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HYB25D512400/800/160AT(L)
512-MBit Double Data Rata SDRAM

Preliminary Datasheet 2002-03-17

Features

CAS Latency and Frequency
Maximum Operating Frequency (MHz)

CAS Latency DDR200 DDR266A DDR333
-8 -7 -6
2 100 133 133
2.5 125 143 166

¢ 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

« Differential clock inputs (CK and CK)
e Four internal banks for concurrent operation
e Data mask (DM) for write data

Description

The 512Mb DDR SDRAM is a high-speed CMOS,
dynamic random-access memory containing 536,870,912
bits. It is internally configured as a quad-bank DRAM.

The 512Mb DDR SDRAM uses a double-data-rate archi-
tecture 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 1/O pins. A single read or write access
for the 512Mb DDR SDRAM effectively consists of a sin-
gle 2n-bit wide, one clock cycle data transfer at the inter-
nal DRAM core and two corresponding n-bit wide, one-
half-clock-cycle data transfers at the 1/O 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 edge-aligned with data for Reads and center-aligned
with data for Writes.

The 512Mb DDR SDRAM operates from a differential
clock (CK and 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.

Read and write accesses to the DDR SDRAM are burst
oriented; accesses start at a selected location and con-
tinue for a programmed number of locations in a pro-
grammed 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 coinci-
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* DLL aligns DQ and DQS transitions with CK
transitions

e Commands entered on each positive CK edge;
data and data mask referenced to both edges of
DQS

* Burst Lengths: 2, 4, 0r 8

e CAS Latency: (1.5),2,2.5, 3

* Auto Precharge option for each burst access

* Auto Refresh and Self Refresh Modes

e 7.8us Maximum Average Periodic Refresh
Interval

e 2.5V (SSTL_2 compatible) I/0
* Vppg=2.5V+0.2V

4 VDD =25V +0.2V

* TSOP66 package

dent 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 Pre-
charge function may be enabled to provide a self-timed
row precharge that is initiated at the end of the burst
access.

As with standard SDRAMSs, the pipelined, multibank archi-
tecture of DDR SDRAMSs 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-sav-
ing power-down mode. All inputs are compatible with the
JEDEC Standard for SSTL_2. All outputs are SSTL_2,
Class Il compatible.

Note: The functionality described and the timing specifi-
cations included in this data sheet are for the DLL Enabled
mode of operation.
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Pin Configuration TSOP66
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HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Input/Output Functional Description

Symbol

CKE

BAO, BA1

A0 - A12

DQ
DQS

NC

Vbba
Vssa

Vss

VRer
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Type

Input

Input

Input

Input

Input

Input

Input

Input/Output

Input/Output

Supply
Supply
Supply
Supply
Supply

Function

Clock: CK and CK are differential clock inputs. All address and control input signals are sam-
pled 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).

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 asyn-
chronous 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.

Chip Select: All commands are masked when CS is registered HIGH. CS provides for exter-
nal bank selection on systems with multiple banks. CS is considered part of the command
code. The standard pinout includes one CS pin.

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

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.

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

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.

Data Input/Output: Data bus.

Data Strobe: Output with read data, input with write data. Edge-aligned with read data, cen-
tered in write data. Used to capture write data.

No Connect: No internal electrical connection is present.
DQ Power Supply: 2.5V +£0.2V.

DQ Ground

Power Supply: 2.5V +0.2V.

Ground

SSTL_2 reference voltage: (Vppq/ 2)

2002-03-03
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Ordering Information

Part Number (INF)

HYB25D512400AT(L)-8 *)
HYB25D512800AT(L)-8
HYB25D512160AT(L)-8

HYB25D512400AT(L)-7
HYB25D512800AT(L)-7
HYB25D512160AT(L)-7

HYB25D512400AT(L)-6
HYB25D512800AT(L)-6
HYB25D512160AT(L)-6

CAS
Latency

2.5

Clock
(MHz)

125

143

166

CAS
Latency

HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Clock
(MHz)

100

133

133

Speed

DDR200

DDR266A

DDR333

Org. Package

X 4
X8
x 16

X 4
X 8 66 pin TSOP-II
x 16

X 4
X8
x 16

*) Low Power Versions have a “L” in the partnumber, f.e. HYB25D512400ATL-8. These components are specifically selected for low

IDD6 Self Refresh currents.
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Tnfineun HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Block Diagram (128Mbit x 4)
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Note: This Functional Block Diagram is intended to facilitate user understanding of the operation of
the device; it does not represent an actual circuit implementation.

Note: DM is a unidirectional signal (input only), but is internally loaded to match the load of the bidi-
rectional DQ and DQS signals.
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HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Block Diagram (64Mbit x 8)
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Note: This Functional Block Diagram is intended to facilitate user understanding of the operation of
the device; it does not represent an actual circuit implementation.
Note: DM is a unidirectional signal (input only), but is internally loaded to match the load of the bidi-
rectional DQ and DQS signals.
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Block Diagram (32Mbit x 16)
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Note: This Functional Block Diagram is intended to facilitate user understanding of the operation of
the device; it does not represent an actual circuit implementation.

Note: UDM and LDM are unidirectional signals (input only), but is internally loaded to match the
load of the bidirectional DQ , UDQS and LDQS signals.
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512-Mbit Double Data Rate SDRAM

Functional Description

The 512Mb DDR SDRAM is a high-speed CMOS, dynamic random-access memory containing 536,870,912
bits. The 512Mb DDR SDRAM is internally configured as a quad-bank DRAM.

The 512Mb 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 1/0 pins. A single read or write access for the 512Mb DDR SDRAM 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 I/O pins.

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 regis-
tration of an Active command, which is then followed by a Read or Write command. The address bits regis-
tered coincident with the Active command are used to select the bank and row to be accessed (BAO, BA1
select the bank; A0-A12 select the row). The address bits registered coincident with the Read or Write com-
mand are used to select the starting column location for the burst access.

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

Initialization

DDR SDRAMs must be powered up and initialized in a predefined manner. Operational procedures other
than those specified may result in undefined operation. The following criteria must be met:

No power sequencing is specified during power up or power down given the following criteria:

Vpp and Vppq are driven from a single power converter output

Vrr meets the specification

A minimum resistance of 42 ohms limits the input current from the V supply into any pin and Vgegg
tracks Vppo/2

or

The following relationship must be followed:

Vppq is driven after or with Vpp such that Vppq < Vpp + 0.3V

Vrris driven after or with Vppq such that Vi < Vppq + 0.3V

Vger is driven after or with Vppq such that Vger < Vppg + 0.3V

The DQ and DQS outputs are in the High-Z state, where they remain until driven in normal operation (by a
read access). After all power supply and reference voltages are stable, and the clock is stable, the DDR
SDRAM requires a 200us delay prior to applying an executable command.

Once the 200us delay has been satisfied, a Deselect or NOP command should be applied, and CKE should
be brought HIGH. Following the NOP command, a Precharge ALL command should be applied. Next a Mode
Register Set command should be issued for the Extended Mode Register, to enable the DLL, then a Mode
Register Set command should be issued for the Mode Register, to reset the DLL, and to program the operat-
ing parameters. 200 clock cycles are required between the DLL reset and any executable command. During
the 200 cycles of clock for DLL locking, a Deselect or NOP command must be applied. After the 200 clock
cycles, a Precharge ALL command should be applied, placing the device in the “all banks idle” state.

Once in the idle state, two AUTO REFRESH cycles must be performed. Additionally, a Mode Register Set
command for the Mode Register, with the reset DLL bit deactivated (i.e. to program operating parameters
without resetting the DLL) must be performed. Following these cycles, the DDR SDRAM is ready for normal
operation.

Page 8 of 77 2002-03-03
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512-Mbit Double Data Rate SDRAM

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 Reg-
ister 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-A12 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 opera-
tion.

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.

Page 9 of 77 2002-03-03
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Mode Register Operation

BA1 BAO
o* | 0
A12-A9 | A8
0 0
0 1
0 0

A12

A7

0

>
o

- A A a4 0o o o o

A11 A10 A9 A8 A7

A6 - A0

Valid

Valid

>
o

- a0 0O =2 a4 0o O

Operating Mode

Operating Mode

Normal operation
Do not reset DLL

Normal operation
in DLL Reset

Test Mode
Reserved

CAS Latency

A4 Latency
0 Reserved
1 Reserved
0 2
1 3
0 Reserved
1 1.5 (optional)
0 2.5
1 Reserved

* BAO and BA1 must be 0, 0 to select the Mode Register
(vs. the Extended Mode Register).
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HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

A6 A5 A4

CAS Latency

A3

>
N

_ A A a4 0o o o o

A3 A2 A1l A0

BT Burst Length

Burst Type
Sequential
Interleave

Burst Length

Address Bus

Mode Register

A1l AO Burst Length

0 0 Reserved
0 1 2

1 0 4

1 1 8

0 0 Reserved
0 1 Reserved
1 0 Reserved
1 1 Reserved
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Burst Definition

Starting Column Address
Burst Length

HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Order of Accesses Within a Burst

A2 A1l AO Type = Sequential Type = Interleaved
0 0-1 0-1
2 1 1-0 1-0
0 0 0-1-2-3 0-1-2-3
0 1 1-2-3-0 1-0-3-2
4 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
0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
8 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
Notes:

1. For a burst length of two, A1-Ai selects the two-data-element block; A0 selects the first access within the
block.

2. For a burst length of four, A2-Ai selects the four-data-element block; A0-A1 selects the first access within
the block.

3. For a burst length of eight, A3-Ai 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.
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 11.

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, 2.5 and 3 clocks. CAS
latency of 1.5 is an optional feature on this device.

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.

Page 11 of 77 2002-03-03
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512-Mbit Double Data Rate SDRAM

Operating Mode

The normal operating mode is selected by issuing a Mode Register Set Command with bits A7-A12 set to
zero, and bits A0-A6 set to the desired values. A DLL reset is initiated by issuing a Mode Register Set com-
mand with bits A7 and A9-A12 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-A12 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.

Required CAS Latencies

CAS Latency =2,BL =4

CK
CK
| | | | |
Command Read NOP NOP NOP NOP NOP ‘
« CL=2 > | \ \
DQS | | |
| | | \ |
bQ i i { \ \
[ [ [

|
Command Read NOP NOP NOP NOP NOP ‘

DQS

DQ 1

Shown with nominal tac, tpqsck, @and tpasa- <:> Don’t Care
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Tnfineun HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Extended Mode Register

The Extended Mode Register controls functions beyond those controlled by the Mode Register; these addi-
tional functions include DLL enable/disable, and output drive strength selection (optional). These functions
are controlled via the bits 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 informa-
tion 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 oper-
ation. Violating either of these requirements result in unspecified operation.

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 before a Read command
can be issued. This is the reason 200 clock cycles must occur before issuing a Read or Write command upon
exit of self refresh operation.

Output Drive Strength

The normal drive strength for all outputs is specified to be SSTL_2, Class Il. In addition this design version
supports a weak driver mode for lighter load and/or point-to-point environments which can be activated during
mode register set. |-V curves for the normal and weak drive strength are included in this document.
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Tnfineun HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Extended Mode Register Definition

BA1 BAO Az Ay Ay Ag Ag A, Ag Ag Ay Ag A, A, A Address Bus

* * ; N Extended
0 1 Operating Mode 0 DS DLL Mode Register

Drive Strength

An-A3 | A2-A0 Operating Mode A, Drive Strength
0 Valid Normal Operation
_ _ All other states 0 Normal
Reserved 1 Weak
Ay DLL
0 Enable
1 Disable

*BAO and BA1 must be 1, 0 to select the Extended Mode Register
(vs. the base Mode Register)
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512-Mbit Double Data Rate SDRAM

Commands

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-A12, BAO and BA1. See mode register descriptions in the Reg-
ister 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 tyygp 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, BA1 inputs selects the bank, and the address provided on inputs A0-A12 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 com-
pleted 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-Ai, Aj (where [i = 8, j = don’t care] for
x16, [i=9, j=don’t care] for x8 and [i = 9, j = 11] for x4) 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,
BA1 inputs selects the bank, and the address provided on inputs A0-Ai, Aj (where [i =9, j = don’t care] for x8;
where [i = 9, j = 11] for x4) 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 coin-
cident 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 (tgp) 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, BA1 are treated
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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 functions 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 Pre-
charge is nonpersistent 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. The user must
not issue another command to the same bank until the precharge (tgp) is completed. This is determined as if
an explicit Precharge command was issued at the earliest possible time, as described for each burst type in
the Operation section of this data sheet.

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 Opera-
tion section of this data sheet.

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 512Mb DDR SDRAM requires Auto Refresh cycles at an aver-
age periodic interval of 7.8 us (maximum).

To allow for improved efficiency in scheduling and switching between tasks, some flexibility in the absolute
refresh interval is provided. A maximum of eight Auto Refresh commands can be posted in the system,
meaning that the maximum absolute interval between any Auto Refresh command and the next Auto Refresh
command is 9 * 7.8 us (70.2us). This maximum absolute interval is short enough to allow for DLL updates
internal to the DDR SDRAM to be restricted to Auto Refresh cycles, without allowing too much drift in tyc
between updates.

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 tygyg 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.
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Truth Table 1a: Commands

Name (Function) CS | RAS | CAS | WE Address MNE Notes
Deselect (Nop) H X X X X NOP 1,9
No Operation (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 Column, And Start Read Burst) L H L H Bank/Col Read 1,4
Write (Select Bank And 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

1.
2.

CKE is HIGH for all commands shown except Self Refresh.

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-A12 provide the op-code to be written to the
selected Mode Register.)

. BAO-BA1 provide bank address and A0-A12 provide row address.
. BAO, BA1 provide bank address; A0-Ai provide column address (where i = 8 for x16, i =9 for x8 and 9, 11 for x4); A10 HIGH

enables the Auto Precharge feature (nonpersistent), A10 LOW disables the Auto Precharge feature.

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

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

. This command is AUTO REFRESH if CKE is HIGH; Self Refresh if CKE is LOW.
. Internal refresh counter controls row and bank addressing; all inputs and 1/Os are “Don’t Care” except for CKE.
. 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

. Deselect and NOP are functionally interchangeable.

Truth Table 1b: DM Operation

1.

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

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

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-A12, 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 tgcp 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 tgc. A subsequent Active com-
mand 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 tgrp.

Activating a Specific Row in a Specific Bank

CcK L -

CKE  HIGH :

= | |

mAS | | |

CAS | : |

W | | |
AO-A12 | | gi\\ z L%ﬁfﬁé’&?iig.
BAO, BA1 | BA | () Dontcare

Page 18 of 77 2002-03-03



Tnfineun HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

trcp and tggp Definition

CcK
CK .
L i
Command | NOP NOP NOP RD/WH NOP
AO-A12 | ROW, | ROW | | coL | | |
\ \ \ \ \ \ \
BAO, BA1 | BAX BAYy \BAY

<:> Don’t Care

Reads

Subsequent to programming the mode register with CAS latency, burst type, and burst length, Read bursts
are initiated with a Read command, as shown on Read Command on page 20.

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 pre-
charge at the completion of the burst, provided tgag 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 posi-
tive or negative clock edge (i.e. at the next crossing of CK and CK). Read Burst: CAS Latencies (Burst Length
=4) on page 21 shows 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 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 on Consecutive Read
Bursts: CAS Latencies (Burst Length = 4 or 8) on page 22. A Read command can be initiated on any clock
cycle following a previous Read command. Nonconsecutive Read data is illustrated on Non-Consecutive
Read Bursts: CAS Latencies (Burst Length = 4) on page 23. 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 24.
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Read Command

D
>
(@]

O
(@]

A

WE

x4: AO-A9, A11
x8: A0-A9
x16: AO-A8

A10

BAO, BA1

Page 20 of 77
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i a—

HIGH

=
|
|
|
|
|
|
|
|

|
EN AP

DIS AP

CA = column address

BA = bank address

EN AP = enable Auto Precharge
DIS AP = disable Auto Precharge

<:> Don’t Care
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Read Burst: CAS Latencies (Burst Length = 4)

CAS Latency =2

. S G S G S R S G S D S G S
CK - (- (- - _/ (- - -

Command | Read NOP NOP NOP NOP NOP |

‘ | | | | |
Address ‘ BA a,COLn ‘

T T
\ \
DQS 3 f }
\ \

DQ

T
\
|
\
DOa-n ‘
\
\
|

[ [ [ [
CK

|
/Y T TN VY T TN ~ T T\ VY /A
Wi\—/LJ )/LiJ /LiJ )/LiJ - - o
| | | | |
Command | Read NOP NOP NOP NOP NOP \
‘ | | | | |
Address ‘ BA a,COL n ‘
T T T T T
< ‘CL=25 | > \ \
DQS | \ \, —t
\ \ | \
DQ | | \ poan}X |
\ \ \ \ \
\ \ \ \ \
| | | | |

<:> Don’t Care

DO a-n = data out from bank a, column n.
3 subsequent elements of data out appear in the programmed order following DO a-n.
Shown with nominal tac, tpasck, and tpasa-
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Consecutive Read Bursts: CAS Latencies (Burst Length = 4 or 8)

CAS Latency =2

CK ‘
CK
Command | Read NOP Read NOP NOP NOP |
‘ \ \ \ \ \
Address | BAa, COLn BAa, COL b |
< CL=2 >‘ | | |
DQS ! \ \ | \
\ \ \ \ \
DQ | | |{ DOa-n DOa-b
| | | |
CAS Latency =2.5
CK | | | | | |
CK
Command | Read NOP Read NOP NOP NOP \
‘ \ \ \ \ \
Address | BAa, COL n BAa.COL b |
«———— ClL=25 | | | |
DQS ! \ \ \
\ \ \ \
DQ i i i DOa-n DOa- b,
|

DO a-n (or a-b) = data out from bank a, column n (or bank a, column b).

When burst length = 4, the bursts are concatenated. ( ) Don't Care
When burst length = 8, the second burst interrupts the first.

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

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

Shown with nominal tac, tpqsck, @and tpasa-
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Non-Consecutive Read Bursts: CAS Latencies (Burst Length = 4)

CAS Latency =2

CK
CK
\ \ \ \ \
Command \ Read NOP NOP Read NOP NOP \
‘ \ \ \ \ \
Address BAa, COL n BAa, COLb

|
DQS ; } * :
DQ | | (Do XX D) {[{ooa- b))

CAS Latency = 2.5

[
CK /e /i F*T/ F*T/ /o
CK o o o o

| |

T\ \/T T T\ /

‘ . . - ./ N \
| | | | |

Command Read NOP NOP Read NOP NOP NOP
‘ T T T T T
Address BAa, COL n BAa, COL b
| | | | |
D——L ‘ | | |
bas | | | | |
DQ | 1 DOan (({poa- b))
| |

DO a-n (or a-b) = data out from bank a, column n (or bank a, column b).
3 subsequent elements of data out appear in the programmed order following DO a-n (and following DO a-b).

Shown with nominal tac, tpasck, and tpasa- <:> Don’t Care
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Random Read Accesses: CAS Latencies (Burst Length = 2, 4 or 8)

CAS Latency =2

CK
CK
Command ‘ Read Read Read Read NOP NOP ‘
| | | | | |
Address | BAa, COL n BAa, COL x JBAa, coLb JBAa, cOL g ‘
\
« CL=2 | | |
DQS |
| | | \ \
DQ ‘ ‘ K DOa-n DOa-n’ DOa-x DOa-x, DOa-b DOa-b DOa-g><><
[ [ [ [ [ [
CAS Latency = 2.5
CK [ [ [ [ [ [
CK
Command ‘ Read Read Read Read NOP NOP
‘ \ \ \ \ \
Address \ BAa, COLn BAa, COL x ><BAa, COLb, ><BAa, COLg \
I I I I I
« =25 \ | \
DQS 1 |
| | \ \ \
DQ ‘ ‘ DOa-n DOa-n’X X DOa-x DOa-x' DOa-b DOa-b’
[ [ [ [ [ |
DO a-n, etc. = data out from bank a, column n etc. ,
n' etc. = odd or even complement of n, etc. (i.e., column address LSB inverted). ( ) Don't Care

Reads are to active rows in any banks.
Shown with nominal tac, tpasck, and tpasa-

Page 24 of 77 2002-03-03



Tnfineun HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Data from any Read burst may be truncated with a Burst Terminate command, as shown on Terminating a
Read Burst: CAS Latencies (Burst Length = 8) on page 26. 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 on Read to Write:
CAS Latencies (Burst Length = 4 or 8) on page 27. The example is shown for tpqgg(min). The tpqgs(max)
case, not shown here, has a longer bus idle time. tpqgs(min) and tpqgs(max) are defined in the section on
Writes.

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 com-
mand, where x equals the number of desired data element pairs (pairs are required by the 2n prefetch archi-
tecture). This is shown on Read to Precharge: CAS Latencies (Burst Length = 4 or 8) on page 28 for Read
latencies of 2 and 2.5. Following the Precharge command, a subsequent command to the same bank cannot
be issued until tgp 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 Pre-
charge 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.
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Terminating a Read Burst: CAS Latencies (Burst Length = 8)

CAS Latency =2

CK | | | | | |
_ VZNEY
CK R ‘L _
\ \ \ \ \
Command | Read NOP BST NOP NOP NOP \
‘ | | | | |
Address | BAa, COL n |

« e | |

I
\
oas U S U R W :
\
\
|

| | | \
DQ ‘ {{ boan i

No further output data after this point.
DQS tristated.

CAS Latency = 2.5

CK |

- /A /A =
CK _ - |
| | | | |
Command ‘ Read NOP BST NOP NOP NOP ‘
‘ \ \ \ \ \
Address \ BAa, COLn ‘
\ | | |
« Cl=25 ———» | | |
I |
DQS
| \ \ | |
DQ | | DOa-n e
I I

No further output data after this point.
DQS tristated.

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

Cases shown are bursts of 8 terminated after 4 data elements.

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

Shown with nominal tac, thasck, and tpasa. () DontCare
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Read to Write: CAS Latencies (Burst Length = 4 or 8)

CAS Latency = 2

CK _ ] ] o o o o B
\ \ \ \ \
Command \ Read BST NOP Write NOP NOP \
‘ \ \ \ \ \
Address ‘ BAa, COL n BAa, COL b ‘
| | |
«—C=2 ———>» ‘—" tbass (Min)
oas S e U Y e U e W
DQ | {{poarn ) pran( X XX X ]
| | | | |
ow OO0
| |
CAS Latency = 2.5
% /2 ‘\‘ /. ‘\‘ /A ‘\‘ /A ‘\‘ /. ‘\‘ /A ‘\‘ I~
CK<7J\ () () /LiJ /{LiJ /{LiJ ()
| | | | |
Command \ Read BST NOP NOP Write NOP \
‘ I I I I I
Address | BAa, COLn ) BAa, COL b |
\ \ | \
«————— CL=25 ———————» | \ < tpass (min)
bas | | \ | |
|
e | | o0us) | oes 0
DM

DO a-n = data out from bank a, column n
Dl a-b = data in to bank a, column b
1 subsequent elements of data out appear in the programmed order following DO a-n.

Data In elements are applied following DI a-b in the programmed order, according to burst length.

Shown with nominal tyc, thasck, and tpasa-

Page 27 of 77

<:> Don’t Care

2002-03-03



Tnfineun HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

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

CAS Latency =2

I I I I I I
CK /i /i ~
CK ' o (R
| | | | | |
Command | Read NOP PRE NOP NOP ACT |
I I I I I
< trp >
\ ! ‘ !
Address ‘ BA a, COLnNn BA aor all ><BA a, ROW ‘

«— CL\=2 —_—>

DQS m

DQ ; ; I boan ‘
| | | |
CAS Latency = 2.5
CK
CK
Command | Read NOP PRE NOP NOP ACT |
I I I
‘ < : trp >
Address ‘ BAa, COLn BAaoral ><BA a, ROW ‘
| | | |
<«———— CL=25 ‘4> ‘ ‘ ‘
|
pas | | | | |
DQ | | ‘ DOa-n ‘

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

Shown with nominal tac, tpqsck, @and tpasa- <:> Don't Care
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Writes
Write bursts are initiated with a Write command, as shown on Write Command on page 30.

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 Pre-
charge 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 com-
mand and the first corresponding rising edge of DQS (tpqss) 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. tpqgg(min) and tpqgs(max)). Write Burst (Burst Length = 4) on page 31 shows the two extremes of
tpqss 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 pos-
itive 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). Write to
Write (Burst Length = 4) on page 32 shows concatenated bursts of 4. An example of non-consecutive Writes
is shown on Write to Write: Max DQSS, Non-Consecutive (Burst Length = 4) on page 33. Full-speed random
write accesses within a page or pages can be performed as shown on Random Write Cycles (Burst Length =
2, 4 or 8) on page 34. Data for any Write burst may be followed by a subsequent Read command. To follow a
Write without truncating the write burst, tyytr (Write to Read) should be met as shown on Write to Read: Non-
Interrupting (CAS Latency = 2; Burst Length = 4) on page 35.

Data for any Write burst may be truncated by a subsequent Read command, as shown in the figures on Write
to Read: Interrupting (CAS Latency = 2; Burst Length = 8) on page 36 to Write to Read: Nominal DQSS, Inter-
rupting (CAS Latency = 2; Burst Length = 8) on page 38. Note that only the data-in pairs that are registered
prior to the ty R 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, tyyg should be met as shown on 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 the figures on
Write to Precharge: Interrupting (Burst Length = 4 or 8) on page 40 to Write to Precharge: Nominal DQSS (2
bit Write), Interrupting (Burst Length = 4 or 8) on page 42. Note that only the data-in pairs that are registered
prior to the tygr 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 tgp
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 Pre-
charge. The disadvantage of the Precharge command is that it requires that the command and address bus-
ses 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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Write Command

oK - — — -

S S
\
CKE HIGH |

cs | | |
I

RAS | \ |
|

CAS | ‘ |
I

WE | \ |
x4: A0-A9, A11 |

x8: A0-A9 | CA |
x16: AO-A8 ‘

EN AP
A10 | |
DIS AP CA = column address
BA = bank address
BAO, BA1 ‘ ‘ EN AP = enable Auto Precharge
| DIS AP = disable Auto Precharge
[
( ) Don’t Care
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Write Burst (Burst Length = 4)

Maximum DQSS

T T2 T3 T4
oK | | | |
CK
\ \ \ \
Command | Wiite NOP NOP NOP |
I I I I
Address | ) BAa,cOLD |

\ \
<« toass (Max) ——| | |
DQS | | | ! !
|

bq | CO
oM | S G G O G

Minimum DQSS
T T2 T3 T4
CK ‘ \ \ \
CK
| | | |
Command | Wiite NOP NOP NOP |
I I I I
Address ‘ >< BAa, COLb ‘

DQS |

oa | | L)/ G G S | |

om | OO |
\ \ \ \

\ \

< tbass (min)»‘ ‘ ‘ |
| |
|

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

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

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

<:> Don’t Care
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Write to Write (Burst Length = 4)

Maximum DQSS

T T2 T3 T4 T5 T6
CK | | \ \ \ \
CK
Command | Write NOP Write NOP NOP NOP \
‘ I I I I I
Address | Jaa, coL b | JBAa, coLn | ‘ ‘ ‘
\ \ \ \ \
< tbass (max) ‘—ﬂ \ \ \ ‘
pas | | | | | | |
| | | | |
pDQ | Dla-b Dla-n >< |

oM | AX AX X ) |

Minimum DQSS
T1 T2 T3 T4 5 6
CK \ \ \ \ \ \
CK
Command | Write NOP Write NOP NOP NOP \
‘ I I I I I
Address | )BA. coLb JBA. coL n |
I \ \ \ \
<> tpass (Min) | | | |
|
bas | | | | | |
| | | |
DQ \ Dia-b Dlan ‘
| \ \ \ \ |
DM | |

Dl a-b = data in for bank a, column b, etc.
3 subsequent elements of data in are applied in the programmed order following DI a-b.
3 subsequent elements of data in are applied in the programmed order following DI a-n.

A non-interrupted burst is shown. ,
Each Write command may be to any bank. { ) Don't Care
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Tnfineun HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

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

CK
CK ‘L I
Command | Write NOP NOP Write NOP \
\ \ \ \ \
Address | BAa, COLb J(BAa, coLn | |

i \ \
\ \ |/ \

\ \ \ \
DQ ‘ Dl a-b ><>< XX Dlan

“— tpgss (Max) —>»

DQS |

DM | ‘X

DI a-b, etc. = data in for bank a, column b, etc.
3 subsequent elements of data in are applied in the programmed order following DI a-b.
3 subsequent elements of data in are applied in the programmed order following DI a-n.

A non-interrupted burst is shown.
Each Write command may be to any bank. <:> Don’t Care
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Tnfineun HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

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

Maximum DQSS

|
Command | Write Write Write Write Write \
‘ \ \ \ \

)(BAa, coL b BAa, COL x BAa, COL n BAa, COL a BAa, COLg |

\ \ \ \
t

«— tbass (Max) ‘—4 | | |
DQS | ‘ } } }

Address

DQ |

DM |

Minimum DQSS

Command | Write Write Write Write Write |

Address | )(BAa, coLb BAa, COL x BAa, COL n BAa, COL a BAa, COL g |
‘

—>{ thass (min) f \ \ \ \
\ \ \ \

DQS |

pQ |

DM |

Dl a-b, etc. = data in for bank a, column b, etc.
b', etc. = odd or even complement of b, etc. (i.e., column address LSB inverted). ’
Each Write command may be to any bank. <:> Don’t Care
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Tnfineun HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

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

Maximum DQSS

‘
Command | Write NOP NOP NOP Read NOP \

Address | )(BAa, COL b J(BAa, COLn |
! | | CL=2 |
«— tpass (Max) —»| - - _ o
nas | | | | |
\ \ \ \ \ \
DQ ‘ Dl a-b ‘
\ \ \ \ \
DM | |
T T T T T
[ [ [ [ [ [
Minimum DQSS
[ [ [ [ [ [
‘T'l ‘T2 ‘T3 ‘T4 ‘T5 ‘TG
oK | | | | | |
CK
Command | Write NOP NOP NOP Read NOP |
\ \ \ \ \
| | — twtR — |
Address | ¥(BAa, cOL b J(BAa, cOLY |
I | \ cL=2 |
«———{tpgss (min) I A >
T T
bas | \ | | \ \ }
pQ | Dila-h
| | | | | |
DM | X O OO X
[ [
DI a-b = data in for bank a, column b.
3 subsequent elements of data in are applied in the programmed order following DI a-b.
A non-interrupted burst is shown.
twrR 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). )
The Read and Write commands may be to any bank. <:> Don’t Care
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Tnfineun HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

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

Maximum DQSS

‘T'l ‘T2 ‘T3 ‘T4 ‘T5 ‘TG
CcK \ | \ \ \ \
J— o ‘\/‘/ T TN V2 T
CK _ [ o ) [
| \ \
Command | Write NOP NOP NOP Read NOP \
T T T T T
\ \ <« twrr — \
Address | BAa, COLb J(BAa, COL n ‘
| | | cL=2 |
<« tpgss (Max) *»‘ | === >
| |
bas | ‘ | | | | )
DQ |
\
DM | 1 1 |
Minimum DQSS
T1 T2 T3 T4 T5 T6
| | | | | |
K — — — — — — -
_ I M\ /- N I \ /- N /- M\ /- N I
Command | Write NOP NOP NOP Read NOP |
l l o b — l
Address | BAa, COLb )(BAa, cOLn |
<« ltpggs (min) | | | CL=2 .
DQS | \ \
| | |
pQ | () ()
!
DM |

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

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

3 subsequent elements of data in are applied in the programmed order following DI a-b.

twTr 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 Write command (Auto Precharge is disabled).

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

1 = These bits are incorrectly written into the memc))/ry array if DM is low. <:> Don't Care
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HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Write to Read: Minimum DQSS, Odd Number of Data (3 bit Write), Interrupting (CAS

Latency = 2; Burst Length = 8)

Command

Page 37 of 77

| |
‘T‘I ‘T2 ‘T3 ‘T4 ‘T5 ‘TG
CK \ \ \ \ \ \
— T ‘\A/ TN T /T
CK _ [ N [
\ \ \
Write NOP NOP NOP Read NOP
\ \ \ \ \
\ \ [« twrr >| |
Address | BAa, COLb )(BAa, COLn |
[ \ | CL=2 |
<—"tDQSS (min) ‘ e >
‘ !
DQS | ‘ ‘ ‘
pQ |
\
DM |

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

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

2 subsequent elements of data in are applied in the programmed order following DI a-b.
twrR is referenced from the first positive CK edge after the last desired data in pair (not 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 necessarily to the same bank.

1 = This bit is correctly written into the memory array if DM is low.

2 = These bits are incorrectly written into the memory array if DM is low.

<:> Don’t Care
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Tnfineun HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

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

‘T'l ‘TQ ‘T3 ‘T4 ‘T5 ‘TG
CK | | | \ | \
_ V2N /A -
CK _ ()
\ \ \ \ \
Command | Write NOP NOP NOP Read NOP |
I I ‘ I I
\ | }4* twTr ﬂ |
L
Address J(BAa, COL b JBAa, cOLN
| ‘ \ o
«—— loass (nom) | \ «  Ct=2 -
DQS | | { | |
DQ |
DM |

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

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

3 subsequent elements of data in are applied in the programmed order following DI a-b.

twrR 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 are not necessarily to the same bank.

1 = These bits are incorrectly written into the memory array if DM is low. <:> Don't Care
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Write to Precharge: Non-Interrupting (Burst Length = 4)

Maximum DQSS

| |
‘T'l ‘T2 ‘T3 ‘T4 ‘T5 ‘TG
CcK | \ \ \ \ |
2 /T ‘\/‘/ T
CK — ‘L [ \_ J
! \ \ \ !
Command Write NOP NOP NOP NOP PRE
\ \ \ ‘ \
| | ————top
Address | BAa, COLb BA (a or all) |
\
< tpass (Max) —| | <« tp >

| |
| | |
DQS | ‘ ‘ . |

DQ |
DM | |
Minimum DQSS
I I I I I I
CcK | \ \ \ \ |
VY /A ‘\/‘/ /.
CK I ‘L I . -
\ \ \ \ \
Command \ Write NOP NOP NOP NOP PRE \
I
‘ ‘ {4 tWR >|
Address \ BA a, COL b BA (a or all) ‘
| ; | | | <« P >
‘—>{ tpass (min) | |
DQS | |

| |
DQ | @.l.. |

DM | |

Dl a-b = data in for bank a, column b.
3 subsequent elements of data in are applied in the programmed order following DI a-b.

A non-interrupted burst is shown.
twr 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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Write to Precharge: Interrupting (Burst Length = 4 or 8)

HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Maximum DQSS

‘T‘I ‘T2 ‘T3 ‘T4 ‘T5 ‘TG
Command | Write NOP NOP NOP PRE NOP \
| | | | \ |
< t >
| | r WR \ |
Address ‘ BAa, COLb BA (g or all) ‘
‘ !
- tbass (Max) 7»‘ | | 2 '<7 —tgp — — >
DQS | | \ \ |
\ \ \ | \ \
pDQ |
| |
DM |
\ \
| | | | | |
‘ Minimum DQSS
| | | | |
\ \ \ | \ \
CK V2 T\ T T\ TN /- ‘\ N
WE\_/(LfJ /D S D S G G S R S O
I I I | I
Command | Write NOP NOP NOP PRE NOP |
\ \ \ [ \
\ N twe ” \
Address ‘ BAa, COLb BA (alor all) ‘
| . \ \
<« toass (min) 1 2 «— — tRp - — >
| | n
DQS | ! ! \ |
\ \ \ | [ \
DQ ‘ Dl a-h ‘
| | \ |
DM | 3 3 1 \7/ 1 |
\ \ \
\ \ \

[ [ [ [
DI a-b = data in for bank a, 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 DI a-b.

twr 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, 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 into the memory array if DM is low.
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Tnfineun HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

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

CK
CK

Command

Address | BAa, COLb BA (a or all) \ |

|
<—>‘ tbass (min) l 2 < e — >
bas | | | |

DQ |

DM | 3 4 4 1 1 |
| | | |

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

An interrupted burst is shown, 1 data element is written.

twr 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, DQS becomes don't care at this point.

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

4 = These bits are incorrectly written into the memory array if DM is low. <:> Don’t Care
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Write to Precharge: Nominal DQSS (2 bit Write), Interrupting (Burst Length = 4 or 8)

| | |

\ \ \ \ | \
CK o F*T/‘/ o
CK ) [ ()

\ \
Command \ Write NOP NOP NOP PRE NOP \

Address

DQS |

DQ |

DM |

DI a-b = Data In for bank a, 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 DI a-b.

twr 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, DQS becomes don't care at this point.

3 = These bits are incorrectly written into the memory array if DM is low. <:> Don't Care
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Precharge Command

Precharge

AO-A9, A11, A12

A10

BAO, BA1

All Banks

One Bank

BA = bank address
(if A10 is Low, otherwise Don’t Care).

<:> Don’t Care

HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

The Precharge command is used to deactivate the open row in a particular bank or the open row in all banks.
The bank(s) will be available for a subsequent row access some specified time (tgrp) after the Precharge com-
mand 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. When all banks are to be precharged,
inputs BAO, BA1 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.
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Tnfineun HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

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.

Power Down

‘ | (
Commang VAL NOP (< § §T X Nop A ]
[ \ [
| |

No column [ Exit [
access in power down
progress mode
Enter Power Down mode <:> Don’t Care

(Burst Read or Write operation
must not be in progress)
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Tnfineun HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Truth Table 2: Clock Enable (CKE)

1. CKEn 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.

CKE n-1 CKEn

Current State Previous | Current Command n Action n Notes
Cycle 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 46

1. Deselect or NOP commands should be issued on any clock edges occurring during the Self Refresh Exit (tygyg) period. A mini-
mum 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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@ HYB25D512400/800/160AT(L)/AC(L)
- 512-Mbit Double Data Rate SDRAM

Truth Table 3: Current State Bank n - Command to Bank n (Same Bank)

Current State | CS | RAS | CAS | WE Command Action Notes
Any H X X X Deselect NOP. Continue previous operation 1-6
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 Truncate Read burst, start 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

1. This table applies when CKE n-1 was HIGH and CKE n is HIGH (see Truth Table 2: Clock Enable (CKE) and after tysngr / 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 tgp has been met.

Row Active: A row in the bank has been activated, and tgcp 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 tgp is met. Once tgp is met, the bank is in the

idle state.

Row Activating: Starts with registration of an Active command and ends when tgcp is met. Once tgep 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 tgp
has been met. Once tgp 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 tgp
has been met. Once tgp 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 tggc is met. Once tgec is 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 tygrp has been met. Once
turp 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 tgp is met. Once tgp is met, all banks is in
the idle state.
All states and sequences not shown are illegal or reserved.
Not bank-specific; requires that all banks are idle.
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.
Not bank-specific; BURST TERMINATE affects the most recent Read burst, regardless of bank.
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.

SC©O®®»NOS®

10.
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HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM
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Truth Table 4: Current State Bank n - Command to Bank m (Different bank)

Current State | CS | RAS | CAS | WE Command Action Notes
X X X Deselect NOP/continue previous operation 1-6
Any H H H No Operation NOP/continue previous operation 1-6
e XX xx A e Bk 16
L L H H Active Select and activate row 1-6
ROVX(;AN%\’/?PQ’ L H L H Read Select column and start Read burst 1-7
Precharging 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 16
L L H H Active Select and activate row 1-6
Write L H L H Read Select column and start Read burst 1-8

(Auto Precharge

Disabled) L H L L Write Select column and start new Write burst 1-7
L L H L Precharge 1-6
L L H H Active Select and activate row 1-6

Read (With L H L H Read Select column and start new Read burst 1-7,10

Auto Precharge) | | 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

Write (With L H L H Read Select column and start Read burst 1-7,10

Auto Precharge) L H L L Write Select column and start new Write burst 1-7,10
L L H L Precharge 1-6

1. This table applies when CKE n-1 was HIGH and CKE n is HIGH (see Truth Table 2: Clock Enable (CKE) and after tysngr/ 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). Excep-
tions are covered in the notes below.

3. Current state definitions:

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

Row Active: A row in the bank has been activated, and tgcp 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.
. AUTO REFRESH and Mode Register Set commands may only be issued when all banks are idle.
. A BURST TERMINATE command cannot be issued to another bank; it applies to the bank represented by the current state only.
. All states and sequences not shown are illegal or reserved.
. 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.
Concurrent Auto Precharge:
This device supports “Concurrent Auto Precharge”. When a read with auto precharge or a write with auto precharge is enabled any
command may follow to the other banks as long as that command does not interrupt the read or write data transfer and all other limita-
tions apply (e.g. contention between READ data and WRITE data must be avoided). The mimimum delay from a read or write command
with auto precharge enable, to a command to a different banks is summarized in table 5.

No o~
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Truth Table 5: Concurrent Auto Precharge

From Command

WRITE w/AP

Read w/AP

Page 48 of 77

To Command
(different bank)

Read or Read w/AP
Write ot Write w/AP
Precharge or Activate
Read or Read w/AP
Write or Write w/AP

Precharge or Activate

HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Minimum Delay with Con-
current Auto Precharge
Support

1+ (BL/2) + tWTR
BL/2
1
BL/2
CL (rounded up)+ BL/2
1

Units

tCK
tCK
tCK
tCK
tCK
tCK
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Tnfineun HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Simplified State Diagram

Power
Applied

Self
Refresh

Precharge
PREALL

R Auto
7\ Refresh

Active
Power

Down Precharge

Power
Down

v
Row
Active
/ N

Write A Read A

Read

Write A

Precharge
PREALL

A

PRE_ »

— AUtOMatic Sequence
I ————— > Command Sequence
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PREALL = Precharge All Banks

MRS = Mode Register Set

EMRS = Extended Mode Register Set
REFS = Enter Self Refresh

REFSX = Exit Self Refresh

REFA = Auto Refresh

CKEL = Enter Power Down

CKEH = Exit Power Down

ACT = Active

Write A = Write with Autoprecharge
Read A = Read with Autoprecharge
PRE = Precharge
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Tnfineun HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Operating Conditions
Absolute Maximum Ratings

Symbol Parameter Rating Units
Vins Vout | Voltage on I/O pins relative to Vgg —0.5 to Vppgt+ 0.5 \
Vin Voltage on Inputs relative to Vgg —0.5t0+3.6 \
Voo Voltage on Vpp supply relative to Vgg —0.5t0+3.6 Y
Vbba Voltage on Vppq supply relative to Vgg —0.5t0+3.6 \
Ta Operating Temperature (Ambient) 0 to +70 °C
Tste Storage Temperature (Plastic) —55 to +150 °C
Pp Power Dissipation 15 w
louT Short Circuit Output Current 50 mA

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

Input and Output Capacitances

Parameter Symbol Min. Max. Units Notes
Input Capacitance: CK, CK Ci1 2.0 3.0 pF 1
Delta Input Capacitance Cant - 0.25 pF 1
Input Capacitance: All other input-only pins Cio 2.0 3.0 pF 1
Input/Output Capacitance: DQ, DQS, DM Cpo 4.0 5.0 pF 1,2
Delta Input/Output Capacitance : DQ, DQS, DM Cai0o - 0.5 pF 1

1. These values are guaranteed by design and are tested on a sample base only. Vppq = Vpp = 2.5V + 0.2V, f= 100MHz, T, = 25°C,
Vout (PC) = Vppaqre, VOUT (Peak to Peak) 0.2V. Unused pins are tied to ground

2. DM inputs are grouped with I/O pins reflecting the fact that they are matched in loading to DQ and DQS to facilitate trace matching
at the board level.
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Electrical Characteristics and DC Operating Conditions
(0°C £ Tp < 70°C; Vppg = 2.5V £ 0.2V, Vpp =+ 2.5V £0.2V)

Symbol Parameter Min Max Units Notes
Vbp Supply Voltage 2.3 2.7 Vv 1
Vbpa I/0 Supply Voltage 2.3 2.7 Vv 1
Vss, Vssq |Supply Voltage, I/0 Supply Voltage 0 0 \
VREr I/0 Reference Voltage 0.49 x Vppq 0.51 x Vppq \ 1,2
V1 I/O Termination Voltage (System) VRer — 0.04 VRer + 0.04 \ 1,3
Vitpey | Input High (Logic1) Voltage Vgeg+0.15 Vppg + 0.3 Vv 1
ViLpey | Input Low (Logic0) Voltage -0.3 VRer—0.15 \ 1
Vinpe) | Input Voltage Level, CK and CK Inputs -0.3 Vppg + 0.3 \ 1
Vippcy | Input Differential Voltage, CK and CK Inputs 0.36 Vppq + 0.6 \ 1,4
Vlgatio | VI-Matching Pullup Current to Pulldown Current 0.71 1.4 5

Input Leakage Current

h Any input OV < V|\ < Vpp (All other pins not under test = 0V) -2 2 uA 1
Output Leakage Current _

oz (DQs are disabled; OV < V . < Vppa 5 5 KA 1

lon Output High Current, Normal Strength Driver (Voyt = 1.95 V) -15.2 mA 1

loL Output Low Current, Normal Strength Driver (Voyt = 0.35 V) 15.2 mA 1

1. Inputs are not recognized as valid until Vggr stabilizes.
2. Vgeris expected to be equal to 0.5 Vppq of the transmitting device, and to track variations in the DC level of the
same. Peak-to-peak noise on Vggr may not exceed + 2% of the DC value.

3. Vrris not applied directly to the device. V17is a system supply for signal termination resistors, is expected to be set
equal to Vger, and must track variations in the DC level of Vgeg

4. V|pis the magnitude of the difference between the input level on CK and the input level on CK.

5. The ration 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 voltage from 0.25 to 1.0V. For a given output, it rep-
resents the maximum difference between pullup and pulldown drivers due to process variation.
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Normal Strength Pulldown and Pullup Characteristics

1. The nominal pulldown V-1 curve for DDR SDRAM devices is expected, but not guaranteed, to lie within the
inner bounding lines of the V-I curve.

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

Normal Strength Pulldown Characteristics

140
Maximum
120

— 100 : ;

E Nominal High

it 80

o]

S 60 Nominal Low
40 — Minimum
20——===
0

0 0.5 1 1.5 2 2.5

Vopa - Vour (V)

3. The nominal pullup V-1 curve for DDR SDRAM devices is expected, but not guaranteed, to lie within the
inner bounding lines of the V-I curve.

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

Normal Strength Pullup Characteristics

Minimum

Nominal Low

loyT (MA)
®
o

-140 - Nominal High

Maximum

0 0.5 1 1.5 2 2.5
VDDQ - Vout(V)

5. The full variation in the ratio of the maximum to minimum pullup and pulldown current does 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 nominal pullup to pulldown current should be unity = 10%, for device
drain to source voltages from 0.1 to 1.0V.
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Normal Strength Pulldown and Pullup Currents

Voltage (V)

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
15
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7

Pulldown and Pullup Process Variations and Conditions

2002-03-17

Nominal
Low

6.0
12.2
18.1
241
29.8
34.6
39.4
43.7
47.5
51.3
54.1
56.2
57.9
59.3
60.1
60.5
61.0
61.5
62.0
62.5
62.9
63.3
63.8
64.1
64.6
64.8
65.0

Pulldown Current (mA)

Nominal
High
6.8
13.5
20.1
26.6
33.0
39.1
442
49.8
55.2
60.3
65.2
69.9
74.2
78.4
82.3
85.9
89.1
92.2
95.3
97.2
99.1
100.9
101.9
102.8
103.8
104.6
105.4

Operating Temperature

Voo’ Vppa

Min
4.6
9.2
13.8
18.4
23.0
27.7
32.2
36.8
39.6
42.6
44.8
46.2
47.1
47.4
47.7
48.0
48.4
48.9
491
49.4
49.6
49.8
49.9
50.0
50.2
50.4
50.5

Max

9.6
18.2
26.0
33.9
41.8
49.4
56.8
63.2
69.9
76.3
82.5
88.3
93.8
99.1

103.8
108.4
11241
115.9
119.6
123.3
126.5
129.5
132.4
135.0
137.3
139.2
140.8

Nominal
25°C

2.5V

HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Nominal

Low
—-6.1
-12.2
-18.1
-24.0
-29.8
-34.3
-38.1
—41.1
-43.8
-46.0
—-47.8
—-49.2
-50.0
-50.5
-50.7
-51.0
-51.1
-51.3
-51.5
-51.6
-51.8
-52.0
-52.2
-52.3
-52.5
-52.7
-52.8

Pullup Current (mA)

Nominal

High
-76
-145
—21.2
—27.7
-34.1
-405
-46.9
-53.1
-59.4
-65.5
-71.6
-77.6
-83.6
-89.7
-95.5
-101.3
-107.1
-112.4
-118.7
~124.0
-129.3
-134.6
-139.9
-145.2
-150.5
-155.3
-160.1

Minimum
0°C

2.3V

Min
-4.6
-9.2

-13.8
-18.4
-23.0
-27.7
-32.2
-36.0
-38.2
-38.7
-39.0
-39.2
-39.4
-39.6
-39.9
—40.1
—40.2
—40.3
—40.4
—40.5
—40.6
—40.7
—40.8
—40.9
—41.0
411
412

Max

-10.0
-20.0
—29.8
-38.8
-46.8
—54.4
-61.8
-69.5
-77.3
-85.2
-93.0

-100.6

-108.1

-115.5

-123.0

-130.4

-136.7

~144.2

-150.5

-156.9

-163.2

-169.6

-176.0

-181.3

-187.6
-192.9
-198.2

Maximum
70°C

2.7V
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Weak Strength Pulldown and Pullup Characteristics

Weak Strength Pulldown Characteristics

80
70 Maximum
60
Typical high
g 50
= 40 = Typicallow
=1
2 39
Minimum
20 =
10 £
4
0 T T T T T
0,0 0,5 1,0 1,5 2,0 2,5
Vout [V]

1. The weak pulldown V-1 curve for DDR SDRAM devices is expected, but not guaranteed, to lie within the
inner bounding lines of the V-l curve

2. The weak pullup V-I curve for DDR SDRAM devices is expected, but not guaranteed, to lie within the
inner bounding lines of the V-I curve.

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

Weak Strength Pullup Characteristics

0,0

-10,0

-20,0

-30,0

-40,0

lout [V]

-50,0

-60,0

-70,0

-80,0

0,0 \ 0,5 1,0 1,5 2,0 2,5
\\ Minimum
\ Typical low
Tvoical higl
Maximum
Vout [V]

4. The full variation in the ratio of the maximum to minimum pullup and pulldown current does not exceed
1.7, for device drain to source voltages from 0.1 to 1.0.
5. The full variation in the ratio of the nominal pullup to pulldown current should be unity = 10%, for device

drain to source voltages
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Weak Strength Driver Pulldown and Pullup Characteristics

Voltage (V)

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7

2002-03-17

Nominal
Low

3.4
6.9
10.3
13.6
16.9
19.6
22.3
24.7
26.9
29.0
30.6
31.8
32.8
33.5
34.0
34.3
34.5
34.8
35.1
35.4
35.6
35.8
36.1
36.3
36.5
36.7
36.8

Pulldown Current (mA)

Nominal
High

3.8
7.6
1.4
151
18.7
221
25.0
28.2
31.3
34.1
36.9
39.5
42.0
44.4
46.6
48.6
50.5
52.2
53.9
55.0
56.1
57.1
57.7
58.2
58.7
59.2
59.6

Min

2.6

5.2

7.8

10.4
13.0
15.7
18.2
20.8
22.4
241
25.4
26.2
26.6
26.8
27.0
27.2
27.4
27.7
27.8
28.0
28.1
28.2
28.3
28.3
28.4
28.5
28.6

Max

5.0
9.9
14.6
19.2
23.6
28.0
32.2
35.8
39.5
43.2
46.7
50.0
53.1
56.1
58.7
61.4
63.5
65.6
67.7
69.8
71.6
73.3
74.9
76.4
7.7
78.8
79.7

HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Nominal
Low

-3.5
-6.9
-10.3
-13.6
-16.9
-19.4
-21.5
-23.3
-24.8
-26.0
-27.1
-27.8
-28.3
-28.6
-28.7
-28.9
-28.9
-29.0
-29.2
-29.2
-29.3
-29.5
-29.5
-29.6
-29.7
-29.8
-29.9

Pullup Current (mA)

Nominal
High

-4.3
-8.2
-12.0
-15.7
-19.3
22.9
-26.5
-30.1
-33.6
-37.1
-40.3
-43.1
-45.8
-48.4
-50.7
-52.9
-55.0
-56.8
-58.7
-60.0
-61.2
-62.4
-63.1
-63.8
-64.4
-65.1
-65.8

Min
-2.6
-5.2
-7.8
-10.4
-13.0
-15.7
-18.2
-20.4
-21.6
-21.9
-22.1
-22.2
-22.3
-22.4
-22.6
-22.7
-22.7
-22.8
-22.9
-22.9
-23.0
-23.0
-23.1
-23.2
-23.2
-23.3
-23.3

Max

-5.0
-9.9
-14.6
-19.2
-23.6
-28.0
-32.2
-35.8
-39.5
-43.2
-46.7
-50.0
-53.1
-56.1
-58.7
-61.4
-63.5
-65.6
-67.7
-69.8
-71.6
-73.3
-74.9
-76.4
777
-78.8
-79.7
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512-Mbit Double Data Rate SDRAM

AC Characteristics

(Notes 1-5 apply to the following Tables; Electrical Characteristics and DC Operating Conditions, AC Operating
Conditions, Ipp Specifications and Conditions, and Electrical Characteristics and AC Timing.)

1.
2.

3.

AC

All voltages referenced to Vgg.

Tests for AC timing, Ipp, 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.
The figure below represents the timing reference load used in defining the relevant timing parameters of the part. It is
not intended to be either a precise representation of the typical system environment nor a depiction of the actual load
presented by a production tester. System designers will use IBIS or other simulation tools to correlate the timing ref-
erence load to a system environment. Manufacturers will correlate to their production test conditions (generally a
coaxial transmission line terminated at the tester electronics).

. AC timing and Ipp tests may use a V,_to V| swing of up to 1.5V in the test environment, but input timing is still refer-

enced to Vgr (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

ViLac) and Viyac)-

. 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)

. For System Characteristics like Setup & Holdtime Derating for Slew Rate, I/0 Delta Rise/Fall Derating,DDR SDRAM

Slew Rate Standards, Overshoot & Undershoot specification and Clamp V-I characteristics see the latest JEDEC
specification for DDR components

Output Load Circuit Diagram / Timing Reference Load

VT
§ 50Q
Output o .
Timing Reference Point
Vour)
g 30pF
AC Operating Conditions
(0°C <Tp<70°C;Vppq =2.5V £0.2V; Vpp = 2.5V £ 0.2V)
Symbol Parameter/Condition Min Max Unit Notes
Vinac) |Input High (Logic 1) Voltage, DQ, DQS, and DM Signals Vger + 0.31 \ 1,2
Viac) | Input Low (Logic 0) Voltage, DQ, DQS, and DM Signals VReg — 0.31 \ 1,2
Vipacy | Input Differential Voltage, CK and CK Inputs 0.7 Vppq + 0.6 \ 1,2,3
Vixac) | Input Closing Point Voltage, CK and CK Inputs 0.5*Vppq—-0.2/0.5*Vppg+0.2 V 1,2,4

1
2
3
4

. Input slew rate = 1V/ns.
. Inputs are not recognized as valid until Vgef stabilizes.

. Vip is the magnitude of the difference between the input level on CK and the input level on CK.
. The value of V\|x is expected to equal 0.5*Vppq of the transmitting device and must track variations in the DC level of the same.
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IDD Specification and Conditions
(O °C< TA <70 OC; VDDO =25V + O.2V; VDD =2.5V

DDR200 DDR266A DDR333 Notes
Symbol Parameter/Condition Unit
typ. | max | typ. K max | typ. | max 4)

Operating Current: one bank; active / precharge; tgc = trc min; tck =
Ipbo  |tck min; DQ, DM, and DQS inputs changing once per clock cycle; 125 | 160 # 135 | 170 | 155 | 200 mA | 1,2
address and control inputs changing once every two clock cycles

Operating Current: one bank; active / read / precharge; Burst = 4;

o1 Refer to the following page for detailed test conditions. 135 | 170 | 145 | 180 | 170 | 215 | mA ) 1,2

| Precharge Power-Down Standby Current: all banks idle; power-
bD2P down mode; CKE < V||_ MAX> tCK = tCK MIN

Precharge Floating Standby Current: CS > V,; yun» all banks idle;
Ippor | CKE 2= Vi mins tek = tok min -address and other control inputs chang-| 30 40 40 50 45 60 mA 1,2
ing once per clock cycle, V|y = Vger for DQ, DQS and DM.

Precharge Quiet Standby Current: CS > V|, yn, all banks idle;
Ipp2q | CKE 2 Viy mins tek = tek min -address and other control inputs stable | 18 25 20 28 30 40 mA | 1,2
at > V|H MIN OF < V||_ MAX> V|N = VREF for DQ, DQS and DM.

Active Power-Down Standby Current: one bank active; power-
IDD3P down mode; CKE < V||_ MAX> tCK = tCK MlN;VlN = VREF for DQ, DQS 11 16 14 18 17 23 mA 1, 2
and DM.

Active Standby Current: one bank active; active / precharge;CS >
Vig min; CKE 2 Vi mins tre = tras max; tok = tok mini DQ, DM, and

lbosn | pos inputs changing twice per clock cycle; address and control 40 | 50 | 55 | 70 | 60 | 75 |mA) 12
inputs changing once per clock cycle

Operating Current: one bank active; Burst = 2; reads; continuous
| burst; address and control inputs changing once per clock cycle; DQ
DD4R | and DQS outputs changing twice per clock cycle; CL = 2 for DDR200,
and DDR266A, CL=3 for DDR333; tck = tok mins lout = 0OmA

135 | 165 # 165 | 200 | 200 | 245 mA | 1,2

Operating Current: one bank active; Burst = 2; writes; continuous
| burst; address and control inputs changing once per clock cycle; DQ
DD4W | and DQS inputs changing twice per clock cycle; CL = 2 for DDR200,
and DDR266A, CL=3 for DDR3383; tck = tek min

e

30 160 | 160 H 195 | 190 H 235 mA | 1,2

Ipps | Auto-Refresh Current: tgc = tgrc min, distributed refresh 235 | 290 255 | 310 | 270 | 335 mA 1,2
| Self-Refresh Current: CKE < 0.2V; standard version 25| 5 |25 | 5 |25 | 5 |mAj, o
DD6 . —

external clock on; tck = tok MmN low power version tod.  tbd. tbd.  tbd.  tbd. tbd. mA 3

Operating Current: four bank; four bank interleaving with BL=4;

lop7 Refer to the following page for detailed test conditions. 285 | 350 | 315 | 380 | 330 | 405 | mA | 1,2

1. Ipp specifications are tested after the device is properly initialized and measured
at 100 MHz for DDR200, 133 MHz for DDR266 and 166 MHz for DDR333

2. Input slew rate = 1V/ns.

. Enables on-chip refresh and address counters

4. Test condition for typical values : Vpp = 2.5V ,Ta = 25°C, test condition for maximum values: test limit at Vpp = 2.7V ,Ta = 10°C

w
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IDD Current Measurement Conditions

IDD1 : Operating current : One bank operation

1. Only one bank is accessed with tgc(min) , Burst Mode, Address and Control inputs on NOP edge are changing once
per clock cycle. Iyt = 0 mA

2. Timing patterns

- DDR200 (100Mhz, CL=2) : tCK = 10 ns, CL=2, BL=4, tRCD = 2 * tCK, tRAS = 5 * t{CK
Setup: AONRONNPON
Read : AO N RO N N PO N - repeat the same timing with random address changing
50% of data changing at every burst

- DDR266A (133Mhz, CL=2) : tCK = 7.5 ns, CL=2, BL=4, tRCD = 3 * tCK, tRC = 9 * tCK, tRAS = 5 * t{CK
Setup: AONNRONPONNN
Read : AO N N RO N PO N NN - repeat the same timing with random address changing
50% of data changing at every burst
- DDR333 (166Mhz, CL=2.5) : tCK = 6 ns, CL=2.5, BL=4, tRCD = 3 * tCK, tRC = 9 * tCK, tRAS = 5 * tCK
Setup: AONNRONPONNN
Read : AON N RO N PO N N N - repeat the same timing with random address changing
50% of data changing at every burst

3.Legend : A=Activate, R=Read, W=Write, P=Precharge, N=NOP

IDD7 : Operating current: Four bank operation

1. Four banks are being interleaved with tre(min) » Burst Mode, Address and Control inputs on NOP edge are not
changing. loyt = 0 mA

2. Timing patterns
- DDR200 (100Mhz, CL=2) : tCK = 10 ns, CL=2, BL=4, tRRD = 2 * tCK, tRCD= 3 * tCK, Read with autoprecharge
Setup: AO N A1 RO A2 R1 A3 R2
Read : AO R3 A1 RO A2 R1 A3 R2- repeat the same timing with random address changing
50% of data changing at every burst
- DDR266A (133Mhz, CL=2) : tCK = 7.5 ns, CL=2, BL=4, tRRD = 2 * tCK, tRCD = 3 * tCK
Setup: AO N A1 RO A2 R1 A3 R2 N R3
Read : AO N A1 RO A2 R1 A3 R2 N R3 - repeat the same timing with random address changing
50% of data changing at every burst
- DDR333 (166Mhz, CL=2.5) : tCK = 6 ns, CL=2.5, BL=4, tRRD = 2 * tCK, tRCD = 3 * tCK
Setup: AO N A1 RO A2 R1 A3 R2 N R3
Read : AO N A1 RO A2 R1 A3 R2 N R3 - repeat the same timing with random address changing
50% of data changing at every burst
3.Legend : A=Activate, R=Read, W=Write, P=Precharge, N=NOP
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Electrical Characteristics & AC Timing - Absolute Specifications
(O °C< TA <70°GC; VDDO =25V +0.2V; VDD =25V + O2V) (Part 1 of 2)

DDR200 DDR266A DDR333
Symbol Parameter -8 7 -6 Unit | Notes
Min Max Min Max Min Max
tac | DQ output access time from CK/CK -0.8 +08 | -075 | +075 | -07 +0.7 | ns 1-4
toasck | DQS output access time from CK/CK -0.8 +0.8 -0.75 | +0.75 -0.6 +0.6 ns 1-4
tch | CK high-level width 0.45 0.55 0.45 0.55 0.45 055 |tk | 1-4
tc. | CKlow-level width 0.45 0.55 0.45 0.55 0.45 055 |tk | 1-4
typ | Clock Half Period min (tc, tcn) min (tc, tcn) min (tcL, tcn) ns 1-4
tek CL=3.0 8 12 7 12 6 12 ns | 1-4
tck | Clock cycle time CL=25 8 12 7 12 6 12 ns 1-4
tek CL=2.0 10 12 7.5 12 7.5 12 ns | 1-4
tpy | DQ and DM input hold time 0.6 0.5 0.45 ns 1-4
tps |DQ and DM input setup time 0.6 0.5 0.45 ns 1-4
tipw | Control and Addr. input pulse width (each input) 25 2.2 2.2 ns | 1-4,10
tpjpw | DQ and DM input pulse width (each input) 2.0 1.75 1.75 ns | 1-4,10
ty | oot high-mpedence time from ~08  +08 -075 +075 -07  +07  ns 14,5
ty | oaaoutlowmpedence time from ~08 | +08 | -075  +075 -07 | +07 | ns 14,5

t Write command to 1st DQS latching
DQASS | transition

DQS-DQ skew

075 |« 125 = 075 = 125 075 @ 125 | tgc 1-4

tbasa (DQS & associated DQ signals) TSOPe6 +06 +05 +045 | ns | 1-4
tqus | Data hold skew factor TSOP66 10 0.75 055 | ns | 1-4
tqn | DQ/DQS output hold time typ-tqHs thp-tons thp-tans ns | 1-4

tpasLn | DQS input low (high) pulse width (write cycle) 0.35 0.35 0.35 tex | 1-4
tpss | DQS falling edge to CK setup time (write cycle) 0.2 0.2 0.2 tek | 1-4
tpsy | DQS falling edge hold time from CK (write cycle) 0.2 0.2 0.2 tek | 1-4
tvrp |Mode register set command cycle time 2 2 2 teck | 1-4

twpres | Write preamble setup time 0 0 0 ns | 1-4,7

twpst |Write postamble 0.40 0.60 0.40 0.60 0.40 060 |tck | 14,6

twpre |Write preamble 0.25 0.25 0.25 teck | 1-4

s Qr(:iress and control input setup | fast slew rate 1.1 0.9 0.75 ns
slow slew rate 1.1 1.0 0.8 ns | o4
ty Qﬂ:ress and control input hold fast slew rate 1.1 0.9 0.75 ns | 1011
slow slew rate 1.1 1.0 0.8 ns
trpre | Read preamble 0.9 1.1 0.9 1.1 0.9 1.1 tek | 1-4
trpsT | Read postamble 0.40 0.60 0.40 0.60 0.40 060 |tck | 14
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@ HYB25D512400/800/160AT(L)/AC(L)

512-Mbit Double Data Rate SDRAM

Electrical Characteristics & AC Timing - Absolute Specifications
(O °C< TA <70°GC; VDDO =25V +0.2V; VDD =25V + O2V) (Part 2 of 2)

DDR200 DDR266A DDR333
Symbol Parameter -8 7 6 Unit | Notes
Min Max Min Max Min Max

tras | Active to Precharge command 50 120,000 45 120,000 42 70,000 | ns 1-4
tge | Active to Active/Auto-refresh command period 70 65 60 ns 1-4
tarc Qgrticc))-(;efresh to Active/Auto-refresh command 80 75 7 ns 1-4
trcp | Active to Read or Write delay 20 20 18 ns 1-4
trp | Precharge command period 20 20 18 ns 1-4
trap | Active to Autoprecharge delay 20 20 18 ns 1-4
trRrp | Active bank A to Active bank B command 15 15 12 ns 1-4
twr | Write recovery time 15 15 15 ns 1-4
toa, [0 precharge write recovery (twrtck) + (rpitok) ok | 149
twtr | Internal write to read command delay 1 1 1 teck | 1-4
tysnr | Exit self-refresh to non-read command 80 75 75 ns 1-4
txsrp | Exit self-refresh to read command 200 200 200 teck | 1-4
trerr | Average Periodic Refresh Interval 7.8 7.8 7.8 us | 1-4,8

1.
2.

»

10.
11.

Input slew rate >= 1V/ns for DDR333 & DDR266 and = 1V/ns for DDR200

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 Vggp CK/CK slew rate are >= 1.0 V/ns.

Inputs are not recognized as valid until Vggg stabilizes.

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

tyz and t_ 7 transitions occur in the same access time windows as valid data transitions. These parameters are not referred to a spe-
cific voltage level, but specify when the device is no longer driving (HZ), or begins driving (LZ).

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.

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 tpqgss.

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

For each of the terms, if not already an integer, round to the next highest integer. tCK is equal to the actual system clock cycle time.
These parameters guarantee device timing, but they are not necessarily tested on each device

Fast slew rate >= 1.0 V/ns , slow slew rate >= 0.5 V/ns and < 1V/ns for command/address and CK & CK slew rate >1.0 V/ns, mea-
sured between VOH(ac) and VOL(ac)
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512-Mbit Double Data Rate SDRAM

. -
Infineon

Electrical Characteristics & AC Timing for DDR266A - Applicable Specifications
Expressed in Clock Cycles (0 °C <T, <70°C; Vppq = 2.5V +0.2V; Vpp = 2.5V + 0.2V)

DDR266A @ CL=2

Symbol Parameter Units Notes
Min Max
tyro | Mode register set command cycle time 2 tek 1-5
twpre | Write preamble 0.25 tck 1-5
tras Active to Precharge command 6 16000 tck 1-5
tre Active to Active/Auto-refresh command period 9 tek 1-5
trrc Auto-refresh to Active/Auto-refresh 10 tox 1.5
command period

trep | Active to Read or Write delay 3 tek 1-5
trp Precharge command period 3 tck 1-5
tRRD Active bank A to Active bank B command 2 tck 1-5
twr Write recovery time 2 tek 1-5
tbaL Auto precharge write recovery + precharge time 5 tck 1-5
twTR Internal write to read command delay 1 tck 1-5
tysnr | Exit self-refresh to non-read command 10 tek 1-5
txsprp | Exit self-refresh to read command 200 tck 1-5

1. Input slew rate = 1V/ns o e
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 Vggg

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

. The Output timing reference level, as measured at the timing reference point indicated in AC Characteristics (Note 3) is V1t

5. tyzand t 7 transitions occur in the same access time windows as valid data transitions. These parameters are not referred to a spe-
cific voltage level, but specify when the device is no longer driving (HZ), or begins driving (LZ).

N
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512-Mbit Double Data Rate SDRAM
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Timing Diagrams
Data Input (Write) (Timing Burst Length = 4)

[« toas,
FtDQSﬂ—"
DQS
—> ton
tos %‘ —
DQ Din
—> ton
tos —)‘ <«
DM |
DI n = Data In for column n. )
3 subsequent elements of data in are applied in programmed order following DI n. <:> Don’t Care

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

DQS

tDl]Sl] max | |€ t
QH |

DQ

tqn (Data output hold time from DQS)

tbasq and tgy are only shown once and are shown referenced to different edges of DQS, only for clarify of illustration.
tpasq and tqy both apply to each of the four relevant edges of DQS.

tbasaq max. is used to determine the worst case setup time for controller data capture.
tqH is used to determine the worst case hold time for controller data capture.
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Power Down Mode
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512-Mbit Double Data Rate SDRAM

Auto Refresh Mode
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‘payidde aq ued puewWWO peay B a10}aq palinbal ale
aJeQ LuoQ D (M9 Jo s919A0 00g) 9ESX) pue ‘paijdde aq ueo puewwod peai-uou Aue alojaq palinbal s ENSXy =
"9pOIN ysaljey jlos Buusiua alojaq ayels a|p! Syueq |[e 8yl Ul 8 Isnw 821naQq =
6

BPO\ ysaijey PO\ ysaijey
Jes 1x3 jles 13z
[ [
f f
[ | [ [ | [
| | | | 7
Na
| | | | | |
| od
, , , ! | 7
s0d
, f , I f ,
anva 7 daaav
HI:
' f | f f |
L L | | L
anva dON dv dON puewwo)
i NHSX; ‘ad i i | Si
T|v ) ‘aEsxy U T
| | | | L e
f | | | W f
aMo
|
| . | |
» Sh
f T f
| f |
S, pite]
- — — MO
T $819A0 002 L |
f | f
[ [ [

BpOIN Ysauyay jlos Buinixa aiojaq a|qels aq isnuwl ¥00[D

2002-03-03

Page 66 of 77



HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Infineon

= 4)

Read without Auto Precharge (Burst Length

a1e) juoQg D

'Sawil} 9S8y} 1e plleA 8q Aew SPUBWIWOD JBYI0 ‘UOIBIISN||I JO 9SBS J0} UMOYS dJe SpUuBWIWOd dON
'SSaIppe yueg = g SSaippe MoY = VY ‘9Anoy = | Qv ‘ebieydaid = 3Hd

“jutod siyi e ybiH s QLY i 81ed juoQ =

"ebreyoaid oy o|gesia = dv SId

‘u 0@ Bumojjoy Jepio pawwesboid ay) ul papiroid aie 1no ejep Jo sjuswale Jusnbasqgns g

U UwN|jod WoJj no ejep = u Od

| | | | | uoa ! | | |
ﬁ ﬁ ﬁ ﬁ i 1 ﬁ ﬁ ﬁ 0d
Ax,m,Ev %0soq I VA T (xew) 2
i i i i 1SdHy ¢ L > (xew) V) i i i Xew = v_owODH\O/J
| | | w7 o | | | | 9050
| | | | T\ T/ | | | sod
mIn_Iu
| | | | | | g Nﬂ f | |
| | | | I 7 uoa | |
0da
XXX
| | | | (Unw) %0S0T 5 — ano\vf |
| | | | 154t | | | | ujw = %0S0ay,0v)
| | | | (uw) ZH ) | »| [« (uw) oJ | | | 1] esen
W W W W Hoo LS LS f W W sod
T\ mIn_Iu
| | | | | | | () 74 | |
| f f f f f f f | f f |
Na
I I I I I I I I I I
7 x v X ve xve | +vaove
, , , , , , , , RE) ,
| | | | | | | | o Hh e . |
| | | | | | MNvd INO | dv Wm_n_ |
vd oLy
f f f f f f SHNVE TV f > Sl f
| | | | | | | | e |
| | | | | | | | | |
vd U109 2LV ‘LLY ‘6Y-0V
| | | | | | | | I;v Shle |
» M e
| | | | | | | | |
[ ) don dON dON 10V dON dON 34d dON peay dON | puewwo)
, , , , , , , , : REY
| | | | | | | | | H |«
| | |
[ Yanwa anva anva | | | | | | | | 0
7 7 7 7 > Ml 7 7 7 7 > Shle
| | | | | | | | | M
%0
X0

Page 67 of 77

2002-03-17



HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Infineon

= 4)

Read with Auto Precharge (Burst Length

alen 1u0Q D

"sewl} 9SaY) 18 pifeA 8q ABW SPUBWIWOD JAYI0 ‘UOIEASN]|I |0 9SES 0} UMOYS /8 SPUBWIWOI dON
"SSQIPPE MOJ = Y ‘9AIOE = | DY

‘abIeyoaid 0Ny 9|qeus = 4y NI

‘u 0q Bumojjoy 1opio umEEm‘_mo‘a ayy ul umu_>o‘a o€ 110 BIEP JO SJUBWIBIe Juenbasgns g

"*u uwnjoo Wioy 1no BlEP'= U OQ

| | uoa | | | |
i | |
(Xew) #080G) L AAQNEV 7y
1SdH) L N ol e (xew) ov |
o o |
|
,

T /T S

T mmn_mu
mev N.;
u On_

7 7
f
XX XX |

T—

(

Fwn:n;

_Ev %000y |
<+ (unw) 05

T Jdy,
| (uw) 24

7
X Yt
T h T T T T Vw;T T
|
=]

v

7
7
<,I U100

| |
f f
dON 10V dON dON
T T
| |
| |
| |
| |

0d
xew = 0800),0vy
g osen

S{elel

0d
ujw = #080q,,0vy
i ese)

S{elel

Na

lva ‘ove

oY

ZILV LIV ‘6Y-0V

puewwo)

MO

2002-03-03

Page 68 of 77



'sawl} 8say} Je pljeA ag Aew SPUBWIWIOD JBY}0 ‘UoKeASN||| JO BSES 40} UMOYS 848 SPUBWIWOD JON
'Ssalppe yueg = yg ‘SSaippe MoY = Y ‘9AdY = | OV ‘ebieyoaid = 34d

‘jutod siy} ye ybiH s1 LY § 2ied juoQ =

“ebreyoaid oy sjqesip = dv SI

‘u O Bumojjoy Jaipio pawweiboud ayy ul pepiroid aJe INo elep Jo sjuswale Juanbasgns ¢

a1eD 1,uo0Q D

Page 69 of 77

HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Infineon

= 4)

Bank Read Access (Burst Length

| *U UWIN|OD WoJ} N0 Blep = U O

|
|
7 | i 0a
| | | Xew = %9S0q;,0v)
| | | :g esen
| | | soa
7 7
7 7
| | o
7 7 ulw = v_OmODH\O/J
;| ese)
| |
ﬁ ﬁ sOa
| |
| |
7 Na
f f f f f f f f f f
Y xva Xve xve xvg Lvd ‘ove
T T T T T T T T w_u T T
7 7 7 7 7 7 7 | L Hi 7
| | | | YNVE 3NO | dv sia | ! |
vy , vy oLy
| | | [ envaTv | L .ﬁ_u o | |
HI
| | | | | | ' | | |
, Vi , , u100 , Vi , CLV LIV ‘6Y-0V
Sh
| | | | | | | | SR
| | | | | | | | |
[ X don 10V dON dON 3ud dON peay dON 10V dON puewWo)
T T T T T T T T T > w_u Tv
| | | | | | | | | Hy [
,
e, | | | | | | | | | o
| | | | | | | L
I
ko)
MO

2002-03-17



HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Infineon

= 4)

Write without Auto Precharge (Burst Length

alen juoQg D

‘sawl} asay} e a|qissod aq Aew SpUBWIWOD PIjeA JaYl0 ‘UOHEIISN||| JO 8Sea J0j UMOYS dJe SPUBWWOd dON
'SSaIppe Jueg = g SSaippe MOY = Y ‘DAY = 10V ‘ebieydaid = 34d

‘jutod siy) ye ybiH s 01y 41 8Jed juoQ =,

"abreyoaid oMy s|qesiq = dv SIa

‘uj@ Buimojoy Jepio paswwesboid ayy ui paydde aJe ul eyep Jo sjuswaje jusnbasqgns g

‘U Uwn|oo Joy Ul eyeq = u|d

| uw = wwODH
|
Il
| | | | | | |
I I I I I I I
7 7 7 7 7 7 7
| | | | | | | |
wm:n_n_>>~
| | | | | | . T | |
HSa <« 34d
| | | | | | " - |
_HX vd XVg Xvd
| | | | | | | | h » S T |
| | | f | | | | » M e |
| | | YNVE 3NO | | | | | |
Y w dv sia
I I I I I I I I
SYNVE TV ] e e
| | | | | | | ke |
| | | | | | | | , |
_HX vd uT00
| | | | | | | | ” o e
HI:
| | | | | | | | > e |
| | | | | | | | i | |
_HX 10V dON dON 3dd dON dON dON dON SIUM dON 7
I I I I I I I I o sy T
7 7 7 7 7 7 7 7 Hy g
| | | | | | | |
\ | | anva | | | | | | |
I_u
| | | C e | |
| | | |

Na

0d

sod

lva ‘ove

oLv

ZLY ‘LY ‘6Y-0V

puewwo)

IO

2002-03-03

Page 70 of 77



alep juoqg D 'sawl} 8say} Je a|qissod aq Aew SpuBWIWOD pijeA JaYjo ‘Uonessn||l jo ©5E9 J0} UMOUS 8 SPUBLILIOD dON
'ssalppe ueg = yg ‘SSaippe MoY = Y DAY = 1 OV

‘abieyoaid ony ajqeus = 4v N3

‘uj@ Buimojjoy Japio pawwelboid ay; ul paidde aJe ul elep Jo sjuswale Juanbasgns ¢

‘U UwWn|oo Joy Ul efeg = u|q

HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

4)

‘ujw = SSOqy
< 3udm
| | | | | | | |
T T T T T T T T 7 ED
| | | | | | | |
uia 7 od
, , , , , , , ,
f f | | soa
¢ )
| | | | | | 1sdmy | jwcou « | w; ssoq; |
7 7 7 7 7 7 7 HSoG 7 7
| | | | | | <« —>| | s3udmy |
| | | | | |

Iwou 7 7 7
| | |
D ve xva Lva ‘ove
Sl
| | | | | | | | o
AV

Hiy

O w dV N3 | oLy
| | | | | | | | » e |

Hly le 7

ﬁHHHX vd u100

» Sh T

e

| 21V LIV ‘BY-0v

=T

Infineon

L ]
Write with Auto Precharge (Burst Length

f f f f f
f f f f f
n_,OZ dON n_,OZ n_,02 doN UM n_n,vz 7 puewwod
f f f f
f f f f
, | | |
ﬁ ﬁ
f f
| |

Page 71 of 77

2002-03-17



HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Infineon

= 4)

Bank Write Access (Burst Length

asen 1uog D

‘sowl} asay} Je a|qissod g AW SPUBWIWOD PI[BA J8Y}O0 ‘UOIIBIISN]|l JO 8SBS 10} UMOYS 818 SpUBWWOd JON
'SSaIppe MOY = WY ‘8AldY = | JV ‘ebieyoaid = 34d

"uiod siui e UBIH S1 0LV 4 10 Juop =,

"afieyoaid oy s|gesia = dv Sid

‘u 1g Bumojjoy Japio pawwelboid sy ul paldde aie ul ejep jo sjuswa|e Jusnbasgns ¢

I I I I I I I | "U UWN|OD JOj Ul BlEP = U |

i = SS0a
| | I T IR | | | Ut = 5500
Il Il Il I Il Il Il Il
| | ] [ | | |
| | L | | |
7 | | |
, , , IR | , , ,
[ | | Mwﬁ\s_\ Jwﬂn_ e > S900 > | | i
) HSOQ}
| T‘ um, \i > l— Hsy I — VA’ BECEIN i i i
o IR e e IV
Xvg Xvg Xvg
I_—
| |
| MNV4 IANO | | | | | |
dv Sid vd
o R I —
HI:
| | e
| | L | | |
ujo) vd
I I Sl
| | | | | | e |
| | L R | . |
DA n_,OZ m_v,._n_ n_,OZ XHWHX n_,OZ XHWHVA dON SlIM dON ._.“,u< n_OZ
| | | | | | |
| * T | y 2t
L | I | | |
[ | — | |
Sl
ES }
| | [ T R | | #4 -
| | I A B | |
— Y — Y I~ Y I~ Y I~ Y [ Y [ \| I~ \ — Y — Y I~
/ >\r _/ >\r _/ >\r _/ >\r \% >\r \\% >\r _J| \_ _/ >\r _/ >\r _/ >\r _/
| |

na

0d

soa

lva ‘ove

oLY

CLY LIV ‘BY-0V

puewwo)

3MO

2002-03-03

Page 72 of 77



HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Infineon

= 4)

Write DM Operation (Burst Length

aren juoq D

‘ujw = SSOqy

'sawil} 8say} Je 9|qissod aq Aew SPUBWIWOD PIfeA JaY10 ‘UONRIISN||l JO 8BS JO} UMOYS 8B SpUBWWOod JON

'SSBIpPE Yueg = yg ‘SSalppe MOY = Y ‘9AldY = 1 Qv ‘ebieydaid = 3Hd
‘jutod siy} ye ybiH s 0Ly y 8Jed juoQ =,
"abJeyoeid oiny o|qesid = dv SId

(payseW SI 8y} JO JUBWIaId puodas ayy) u |g Buimojoy Jeplo pawwelboid sy ul padde ale ul elep jo sjusws|d jusnbasqns g

*U UWIN|Od Joj Ul Bjep = u |
I I

| | | | | | r; 7 7 7 | |
, , , , , I N T oh ,
| | | | | | Tasew) o foad R |
T dty \T M, l i | > |< s3ddwy i
| | | | |
Il Il Il Il Il Il Il Il Il Il
X Vg xvd
f f f f f f f f » s T f
| | | | | | | | | Hy € 7
| | | YNVE 3NO | | | | | |
dv Sid
, , , SYNvVE TV , , , , o sle ,
| | | | | | | R |
| | | | | | | | |
uT0oo
Sl
| | | | | | | | e |
1
| | | | | | | | o |
DA ._.,O< dON dON m_,r_n_ dON dON dON n_n,VZ mvu,_‘_>> n_n,VZ
7 7 7 7 7 7 7 7 | » T
7 7 7 7 7 7 7 7 7 M e
| . | | | | | | |
) arnva , , , ,
, , , , , 7
| | | | | L
| | | | | |
I M I M Y I M /- M ~ M ~ ~

Na

od

sod

lva ‘ovd

oLV

ZLY ‘LY ‘6Y-0V

puewwo)

IO

Page 73 of 77

2002-03-17



Tnfineun HYB25D512400/800/160AT(L)/AC(L)
512-Mbit Double Data Rate SDRAM

Package Dimensions

Plastic Package, P-TSOPII-66
(400mil; 66 lead)

x
£, 8| Gauge Plane
E|E 10,160,13
Lo (&)
SN D
sy Ry J;L
o IS
0,65 Basic L b h ] 0,5£0,1
i o —— -
0,3 0,08 0,805 REF—{_[0.1 11,7602
— Seating Plane -
Lead #T/‘ 22,22:818 _ TSOP66
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As far as patents or other rights of third parties are concerned, liability is only
assumed for components, not for applications, processes and circuits
implemented within components or assemblies. This information describes
the type of components and shall not be considered as assured
characteristics. Terms of delivery and rights to change design reserved.

For questions on technology, delivery and prices please contact INFINEON
Technologies Offices in Munich or the INFINEON Technologies Sales Offices
and Representatives worldwide.

Due to technical requirements components may contain dangerous
substances. For information on the types in question please contact your
nearest INFINEON Technologies office or representative.

Packing

Please use the recycling operators known to you. We can help you - get in
touch with your nearest sales office. By agreement we will take packing
material back, if it is sorted. You must bear the costs of transport. For packing
material that is returned to us unsorted or which we are not obliged to accept,
we shall have to invoice you for any costs incurred.

Components used in life-support devices or systems must be expressly
authorized for such purpose!

Critical components1 of INFINEON Technologies, may only be used in life-
support devices or systems2 with the express written approval of INFINEON
Technologies.

1. A critical component is a component used in a life-support device or system
whose failure can reasonably be expected to cause the failure of that life-
support device or system, or to affect the safety or effectiveness of that device
or system.

2. Life support devices or systems are intended (a) to be implanted in the
human body, or (b) to support and/or maintain and sustain human life. If they
fail, it is reasonable to assume that the health of the user may be endangered.
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