% 1.3
VIH (DC) Input High (Logic 1) Voltage Vrer + 0.15 Voo + 0.3 \% 1
ViL (oo) Input Low (logic 0) Voltage -0.3 Vrer + 0.15 \% 1
VIN (DC) Input Voltage Level, CK and CK Inputs -0.3 Vopq + 0.3 \% 1
Vip (oc) Input Differential Voltage, CK and CK Inputs 0.30 Vobq + 0.6 vV | 14
Vix (oc) Input Crossing Point Voltage, CK and CK Inputs 0.30 Vopq + 0.6 \% 14
VIRatio V-1 Matching Pulup Current to Puldown Current Ratio 0.71 1.4 5
Input Leakage Current
I i -5 5 uA 1
Any Input OV < Vour < Vob; (All other pins not under test = 0V)
| Output Leakage Current . 5 A 1
0z (DQs are disabled; 0V < Voutr < Vbbg ) K
loH Output Current: Nominal Strength Driver -16.8
High current (Vout= Vbbg -0.373V, min Vrer, min VrT) A 1
loc Low current (Vour= 0.373V, max Vrer, max Vr) 16.8

Notes:

1. Inputs are not recognized as valid until Vrer stabilizes.

2. Vrer is expected to be equal to 0.5 Vbbg of the transmitting device, and to track variations in the DC level of the same.
Peak-to-peak noise on Vrer may not exceed + 2% of the DC value.

3. V7 is not applied directly to the device. VTt is a system supply for signal termination resistors, is expected to be set equal to

VRrer, and must track variations in the DC level of VRrer.

. Vip is the magnitude of the difference between the input level on CK and the input level oncK .

5. The ratio of the pullup current to the pulldown current is specified for the same temperature and voltage, over the entire
temperature and voltage range, for device drain to source voltages for 0.25 volts to 1.0 volts. For a given output, it represents
the maximum difference between pullup and pulldown drivers due to process variation.

N

Preliminary (September 2005, Version 0.0) 6 AMIC Technology, Corp.
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Preliminary 8M X 16 Bit DDR DRAM

DC Electrical Characteristics and Operating Conditions
(0°C £ TA £ 70%C; Vopg = 2.5V + 0.2V, Vop = + 2.5V £ 0.2V, see AC Characteristics)

Symbol Parameter Min Max Unit Note
loHw Output Current: Half- Strength Driver -9.0
High current (Vout= Vbbg -0.763V, min Vrer, min V) mA 1
loww Low current (Vour= 0.763V, max Vrer, max Vr) 9.0

Notes:

1. Inputs are not recognized as valid until Vrer stabilizes.

2. Vrer is expected to be equal to 0.5 Vbbg of the transmitting device, and to track variations in the DC level of the same.
Peak-to-peak noise on VrRer may not exceed + 2% of the DC value.

3. V7 is not applied directly to the device. VTt is a system supply for signal termination resistors, is expected to be set equal to
Vrer, and must track variations in the DC level of Vrer.

4. Vip is the magnitude of the difference between the input level on CK and the input level onck .

5. The ratio of the pullup current to the pulldown current is specified for the same temperature and voltage, over the entire
temperature and voltage range, for device drain to source voltages for 0.25 volts to 1.0 volts. For a given output, it represents the
maximum difference between pullup and pulldown drivers due to process variation.

Preliminary (September 2005, Version 0.0) 7 AMIC Technology, Corp.
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Normal Strength Driver Pulldown and Pullup Characteristics

1. The full variation in driver pulldown current from minimum to maximum process, temperature and voltage will lie within the
outer bounding lines of the V-I curve.

2. Itis recommended that the “typical” IBIS pulldown V-1 curve lie within the shaded region of the V-I curve.

3. The full variation in driver pullup current from minimum to maximum process, temperature and voltage will lie within the outer
bounding lines of the V-I curve.

4. It is recommended that the “typical” IBIS pullup V-I curve lie within the shaded region of the V-I curve.

5. The full variation in the ratio of the maximum to minimum pullup and pulldown current will not exceed 1.7, for device drain to
source voltages from 0.1 to 1.0.

6. The full variation in the ratio of the “typical” IBIS pullup to “typical” IBIS pulldown current should be unity + 10%, for device drain
to source voltages from 0.1 to 1.0. This specification is a design objective only. It is hot guaranteed.

7. These characteristics are intended to obey the SSTL_2 class Il standard.

8. This specification is intended for DDR SDRAM only.

140
Maximum

Typical High

| Typical Low

Minimum

I\\'r'. ouT {\r'l :

Minimum

Typical Low

I (MA)

Typical High

-200 Maximum

0 27
Vout (V)
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Normal Strength Driver Pulldown and Pullup Currents

Pulldown Current (mA) Pullup Current (mA)

Voltage (V) | Typical Low |Tycpial High Min Max Tycpial Low |Tycpial High Min Max
0.1 6.0 6.8 4.6 9.6 -6.1 -7.6 -4.6 -10.0
0.2 12.2 13.5 9.2 18.2 -12.2 -14.5 -9.2 -20.0
0.3 18.1 20.1 13.8 26.0 -18.1 -21.2 -13.8 -29.8
0.4 24.1 26.6 18.4 33.9 -24.0 -27.7 -18.4 -38.8
0.5 29.8 33.0 23.0 41.8 -29.8 -34.1 -23.0 -46.8
0.6 34.6 39.1 27.7 49.4 -34.3 -40.5 -27.7 -54.4
0.7 394 44.2 32.2 56.8 -38.1 -46.9 -32.2 -61.8
0.8 43.7 49.8 36.8 63.2 -41.1 -53.1 -36.0 -69.5
0.9 47.5 55.2 39.6 69.9 -43.8 -59.4 -38.2 -77.3
1.0 51.3 60.3 42.6 76.3 -46.0 -65.5 -38.7 -85.2
11 54.1 65.2 44.8 82.5 -47.8 -71.6 -39.0 -93.0
1.2 56.2 69.9 46.2 88.3 -49.2 -77.6 -39.2 -100.6
1.3 57.9 74.2 47.1 93.8 -50.0 -83.6 -39.4 -108.1
14 59.3 78.4 47.4 99.1 -50.5 -89.7 -39.6 -115.5
15 60.1 82.3 47.7 103.8 -50.7 -95.5 -39.9 -123.0
1.6 60.5 85.9 48.0 108.4 -51.0 -101.3 -40.1 -130.4
1.7 61.0 89.1 48.4 112.1 -51.1 -107.1 -40.2 -136.7
1.8 61.5 92.2 48.9 115.9 -51.3 -112.4 -40.3 -144.2
1.9 62.0 95.3 49.1 119.6 -51.5 -118.7 -40.4 -150.5
2.0 62.5 97.2 49.4 123.3 -51.6 -124.0 -40.5 -156.9
2.1 62.9 99.1 49.6 126.5 -51.8 -129.3 -40.6 -163.2
2.2 63.3 100.9 49.8 129.5 -52.0 -134.6 -40.7 -169.6
2.3 63.8 101.9 49.9 132.4 -52.2 -139.9 -40.8 -176.0
2.4 64.1 102.8 50.0 135.0 -52.3 -145.2 -40.9 -181.3
25 64.6 103.8 50.2 137.3 -52.5 -150.5 -41.0 -187.6
2.6 64.8 104.6 50.4 139.2 -52.7 -155.3 -41.1 -192.9
2.7 65.0 105.4 50.5 140.8 -52.8 -160.1 -41.2 -198.2

Normal Strength Driver Evaluation Conditions

typical Minimum Maximum
Temperature (Tambient) 25 °C 70 °C 0 °C
VbDQ 2.5V 2.3V 2.7V
Process conditions Typical process Slow-slow process Fast-fast process

Preliminary (September 2005, Version 0.0)
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Preliminary 8M X 16 Bit DDR DRAM

AC Characteristics

(Notes 1-5 apply to the following Tables; Electrical Characteristics and DC Operating Conditions, AC Operating Conditions, Iop

Specifications and Conditions, and Electrical Characteristics and AC Timing.)

1. All voltages referenced to Vss.

2. Tests for AC timing, Iop, and electrical, AC and DC characteristics, may be conducted at nominal reference/supply voltage
levels, but the related specifications and device operation are guaranteed for the full voltage range specified.

3. Outputs measured with equivalent load. Refer to the AC Output Load Circuit below.

4. AC timing and Iop tests may use a ViL to ViH swing of up to 1.5V in the test environment, but input timing is still referenced to
Vrer (or to the crossing point for CK, CK ), and parameter specifications are guaranteed for the specified AC input levels
under normal use conditions. The minimum slew rate for the input signals is 1V/ns in the range between Vi (ac) and ViH (ac).

5. The AC and DC input level specifications are as defined in the SSTL_2 Standard (i.e. the receiver effectively switches as a

result of the signal crossing the AC input level, and remains in that state as long as the signal does not ring back above (below)

the DC input low (high) level.

AC Output Load Circuit Diagrams

Vot
(}
<: alile]
Output
X — Timing Reference Point
Vour)

Z—30pF

AC Input Operating Conditions
(0°C < Ta< 70 °C; Voo = Vbpg = 2.5V * 0.2V (6K/75B); Voo = VbDQ = 2.6V + 0.1V (5T/43), See AC Characteristics)

Symbol Parameter/Condition Min Max Unit Note

VIH (AC) Input High (Logic 1) Voltage, DQ, DQS, and DM Signals Vrer + 0.31 \% 1,2

VIL (aC) Input Low (Logic 0) Voltage, DQ, DQS, and DM Signals Vrer — 0.31 V 1,2

Vip (ac) Input Differential Voltage, CK and CK Inputs 0.62 Vobg + 0.6 \% 1,2,3

Vix (ac) Input Crossing Point Voltage, CK and CK Inputs 0.5*Vopog — 0.2 | 0.5* Vopg + 0.2 \% 1,2,4
Notes:

1. Input slew rate = 1V/ns.

2. Inputs are not recognized as valid until Vrer stabilizes.

3. Vio is the magnitude of the difference between the input level on CK and the input level oncK .

4. The value of Vix is expected to equal 0.5*Vobq of the transmitting device and must track variations in the DC level of the same.

