HYB 39L256160AC/T
256 MBit 3.3V Mobile-RAM

technologies

256 MBit Synchronous Low-Power DRAM
Data Sheet Revision Dec. 2002

Features « Automatic and Controlled Precharge
Command
-7.5 -8 Units
* Programmable Burst Length: 1, 2, 4, 8 and
fermax 133 125 MHz full page
tekamin 75 8 ns « Data Mask for byte control
tacamax 54 6 ns + Auto Refresh (CBR)
tekamin 9.5 9.5 ns * 8192 Refresh Cycles / 64ms
taco.max 6 6 ns » Very low Self Refresh current

» Power Down and Clock Suspend Mode

* 16Mbit x16 organisation « Random Column Address every CLK
e VDD =VDDQ =3.3V (1-N Rule)

+ Fully Synchronous to Positive Clock Edge * P-TFBGA-54, with 9 x 6 ball array with

3 depopulated rows, 12 x 8 mm?
» Four Banks controlled by BAO & BA1

—_— * P-TSOPII-54 alternate package
* Programmable CAS Latency: 2, 3

* Operating Temperature Range

* Programmable Wrap Sequence: Sequential Commerical (0° to 70°C)

or Interleave

Description

The HYB 39L256160AC Mobile-RAM is a new generation of low power, four bank Synchronous
DRAM'’s organized as 4 banks x 4Mbit x 16. These synchronous Mobile-RAMs achieve high speed
data transfer rates by employing a chip architecture that prefetches multiple bits and then
synchronizes the output data to a system clock.

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. 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. The device operates with a single
3.3V £0.3V power supply.

Compared to conventional SDRAM the self-refresh current is further reduced. The Mobile-RAM
devices are available in FBGA “chip-size” or TSOPII packages.
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256 MBit 3.3V Mobile-RAM

Ordering Information

Type Function Code |Package Description
HYB 39L256160AC-7.5 | PC133-333-522 | BGA-BOC 133 MHz 4B x 4M x16 LP-SDRAM
HYB 39L256160AC-8 PC100-222-620 | BGA-BOC 100 MHz 4B x 4M x16 LP-SDRAM

HYB 39L256160AT-7.5

PC133-333-522

P-TSOP-54 (400mil)

133 MHz 4B x 4M x16 LP-SDRAM

HYB 39L256160AT-8

PC100-222-620

P-TSOP-54 (400mil)

100 MHz 4B x 4M x16 LP-SDRAM

Pin Definitions and Functions

CLK Clock Input DQ Data Input/Output

CKE Clock Enable LDQM, ubQM Data Mask

cs Chip Select Voo Power (+ 3.3V)

RAS Row Address Strobe Vss Ground

CAS Column Address Strobe | Vppq Power for DQ’s (+3.3V)

WE Write Enable Vssa Ground for DQ’s

A0 - A12, Row Addresses N.C. Not connected

A0 - A8 Column Addresses

BAO, BA1 Bank Select

INFINEON Technologies AG 2 2002-12-20



o

Infineon

technologies

HYB 39L256160AC/T
256 MBit 3.3V Mobile-RAM

Pin Configuration for BGA devices

1 2 3 7 8 9
Vss | DQ15 | Vssg A Vopo | DQO | Vpp
DQ14 | DQ13 | Vppg B Vsso | DQ2 | DQ1
DQ12 | DQ11 | Vssq c Vopg | DQ4 | DQ3
DQ10 | DQ9 | Vppg D Vssqo | DQ6 | DQ5
DQ8 | NC | Vsg E Vpp | LDQM | DQ7
UDQM | CLK | CKE F CAS | RAS | WE
A12 | ALl | A9 G BAO | BA1 | CS
A8 A7 A6 H A0 Al | A10
Vgs | A5 A4 J A3 A2 | Vpp

< Top-view >
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Pin Configuration for TSOP devices

16Mb x 16
Voo mfl 541 Vss
DQO m P 531 DQ15
Voo Os 521 Vsso
DQ1 O4 51 DQ14
DQ2 Os 503 DQ13
Vsso Oe 491 Vooo
DQ3 07 481 DQ12
DQ4 Os 473 DQ11
Voo o 460 Vsso
DQ5 10 450 DQ10
DQ6 Ou 440 DQ9
Vsso 12 431 Vooo
DQ7 13 4203 DQ8
Voo 14 a[ Vss
LDQM 15 404 N.C.
WE 16 390 UDQM
CAS 17 381 CLK
RAS 18 373 CKE
cs 19 36 A12
BAO 20 350 A1l
BA1 21 340 A9
A10 22 330 A8
AO 23 320 A7
AL 24 313 A6
A2 25 3003 A5
A3 26 290 A4
Voo 27 281 Ves

TSOPII-54 (10.16 mm x 22.22 mm,
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Functional Block Diagrams

Column Addresses Row Addresses
AO - A8, AP, A0 - A12,
BAO, BA1 BAO, BA1
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Decoder Decoder Decoder Decoder
| [ ] | I
| A I ] | v ] ] | v ] ] l | A ] ] l
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1= rray 1= Array N P Array = Array |
|89 ||89 ||%9 ||89 |
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Block Diagram: 16Mb x16 SDRAM (13 /9 /2 addressing)
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Signal Pin Description

Pin

Type

Signal

Polarity

Function

CLK

Input

Pulse

Positive
Edge

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

CKE

Input

Level

Active
High

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

Input

Pulse

Active
Low

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

When sampled at the positive rising edge of the clock,

CAS, RAS, and WE define the command to be executed by
the SDRAM.

AO - A12

Input

Level

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

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

16M x16 SDRAM CAO - CA8 (Page Length: 512bits)

In addition to the column address, A10 (=AP) is used to
invoke 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 BAL. If A10 is low, then
BAO and BA1 are used to define which bank to precharge.

BAO, BAl

Input

Level

Bank Select Inputs. Selects which bank is to be active.

DQx

Input
Output

Level

Data Input/Output pins operate in the same manner as on
conventional DRAMSs.

INFINEON Technologies AG
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Pin Type |Signal | Polarity | Function

LDQM Input | Pulse |Active | The Data Input/Output mask places the DQ buffers in a

UDQM, High high impedance 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,
L/UDQM 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.
LDQM and UDQM controls the lower and upper bytes in
x16 SDRAM.

Voo Supply |- - Power and ground for the input buffers and the core logic.

VSS

Voo Supply | - - Isolated power supply and ground for the output buffers to

Vsso provide improved noise immunity.

INFINEON Technologies AG
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Operation Definition

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

Operation Device |CKEn-1 |CKEn |DQM |BAO |AP= |Addr |CS |RAS |CAS |WE
State BAl | A10
Bank Active Idle® H X X \% \% \% L L H H
Bank Precharge Any H X X \Y L X L L H L
Precharge All Any H X X X H X L L H L
Write Active® H X X \Y L Vv L H L L
Write with Autoprecharge | Active® H X X \% H \% L H L L
Read Active® H X X \Y L Vv L H L H
Read with Autoprecharge | Active® H X X \% H \% L H L H
Mode Register Set* Idle H X X \% \% \% 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 Self L H X X X X H X X X
Refresh L H H X
Clock Suspend Entry Active® H L X X X X X X X X
Clock Suspend Exit Active X X X X X X X X
Power Down Entry Idle H L X X X X H X X X
(recnarge Sandy o v SEERE
Power Down Exit Any L H X X X X H X
Power o
Down
Data Write/Output Enable | Active H X L X X X X X X X
Data Write/Output Active H X H X X X X
Disable
Notes

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.

4. Address Input for Mode Set (Mode Register Operation)

5. Power Down Mode can not be entered during a burst cycle. When this command is asserted during a burst
cycle the device enters Clock Suspend Mode.
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Mode Register Table

[BatlBao| A12[a11]|at0] A9 [ A8 [ A7 | a6 | A5 | A4 [ A3 [ A2 | A1 | A0 [Address Bus (Ax)

I A A

0| o0 | Operation Mode | CAS Latency | BT | Burst Length |Mode Register (Mx)
L i I
Operation Mode Burst Type
BA1|BAO|M12|M11|M10| M9 | M8 | M7 Mode M3 Type
0 0 0 0 0 0 0 0 %L:Jrrssttl\‘\;\’er?lti/ 0 Sequential
Interleave
Burst Read/
0 0 0 0 0 1 0 0 Single Write
_ v v
CAS Latency Burst Length
M6 | M5 | M4 Latency Length
M2 | M1 | MO
0 0 0 Reserved Sequential | Interleave
0 0 1 Reserved 0 0 0 1 1
0 1 0 2 0 0 1 2 2
0 1 1 3 0 1 0 4 4
1 0 0 Reserved 0 1 1 8 8
1 0 1 1 0 0
Reserved
1 1 0 Reserved 1 0 1
Reserved
1 1 1 1 1 0
1 1 1 full page
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Power-On and 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. V5 must be applied before or at the same time as Vppq to the
specified voltage when the input signals are held in the “NOP” or “DESELECT” state. The power on
voltage must not exceed Vpp +0.3V on any of the input pins or VDD supplies. The CLK signal must
be started at the same time. After power on, an initial pause of 200us 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.

Programming the Mode Register

The Mode Register designates the operation mode at the read or write cycle. This register is divided
into 4 fields. A Burst Length Field to set the length of the burst, an Addressing Selection bit to
program the column access sequence in a burst cycle (interleaved or sequential), and a CAS
Latency Field to set the access time at clock cycle, an The mode set operation must be done before
any activate command after the initial power up. 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. BAO and BA1 have to be set to “0” to enter the Mode Register.

Read and Write Operation

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, trcp, from the RAS timing. WE is used to define either
aread (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 133MHz 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, 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 sequenceis 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 organisation and column addressing. Full page burst operation do not self
terminate once the burst length has been reached. In other words, unlike burst length of 2, 4 and 8,
full page burst continues until it is terminated using another command.
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Similar to the page mode of conventional DRAM'’s, burst read or write accesses on any column
address are possible once the RAS cycle latches the sense amplifiers. The maximum tz,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. When the partial array activation is set, data will get lost when self-refresh is used
in all non activated banks.

Burst Length and Sequence

Burst Starting Sequential Burst Interleave Burst
Length Address Addressing Addressing
(A2 A1 AO) (decimal) (decimal)

2 xx0
xx1

4 x00
x01
x10
x11

8 000
001
010
011
100
101
110
111

[y
[y

PO wN|O
N O W

PO wN|O

NRPO~NOURW | owmnRE| - o
A OOO~NORFRPNW Nwo]_\ [E )

O Fr, N W

WwN PO

WN RO

~N~No o WN B O
oO~NOoO O~ wWNPR

o~NOO GO~ WN
WNPFPO~NO O M

WNPFPO~NO O
a b wWNPEFPONO
OO WNEO-N
~N~No b WN PP O
oONDMOOINWOPR

ArNOPFRPOWN

NEFP,O~NO O A~
NWOPFrONAM~MOO
P OWNOORA~NO
OFRP NWMUUOO N

4

w

Full Page nnn Cn, Cn+1, Cn+2 not supported

Refresh Mode
Mobile-RAM has two refresh modes, Auto Refresh and Self Refresh.

Auto-Refresh

Auto Refresh is similar to the CAS-before-RAS refresh of earlier DRAMs. All banks must be
precharged before applying any refresh mode. An on-chip address counter increments the word
and the bank addresses. No bank information is required for both refresh modes.

The chip enters the Auto Refresh mode, when RAS and CAS are held low and CKE and WE are
held high at a clock edge. The mode restores word line after the refresh and no external precharge
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command is necessary. A minimum f 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.

In Auto-Refresh mode all banks are refreshed, independed if the partial activation has been set.

Self-Refresh

The chip has an on-chip timer that is used when the Self Refresh mode is entered. The self-refresh
command is asserted with RAS, CAS, and CKE low and WE high at a clock edge. 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 fx delay is required prior to
any command. After self refresh exit an autorefresh command is recommended due to the chance
of an exit just before the next internal refresh is executed.

DQM Function

DQMx has two functions for data I/O read and write operations. During reads, when it turns to “high”
at a clock edge, data outputs are disabled and become high impedance after two clock periods
(DQM Data Disable Latency fyq;). 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 tpqy = zero
clocks).

Suspend Mode

During normal access, 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 tcg, ).

Power Down

In order to reduce standby power consumption, a power down mode is available. All banks must be
precharged before the Mobile-RAM can enter the Power Down mode. Once the Power Down mode
is initiated by holding CKE low, all receiver circuits except for 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 (fzge) 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.

Auto Precharge

Two methods are available to precharge Mobile-RAMs. 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 Mobile-RAM automatically enters the precharge operation after fy,r (Write recovery
time) following the last data in.
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Precharge Command

There is also a separate precharge command available. When RAS and WE are low and CAS is
high at a clock edge, 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 t,r from the last data out to apply the precharge command.

Bank Selection by Address Bits

Al10 | BAO | BAL
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 used to terminate
the burst operation prematurely. These methods include using another Read or Write Command to
interrupt an existing burst operation, using 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 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.
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Electrical Characteristics

Absolute Maximum Ratings

Operating Case Temperature Range (commercial) ..........ccccoouiiiiiiiiiiiiie e 0to +70°C
Storage Temperature RANGE ........cooiiiiiiiiiiii et -55to +150°C
INput/Output Voltage VN, VouT --veeeeerermeereirieneisee st -1.0to Vpp + 0.5V
Input/Output Voltage Vi, Vour e -1.0to +4.6V
Power Supply Voltages Vpp, Vppq -« e —1.0to +4.6V

POWET DiSSIPAION ...t e e e e e e e e e e e e e e e e e e e aarae e aaas
Data out Current (short circuit)

Note: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent
damage of the device. Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

Recommended Operation and DC Characteristics

Tease = 0 to 70°C (commercial),

Vgs = 0V
Parameter Symbol Limit Values Unit | Notes
min. max.
DRAM Core Supply Voltage Vop 2.7 3.6 Y,
1/0 Supply Voltage Vooo 2.7 3.6 Y,
Input High Voltage (CMD, Addr.) Vi 2.0 Vppo 0.3 |V L2
Input Low Voltage (CMD, Addr.) V. -0.3 +0.3 \% L2
Data Input High (Logic 1) Voltage \/ 2.0 Vppg 0.3 |V
Data Input Low (Logic 0) Voltage V. -0.3 +0.3 \%
Data Output High (Logic 1) Voltage Vou 2.4 - \% loy=—0.1mA
Data Output Low (Logic 0) Voltage Voo - 0.2 \% loo=—0.1mA
Input Leakage Current, any input o -5 5 pA
(0V < V|y < Vppg, all other inputs = 0V)
Output Leakage Current IO(L) -5 5 pA
(DQ is disabled, 0 V < Vg1 < