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1 Overview

This chapter lists all main features of the product family HYB39S512[40/80/16]0AT(L) and the ordering
information.

Overview

1.1 Features

* Fully Synchronous to Positive Clock Edge

* 0to 70 °C Operating Temperature

» Four Banks controlled by BAO & BA1

*  Programmable CAS Latency: 2 & 3

* Programmable Wrap Sequence: Sequential or Interleave
* Programmable Burst Length: 1, 2, 4, 8 and full page

* Multiple Burst Read with Single Write Operation

* Automatic and Controlled Precharge Command

+ Data Mask for Read / Write control (x4, x8)

» Data Mask for byte control (x16)

+ Auto Refresh (CBR) and Self Refresh

* Power Down and Clock Suspend Mode

+ 8192 Refresh Cycles / 64 ms (7.8 ms)

* Random Column Address every CLK ( 1-N Rule)

» Single 3.3V + 0.3 V Power Supply

* LVTTL Interface

+ Plastic Packages:P-TSOPII-54 400mil width (x4, x8, x16)

Table 1 Performance

Part Number Speed Code -7.5 -8 Unit

Speed Grade PC133-333 PC100-222 -

Max. Clock Frequency @CL3 | fex 133 125 MHz
fcks | 7.5 8 ns
Iacs |54 6 ns

@CL2 |feko |10 10 ns

taco |6 6 ns

1.2 Description

The HYB 39S512[40/80/16]0AT(L) are four bank Synchronous DRAM’s organized as 4 banks x 32MBit x4, 4
banks x 16MBit x8 and 4 banks x 8Mbit x16 respectively. These synchronous devices achieve high speed data
transfer rates for CAS-latencies by employing a chip architecture that prefetches multiple bits and then
synchronizes the output data to a system clock. The chip is fabricated with INFINEON’s advanced 0.14 um
512MBit DRAM process technology.

The device is designed to comply with all industry standards set for synchronous DRAM products, both electrically
and mechanically. All of the control, address, data input and output circuits are synchronized with the positive edge
of an externally supplied clock.

Operating the four memory banks in an interleave fashion allows random access operation to occur at higher rate
than is possible with standard DRAMs. A sequential and gapless data rate is possible depending on burst length,
CAS latency and speed grade of the device.

Auto Refresh (CBR) and Self Refresh operation are supported. These devices operates with a single 3.3V + 0.3 V
power supply. All 512Mbit components are housed in P-TSOPII-54 packages.

Data Sheet 7 Rev. 1.4, 2006-01
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HYB39S512[40/80/16]0AT(L)
512-Mbit Synchronous DRAM

Table 2 Ordering Information

Overview

Type

Speed Grade

Package

Description

HYB 39S512400AT-7.5

PC133-333-520

P-TSOP-54-1 (400mil)

133MHz 4B x 32M x 4 SDRAM

HYB 39S512400AT-8

PC100-222-620

P-TSOP-54-1 (400mil)

125MHz 4B x 32M x 4 SDRAM

HYB 39S512800AT-7.5

PC133-333-520

P-TSOP-54-1 (400mil)

133MHz 4B x 16M x 8 SDRAM

HYB 39S512800AT-8

PC100-222-620

P-TSOP-54-1 (400mil)

125MHz 4B x 16M x 8 SDRAM

HYB 39S512160AT-7.5

PC133-333-520

P-TSOP-54-1 (400mil)

133MHz 4B x 8M x 16 SDRAM

HYB 39S512160AT-8

PC100-222-620

P-TSOP-54-1 (400mil)

125MHz 4B x 8M x 16 SDRAM

HYB 39S512xx0ATL

PC100-xxx-620

P-TSOP-54-1 (400mil)

Low Power Versions (on request)

Data Sheet
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Pin Configuration

Pin Configuration

This chapter contains the pin configuration table, the TSOP package drawing and the block diagrams.

21

Table 3

Signal Pin Description
Listed below are the pin configurations sections for the various signals of the SDRAM

Pin Configuration of the SDRAM

Pin

Type

Signal

Polarity

Function

CLK

Input

Pulse

Positive
Edge

Clock Input
The system clock input. All of the SDRAM inputs are sampled on the rising
edge of the clock.

CKE

Input

Level

Active
High

Clock Enable

Activates the CLK signal when high and deactivates the CLK signal when
low, thereby initiating either the Power Down mode, Suspend mode, or the
Self Refresh mode.

Input

Pulse

Active
Low

Chip Select

CS enables the command decoder when low and disables the command
decoder when high. When the command decoder is disabled, new
commands are ignored but previous operations continue.

RAS CAS
WE

Input

Pulse

Active
Low

Command Signals L
When sampled at the positive rising edge of the clock, CAS, RAS, and WE
define the command to be executed by the SDRAM.

A0 - A12

Input

Level

Address Inputs

During a Bank Activate command cycle, A0-A12 define the row address
(RA0-RA12) when sampled at the rising clock edge.

During a Read or Write command cycle, AO-An define the column address
(CAO0-CANn) when sampled at the rising clock edge. CAn depends upon the
SDRAM organization:

64M x4SDRAM CAn = CA9, CA11 (Page Length = 2048 bits

32M x8SDRAM CAn = CA9 (Page Length = 1024 bits)

16M x16SDRAM CAn = CA8 (Page Length = 512 bits)

In addition to the column address, A10 (= AP) is used to invoke the
autoprecharge operation at the end of the burst read or write cycle. If A10
is high, autoprecharge is selected and BAO, BA1 defines the bank to be
precharged. If A10 is low, autoprecharge is disabled.

During a Precharge command cycle, A10 (= AP) is used in conjunction
with BAO and BA1 to control which bank(s) to precharge. If A10 is high, all
four banks will be precharged regardless of the state of BAO and BA1. If
A10is low, then BAO and BA1 are used to define which bank to precharge.

BAO, BA1

Input

Level

Bank Select
Bank Select Inputs. Bank address inputs selects which of the four banks a
command applies to.

DQx

Input
Output

Level

Data Input/Output
Data Input/Output pins operate in the same manner as on EDO or FPM
DRAMs.

Data Sheet
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Pin Configuration

Table 3 Pin Configuration of the SDRAM (cont'd)

Pin Type |Signal | Polarity |Function

DaMm Input |Pulse |Active |Data Mask

LDQM High The Data Input/Output mask places the DQ buffers in a high impedance

UbDQM state when sampled high. In Read mode, DQM has a latency of two clock
cycles and controls the output buffers like an output enable. In Write mode,
DQM has a latency of zero and operates as a word mask by allowing input
data to be written if it is low but blocks the write operation if DQM is high.
One DQM input is present in x4 and x8 SDRAMs, LDQM and UDQM
controls the lower and upper bytes in x16 SDRAMSs.

Voo Vss | Supply |- - Power and Ground
Power and ground for the input buffers and the core logic (3.3 V)

Voba Vssa | Supply |- - Power and Ground for DQs
Isolated power supply and ground for the output buffers to provide
improved noise immunity.

NC - - - Not Connected
No internal electrical connection is present.

Data Sheet 10 Rev. 1.4, 2006-01

10082003-L1GD-PVI5



HYB39S512[40/80/16]0AT(L)
512-Mbit Synchronous DRAM

@fineon
-

2.2 Package P-TSOPII-54
Listed below are the pin outs of the TSOP packages.

Pin Configuration

16 M x 16
32Mx8
64 M x4

Voo Voo Voo O1 5400 Vg Vs Vs
DQO DQO N.C. O2 531 N.C. DQ7 DQ15
Vooa Vooa Vooa Os 520 Vgsq Vssa Vssa
DQ1 N.C. N.C. 4 51 N.C. N.C. DQ14
DQ2 DQ1 DQO Os5 501 DQ3 DQ6 DQ13
Vssa Vssa Vssa Oe 4900 Vppq Vooa Voba
DQ3 N.C. N.C. 07 48[ N.C. N.C. DQ12
DQ4 DQ2 N.C. s 473 N.C. DQ5 DQ11
Vooa Vooa Vooa 0o 460 Vggo Vssa Vssa
DQ5 N.C. N.C. J10 45 N.C. N.C. DQ10
DQ6 DQ3 DQ1 11 440 DQ2 DQ4 DQ9
Vssa Vssa Vssa Oz 430 Vppq Vooa Vopa
DQ7 N.C. N.C. 13 421 N.C. N.C. DQs8
Voo Voo Voo 14 M Vs Vss Vss
LDQM N.C. N.C. 15 401 N.C. N.C. N.C.
WE WE WE 16 39 DQM DQM ubam
CAS CAS CAS 17 38 CLK CLK CLK
RAS RAS RAS 18 371 CKE CKE CKE
CS CS CS 19 36 A12 A12 A12
BAO BAO BAO 20 350 Al A1l A1l
BA1 BA1 BA1 21 3413 A9 A9 A9
A10/AP A10/AP A10/AP []22 330 A8 A8 A8
A0 A0 A0 23 320 A7 A7 A7
A1 A1 A1 24 31 Ae A6 A6
A2 A2 A2 25 301 A5 A5 A5
A3 A3 A3 26 2010 A4 A4 A4
Voo Voo Voo a7 2800 Vs Vss Vss

TSOPII-54 (400 mil x 875 mil, 0.8 mm pitch)
SPP04126

Figure 1 Pin Configuration
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Pin Configuration

2.3 Block Diagrams
The Block diagrams for 8M x16 are shown below.

* Block Diagram for 128M x 4 SDRAM (13/12/2 Addressing)
* Block Diagram for 64M x 8 SDRAM (13/11/2 Addressing)

Column Addresses Row Addresses
A0 - A9, A RA11,A12 A0 - A12,
BAO, BA1 BAO, BA1
Column Address Column Address Row Address
Counter ‘] Buffer Buffer « | Refresh Counter
v
rm—— — ¥y —1TI7T — 17T T "y 17T ——~3% ™1
| Row || | Row || | Row || | Row ||
| Decoder | | Decoder | | Decoder | | Decoder |
A I I 4 I I A I I A I I
| Sl Memory | I 21l Memory | | S1] Memory | | 21l Memory I
| Q] Array | | o Array | | «Q Array | | o Array |
e 6] 1132 1S
{EE HEE HEE HEE |
l 12| | Banko | 212[| Bank1 | 12| [ Bank2 | 12| [ Banks |
152 e | |§|g HHE I
I[S[a]|| 8102 |1 1|S|a|| 8102 |l 1|S|a|| s102 |l [|S|g|| s102 |l
Il 15 x40% || || |5 | x4098 [] 1] |5 x40% | || |5 x 4096 ||
DIl x4 Bit 2 x 4 Bit 2 x 4 Bit ?ll x4 Bit
| T | — 1 | — | T |
| Input Buffer I Output Bufferl Control Logic &
Timing Generator
[ ooobas ] [TITn
svgeoys
38°23%8
MPBS0100
Figure2  Block Diagram for 128M x 4 SDRAM (13/12/2 Addressing)
Data Sheet 12 Rev. 1.4, 2006-01
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Column Addresses

Row Addresses

A0 - A9, APA11Y A0 - A12,
BAO, BA1 BAO, BA1
Column Address Column Address Row Address
Counter ] Buffer Buffer | Refresh Counter
4
rm-— ¥y 1T7T T "~y —1TT T " 1T T — —¥ —
| Row || | Row (| | Row || | Row
| Decoder | | Decoder | | Decoder | | Decoder
A | | A | | A | | Y I I
| é | | Memory | | é, Memory | | é | | Memory | | é | | Memory
oy Array & Array & Array % Array
lao llao llBo llaso
1k 11133 | 118]3 -
of o of o of o oo
|2§ Banko || IE% gank1 ||| 12| | Bank2 | |§§ Bank 3
Igg IIgg IIgg IIgg
15 102 [l 1[S]g 192 || 1|S|e 192 || 1|S|e 8192
| é || x 204.8 | | S X 2045 | | S X 204_8 | | 5 X 2045
| x 8 Bit | | 2 x 8 Bit | | 2 x 8 Bit | | 2 x 8 Bit

| Input Buffer | Output Bufferl

DQO - DQ7 |

— ———— —— — — — —]

Control Logic &
Timing Generator

X
—
]

]

w
X O
O

0 0
<<
o

i

@]

MPBS0110

Figure 3

Data Sheet

Block Diagram for 64M x 8 SDRAM (13/11/2 Addressing)
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Pin Configuration

Column Addresses

Row Addresses

AO - A9, AP,
BAO, BA1

A0 - A12,
BAO, BA1

v

v

Column Address

Column Address

Row Address

[4«— Refresh Counter

Counter Buffer Buffer
Y
r~—— ¥y 1T T T —y—ATT — —y —1TT 7 —~% ™1
| Row || | Row || | Row || | Row ||
| Decoder | | Decoder | | Decoder | | Decoder |
A I I A I ] v ] ] Yy ] ]
IT Tl | T Tel 1] Tel] | 1] Tl |
o Memory o Memory | o Memory | I Memory
| g @ Array | | g @ Array | g @ Array | g @ Array |
{ER HER HER 18l |
als | Ilo]e | 1lo|e | 1lo]s |
c|= Bank 0 c|= Bank 1 = E5 Bank 2 cl= Bank 3
15[ EE | 1|E|g HE I
HS|e|| 8192 I 1[3]e 8192 || [|S|af| 8192 [l I[S]e I
| 2 x 1024 | 2 x 1024 | 2 x 1024 | 2 x 1024
&l x1esit |l gl x1esit |l g xesit |l &gl x1esit |l
I [ ] |1 |1 I

A

[
I
I
I

Y

S ____T__

| Input Buffer | QOutput Bufferl

| DQO - DQ15 |

Control Logic &
Timing Generator

TS EEEEE
05°23%33
lal =]
MPBS0120

Figure 4

Data Sheet

Block Diagram for 32M x 16 SDRAM (13/10/2 Addressing)
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512-Mbit Synchronous DRAM

3 Functional Description

This chapter list all defined commands and their usage for this Synchronous DRAM family.

3.1 Operation Definition

Functional Description

All SDRAM operations are defined by states of control signals CS, RAS, CAS, WE, and DQM at the positive edge
of the clock. The following list shows the truth table for the operation commands.

Table 4 Truth Table: Operation Command
Operation Devics State CKE |CKE |DQM |BAO AP= Addr |[CS |RAS [CAS WE
N-192 |N1)2 (1)2) |BA11) (A101)2(1)2) [1)2) 1)2) [1)2) 1)2)
) 2) )
Bank Active Idle® H X X \Y V \Y L L H H
Bank Precharge Any H X X V L X L L H L
Precharge All Any H X X X H X L L H L
Write Active 3) H X X \Y, L \Y L H L L
Write with Autopre- | Active 3) H X X Y H Y L H L L
charge
Read Active 3) H X L L H L H
Read with Autopre- |Active 3) H X H L H L H
charge
Mode Register Set | Idle H X X V \% V L L L L
No Operation Any H X X X X X L H H H
Burst Stop Active H X X X X X L H H L
Device Deselect Any H X X X X X H [X X X
Auto Refresh Idle H H X X X X L L L H
Self Refresh Entry | Idle H L X X X X L L L H
Self Refresh Exit Idle L H X X X X H |X X X
(Self Refr.) L H H X
Clock Suspend Active L H X X X X X X X X
Entry
Power Down Entry |Idle H X X
(Precharge or active H L X X X X
standby) Active® L |[H |H [H
Clock Suspend Exit | Active L H X X X X X X X X
Power Down Exit Any L H X X X X H X X X
(Power Down) L H H L
Data Write/Output | Active H X L X X X X X X X
Enable
Data Write/Output | Active H X H X X X X X X X
Disable

1) V =Valid, x = Don’t Care, L = Low Level, H = High Level
2) CKEn signal is input level when commands are provided, CKEn-1 signal is input level one clock before the commands are

provided.

3) This is the state of the banks designated by BAO, BA1 signals.

Data Sheet

15

Rev. 1.4, 2006-01

10082003-L1GD-PVI5



o __

. HYB39S512[40/80/16]0AT(L)

@ ineon 512-Mbit Synchronous DRAM
/

Functional Description

4) Power Down Mode can not be entered in a burst cycle. When this command asserted in the burst mode cycle device is in
clock suspend mode.

3.2 Initialization

The default power on state of the mode register is supplier specific and may be undefined. The following power
on and initialization sequence guarantees the device is preconditioned to each users specific needs. Like a
conventional DRAM, the Synchronous DRAM must be powered up and initialized in a predefined manner. During
power on, all \pp and Vppq pins must be built up simultaneously to the specified voltage when the input signals
are held in the “NOP” state. The power on voltage must not exceed V5 + 0.3 V on any of the input pins or V',
supplies. The CLK signal must be started at the same time. After power on, an initial pause of 200 us is required
followed by a precharge of all banks using the precharge command. To prevent data contention on the DQ bus
during power on, it is required that the DQM and CKE pins be held high during the initial pause period. Once all
banks have been precharged, the Mode Register Set Command must be issued to initialize the Mode Register. A
minimum of eight Auto Refresh cycles (CBR) are also required.These may be done before or after programming
the Mode Register. Failure to follow these steps may lead to unpredictable start-up modes.

Data Sheet 16 Rev. 1.4, 2006-01
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Functional Description

3.3 Mode Register Definition

The Mode register designates the operation mode at the read or write cycle. This register is divided into four fields.
First, a Burst Length field which sets the length of the burst, Second, an Addressing Selection bit which programs
the column access sequence in a burst cycle (interleaved or sequential). Third, a CAS Latency Field to set the
access time at clock cycle. Fourth, an Operation Mode field to differentiate between normal operation (Burst read
and burst Write) and special Burst Read and Single Write mode. After the initial power up, the mode set operation
must be done before any activate command. Any content of the mode register can be altered by re-executing the
mode set command. All banks must be in precharged state and CKE must be high at least one clock before the
mode set operation. After the mode register is set, a Standby or NOP command is required. Low signals of RAS,
CAS, and WE at the positive edge of the clock activate the mode set operation. Address input data at this timing
defines parameters to be set as shown in the previous table.

BA1 BAO A12 A11 A10 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 AO
T T T T T T T T T T

0 0 MODE CL BT BL
1 1 1 1 1 1 1 1 1 1
reg. addr w w w w

MPBS0000

Table 5 Mode Register Definition (BAN[1:0] = 00g)

Field Bits Type Description

BL [2:0] w Burst Length

Number of sequential bits per DQ related to one read/write command, see
Note: All other bit combinations are RESERVED

0005 1,

0015 2,

0105 4,

0115 8,

1115 Full Page (Sequential burst type only),

BT 3 w Burst Type

See Table 6 for internal address sequence of low order address bits.
0 Sequential,

1z Interleaved,

CL [6:4] w CAS Latency

Number of full clocks from read command to first data valid window.

Note: All other bit combinations are RESERVED.
0105 2,

0115 3,

Mode [12:7] w Operation Mode

Note: All other bit combinations are RESERVED.

Oz  Burst read/burst write,
1z Burst read/single write,

Data Sheet 17 Rev. 1.4, 2006-01
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3.31 Burst Length

Table 6

Burst Length and Sequence

Functional Description

Burst Length

Starting Column Address

Order of Accesses within a Burst

A2 A1 A0 Type=Sequential Type=Interleaved
2 0 0-1 0-1
1 1-0 1-0
4 0 0 0-1-2-3 0-1-2-3
0 1 1-2-3-0 1-0-3-2
1 0 2-3-0-1 2-3-0-1
1 1 3-0-1-2 3-2-1-0
8 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
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
FullPage n Cn, Cn+1,Cn+2 .... not supported
Note:

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; AO-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 with in

the block.

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

Data Sheet

18

Rev. 1.4, 2006-01
10082003-L1GD-PVI5



o __

. HYB39S512[40/80/16]0AT(L)

Qf ineon 512-Mbit Synchronous DRAM
/

Functional Description

34 Commands

Refresh Mode

SDRAM has two refresh modes, Auto Refresh and Self Refresh. Auto Refresh is similar to the CAS -before-RAS
refresh of conventional DRAMs. All banks must be precharged before applying any refresh mode. An on-chip
address counter increments the word and the bank addresses and no bank information is required for either
refresh mode.

The chip enters the Auto Refresh mode, when RAS and CAS are held low and CKE and WE are held high at a
positive clock transition. The mode restores word line after the refresh and no external precharge command is
necessary. A minimum #z¢ time is required between two automatic refreshes in a burst refresh mode. The same
rule applies to any access command after the automatic refresh operation.

The chip has an on-chip timer and the Self Refresh mode is available. The mode restores the word lines after RAS,
CAS, and CKE are low and WE is high at a positive clock transition. All external control signals including the clock
are disabled. Returning CKE to high enables the clock and initiates the refresh exit operation. After the exit
command, at least one 7z delay is required prior to any access command.

Auto Precharge

Two methods are available to precharge SDRAMSs. In an automatic precharge mode, the CAS timing accepts one
extra address, CA10, to determine whether the chip restores or not after the operation. If CA10 is high when a
Read Command is issued, the Read with Auto-Precharge function is initiated. If CA10 is high when a Write
Command is issued, the Write with Auto-Precharge function is initiated. The SDRAM automatically enters the
precharge operation a time delay equal to 7,5 (“write recovery time”) after the last data in.

A burst operation with Auto-Precharge may only be interrupted by a burst start to another bank. It must not be
interrupted by a precharge or a burst stop command.

Precharge Command

There is also a separate precharge command available. When RAS and WE are low and CAS is high at a clock
timing, it triggers the precharge operation. Three address bits, BAO, BA1 and A10 are used to define banks as
shown in the following list. The precharge command can be imposed one clock before the last data out for CAS
latency = 2 and two clocks before the last data out for CAS latency = 3. Writes require a time delay twr (“write
recovery time”) of 2 clocks minimum from the last data out to apply the precharge command.

Table 7 Bank Selection by Address Bits

A10 BAO BA1

0 0 0 Bank 0

0 0 1 Bank 1

0 1 0 Bank 2

0 1 1 Bank 3

1 X X all Banks

Burst Termination

Once a burst read or write operation has been initiated, there are several methods in which to terminate the burst
operation prematurely. These methods include using another Read or Write Command to interrupt an existing
burst operation, use a Precharge Command to interrupt a burst cycle and close the active bank, or using the Burst
Stop Command to terminate the existing burst operation but leave the bank open for future Read or Write
Commands to the same page of the active bank. When interrupting a burst with another Read or Write Command
care must be taken to avoid DQ contention. The Burst Stop Command, however, has the fewest restrictions
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Functional Description

making it the easiest method to use when terminating a burst operation before it has been completed. If a Burst
Stop command is issued during a burst write operation, then any residual data from the burst write cycle will be
ignored. Data that is presented on the DQ pins before the Burst Stop Command is registered will be written to the
memory.

3.5 Operations

3.5.1 Read and write

When RAS is low and both CAS and WE are high at the positive edge of the clock, a RAS cycle starts. According
to address data, a word line of the selected bank is activated and all of sense amplifiers associated to the wordline
are set. A CAS cycle is triggered by setting RAS high and CAS low at a clock timing after a necessary delay, fzcp.
from the RAS timing. WE is used to define either a read (WE = H) or a write (WE = L) at this stage.

SDRAM provides a wide variety of fast access modes. In a single CAS cycle, serial data read or write operations
are allowed at up to a 166 MHz data rate. The numbers of serial data bits are the burst length programmed at the
mode set operation, i.e., one of 1, 2, 4 and 8 and full page. Column addresses are segmented by the burst length
and serial data accesses are done within this boundary. The first column address to be accessed is supplied at
the CAS timing and the subsequent addresses are generated automatically by the programmed burst length and
its sequence. For example, in a burst length of 8 with interleave sequence, if the first address is ‘2’, then the rest
of the burst sequence is 3,0, 1,6, 7, 4, and 5.

Full page burst operation is only possible using the sequential burst type and page length is a function of the I/O
organization and column addressing. Full page burst operation does not self terminate once the burst length has
been reached. In other words, unlike burst lengths of 2, 4 and 8, full page burst continues until it is terminated
using another command.

Similar to the page mode of conventional DRAMs, burst read or write accesses on any column address are
possible once the RAS cycle latches the sense amplifiers. The maximum #z,g or the refresh interval time limits the
number of random column accesses. A new burst access can be done even before the previous burst ends. The
interrupt operation at every clock cycle is supported. When the previous burst is interrupted, the remaining
addresses are overridden by the new address with the full burst length. An interrupt which accompanies an
operation change from a read to a write is possible by exploiting DQM to avoid bus contention.

When two or more banks are activated sequentially, interleaved bank read or write operations are possible. With
the programmed burst length, alternate access and precharge operations on two or more banks can realize fast
serial data access modes among many different pages. Once two or more banks are activated, column to column
interleave operation can be performed between different pages.

3.5.2 DQM Function

DQM has two functions for data 1/0 read and write operations. During reads, when it turns to “high* at a clock
timing, data outputs are disabled and become high impedance after two clock delay (DQM Data Disable Latency
Inqz)- It also provides a data mask function for writes. When DQM is activated, the write operation at the next clock
is prohibited (DQM Write Mask Latency #pq,y = zero clocks).

3.5.3 Suspend Mode

During normal access mode, CKE is held high enabling the clock. When CKE is low, it freezes the internal clock
and extends data read and write operations. One clock delay is required for mode entry and exit (Clock Suspend
Latency #.g ).
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3.54 Power Down

In order to reduce standby power consumption, a power down mode is available. All banks must be precharged
and the necessary Precharge delay (#zp) must occur before the SDRAM can enter the Power Down mode. Once
the Power Down mode is initiated by holding CKE low, all of the receiver circuits except CLK and CKE are gated
off. The Power Down mode does not perform any refresh operations, therefore the device can’t remain in Power
Down mode longer than the Refresh period (zzge) of the device. Exit from this mode is performed by taking CKE
“high“. One clock delay is required for Power Down mode entry and exit.
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4 Electrical Characteristics

4.1 Operating Conditions

Table 8 Absolute Maximum Ratings

Electrical Characteristics

Parameter Symbol Values Unit Note/ Test Condition
Min. Max.

Voltage on I/O pins relative to Vgg Vno Vour |—1.0 +4.6 \Y

Power supply voltage Voo Voba |—1.0 +4.6 \Y

Operating Temperature T, 0 +70 °C

Storage temperature range Tste -55 +150 °C

Power dissipation per SDRAM component | Py - 1 w

Data out current (short circuit) Tour - 50 mA

Attention: Stresses above the max. values listed here may cause permanent damage to the device.
Exposure to absolute maximum rating conditions for extended periods may affect device
reliability. Maximum ratings are absolute ratings; exceeding only one of these values maycause
irreversible damage to the integrated circuit.

Table 9 Input and Output Capacitances”

Parameter Symbol Values? Unit
Min. Max.

Input Capacitance: CK, CK Cy 25 3.5 pF

Input capacitance Cp 2.5 3.8 pF

(A0-A12, BAO,BA1,RAS, CAS, WE, CS, CKE, DQM)

Input / Output capacitance (DQ) Cpo 4.0 6.0 pF

1) TA=OtO 70 °C; VDD, VDDQ=3.3Vi0.3 V,f=1 MHz

2) Capacitance values are shown for TSOP-54 packages. Capacitance values for TFBGA packages are lower by 0.5 pF
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Electrical Characteristics

Table 10  DC Characteristics”

Parameter Symbol Values Unit | Note/
Min. |Max. Test Condition

Supply Voltage Voo 30 (36 v |2

/0 Supply Voltage Vopa 3.0 |36 v |2

Input high voltage Vin 2.0 Vopgt 0.3 |V |2

Input low voltage Vi -0.3 |0.8 v o)

Output high voltage (Io,7 = —4.0 mA) Vou 24 |- v |2

Output low voltage (Ioyr = 4.0 mA) VoL - 0.4 v |2

Input leakage current, any input " -5 5 pA

(0V < V< Vpp, all other inputs = 0 V)

Output leakage current Io -5 5 pA

(DQs are disabled, 0 V < V1 < VDDQ)

1) T,=0to70°C
2) All voltages are referenced to Vg

3) V|4 may overshoot to Vg + 2.0 V for pulse width of < 4ns with 3.3 V. ¥, may undershoot to -2.0 V for pulse width < 4.0
ns with 3.3 V. Pulse width measured at 50% points with amplitude measured peak to DC reference.

Table 11 Iy Conditions

Parameter Symbol
Operating Current I5py
Single bank, burst length 4

Io=0mA

Precharge Standby Current in Power Down Mode Iopop
CS = Viymins CKE < V) rmax

Precharge Standby Current in Non-Power Down Mode Iopon
CS = Vinmin,) » CKE 2 Vigymin,

Active Power-Down Standby Current Ippan
One bank active state(max. 4 banks) CS = VIH(min.) ,CKE > V,H(min_)

Active Standby Current _ Ippap
One bank active state (max. 4 banks) CS = Vmin ), CKE < V) (max)

Burst Operating Current Iopa
Read command cycling

Auto Refresh Current Inps
Auto Refresh command cycling rec = frec(min)

Self Refresh Current Ippg
Self Refresh Mode, CKE = 0.2V, 75« = infinity x16
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Electrical Characteristics

Table 12 I, Specifications

Symbol -7.5 -8 Unit Note/Test Condition"
Typ. Max. Typ. Max.

Ipp 123 145 95 110 mA 23)

Inpop 0.6 3 0.6 3 mA 2

Iopon 23 31 19 25 mA 2)

Inpan 26 35 21 30 mA 2

Inpap 2 4 2 4 mA 2

Ipps 97 123 79 100 mA 23)

Inps 255 300 240 270 mA trec = trecmin)”

Inps 2.1 4 21 4 mA Standard

1) Tp=0t070°C; Vgs=0V, Vpp, Vppg = +3.3V£0.3V

2) These parameters depend on the cycle rate. All values are measured at 133 MHz for “-7” and “-7.5” and at 100 MHz for “-
8” components with the outputs open. Input signals are changed once during 7.

3) These parameters are measured with continuous data stream during read access and all DQ toggling. CL=3 and BL=4 is

assumed and the Vppq current is excluded.
4) frec = Irrcmin) burst refresh”
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Electrical Characteristics

4.2 AC Characteristics

Table 13  AC Characteristics"??

Parameter Symbol -7.5 -8 Unit Notes
PC133-333 PC100-222
Min. Max. |Min. Max.

Clock and Clock Enable

Clock Cycle Time ek 7.5 - - ns CL3
10 - 10 - ns CL2

Clock Frequency Sfex - 133 - 125 MHz CL3
- 100 - 100 MHz CL2

Access Time from Clock ac - 54 - 6 ns CL3
- 6 - 6 ns CL23%%

Clock High Pulse Width fon 25 - 3 - ns

Clock Low Pulse Width oL 25 - - ns

Transition time I 0.3 1.2 0.5 10 ns

Setup and Hold Times

Input Setup Time ts 1.5 - 2 - ns 6)

Input Hold Time fi 0.8 - 1 - ns ©)

CKE Setup Time feks 1.5 - 2 - ns 6

CKE Hold Time tekn 0.8 - 1 - ns 6

Mode Register Set-up to Active delay |fzgc 2 - 2 - fek

Power Down Mode Entry Time Isp 0 7.5 0 8 ns

Common Parameters

Row to Column Delay Time frep 20 - 20 - ns 7

Row Precharge Time trp 20 - 20 -~ ns 7

Row Active Time lras 45 100k |48 100k |ns 4

Row Cycle Time tre 67 - 70 - ns 7

Row Cycle Time during Auto Refresh | fgec 67 70 ns

Activate(a) to Activate(b) Command | fggp 15 - 16 - ns 7

period

CAS(a) to CAS(b) Command period | #zcp 1 - 1 - ok

Refresh Cycle

Refresh Period (8192 cycles) IReF - 64 - 64 ms

Self Refresh Exit Time ISREX 1 - 1 ek

Read Cycle

Data Out Hold Time -~ 3 - 3 - ns 3%8)

Data Out to Low Impedance Time L7 1 - 0 - ns

Data Out to High Impedance Time taz 3 7 3 8 ns

DQM Data Out Disable Latency baz - 2 - 2 fek

Write Cycle

Last Data Input to Precharge fwR 15 - 16 - ns 8

(Write without AutoPrecharge)
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Electrical Characteristics

Table 13  AC Characteristics"??

Parameter Symbol -7.5 -8 Unit Notes

PC133-333 PC100-222

Min. Max. |Min. Max.

Last Data Input to Activate (Write with | fpa (min) tex 9

Auto Precharge)

DQM Write Mask Latency foaw 0 - 0 - ek

1) Tpo=01t070 C; Vgs=0V, Vpp, Vppg =33V 03V, t;=1ns

2) For proper power-up see the operation section of this data sheet.

3) AC timing tests for LV-TTL versions have V', =0.4 V and V|, = 2.4 V with the timing referenced to the 1.4 V crossover
point. The transition time is measured between V,; and V| . All AC measurements assume 77 = 1 ns with the AC output
load circuit shown in figure below. Specified tac and toh parameters are measured with a 50 pF only, without any resistive
termination and with an input signal of 1V / ns edge rate between 0.8 V and 2.0 V.

4) If clock rising time is longer than 1 ns, a time (#;/2 - 0.5) ns has to be added to this parameter.

5) If t;is longer than 1 ns, a time (#; - 1) ns has to be added to this parameter.

6) Access time from clock tac is 4.6 ns for PC133 components with no termination and 0 pF load, Data out hold time toh is
1.8 ns for PC133 components with no termination and 0 pF load.

7) This parameter determines the minimum required number of clock cycles as follows: the required number of clock cycles
is given by the value of the specified parameter divided by the period of the clock. Non-integer values must be rounded up
to the next greater integer value.

8) Itis recommended to use two clock cycles between the last data-in and the precharge command in case of a write
command without Auto-Precharge. One clock cycle between the last data-in and the precharge command is also
supported, but restricted to cycle times tck greater or equal the specified #,,5 value, where ¢ is equal to the actual system
clock time.

9) When a Write command with AutoPrecharge has been issued, a time of /pp (min ) has be fullfilled before the next Activate

Command can be applied. For each of the terms, if not already an integer, round up to the next highest integer. 7., is equal
to the actual system clock time.

{ S 2.4V
CLOCK L4V7 7 0.4V
t
l— oL —w —T>L

— tH j—
tis

— -
INPUT %

OUTPUT

10.vsd

Figure 5 Measurement conditions for #,c and 7o
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5 Timing Diagrams

(CAS latency = 3)

TO T T T T T T

CLK % 4 4 4 4 4 4

Bank B Bank B — e Bank A Bank B
Address '(Row Add. > < )'( > <Co| Addr. > <Row Addr)'( > <How Add. >
<7 tRCD 4> <7 tRRD 4>

BankB W”'eB > < BankA BankB >
Command '( Actlvate >_( NOP )_( NOP >_< Prachree - = Activate >_( NOP >_( Actlvate

RC

||H|| or ||L||

SPT03784

Figure 6 Bank Activate Command Cycle

T0 T T2 T3 T4 T5 T6 T7 T8

CLK _+ A A A A A A A A |_
| | | | | | | | |

Command  {Read A} NOP H NoP M NoP H NoP M NoP ) Nop M NoP M Nop
\ \ \ \ \ \ \ \ \

o | I N A A S A
latency =2 — | {DouT A0XDOUT A1XDOUT A2XDOUT A3\ | |
foxe: DA | | | | | | | |
| | | |
| | | |

CAS
| {pout AOXDOUT A1XDOUT A2XDOUT A3>

latency = 3
foks, DQ's

SPT03712

Figure 7  Burst Read Operation
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Timing Diagrams

(Burst Length = 4, CAS latency = 2, 3)
T0 T T2 T3

T4 T5 T6 T7 T8

r r J 3 y § r |

CLK _+ A 4 A

I

CAS

| | | | | | | | |
Command {Read A} Read B ) NOP X NOP M NoP M NoP M Nop M NoP M NOP )~
\ \ \ \ \ \

latency = 2

{DOUT A0XDOUT BOX DOUT B1XDOUT B2XDOUT B3}

CAS

|
1 1

[CKZ’ DQIS ‘ ‘ ‘ ‘
| | | |
| | |
T ! 1

latency = 3

{DouT A0XDOUT BOX DOUT B1 XDOUT B2XDOUT B3 }-+——

foka DQ'S

SPT03713

Figure 8 Read Interrupted by a Read

(Burst Length = 4, CAS latency = 3)
T1 T2 T3

T4 T5 T6 T7 T8

7 3 A A A a |_

OLK _* P L

Minimum delay between the Read and Write
Commands =4 + 1 =5 cycles | |

|
DQMx —\ /

| | Write latency 7pqy of DQMx
| \
|

Command ( NOP )—(Read A NOP X NOP H NOP H NOP )—(Wnte B NOP X r‘uop >
\

DQ's : : : :

||H|| or ||L||

\ \
/ \ | /
{pour so)— {DIN BO)—(DIN B1>—<DIN B2>—

Must be Hi-Z before
the Write Command

SPT03787

Figure 9  Read to Write Interval
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Timing Diagrams

(Burst Length = 4, CAS latency = 2)

T1 T2 T3 T4 T5 T6 T7 T8

T0
CLK _+ r § A A A F § A A A |_
|
|
\
|
|
N
|
|
I
1

DQM

7 =
\

| | | | | |
By 1
| | | | | |
| < b | \ \ \
|
0P M Nop M B MW NOP )—(Read A)—(Wnte A NOP ol NOP H NOP >
|
|
I
1

+ 1 Clk Interval «

Command

| | Must be H| Z before |
CAS \ | the Write Command \

|

1

latency = 2 | | {DIN AO)-(DIN A1>—(DIN A2>—(DIN A3 )
ICK2Y DOIS ' ' ' ' ‘

||H|| or ||L||

SPT03939

Figure 10 Minimum Read to Write Interval

(Burst Length = 4, CAS latency = 2, 3)

TO T1 T2 T3 T4 T5 T6 T7 T8

CLK _+ A p |_

| | | | |
v |\ | / e i

B
»
N
>
n.
>
».
>
B
»
.
P
n.

Command { NOP )—(Read A NOP H NOP )—(Read A NoP )-(Wnte B NOP H NOP »

| Must be Hi-Z before |
CAS \ | the Write Command |

latency = 2 {Dout A0XDOUT A1)—‘—(D|N BO)—(DIN B )—(DIN B2 -

\ \ \
: : :

o DQs | | | | |
| | |
| | |

CAS \ \ |

- | DOUT A0 DIN BO)—(DIN B )—(DIN Bz)—
tos, DQ's | | | |

latency = 3

llHll or IILII

SPT03940

Figure 11 Non-Minimum Read to Write Interval
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(Burst Length = 4, CAS latency = 2, 3)
T0 T1 T2 T3 T4 T5 T6 T7 T8

CLK % 4 4 i 4 4 4 4 4 |_

| | | | | | | | |
Command {_ NoP M Wiite A NOP W NOP )H NoP M NoP K Nop ) NoP M NoP -
\ \ \ \ \ \ \ \ \

\ \ \ \ \
DQ's —f—(D|N A0 ) DIN A1 N DIN A2 }{ DIN A3 ){don' care 1 1 1

The first data element and the Write Extra data is ignored after
are registered on the same clock edge. termination of a Burst. SPT03790

Figure 12 Burst Write Operation

(Burst Length = 4, CAS latency = 2, 3)
T1 T2 T3 T4 T5 T6 T7 T8

1.Cl Interyal

T0

CLK _+ | A_> A A A A A A A |_
| | | | | | | | |

Commend  { NOP M Write A ) Wiite B} NOP }H NOP M NoP M Nop M NoP M Nop -
\ \ \ \ \ \ \

—» 1 Clk Interval —=— ‘

| | | \ \
DQ's —HDIN A0 ) DIN B0 ) DIN B1 - DIN B2 ) DIN B3 } | | |

Figure 13 Write Interrupted by a Write

SPT03791
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Timing Diagrams

(Burst Length = 4, CAS latency =2, 3)

TO T T2 T3

T4 T5 T6 T7 T8

A A A

A A

L

CLK _+

NOP H NOP H NOP X NOP H NOP >

Command { NOP )—(Wnte A)—(Read Da NOP H
] \\\\P\\*
\ \

CAS

latency = 2 DIN A0

feko, DQ's | (
CAS | \ |

chg, DQ's ‘

A

Input data for the Write is ignored.

DOUT BOXDOUT B1XDOUT B2XDOUT B3 -——

|
atency = 3 —+———(DIN A0 ){don' care }-{don care)—f—(DOUT BOX DOUT B1XDOUT B2XDOUT B3

Input data must be removed from the DQ's
at least one clock cycle before the Read data
appears on the outputs to avoid data contention.

SPT03719

Figure 14 Write Interrupted by a Read

(Burst Length = 2, CAS latency = 2, 3)

T0 T1 T2 T3

T4

T5 T6 T7 T8

F \ 7 3

CLK _+ 1

Command (aacqrv: H NOP H NOP Au,m;ih‘;rge)-( NOP H NOP H NOP )—( NOP H NOP —
CAS \ \ \ \ \ \ \ \ \
latency =2 — 1 1 DIN A0 ) DIN A1 }— 1 1 1
DQ's | | | | | | |
e fWR’ tRP EE —
CAS | | | | | | | | |
latency = 3 — | | DIN A0 Y= DIN A1 | | |
DQIS | | | | | | |

Begin Auto Precharge

Bank can be reactivated after /gp SPT03720

Figure 15 Burst Write with Auto-Precharge
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