Preliminary (September 2005, Version 0.0) 10 AMIC Technology, Corp.
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Iob Specifications and Conditions
(0°C < TA < 70 °C; VbD =VDDQ = 2.5V * 0.2V(6K/75B); VDD = VDDQ = 2.6V * 0.1V (5T/43), See AC Characteristics)

DDR266 DDR333 DDR400 DDR466
Symbol Parameter/Condition (75B) (6K) (5T) (43) Unit | Note
tck =6ns | tCK =6ns |tCK =5.0ns [tCK =4.3ns

Operating Current:

One bank; active / precharge; trc = trc min); DQ,
Iobo | DM, and DQS inputs changing twice per clock 135 155 180 180 mA 1
cycle; address and control inputs changing once
per clock cycle

Operating Current:

One bank; active / read / precharge; Burst = 2; trc
= trc min); CL = 2.5; loutr = OmA; address and
control inputs changing once per clock cycle

Ipp1 165 185 210 210 mA 1

Precharge Power Down Standby Current:

Ioozp All banks idle; Power Down mode; CKE < ViL (max) 3 3 35 3.5 mA L

Idle Standby Current:
CS > Vi min); all banks idle; CKE > Vit min);

Ibp2n . . 60 60 65 65 mA | 1
address and control inputs changing once per
clock cycle
Active Power Down Standby Current: one bank

Ibp3p 50 55 65 65 mA 1

active; Power Down mode; CKE < ViL (max)

Active Standby Current:
One bank; active / precharge; CS > ViH (min);
IDDsN | CKE > Vin (min); tre = trAS max); DQ, DM, and DQS 105 120 140 140 mA 1

inputs changing twice per clock cycle; address
and control inputs changing once per clock cycle

Operating Current:

One bank; Burst = 2; reads; continuous burst;
Ibpar | @address and control inputs changing once per 230 255 300 300 mA 1
clock cycle; DQ and DQS outputs changing twice
per clock cycle; CL = 2.5; lout = OmA

Operating Current:

One bank; Burst = 2; writes; continuous burst;
Iobaw | address and control inputs changing once per 215 250 290 290 mA 1
clock cycle; DQ and DQS inputs changing twice
per clock cycle; CL = 2.5

Iobs | Auto-Refresh Current: trc = tRrC (min) 195 210 230 240 mA 1

Ibpe Self-Refresh Current: CKE < 0.2V 3 3 3 4 mA | 1.2

Operating current:

Four bank; four bank interleaving with BL = 4,
Iop7 [address and control inputs randomly changing; 365 395 430 430 mA 1
50% of data changing at every transfer; trc = t rc
(min); lout = OMA.

Notes:
1. Iop specifications are tested after the device is properly initialized.
2. Enables on-chip refresh and address counters.

Preliminary (September 2005, Version 0.0) 1 AMIC Technology, Corp.
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Preliminary 8M X 16 Bit DDR DRAM

Electrical Characteristics & AC Timing - Absolute Specifications
(0°C < TA < 70 °C; vDD = VDDQ = 2.5V £ 0.2V (6K/75B); VDD = VDDQ = 2.6V + 0.1V (5T/43), See AC Characteristics)

DDR266 DDR333 DDR400 DDR466
Symbol Parameter 75B 6K 5T 43 Unit| Note
Min [ Max | Min | Max | Min [ Max [ Min | Max
tac  |DQ output access time from CK/CK -0.75]+0.75(-0.70 (+0.70( -0.65 [+0.65| -0.6 | +0.6 | ns 1-4
toosck | DQS output access time from CK/CK -0.75|+0.75|-0.60 [+0.60( -0.55 [+0.55| -0.5 | +0.5 | ns 1-4
tcH CK high-level width 0.45|055(0.45]|0.55)0.45|0.55(0.45 | 0.55 | tck 1-4
tc  |CK low-level width 045|055 (045| 055 (045|055 (045|055 [tk [ 1-4
CL=3 - - - - 5 8 4 10
tck  |Clock cycle time CL=25 7.5 12 6 12 5 12 | 43 | 86 [ ns 1-4
CL=20 10 12 7.5 12 - - - -
tov | DQ and DM input hold time 0.5 0.45 0.4 0.4 ns | 74
tos |DQ and DM input setup time 0.5 0.45 0.4 0.4 ns l’?;s’
trw | Input pulse width 2.2 2.2 2.2 2.2 ns | 2-4,12
toirw | DQ and DM input pulse width (each input) 1.75 1.75 1.75 1.75 ns 1-4
tnz | Data-out high-impedance time from CK/CK -0.75|+0.75| -0.7 | +0.7 | -0.6 | +0.6 | -0.6 | +0.6 | ns | 1-4,5
tiz  |Data-out low-impedance time from CK/CK -0.75]+0.75| -0.7 | +0.7 [ -0.6 | +0.6 | -0.6 | +0.6 | ns | 1-4,5
0050 gsziéa?ejkg‘é" g%Qn;SS)L TSOP Package +05 +0.45 +0.4 +04|ns| 14
o Minimum half clk period for any given cycle; min min min min tex 14
Defined by clk high (tcH) or low (tcL) time. tet, tew tew, tew tew, ten tew, tew
ton [ Data output hold time from DQS tt(;':S ttg:s :QH:S ttg:s tek 1-4
tons | Data hold Skew Factor TSOP Package 0.75 0.55 0.5 0.5 | tex 1-4
tpgss | Write command to 1st DQS latching transition 0.75]11.25(0.75(1.25(10.72 ]| 1.28 | 0.72 | 1.28 | tck 1-4
togst  [DQS input high pulse width (write cycle) 0.35 0.35 0.35 0.35 tek 1-4
togst | DQS input low pulse width (write cycle) 0.35 0.35 0.35 0.35 tek 1-4
toss [DQS falling edge to CK setup time (write cycle) 0.2 0.2 0.2 0.2 tek 1-4
tosi [DQS falling edge hold time from CK (write cycle) | 0.2 0.2 0.2 0.2 tek 1-4
turp | Mode register set command cycle time 2 2 2 2 tek 1-4
tweres |Write preamble setup time 0 0 0 0 tek | 1-4,7
twest | Write postamble 0.40 | 0.60 [ 0.40 | 0.60 | 0.40 | 0.60 | 0.40 | 0.60 | tck | 1-4,6
twere | Write postamble 0.25 0.25 0.25 0.25 tek 1-4
tiH Address and control input hold time (fast slew rate) | 0.9 0.75 0.6 0.6 ns [2-4,9,11,12
tis  |Address and control input hold time (fast slew rate) | 0.9 0.75 0.6 0.6 ns [2-4.9,11,12
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Electrical Characteristics & AC Timing - Absolute Specifications (continued)
(0°C < TA < 70 °C; vDD = VDDQ = 2.5V £ 0.2V (6K/75B); VDD = VDDQ = 2.6V + 0.1V (5T/43), See AC Characteristics)

DDR266 DDR333 DDR400 DDR466
Symbol Parameter 75B 6K 5T 43 Unit| Note
Min Max Min Max Min Max Min Max
tH Address and control input hold time 10 08 0.7 07 ns 2-4,10,11,
(slow slew rate) 12,14
tH Address and control input setup time 10 08 0.7 06 ns 2-4,10,11,
(slow slew rate) 12,14
trrrRe | Read preamble 0.9 11 0.9 11 0.9 11 0.9 1.1 | tex 1-4
trrsT | Read postamble 0.40 0.60 0.40 0.60 0.40 0.60 0.40 0.60 | tck 1-4
tras | Active to Precharge command 45 (120,000 42 120,000/ 40 ]120,000/ 40 120,000 ns 1-4
tre Active to Actlv_e/Auto-refresh 65 60 60 60 ns 1-4
command period
tree  |AUtO-refresh to Active/Auto-refresh 12 12 13 15 ek | 14
command period
trep | Active to Read or write dalay 3 3 3 4 tek 1-4
trap Active to read command with 3 3 3 4 tex 1-4
Autoprecharge
trP Precharge command period 3 3 3 3 tek 1-4
tRRD Active bank A to Active bank B > > 5 3 tex 1-4
command
twr [ Write vecovery time 3 3 3 3 tek 1-4
. (twrrtck (twrrtck (twrrtck (twrrtck
P 9 trP/tCK ) trP/tCK ) trP/ACK ) trP/ACK )
twtr | Intemal write to read command delay| 1 1 1 2 tek 1-4
troEx | Power down exit time 7.5 6 5 5 ns 1-4
IXSNR Exit self-refresh to non-read 13 13 10 10 tex 1-4
command
txsrp | Exit self-refresh to read command 200 200 200 200 tck 1-4
treri | Average Periodic Refresh Interval 7.8 7.8 7.8 7.8 us| 1-4,8
Notes:

1. Input slew rate = 1V/ns.

2. The CK/cK input reference level (for timing reference to CK/CK ) is the point at which CK and CK cross; the input reference
level for signals other than CK/CK is Vrer.

3. Inputs are not recognized as valid until Vrer stabilizes.

. The Output timing reference level, as measured at the timing reference point indicated in AC Characteristics (Note 3) is VTT.

5. thz and tLz transitions occur in the same access time windows as valid data transitions. These parameters are not referred to a
specific voltage level, but specify when the device is no longer driving (HZ), or begins driving (LZ).

6. The maximum limit for this parameter is not a device limit. The device operates with a greater value for this parameter, but
system performance (bus turnaround) degrades accordingly.

7. The specific requirement is that DQS be valid (high, low, or some point on a valid transition) on or before this CK edge. A valid
transition is defined as monotonic and meeting the input slew rate specifications of the device. When no writes were previously
in progress on the bus, DQS will be transitioning from Hi-Z to logic LOW. If a previous write was in progress, DQS could be
HIGH, LOW, or transitioning from high to low at this time, depending on togss.

8. A maximum of eight Autorefresh commands can be posted to any given DDR SDRAM device.

N

9. For command/address input slew rate > 1.0V/ns. Slew rate is measured between VoH (ac) and VoL (ac).

10. For command/address input slew rate > 0.5V/ns and < 1.0V/ns. Slew rate is measured between VoH (ac) and VoL (ac).
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Electrical Characteristics & AC Timing - Absolute Specifications (continued)

11. CK/CK slew rates are > 1.0V/ns.

12. These parameters guarantee device timing, but they are not necessarily tested on each device, and they may be guaranteed
by design or tester characterization.

13. For each of the terms in parentheses, if not already an integer, round to the next highest integer. tck is equal to the actual
system clock cycle time. For example, for DDR266B at CL = 2.5, toaL = (15ns/7.5ns) + (20ns/7.5ns) =2 + 3 = 5.

14. An input setup and hold time derating table is used to increase tis and tiH in the case where the input slew rate is below 0.5

Vins.
Input Slew Rate Delta (tis) Delta (tiH) Unit Note
0.5 VIns 0 0 ps 1,2
0.4 Vins +50 0 ps 1,2
0.3 Vins +100 0 ps 1,2

1. Input slew rate is based on the lesser of the slew rates determined by either VIH (Ac) to VIL (Ac) or VIH (DC) to VIL (bc), similarly for rising

transitions.

2. These derating parameters may be guaranteed by design or tester characterization and are not necessarily tested on each device.

15. An input setup and hold time derating table is used to increase tos and ton in the case where the 1/O slew rate is below 0.5

V/ns.
Input Slew Rate Delta (tps) Delta (toH) Unit Note
0.5 Vins 0 0 ps 1,2
0.4 Vins +75 +75 ps 1,2
0.3 Vins +150 +150 ps 1,2

1. I/O slew rate is based on the lesser of the slew rates determined by either VIH (AC) to VIL (AC) or VIH (DC) to VIL (Dc), similarly for rising

transitions.

2. These derating parameters may be guaranteed by design or tester characterization and are not necessarily tested on each device.

16. An I/O Delta Rise, Fall Derating table is used to increase tos and toH in the case where DQ, DM, and DQS slew rates differ.

Input Slew Rate Delta (tps) Delta (toH) Unit Note
0.0 ViIns 0 0 ps 1,2,3,4
0.25 V/ns +50 +50 ps 1,2,3,4
0.5 Vins +100 +100 ps 1,2,3,4

1. Input slew rate is based on the lesser of the slew rates determined by either VIH (Ac) to VIL (AC) or VIH (DC) to VIL (Dc), similarly for rising

transitions.

2. Input slew rate is based on the larger of AC to AC delta rise, fall rate and DC to DC delta rise, fall rate.
3. The delta rise, fall rate is calculated as: [1/(slew rate 1)] - [1/(slew rate 2)]
For example: slew rate 1 = 0.5 V/ns; slew rate 2 = 0.4 VIns
Delta rise, fall = (1/0.5) - (1/0.4) [ns/V]
=-0.5ns/V
Using the table above, this would result in an increase in t bs and t pH of 100 ps.
4. These derating parameters may be guaranteed by design or tester characterization and are not necessarily tested on each device.
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Commands

Truth Tables 1a and 1b prvide a reference of the commands supported by DDR SDRAM device. A verbal description of each
commands follows.

Truth Table 1a: Commands

Name (Function) CS | RAS | cAS | WE Address MNE Note
Deselect (Nop) H X X X X NOP 1,9
No Openration (Nop) L H H H X NOP 1,9
Active (Select Bank And Activate Row) L L H H Bank/Row ACT 1,3
Read (Select Bank And Activate Column, And Start Read Burst) L H L H Bank/Col Read 1,4
Write (Select Bank And Activate Column, And Start Write Burst) L H L L Bank/Col Write 1,4
Burst Terminate L H H L X BST 1,8
Precharge (Deactivate Row In Bank Or Banks) L L H L Code PRE 1,5
Auto Refresh Or Self Refresh (Enter Self Refresh Mode) L L L H X AR/SR | 1,6,7
Mode Register Set L L L L Op-Code MRS 1,2

Note:

1. CKE is high for all commands shown except Self Refresh.

2. BAO, BA1 select either the Base or the Extended Mode Register (BAO = 0, BA1 = 0 selects Mode Register; BAO=1,BA1=0
selects Extended Mode Register; other combinations of BAO-BA1 are reserved; A0-Al1 provide the op-code to be written to the
selected Mode Register.)

3. BAO-BAL1 provide bank address and A0-Al11 provide row address.

4. BAO, BA1 provide bank address; A0-A8 provide column address; A10 high enables the Auto Precharge feature
(non-persistent), A10 low disables the Auto Precharge feature.

5. A10 LOW: BAO, BA1 determine which bank is precharged.

A10 HIGH: all banks are precharged and BAO, BA1 are “Don’t Care.”

6. This command is auto refresh if CKE is high; Self Refresh if CKE is low.

7. Internal refresh counter controls row and bank addressing; all inputs and 1/Os are “Don’t Care” except for CKE.

8. Applies only to read bursts with Auto Precharge disabled; this command is undefined (and should not be used) for read bursts
with Auto Precharge enabled or for write bursts

9. Deselect and NOP are functionally interchangeable.

Truth Table 1b: DM Operation

Name (Function) DM DQs Note
Write Enable L Valid 1
Write Inhibit H X 1

Note: Used to mask write data; provided coincident with the corresponding data.

Preliminary (September 2005, Version 0.0) 15 AMIC Technology, Corp.




Preliminary

A48P3616

8M X 16 Bit DDR DRAM

Register Definition

Mode Register

The Mode Register is used to define the specific mode of
operation of the DDR SDRAM. This definition includes the
selection of a burst length, a burst type, a CAS latency, and
an operating mode. The Mode Register is programmed via
the Mode Register Set command (with BAO = 0 and BA1 = 0)
and retains the stored information until it is programmed
again or the device loses power (except for bit A8, which is
self-clearing).

Mode Register bits A0-A2 specify the burst length, A3
specifies the type of burst (sequential or interleaved), A4-A6
specify the

CAS latency, and A7-Al1 specify the operating mode. The
Mode Register must be loaded when all banks are idle, and
the controller must wait the specified time before initiating the
subsequent operation. Violating either of these requirements
results in unspecified operation.

Mode Register Operation

Burst Length

Read and write accesses to the DDR SDRAM are burst
oriented, with the burst length being programmable. The burst
length determines the maximum number of column locations
that can be accessed for a given Read or Write command.
Burst lengths of 2, 4, or 8 locations are available for both the
sequential and the interleaved burst types.

Reserved states should not be used, as unknown operation
or incompatibility with future versions may result.

When a Read or Write command is issued, a block of
columns equal to the burst length is effectively selected. All
accesses for that burst take place within this block, meaning
that the burst wraps within the block if a boundary is reached.
The block is uniquely selected by A1-Ai when the burst length
is set to two, by A2-Ai when the burst length is set to four and
by A3-Ai when the burst length is set to eight (where Ai is the
most significant column address bit for a given configuration).
The remaining (least significant) address bit(s) is (are) used
to select the starting location within the block. The
programmed burst length applies to both Read and Write
bursts.

BA1l BAO All Al10 A9 A8 A7 A6 A5 Ad A3 A2 Al A0
(0 0* Operating Mode CAS Latency BT Burst Length
Operating Mode CAS Latency Burst Type Burst Length
A11-A9| A8 | A7 | A6-AD Type A6 | A5 | A4 Type A3 Type A2 | A1 | AO Type
0 0| O | Valid Normal operation 0 0 0 | Reserved| 0 |Sequential| 0 0 0 Reserved
Do not reset DLL
0 110 Valid qumal operation 0 0 1 |Reserved| 1 | Interleave | O 0 1 2
in DLL Reset
Vendor-Specific
*%
0 0] 1] VS Test Mode 0 1 0 2 0 1 0 4
- - - Reserved 0 1 1 |3 (Option) 0 1 1 8
1 0 0 | Reserved 1 0 0 Reserved
1 0 1 L5 1 0 1 Reserved
(Option)
1 1 0 25 1 1 0 Reserved
1 1 1 | Reserved 1 1 1 Reserved
Note:
1. VS** Vendor Specific
2. * BAO and BA1 must be 0, 0 to select the Mode Register
(vs. the Extended Mode Register).
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Burst Type

Accesses within a given burst may be programmed to be

either sequential or interleaved; this is referred to as the burst

type and is selected via bit A3.

The ordering of accesses within a burst is determined by the
burst length, the burst type and the starting column address,
as shown in Burst Definition on page 17.

Burst Definition

Read Latency

The Read latency, or CAS latency, is the delay, in clock
cycles, between the registration of a Read command and the
availability of the first burst of output data. The latency can be

programmed 2 or 2.5 clocks.

If a Read command is registered at clock edge n, and the
latency is m clocks, the data is available nominally coincident

with clock edge n + m.

Reserved states should not be used as unknown operation or
incompatibility with future versions may result.

Burst Length Starting Column Address Order of Accesses Within a Burst
A2 Al A0 Type = Sequential Type = Interleaved
: 0 0-1 0-1
1 1-0 1-0
0 0 0-1-2-3 0-1-2-3
4 0 1 1-2-3-0 1-0-3-2
1 0 2-3-0-1 2-3-0-1
1 1 3-0-1-2 3-2-1-0
0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
0 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
8 0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1
1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0

Note:

1. For a burst length of two, A1-A i selects the two-data-element block; AO selects the first access within the block.

2. For a burst length of four, A2-A i selects the four-data-element block; A0-Al selects the first access within the block.

3. For a burst length of eight, A3-A i selects the eight-data- element block; A0-A2 selects the first access within the block.

4. Whenever a boundary of the block is reached within a given sequence above, the following access wraps within the block.
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Operating Mode

The normal operating mode is selected by issuing a Mode
Register Set Command with bits A7-A11 to zero, and bits
AO0-A6 set to the desired values. A DLL reset is initiated by
issuing a Mode Register Set command with bits A7 and
A9-Al1l each set to zero, bit A8 set to one, and bits AO-A6 set
to the desired values. A Mode Register Set command issued
to reset the DLL should always be followed by a Mode
Register Set command to select normal operating mode.

All other combinations of values for A7-A11 are reserved for
future use and/or test modes. Test modes and reserved
states should not be used as unknown operation or
incompatibility with future versions may result.

Extended Mode Register

The Extended Mode Register controls functions beyond those
controlled by the Mode Register; these additional functions
include DLL enable/disable, bit AO; output drive strength
selection, bit A1; and QFC output enable/disable, bit A2
(NTC optional). These functions are controlled via the bit
settings shown in the Extended Mode Register Definition. The
Extended Mode Register is programmed via the Mode
Register Set command (with BAO = 1 and BA1 = 0) and
retains the stored information until it is programmed again or
the device loses power. The Extended Mode Register must
be loaded when all banks are idle, and the controller must
wait the specified time before initiating any subsequent
operation. Violating either of these requirements result in
unspecified operation.

Extended Mode Register Definition

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 disabled the DLL for the
purpose of debug or evaluation. The DLL is automatically
disabled when entering self refresh operation and is
automatically re-enabled upon exit of self refresh operation.
Any time the DLL is enabled,

200 clock cycles must occur to allow time for the internal
clock to lock to the externally applied clock before a Read
command can be issued. This is the reason for introducing
timing parameter txsrD for DDR SDRAM'’s (Exit Self Refresh
to Read Command).

Non- Read commands can be issued 2 clocks after the DLL is
enabled via the EMRS command (tMRrD) or 10 clocks after the
DLL is enabled via self refresh exit command (txsNRr, Exit Self
Refresh to Non-Read Command).

Output Drive Strength

The normal drive strength for all outputs is specified to be
SSTL_2, Class II.

CAS Enable/Disable

The QFC signal is an optional DRAM output control used to
isolate module loads (DIMMSs) from the system memory bus
by means of external FET switches when the given module
(DIMM) is not being accessed. The QFC function is an
optional feature for NANYA and is not included on all DDR
SDRAM devices.

BAL | BAO | Aa11 [ A0 | A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | A0
0* 1* Operating Mode cAs | DS | DLL
Operating Mode CAS Drive Strength DLL

Al11-A3 | A2-A0 Type A2 Type Al Type A0 Type

0 Valid Normal Operation 0 Disable 0 Normal 0 Enable

- - All Other States 1 Engble 1 Reserved 1 Disable

Reserved (Optional)
Note:

* BAO and BA1 must be 1, 0 to select the Extended Mode Register
(vs. the base Mode Register)
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Device Operations
Deselect

The Deselect function prevents new commands from being
executed by the DDR SDRAM. The DDR SDRAM is
effectively deselected. Operations already in progress are not
affected.

No Operation (NOP)

The No Operation (NOP) command is used to perform a NOP
to a DDR SDRAM. This prevents unwanted commands from
being registered during idle or wait states. Operations already
in progress are not affected.

Mode Register Set

The mode registers are loaded via inputs A0-Al11, BAO and
BA1 while issuing the Mode Register Set Command. See
mode register descriptions in the Register Definition section.
The Mode Register Set command can only be issued when
all banks are idle and no bursts are in progress. A subsequent
executable command cannot be issued until tvrp is met.

Active

The Active command is used to open (or activate) a row in a
particular bank for a subsequent access. The value on the
BAO, BAL inputs selects the bank, and the address provided
on inputs A0-A11 selects the row. This row remains active (or
open) for accesses until a Precharge (or Read or Write with
Auto Precharge) is issued to that bank. A Precharge (or Read
or Write with Auto Precharge) command must be issued and
completed before opening a different row in the same bank.

Read

The Read command is used to initiate a burst read access to
an active (open) row. The value on the BAO, BA1 inputs
selects the bank, and the address provided on inputs A0-A8
selects the starting column location. The value on input A10
determines whether or not Auto Precharge is used. If Auto
Precharge is selected, the row being accessed is precharged
at the end of the Read burst; if Auto Precharge is not selected,
the row remains open for subsequent accesses.

Write

The Write command is used to initiate a burst write access to
an active (open) row. The value on the BAO, BAl inputs
selects the bank, and the address provided on inputs A0-A8
selects the starting column location. The value on input A10
determines whether or not Auto Precharge is used. If Auto
Precharge is selected, the row being accessed is precharged
at the end of the Write burst; if Auto Precharge is not selected,
the row remains open for subsequent accesses. Input data
appearing on the DQs is written to the memory array subject
to the DM input logic level appearing coincident with the data.
If a given DM signal is registered low, the corresponding data
is written to memory; if the DM signal is registered high, the
corresponding data inputs are ignored, and a Write is not
executed to that byte/column location.

Precharge

The Precharge command is used to deactivate (close) the
open row in a particular bank or the open row(s) in all banks.
The bank(s) will be available for a subsequent row access a
specified time (tre) after the Precharge command is issued.
Input A10 determines whether one or all banks are to be
precharged, and in the case where only one bank is to be
precharged, inputs BAO, BA1 select the bank. Otherwise BAO,
BAl are treated as “Don’t Care.” Once a bank has been
precharged, it is in the idle state and must be activated prior
to any Read or Write commands being issued to that bank. A
precharge command is treated as a NOP if there is no open
row in that bank, or if the previously open row is already in the
process of precharging.

Auto Precharge

Auto Precharge is a feature which performs the same
individual-bank precharge function described above, but
without requiring an explicit command. This is accomplished
by using A10 to enable Auto Precharge in conjunction with a
specific Read or Write command. A precharge of the
bank/row that is addressed with the Read or Write command
is automatically performed upon completion of the Read or
Write burst. Auto Precharge is non-persistent in that it is
either enabled or disabled for each individual

Read or Write command. Auto Precharge ensures that the
precharge is initiated at the earliest valid stage within a burst.
This is determined as if an explicit Precharge command was
issued at the earliest possible time without violating trRas(min).
The user must not issue another command to the same bank
until the precharge (trp) is completed.

The NTC DDR SDRAM devices supports the optional tras
lockout feature. This feature allows a Read command with
Auto Precharge to be issued to a bank that has been
activated (opened) but has not yet satisfied the trasmin)
specification. The tras lockout feature essentially delays the
onset of the auto precharge operation until two conditions
occur. One, the entire burst length of data has been
successfully prefetched from the memory array; and two,
trasmin) has been satisfied.

As a means to specify whether a DDR SDRAM device
supports the tras lockout feature, a new parameter has been
defined, trar (RAS Command to Read Command with Auto
Precharge or better stated Bank Activate to Read Command
with Auto Precharge). For devices that support the tras
lockout feature, trap = trcpmin). This allows any Read
Command (with or without Auto Precharge) to be issued to an
open bank once trcomin) is satisfied.

Burst Terminate

The Burst Terminate command is used to truncate read
bursts (with Auto Precharge disabled). The most re-cently
registered Read command prior to the Burst Terminate
command is truncated, as shown in the Operation section of
this data sheet. Write burst cycles are not to be terminated
with the Burst Terminate command.
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Auto Refresh

Auto Refresh is used during normal operation of the DDR

SDRAM and is analogous to CAS Before RAS (CBR)
Refresh in previous DRAM types. This command is
nonpersistent, so it must be issued each time a refresh is
required.

The refresh addressing is generated by the internal refresh
controller. This makes the address bits “Don’t Care” during an
Auto Refresh command. The 128Mb DDR SDRAM requires
Auto Refresh cycles at an average periodic interval of 7.8us
(maximum).

Self Refresh

The Self Refresh command can be used to retain data in the
DDR SDRAM, even if the rest of the system is powered down.
When in the self refresh mode, the DDR SDRAM retains data
without external clocking. The Self Refresh command is
initiated as an Auto Refresh command coincident with CKE
transitioning low. The DLL is automatically disabled upon
entering Self Refresh, and is automatically enabled upon
exiting Self Refresh (200 clock cycles must then occur before
a Read command can be issued). Input signals except CKE
(low) are “Don’t Care” during Self Refresh operation.

The procedure for exiting self refresh requires a sequence of

commands. CK (and CK ) must be stable prior to CKE
returning high. Once CKE is high, the SDRAM must have
NOP commands issued for txsnr because time is required for
the completion of any internal refresh in progress. A simple
algorithm for meeting both refresh and DLL requirements is to
apply NOPs for 200 clock cycles before applying any other
command.

Bank/Row Activation

Before any Read or Write commands can be issued to a bank
within the DDR SDRAM, a row in that bank must be “opened”
(activated). This is accomplished via the Active command and
addresses A0-All, BAO and BA1 (see Activating a Specific
Row in a Specific Bank), which decode and select both the
bank and the row to be activated. After opening a row (issuing
an Active command), a Read or Write command may be
issued to that row, subject to the trco specification. A
subsequent Active command to a different row in the same
bank can only be issued after the previous active row has
been “closed” (precharged). The minimum time interval
between successive Active commands to the same bank is
defined by trc. A subsequent Active command to another
bank can be issued while the first bank is being accessed,
which results in a reduction of total row-access overhead. The
minimum time interval between successive Active commands
to different banks is defined by trro.

Reads

Subsequent to programming the mode register with CAS
latency, burst type, and burst length, Read bursts are initiated
with a Read command.

The starting column and bank addresses are provided with
the Read command and Auto Precharge is either enabled or
disabled for that burst access. If Auto Precharge is enabled,
the row that is accessed starts precharge at the completion of
the burst, provided tras has been satisfied. For the generic
Read commands used in the following illustrations, Auto
Precharge is disabled.

During Read bursts, the valid data-out element from the
starting column address is available following the CAS
latency after the Read command. Each subsequent data-out
element is valid nominally at the next positive or negative

clock edge (i.e. at the next crossing of CK and CK). The
following timing figure entitled “Read Burst: CAS Latencies
(Burst Length=4)" illustrates the general timing for each
supported CAS latency setting. DQS is driven by the DDR
SDRAM along with output data. The initial low state on DQS
is known as the read preamble; the low state coincident with
the last data-out element is known as the read postamble.
Upon completion of a burst, assuming no other commands
have been initiated, the DQs and DQS goes High-Z. Data
from any Read burst may be concatenated with or truncated
with data from a subsequent Read command. In either case,
a continuous flow of data can be maintained. The first data
element from the new burst follows either the last element of
a completed burst or the last desired data element of a longer
burst which is being truncated. The new Read command
should be issued x cycles after the first Read command,
where x equals the number of desired data element pairs
(pairs are required by the 2n prefetch architecture). This is
shown in timing figure entitled “Consecutive Read Bursts:
CAS Latencies (Burst Length =4 or 8)". A Read command can
be initiated on any positive clock cycle following a previous
Read command. Nonconsecutive Read data is shown in
timing figure entitled “Non-Consecutive Read Bursts: CAS
Latencies (Burst Length = 4)". Full-speed Random Read
Accesses: CAS Latencies (Burst Length = 2, 4 or 8) within a
page (or pages) can be performed as shown on page 34.

CAS Latencies

Data from any Read burst may be truncated with a Burst
Terminate command, as shown in timing figure entitled
Terminating a Read Burst: CAS Latencies (Burst Length = 8)
on page 35. The Burst Terminate latency is equal to the read
(CAS) latency, i.e. the Burst Terminate command should be
issued x cycles after the Read command, where x equals the
number of desired data element pairs.

Data from any Read burst must be completed or truncated
before a subsequent Write command can be issued. If
truncation is necessary, the Burst Terminate command must
be used, as shown in timing figure entitled Read to Write:
CAS Latencies (Burst Length = 4 or 8) on page 36. The
example is shown for togssmin). The tbgssmax) case, not
shown here, has a longer bus idle time. tbessmin) and tbess(max)
are defined in the section on Writes.
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A Read burst may be followed by, or truncated with, a
Precharge command to the same bank (provided that Auto
Precharge was not activated). The Precharge command
should be issued x cycles after the Read command, where x
equals the number of desired data element pairs (pairs are
required by the 2n prefetch architecture). This is shown in
timing figure Read to Precharge: CAS Latencies (Burst
Length = 4 or 8) on page37 for Read latencies of 2 and 2.5.
Following the Precharge command, a subsequent command
to the same bank cannot be issued until tre is met. Note that
part of the row precharge time is hidden during the access of
the last data elements.

In the case of a Read being executed to completion, a
Precharge command issued at the optimum time (as
described above) provides the same operation that would

result from the same Read burst with Auto Precharge enabled.

The disadvantage of the Precharge command is that it
requires that the command and address busses be available
at the appropriate time to issue the command. The advantage
of the Precharge command is that it can be used to truncate
bursts.

Writes

Write bursts are initiated with a Write command, as shown in
timing figure Write Command on page 38.

The starting column and bank addresses are provided with
the Write command, and Auto Precharge is either enabled or
disabled for that access. If Auto Precharge is enabled, the
row being accessed is precharged at the completion of the
burst. For the generic Write commands used in the following
illustrations, Auto Precharge is disabled.

During Write bursts, the first valid data-in element is
registered on the first rising edge of DQS following the write
command, and subsequent data elements are registered on
successive edges of DQS. The Low state on DQS between
the Write command and the first rising edge is known as the
write preamble; the Low state on DQS following the last
data-in element is known as the write postamble. The time
between the Write command and the first corresponding
rising edge of DQS (tpgss) is specified with a relatively wide
range (from 75% to 125% of one clock cycle), so most of the
Write diagrams that follow are drawn for the two extreme
cases (i.e. togssmin) and tpessmax)). Timing figure Write Burst
(Burst Length = 4) on page 40 shows the two extremes of
togss for a burst of four. Upon completion of a burst, assuming
no other commands have been initiated, the DQs and DQS
enters High-Z and any additional input data is ignored.

Data for any Write burst may be concatenated with or
truncated with a subsequent Write command. In either case,
a continuous flow of input data can be maintained. The new
Write command can be issued on any positive edge of clock
following the previous Write command.

The first data element from the new burst is applied after
either the last element of a completed burst or the last desired
data element of a longer burst which is being truncated. The
new Write command should be issued x cycles after the first
Write command, where x equals the number of desired data
element pairs (pairs are required by the 2n prefetch
architecture). Timing figure Write to Write (Burst Length = 4)
on page 41 shows concatenated bursts of 4. An example of
nonconsecutive Writes is shown in timing figure Write to Write:
Max DQSS, Non-Consecutive (Burst Length = 4) on page 32.
Fullspeed random write accesses within a page or pages can
be performed as shown in timing figure Random Write Cycles
(Burst Length = 2, 4 or 8) on page 33. Data for any Write burst
may be followed by a subsequent Read command. To follow
a Write without truncating the write burst, twtr (Write to Read)
should be met as shown in timing figure Write to Read:
Non-Interrupting (CAS Latency = 2; Burst Length = 4) on
page 43.

Data for any Write burst may be truncated by a subsequent
(interrupting) Read command. This is illustrated in timing
figures “Write to Read: Interrupting (CAS Latency =2; Burst
Length = 8)", “Write to Read: Minimum Dgss, Odd Number of
Data (3 bit Write), Interrupting (CAS Latency = 2; Burst
Length = 8)", and “Write to Read: Nominal DQss, Interrupting
(CAS Latency = 2; Burst Length = 8)". Note that only the
data-in pairs that are registered prior to the twtr period are
written to the internal array, and any subsequent data-in must
be masked with DM, as shown in the diagrams noted
previously.

Data for any Write burst may be followed by a subsequent
Precharge command. To follow a Write without truncating the
write burst, twr should be met as shown in timing figure Write
to Precharge: Non-Interrupting (Burst Length = 4) on page 39.

Data for any Write burst may be truncated by a subsequent
Precharge command, as shown in timing figures Write to
Precharge: Interrupting (Burst Length = 4 or 8) on page 48 to
Write to Precharge: Nominal DQSS (2 bit Write), Interrupting
(Burst Length = 4 or 8) on page 49. Note that only the data-in
pairs that are registered prior to the twr period are written to
the internal array, and any subsequent data in should be
masked with DM. Following the Precharge command, a
subsequent command to the same bank cannot be issued
until trp is met.

In the case of a Write burst being executed to completion, a
Precharge command issued at the optimum time (as
described above) provides the same operation that would
result from the same burst with Auto Precharge. The
disadvantage of the Precharge command is that it requires
that the command and address busses be available at the
appropriate time to issue the command. The advantage of the
Precharge command is that it can be used to truncate bursts.
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Precharge

The Precharge command is used to deactivate the open row
in a particular bank or the open row in all banks. The bank(s)
is available for a subsequent row access some specified time
(tre) after the Precharge command is issued. Input A10
determines whether one or all banks are to be precharged,
and in the case where only one bank is to be precharged,
inputs BAO, BAL1 select the bank. When all banks are to be
precharged, inputs BAO, BA1l are treated as “Don’t Care.”
Once a bank has been precharged, it is in the idle state and
must be activated prior to any Read or Write commands
being issued to that bank.

Power Down

Power Down is entered when CKE is registered low (no
accesses can be in progress). 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 row active in
any bank, this mode is referred to as Active Power Down.
Entering Power Down deactivates the input and output
buffers, excluding CK, CK and CKE. The DLL is still running
in Power Down mode, so for maximum power savings, the
user has the option of disabling the DLL prior to entering
Power Down. In that case, the DLL must be enabled after
exiting Power Down, and 200 clock cycles must occur before
a Read command can be issued. In Power Down mode, CKE
Low and a stable clock signal must be maintained at the
inputs of the DDR SDRAM, and all other input signals are
“Don’t Care”. However, Power Down duration is limited by the
refresh requirements of the device, so in most applications,
the self refresh mode is preferred over the DLL-disabled
Power Down mode.

The Power Down state is synchronously exited when CKE is
registered high (along with a Nop or Deselect command). A
valid, executable command may be applied one clock cycle
later.
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CAS Latencies
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* Indicates Auto Precharge begins hers

The above timing diagrams show the effects of trap for devices that support tras lockout. In these cases, the Read with Auto
Precharge command (RDA) is issued with trepmin) and dataout is available with the shortest latency from the Bank Activate
command (ACT). The internal precharge operation, however, does not begin until after trasmin) is satisfied.
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Activating a Specific Row in a Specific Bank
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CA = column address

BiA = bank address

EM AP = enable Auie Precharge
DIS AP = disable Auto Precharge
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Precharge Command
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Clock Enable (CKE)

Current CKEn-1 CKEn Command n Action n Note
Previous Cycle | Previous Cycle

Self Refresh L L X Maintain Self-Refresh

Self Refresh L H Deselect or NOP Exit Self-Refresh 1
Power Down L L X Maintain Power Down

Power Down L H Deselect or NOP Exit Power Down

All Banks Idle H L Deselect or NOP Precharge Power Down Entry

All Banks Idle H L Auto Refresh Self Refresh Entry
Bank(s) Active H L Deselect or NOP Active Power Down Entry

See “Truth Table 3: Current State
H H Bank n - Command to Bank n

(Same Bank)” on page 27

Note:

1. 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.
2. Current state is the state of the DDR SDRAM immediately prior to clock edge n.
3. Command n is the command registered at clock edge n, and action n is a result of command n.
4. All states and sequences not shown are illegal or reserved.
5. Deselect or NOP commands should be issued on any clock edges occurring during the Self Refresh Exit (txsnr) period. A

minimum of 200 clock cycles are needed before applying a read command to allow the DLL to lock to the input clock.
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Current State Bank n - Command to Bank n (Same Bank)

Current State | cs | RAS | cas | wE Command Action Note
H X X X Deselect NOP. Continue previous operation 1-6
Any
L H H H No Operation NOP. Continue previous operation 1-6
L L H H Active Select and Activate Row 1-6
Idle L L L H Auto Refresh 1-7
L L L L Mode Register Set 1-7
L H L H Read Select column and start Read Burst 1-6, 10
Row Active L H L L Write Select column and start Write Burst 1-6, 10
L L H L Precharge Deactivate row in bank(s) 1-6, 8
Read L H L H Read Select column and start new Read Burst 1-6, 10
(Auto Precharge | L L H L Precharge 1-6,8
Disabled) L H H L Burst Terminate Burst Terminate 1-6,9
Write L H L H Read Select column and start Read Burst 1-6, 10, 11
(Auto Precharge | L H L L Write Select column and start Write Burst 1-6, 10
Disabled) L L H L Precharge Truncate Write burst, start Precharge 1-6, 8, 11

Note:

1. This table applies when CKE n-1 was high and CKE n is high (see Truth Table 2: Clock Enable (CKE) and after txsnr / txsrp
has been met (if the previous state was self refresh).

2. This table is bank-specific, except where noted, i.e., the current state is for a specific bank and the commands shown are those
allowed to be issued to that bank when in that state. Exceptions are covered in the notes below.

3. Current state definitions:

Idle: The bank has been precharged, and tre has been met.

Row Active: A row in the bank has been activated, and trco has been met. No data bursts/accesses and no register accesses

are in progress.

Read: A Read burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.

Write: A Write burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.

4. The following states must not be interrupted by a command issued to the same bank.

Precharging: Starts with registration of a Precharge command and ends when tre is met. Once tre is met, the bank is in the idle

state.
Row Activating: Starts with registration of an Active command and ends when trco is met. Once treo is met, the bank is in the
“row active” state.
Read w/Auto Precharge Enabled: Starts with registration of a Read command with Auto Precharge enabled and ends when tre
has been met. Once trp is met, the bank is in the idle state.
Write w/Auto Precharge Enabled: Starts with registration of a Write command with Auto Precharge enabled and ends when trp
has been met. Once trp is met, the bank is in the idle state.

Deselect or NOP commands, or allowable commands to the other bank should be issued on any clock edge occurring during

these states. Allowable commands to the other bank are determined by its current state and according to Truth Table 4.

5. The following states must not be interrupted by any executable command; Deselect or NOP commands must be applied on
each positive clock edge during these states.

Refreshing: Starts with registration of an Auto Refresh command and ends when trrc is met. Once trrcis met, the DDR SDRAM

is in the “all banks idle” state.
Accessing Mode Register: Starts with registration of a Mode Register Set command and ends when tvrp has been met. Once
tMrD is met, the DDR SDRAM is in the “all banks idle” state.
Precharging All: Starts with registration of a Precharge All command and ends when trp is met. Once trp is met, all banks is in
the idle state.

6. All states and sequences not shown are illegal or reserved.

7. Not bank-specific; requires that all banks are idle.

8. May or may not be bank-specific; if all/any banks are to be precharged, all/any must be in a valid state for precharging.

9. Not bank-specific; Burst terminate affects the most recent Read burst, regardless of bank.

10. Reads or Writes listed in the Command/Action column include Reads or Writes with Auto Precharge enabled and Reads or
Writes with Auto Precharge disabled.

11. Requires appropriate DM masking.
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Current State Bank n - Command to Bank m (Different bank)
Current State | ¢S | RAS | CAS | WE Command Action Note
H X X X Deselect NOP/Continue previous operation 1-6
Any
L H H H No Operation NOP/Continue previous operation 1-6
Any Command Otherwise
ldle X X X X Allowed to Bank m 1-6
o L L H H Active Select and Activate Row 1-6
ROVX(;:%ZV?:”Q' L H L H Read Select column and start Read Burst 1-7
Prechar’ging L H L L Write Select column and start Write Burst 1-7
L L H L Precharge 1-6
Read L L H H Active Select and Activate Row 1-6
(Auto Precharge | L H L H Read Select column and start new Read Burst 1-7
Disabled) L L H L Precharge 1-6
] L L H H Active Select and Activate Row 1-6
(Aut VF\)/rlteh L H L H Read Select column and start Read Burst 1-8
uto Precharge - -
Disabled) L H L L Write Select column and start new Write Burst 1-7
L L H L Precharge 1-6

Note:

1. This table applies when CKE n-1 was high and CKE n is high (see Truth Table 2: Clock Enable (CKE) and after txsnr / txsrp
has been met (if the previous state was self refresh).

2. This table describes alternate bank operation, except where noted, i.e., the current state is for bank n and the commands
shown are those allowed to be issued to bank m (assuming that bank m is in such a state that the given command is allowable).
Exceptions are covered in the notes below.

3. Current state definitions:

Idle: The bank has been precharged, and tre has been met.

Row Active: A row in the bank has been activated, and trco has been met. No data bursts/accesses and no register accesses

are in progress.

Read: A Read burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.

Write: A Write burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.

Read with Auto Precharge Enabled: See note 10.

Write with Auto Precharge Enabled: See note 10.

4. Auto Refresh and Mode Register Set commands may only be issued when all banks are idle.

5. A Burst Terminate command cannot be issued to another bank; it applies to the bank represented by the current state only.

6. All states and sequences not shown are illegal or reserved.

7. Reads or Writes listed in the Command/Action column include Reads or Writes with Auto Precharge enabled and Reads or
Writes with Auto Precharge disabled.

8. Requires appropriate DM masking.

9. A Write command may be applied after the completion of data output.

10. The Read with Auto Precharge enabled or Write with Auto Precharge enabled states can each be broken into two parts: the
access period and the precharge period. For Read with Auto Precharge, the precharge period is defined as if the same burst
was executed with Auto Precharge disabled and then followed with the earliest possible Precharge command that still
accesses all of the data in the burst. For Write with Auto Precharge, the precharge period begins when twr ends, with twr
measured as if Auto Precharge was disabled. The access period starts with registration of the command and ends where the
precharge period (or tre) begins. During the precharge period of the Read with Auto Precharge Enabled or Write with Auto
Precharge Enabled states, Active, Precharge, Read, and Write commands to the other bank may be applied; during the
access period, only Active and Precharge commands to the other bank may be applied. In either case, all other related
limitations apply (e.g. contention between Read data and Write data must be avoided).
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Current State Bank n - Command to Bank m (Different bank) (continued)
Current State | CS | RAS | CAS | WE Command Action Note
L L H H Active Select and Activate Row 1-6
(WI'::ET ‘ L H L H Read Select column and start new Read Burst 1-7, 10
i uto - -
Precharge) L H L L Write Select column and start Write Burst 1-7,9, 10
L L H L Precharge 1-6
) L L H H Active Select and Activate Row 1-6
(W\'/t\::lf ‘ L H L H Read Select column and start Read Burst 1-7, 10
i uto - -
Precharge) L H L L Write Select column and start new Write Burst 1-7, 10
L L H L Precharge 1-6

Note:

1. This table applies when CKE n-1 was high and CKE n is high (see Truth Table 2: Clock Enable (CKE) and after txsnr / txsrp
has been met (if the previous state was self refresh).

2. This table describes alternate bank operation, except where noted, i.e., the current state is for bank n and the commands
shown are those allowed to be issued to bank m (assuming that bank m is in such a state that the given command is allowable).
Exceptions are covered in the notes below.

3. Current state definitions:

Idle: The bank has been precharged, and tre has been met.

Row Active: A row in the bank has been activated, and trco has been met. No data bursts/accesses and no register accesses

are in progress.

Read: A Read burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.

Write: A Write burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.

Read with Auto Precharge Enabled: See note 10.

Write with Auto Precharge Enabled: See note 10.

4. Auto Refresh and Mode Register Set commands may only be issued when all banks are idle.

5. A Burst Terminate command cannot be issued to another bank; it applies to the bank represented by the current state only.

6. All states and sequences not shown are illegal or reserved.

7. Reads or Writes listed in the Command/Action column include Reads or Writes with Auto Precharge enabled and Reads or

Writes with Auto Precharge disabled.

8. Requires appropriate DM masking.

9. A Write command may be applied after the completion of data output.

10. The Read with Auto Precharge enabled or Write with Auto Precharge enabled states can each be broken into two parts: the

access period and the precharge period. For Read with Auto Precharge, the precharge period is defined as if the same burst was

executed with Auto Precharge disabled and then followed with the earliest possible Precharge command that still accesses all of
the data in the burst. For Write with Auto Precharge, the precharge period begins when twr ends, with twr measured as if Auto

Precharge was disabled. The access period starts with registration of the command and ends where the precharge period (or trr)

begins. During the precharge period of the Read with Auto Precharge Enabled or Write with Auto Precharge Enabled states,

Active, Precharge, Read, and Write commands to the other bank may be applied; during the access period, only Active and

Precharge commands to the other bank may be applied. In either case, all other related limitations apply (e.g. contention

between Read data and Write data must be avoided).
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Simplified State Diagram
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Read Burst: CAS Latencies (Burst Length = 4)
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QFC is an open drain driver. The cutput high level is achieved through an external pull up resistor connected to Vpoo.
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AMIC

Preliminary

A48P3616

8M X 16 Bit DDR DRAM

Consecutive Read Bursts: CAS Latencies (Burst Length = 4 or 8)

cH S N 1 _
LT N T S T | |
) : S
Command |7_;;_ Read W MOP ) { Read B NOP

CAS Latency = 2

h | T S S
| |
(nop (W ol

Address | HEaa, coL ni .ir i :I;BA.:. = I:::Ji X b i i ::l:'
+ CL=2 :l | ! !
as | — — | .
[ I | | |
e | | {|{ooanid A& KK Adoosafn  AA  AX
| | | | | 1
CAS Lateney =2.5
CK - — —ula—__.— - - — —.I. - — - - - — - -
e e e e e e -
, , SR S . | | P
Command | Read ¥ § NOP Y ) Bead ¥ 3§ NOP ¢ OMOP Y L |
| I I I I I
Address _}::E.‘-.-L coL r-'f:l: :{: .n:f ::-:fsr.a.a-zL b.::l:: :| y Y Y ‘.f
+ CL=25 | * | | |
nos | . | . —‘-]I —JI .—,]r I —
I N I | |
Do ; ; ; ({ooa-myy WY U Wiooeo N
| | | | | 1
OO a-n (or a-b) = data out from bank a, column n (or bank a, column b).
WWhen burst length = £, the bursts are concatenated. Don't Care

When burst length = 8, the second burst intermupts the first.

2 subsequent elements of data out appear in the programmed order following DO a-n.

3 jor 7) subsequent elements of data out appear in the programmed order following DO a-b.

Shown with nominal ty-, inosck. and tposg
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Preliminary

A48P3616

8M X 16 Bit DDR DRAM

Non-Consecutive Read Bursts: CAS Latencies (Burst Length = 4)

oK ! . | [ _ |

! i

CAS Latency = 2

AR | o b A L o .
\———— P PR I I
Command i Read ¥ howoe i Y NOP Y i Read |

| i Ea—
, ,

W
Addrass jBan, coOL b

0

e

\ S i T L y Pl F, Tl . L — e —
CK ]'.__ — I:._ N .I:__ o -I__ o I:._ o .I:__ o d_
| ] I A T
ommand Read h MO ) L | 4 Read ¥ h NOP 3§ y NOP ¥ W ONOP
= | ! ! 1 ' o 1 ! o 1 ' ' 1 o 1 o 1 !
Address (3Aa, coL r-}f; ::-'M W | \ B4, caL b}:; ::-'M | 'y f-i )
I I I I I I
- CL=2.5 »
| i PR — I —
Das ) g \
- I —t — [ I —
- | | (TS S D) e S ey
I I I T I I ) 1
00 a-n {or a-b) = data out from bank a, column n (or bank a. column b).
3 subseguent elements of data out appear in the programmed order following D2 a-n (and following DO a-b).
Shown with nominal tac. toosck. and tposo- { " Dan't Care
L' ! -

Preliminary (September 2005, Version 0.0) 33

AMIC Technology, Corp.
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A48P3616

8M X 16 Bit DDR DRAM

Random Read Accesses: CAS Latencies (Burst Length = 2, 4 or 8)

CAS Latency =2

Tk | | o] | | o] e
I 1 = ~ Y — Lr 1T It - . LY "_|'."
[T W — — fo — 2 e — A | — o — 2 o
LT ! 1 i 1 LN W 1 W T | 1
Command | W Read ) Y Read Y { Read W Read ¥ NOP ¥ moe Y |
I I | I I

Address .::B-'«a coLny ::::::E.u coLx :| :];:Eu. covn)f ::::a Az, COL ::}:: :::j: ::::: ": ,:
) L X | | |
+ CL=2 =
Das | I .-l' f L
| | | |
: . { poan ¥ Doany § Doy X Doaw § Doan) ¥ Doaay 4 Doagl K
(W] I I | DOa "_-’:._.-'-\- S :'.’-. Skl T I«; h DFo=rn A A AADCE AN
1 I I 1 I I
CAS Latency = 2.5
ok I I I I I I
oE oL I | | o o o o
J R | o N R
Command .1. RElad |:l:'. .l:l:-\. REIEd .l:|:|. ':I- QEIGd ! |:t'. QE:!d -1 .-:l:l. NFJP .I'I:l. .l:ll NOP .'!I:._I
r " - r I " " I " I i i I g " L r
Address Jzaa, coLnl fema, coLx) Jzaa coun) lBsa, coL gl B i H ) |
[ | | | [
e Cl=15 | | I
Das ! [ i 1 1 / 1, '
| | . | S | . S
DG I I I 4,0 $-:-'1_}Z:1:?'Z:_:"$ an'f KD -3a-:__:-{:}:~_|:: -3a-n:}ci‘,'%i‘:nc-:--|:-__:=;::ﬁ{_:un:m-:-‘;ql}-fL
| |

D a-n, etc. = data out from bank a, column n et

n' etc. = odd or even complement of n, efe. (i.e.. column address LEB inverted).
Feads are to active rows in any banks.

Shown with nominal tac. tooscx, and tpgsa-

| ! Daon't Care
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A48P3616

AMIC
Preliminary 8M X 16 Bit DDR DRAM

Terminating a Read Burst: CAS Latencies (Burst Length = 8)

CAS Latency = 2

CK 1 1 1 1 1 1

AR A N R o [ b
I L | 1 |
Command | ¥ Read | W NOP Y § BET ¥ M N 4 NOR Y |

1
T ——— \ \f A W \ T " "
Address "..'= Aa. COLR M -'I:: .l:‘:. .':I'. L1 .":'. .:q-. N L _u:':. _-:- |

[
I
DasS | I I
l\;

P A 1Y ———
oo XX AR
|

Mo further cutput data after this point.
DO trigtated.

CAS Latency = 2.5

CK | I | | I |

— — = V- — My — =y — — = - — = e —

TE ‘o 4 A f— — _A +_ A o — e _A f-— o
. L U I I B P I R T, IR I
Command { Read W moP W ) BST  woe )W moe ) mNoP |
| I I I I I
Address ¥eas coun{ Y SR  BEREER ) e T, B
. | cLeas | , | | |
cas ' [ — — _ |
I | | — I
DG ! | (Tocani¥ Wn An —+—
| 1 | | 1 |

Me further cutput data after this peint.
DS tristated.

DO a-n = data out from bank &, column n.

Cases shown are bursts of B terminated after 4 data elements.

3 subsegquent elements of data out appear in the programmed order following 00 a-n. PR

Shawn with naminal tas. toosck, and togso. 5 ; Don't Care
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A48P3616

Preliminary 8M X 16 Bit DDR DRAM
Read to Write: CAS Latencies (Burst Length = 4 or 8)

CAS Latency =2

CK I I I I I I

—— = e | v— — =r — — = Ve — = — — = ——

= . _ U o - _ 0 o - o

| | | |
Command | ¥ Read N BST ¥ NOP (W Whte ‘~J|D= N0 NoP Y
I I

Address rE‘= coLnjf \?' J., ' " 5" cou bl ) ’., .’ '

|
DQ ! {{ooeni) s O 0

oM : : : : LA O D

[ JE— o _ ! _ ! _ __
AL Y I fo b | fo
| | | |

Command J, Read 'r § BST ¥ £ NoP o howoP X A ke ¥ 1 NOP ¢
1

YEam, coLnl W y Y ¢ i W Y Eha, COL B, i y
Addrass | A 2 r.l' ! .l:|l'\l. Y Iy i .-I- L M 2 S S | 'y
| tppsg (min)

Das I \ | } / |

[al] {{ooenif P Yoagy

DM Y X X

00 a-n = data out from bank 3, columnon

Dl a-b = data in o bank a, column b

1 subseguent elements of data out appear in the programmed order following DO a-n.

Data In elements are applied following 01 3-b in the programmed order, according to burst lemgth. ) )

Shown with nominal tac. tngscp. @nd tposo. 1 + Don't Care
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A48P3616

Preliminary 8M X 16 Bit DDR DRAM

Read to Precharge: CAS Latencies (Burst Length = 4 or 8)

CAS Latency = 2

CK ) R o o R
F I._ —_ . — Mo — 4 '{._ —_ . _:.' :F\_ RN | W | | S
R ) [ EN R H
Command 5 Read ¥ §o MOP i PRE ¥ §OMOR Y ¥ NOP Y WOACT Y
4L J L I s ik T J L I 4L J L I i a i
" 1 5
I ) i — *
Address B a, CoL r:]f: I:I' ; g ::::51-. - W I'- ; 1'- :. ; ::.:: ( Zaa ch..\'::{
| | | o
+ CL=2 -
e . | | |
N t | { { I
D | | fooanil 300 0 ) |
| | |

CAS Latency = 2.5

CK _ o o 1 | R P R
L ep—— | S e — b — - (S fo — A —
e
Command J Read I':. 3 ONOP g I PRE X owoe ¥ NOP g TOACT )
Pl P e \ (e P
le t o
I I* . A "l
Address A, cour A A j(Baacran ) T ¥ ! Yaaa I-'\c--\':j{J
I I I I I
— Q=25 ————»
e . . | | |
N I I [ [— I
oo | | | {{ oos r':-""}'__ 44 {:}J | I
I I I I I I

00 a-n = data out from bank a, column n.
Cases shown are sither uninterrupted bursts of 4 or interrupted bursts of 8.
3 subssquent elements of data out appear in the programmed arder following DO a-n.

Shown with nominal tac, tpgeck. and oosg- Dor't Care
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A48P3616

AMIC
Preliminary 8M X 16 Bit DDR DRAM

Write Command

Al | -
DIz AF CA = column address
= BA = bank address
BAD, BAT | A BAY _I EM AP = enable Auio Precharge

| DIS AR = disable Auto Precharge

¢ Dant Cars
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Preliminary

A48P3616

8M X 16 Bit DDR DRAM

Write Burst (Burst Length = 4)

Maximum Dgss

| | |
™ T2 T3 T4
v o _ o _
T S S S S S S S S S
. I - I y | I .
Command | B Wirite b ¥ MOP i W TR ¥ NOP Y
1 ’ 1 1 1 i
Address | ;:':. Eha.CoLE _}: X I § A : W | I 1
| I |
—— tnogs (max) I—hl [ |
oas | | L/ L } L/
1 L, 1 E L
oG | e i ' i ) W
I I | |
o | ! W Y W
= i M A
l— 4 tocswimasx) | | tocHw(min |
aFC I . | |  E—
(Optional) /
I 1 1 [
Minimum Dgess
I I 1 I
T T2 T3 T4
oK o o __
ﬁ :'_ —_ _...'n—'{_ PR | I'_ —_ ':I:l_ —_ I_ —_ e
; I ; I . I , . | .
Command | W wiite  mOP Y ¥ NoP Y g NOP
I I | I
Address | | BAa COLB ) N 'y \EEE '.tf' y |
| [ |
i toass (min)— | |
pas | \ e Y e i |
L % h 1 1 ¥, 1
pa | 0 G D G G |
[ | | I
oM | W YaE W |
lq—:p tﬂCS'."u'[ma'!:l l I tq:.p,.'.,-[max]l
oFC i \ | | e

Dl a-b = data im for bank a, column b

3 subsequent elements of data in are apglied in the pregrammed order following DI a-b.

A non-interrupted burst is shown.

A0 is Low with the Write command (Auto Precharge is disabled).
QFC is an open drain driver. Iits output high level is achieved through an externally connected pull up resistor connected to Voo

"

Don't Care
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A48P3616

AMIC
Preliminary 8M X 16 Bit DDR DRAM

Write to Write (Burst Length = 4)

Maximum Dgsg

|
CK |
CK A A

. — , . . R . | ] R R

Command I White Y N NOP §oWnte Y i NOP Y 4 NOP Y § o NOP
4L J L JL I 4L 3 ik i I J L J L 4L J L I i _l
Addrass }iau-a coLnl \,:'.'f ) - r'::'i:. i \.-:f \"'f 3 f::l W |

Joasl 00 0 e XK XK _x_l_I
| | f f
W VT Fa Vi 7 LY
. i N g I

I I I
N I o I
DQs W Vo VoS
l l
I
I

|
CK |

— - — =
CHK \

} o o _ 2 o — ho A b ho_

T4 iTE '1a T4

— — = — — = — — =

[

- N B . R . .
Command 1 Wte % };f MOP _j:: J e 4 NOR Y N MOF ) 3 NOP
| |
EE .
I
I
I

| ! !
- .
!

JEA, COL b I:-:IL x 1) Jf.E-JI.. coL n .:‘. -!' " % X | ) ) |

Address

| |
——+| tposs (ming
1

3 i | J N i

I

I

—
)

T 5 or T ¥,
0l a-b'y W L W Dlany Y
i ya LY £ E AT £ 'll
¥ TR AT RTLY, LT LY KT T

LY FATAR 4

I
|
|
. — I
KN |

(] 0]

Ol a-b = data in for bank a. column b, ste.

3 subseguent elements of data in are applied in the programmed order following D a-b.
3 subseguent elements of data in are applied in the programmed order following D a-n.
A non-interrupied burst is shown.

Each Write command may be to any bank. | Den't Care
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A48P3616

Preliminary 8M X 16 Bit DDR DRAM

Write to Write: Max DQSS, Non-Consecutive (Burst Length = 4)

1 TZ T3 T4 ‘15
CK | T _".I'—I.'_ - _'.l-'—'..'_ - _l'—'  — _'.ll—".'_ - _ll.'—' .

TEOL o o fo — b fo — A - — A !

Command W wie ) NOP ) ) NOP ) W weee ( § NOoP N ¥
| I I I I
Address _::{:B-‘-ﬂ coLb t‘ :fi:: :::_ ,:"x . :" " BAa, COL | 13. : ? ,I.":'

|(7 tpass (max) I—i-l
|
|

nas | ) / / | |/ '

oe | o= XX XX LRy ¢
1 T T T T
1 1 -, T - 1 i i yan .

= | 't- L rx‘.r}"\ .-‘:.:‘I:}:". n} LS -"x .-"K h ')
[ [ I I I

Dl &b, efc. = data in for bank &, column b, efc.

3 subseguent elements of data in are applied in the programmed order following D1 a-b.

3 subseguent elements of data in are applied in the programmed order following Ol a-n.

A non-interrupied burst is shown. P . .

Each Write command may be to any bank. \ / Don't Care
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Preliminary

A48P3616

8M X 16 Bit DDR DRAM

Random Write Cycles (Burst Length = 2, 4 or 8)

cK _ I I
CK

Maximum Dgss

| '-'-'rhle i £

Command

I BAa, coLn )

I(— togss (max)

| 4

1E

Address |

DQs

oz |
I I

1
CK | - — -
Tl '

| T |

T2

[ I

I

|

S T AR R
i
I

PEE :I_ SAa, COLa } JB4a coLg
I I |
I |

.." ".I ..-' Y I I-'I ".I_

| [
.
| | 1

L) F e W apmen. ¥ s ¥ s ¥ e ¥ s ¥ . ¥ iy ¥ e ¥ .-_I_ o ¥ e ¥ T
Yolas) Diatl iDlaxy YDiaw) Diansfl Olar) Dia-al D :-a':,:l
A o ik ik 4L 4L A 4L 'y ik 4 A ik 4L 4L AN 4

y Vo Vg L7
non _F.

W

W

4

IT3 |

- — __-'-__,T._ N

Command

Wi ) e

Vi

i W wie ) Y wite |

| |
I::EM:. COLD I:r .:':.

Address

EAn, COL

| | |
FETE Y =aa coLa ) )5a2.coLa :'—I

x ';:;:

‘poss (min)

Das |

e

oo |

:::f.:h an) :tu a-:-'li-i: Yot ac) raa) el
% PRt I ) i ! gy I P A N s

| |

T i e A e i T
: 0 G L)

| Yot K oty Mo Vg T N Tty N g gy
O | H | I | H ) ) 5 ] % ) il | (s ) %
J) W L SN ) N ) SUS ) SN ) S S | WS ) W) S ) SIS ) S, EE——" ) ) — Ll T

| |

Ol a-b. elc. = data in for bank 3, column b, etc.

B, etc. = odd or even complement of b, ste. (e,

Each Write command may be to any bank.

column address LSB inverted). R
L / Don't Care
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A48P3616

AMIC
Preliminary 8M X 16 Bit DDR DRAM

Write to Read: Non-Interrupting (CAS Latency = 2; Burst Length = 4)

Maximum Dgze

T T2 T3 T4 T8 1L
1 1 1 1 1 1
CK _ | I

-
CK = — b = — f— — f- — e — fo — A o

Command Wwnite T W NOP YT W NDP YT W NDP T Y Read ) ) NOP
il S Sl S S .
| | [ TR |
Address | B, ool I='i"r \,:'.'r ) i i -: \.-:r \I::.E"-!. . r_:-: W I |

|
#— tpgss (max) —h|

os B !

o | |
I I I I
oM | |
T T T T
| | | | | |
Minimum Does
I I I I
|T' |T4 | T5 | TG
CK i — — —'.l e Ty T T — —'.l W ﬂlﬁ;_ — —l.—'.'——
F I'-_ —_ _|'.'-. | N {|_ — _"I'- -:ll'._ — _.'J'I—' e
. | | |
Command | i Wit Y ) Y NOP " Read ¥ NOF |
| | |
f— twrr —H I
Addrass Jlaa cou gy i " b Yzaa coL i b
| cL=2 |
'—'I"E'ﬂ | — — — _I —_ — =
Das Y / —_—
I [ [ |
oo | for=a X : —
| N | | |
oM | kN
| | | | | |
Ll &b = data in for bank a, column b.
3 subsequent elements of data in are applied in the programmed order following 0l a-b.
A non-interrupied burst is shown.
ty= is referenced from the first positive CK edge after the last data in pair.
A10 is Low with the Wiite command (Aule Precharge is disablad). ’ " )
The Read and Write commands may be to any bank. L ) Dont Care
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Preliminary

A48P3616

8M X 16 Bit DDR DRAM

Write to Read: Interrupting (CAS Latency = 2; Burst Length = 8)

Maximum Digsg

| |
. -
| | |
ck o o ] -
CK A b A b A b
) | ; oo | ;
Command i WOP ) { Fesd f NOP )
' I ' ' I (—
p— twR —*| I
Aiddress 2{ R B2, coL '-.}: i :lr |
| cL=2 |
| —— — — — — -+
e fr—— r y I
Dos / : \
N o f I
pa - SEaEaE
I
DM K ERWER
| | | | | |
Minimum Dges
Ti T2 T2 T4 TS T
| | | | | |
CH o o o o o _ __
[ | i ‘ i :.-‘ i i '
‘—‘—r—‘—[‘—‘ == [ e
Command | .- Write Y NOP V" NOP Y N NP Y o :

— byt —*

Address | J\BAa, coL e} i | 4 ) i ¥ JBAa coLn ) i |

- cL=2 .

|l—)| tnges (min) | I |..(_ _____ -
Das ) / ——
| | | | | |

o0 | Jorasg KK S R —
| I A T (U S ! !

DM SR YTEAYE

T S B T T T

Dl a-b = data in for bank a, column b.
An interruptad burst is shown, 4 data elements are written.

3 subseguent elements of data in are applied in the programmed order following O a-b.

tyrs is referenced from the first positive CK edge after the last data in pair.
The Read command masks the last 2 data elements in the burst.

A10 is Low with the Wite command (Aule Precharge is disabled).

The Read and Write commands are not necessarily to the same bank.

1 = These bits are incomactly written into the memory aray if DM is low.

! i Don't Cars
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A48P3616

AMIC
Preliminary 8M X 16 Bit DDR DRAM

Write to Read: Minimum DQSS, Odd Number of Data (3 bit Write), Interrupting(CAS Latency = 2; Burst Length = 8)

iTI iTE iTS iT—’l iTE iTE
- o I o ] o .
A e e S S S | [ S T
| | | | |

Command | W Wrte ) W NOP )T W NOP ) W NOP ) W Read §  } NOP
| [#— fwTR —*| |
e - T
I cL=2 |
‘—"lt:cas {rmim} ! | e SL=2 1 _

) . il —— —— \ |
DQs L | | .
I I I I T I
[n]a] | J.':ll a-:h:f-: W o i l: -. I't: ) 'Ir A .:':: A W i I—
] | T Y Y B ! |
oM | S S I T ERWELY

Ol &b = data in for bank a, column b.

An interrupted burst is shown, 3 data elements are writien.

2 subsequent elements of data in are applisd in the programmead order following DI a-b.

twrg is referencad from the first positive CK edge after the last desirad data in pair (net the last desired data in element)
The Read command masks the last 2 data elements in the burst.

A10 is Low with the Write command (Auto Precharge is disabled).

The Read and Write commands are not necessarnly 1o the same bank.
1= :ﬁis bitis correctly written into thg- memaory array if Dk i_s._l{:-w._ % Dont Care
2 = These bits are incorrecily written into the memorny array if DM is low. \ !

Write to Read: Nominal DQSS, Interrupting (CAS Latency = 2; Burst Length = 8)

[ | |
Ti T2 T3 T4 TS L
I I I | I I

CK I I

I
CK o e _'I'.—A:n_ o .;__ M }._ _ _,.'.l_':l:__ o

; . PR — S
Command Yowite Y NOP T} NOP W\ NOP W ) Read )y} NOP
!
I

Address JEA coLp) i A | W W YEAa, GO y (

[ I T
4 * ipags (nom) | =2 ———
oos T, _
| , 1 | /B
0a | a0 XEN e e -
. X (
L I
oM | O O T |

Ol a-b = data in for bank a, column b.

An imterrupted burst is shown, 4 data elements are written.

3 subsequent elements of data in are applied in the programmed order following O a-b.
TR is referenced from the first positive CK edge after the last desired data in pair.
The Read command masks the last 2 data elements in the burst.

A10 is Low with the Write command (Auto Precharge is disabled).

The Read and Write commands ars not necessarily to the same bank.

1 = These bits are incorrectly written into the mamory array i DM is low. k | Den't Care
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A48P3616

AMIC
Preliminary 8M X 16 Bit DDR DRAM

Write to Precharge: Non-Interrupting (Burst Length = 4)

Maximum Dges

o ] I ] .
IR S ; -

Command | i wiite ) o oNoe ¥ woe ¥ N NOP N ¥ NOP Y 5 PRE §

fgdress | teaz coey ) ) § YR §__ Yeamaranf

I | | |
tpass (max) —*{ | | | o tap.
Das | , Y, v, |
I T T T T T
. . 1

[w]]

|

Minimum Dgege

CK - — | -— ] ] - —-

ﬁ I:-— — —!:." L —'-:-—Jn_ —_ _-:" '{-_ ) I'_ I | S W | RN SN N,
; [ | R . [ ) | I
Command | Wowe W woP T W NOP T AT moP T W NOP WK PRE |
|
|

| [ 1- twr >

i Ty i

Address | fens cocel ¥ ) N L A Yesmerang

| [ | | t
"—"|1-|:u:sa (rnim} | | | AR
Das foo foh
= | I ! ! | ; | * T T T |
1 . \ = 1 1 L
%a | = |

oM | Wy

Ol a-b = data in for bank a, colurmn b.

3 subssquent elements of data in are applied in the programmed order following DI a-b.
A non-interrupted burst is shown,

iy is referenced from the first positive CK edge after the last data in pair.

A10 is Low with the Write command (Auto Precharge is disabled). Don't Care
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Preliminary 8

A48P3616

M X 16 Bit DDR DRAM

Write to Precharge: Interrupting (Burst Length = 4 or 8)

Maximum Dgss
I |

T1 T2 T3 T4 T5 T§
I I I I I I
CK - — —|I. v — _.|| — — —.I - — —|I. n— — —\.I. —— —.LI i ——
o U S, SR, W W - — - - — S h A
Command | .- Wirite ! 5 0P R .ﬁt NOP ) J:- NOP :- I! PRE | A NOF -:r
I I I I I
| ) R "l |
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Dl a-b = data in for bank 3, column b

An interrupted burst is shown, 2 data elements are written.

1 subsequent element of data in is applied in the programmed order following 0 a-b.
twr is referenced from the first positive CH edge after the last desired data in pair.

The Precharge command masks the last 2 data elements in the burst, for burst length = 8.

A10 is Low with the Write command (Auto Precharge is disabled).

1 = Can be don't care for programmed burst length of 4.

2 = For programmed burst length of 4, DQS becomes don't care at this point.
3 = These bits are incorrectly written inta the memaory array if OM is low

| } Don't Care
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AMIC
Preliminary 8M X 16 Bit DDR DRAM

Write to Precharge: Minimum DQSS, Odd Number of Data (1 bit Write), Interrupting
(Burst Length = 4 or 8)

CK
=

Command

Addrass

Ol a-b = data in for bank a, column b

Aninterrupted burst is shown, 1 data element is written.

tyyr is referenced from the first positive CK edge after the last desired data in pair.

The Precharge command masks the last 2 data elements in the burst.

A10 is Low with the Write command (Aute Precharge is disablad).

1 =Can be dont care for programmed burst length of 4.

2 = For programmed burst length of 4, DQ5 becomes don't care at this point.

3 = This bit is correctly written into the memorny array if DM is low. . \

4 = These bits are incorrectly written into the memaory array if DM is low. | / Don't Cars

Write to Precharge: Nominal DQSS (2 bit Write), Interrupting (Burst Length =4 or 8)

| | |
|T1 |T2 ITE |_4 |T5 |TE
I
Ck f W | - — —l._..l-— -_ —|I. Tl —-l WV Ty —||._._.——
oK L — o -_-T-_ — o _ A I ! L
| 1 | | |
Command | i Write WoNoP Y §OMOP ) Y OMOFP Y W FRE WoMoP Y
A A A , h A AT A h | N
| I« hwim ol |

! W W W \ T W W r s 13 o

| |
(—h‘ togss (nom)

I I
| |z |<— — tap — —
o y f % i \ ! \ Iy
Das \ { \ '1| Y |1 \ / |
1

pa | o4 ) ;_'_I
I I I I [
oM | B YEAYEAYAAYER |

S L S W ) S e — —J

=

O a-o = Diata In for bank a, column .

An interrupted burst is shown, 2 data elements are writtzn.

1 subsequent element of data in is appiied in the programmed order following DI a-b.

b is referenced from the first positive CK edge after the last desired data in pair.

The Precharge command masks the last 2 data elements in the burst.

A10 is Low with the Write command (Auto Precharge is disabled).

1 = Can be don't care for programmed burst length of 4.

2 = For programmed burst length of 4, DQE becomes don't care at this point —_—

2 = These bits are incorrectly written into the memory array if DM is low. b ; Don't Care
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Preliminary 8M X 16 Bit DDR DRAM

Data Input (Write) (Timing Burst Length = 4)

Dl m = Data In for eclumn n. | -
3 subsequent elements of data in are applied in programmed order following DI n. ; Dont Care

Data Output (Read) (Timing Burst Length = 4)

Da

tDESJ} —:-r L_
tro is the half cycle pulse width for each half cycle clock. typ is referenced to the clock duty eycle only
and mot to the data strobe (DQS5) duty cycle.

tD{:Eﬂ} —

Diata Cutput hold time from Data Strobe is shown as tgy. 1ny 15 a function of the clock high or low time (typ)
for that given clock cycle. Notwe comelation of 1yp to top in the diagram above (theq to toeq. iz

tpoeg (Max) coours when DS is the earliest among DQS and D3 signals to transition.
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8M X 16 Bit DDR DRAM

Preliminary

Initialize and Mode Register Sets
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8M X 16 Bit DDR DRAM

Preliminary

Power Down Mode
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8M X 16 Bit DDR DRAM

Preliminary

Auto Refresh Mode
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Read with Auto Precharge (Burst Length
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8M X 16 Bit DDR DRAM

Preliminary

:4)

Write with Auto Precharge (Burst Length
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8M X 16 Bit DDR DRAM
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A48P3616

Preliminary 8M X 16 Bit DDR DRAM

Package Dimensions (400mil; 66 lead TSOP Package)
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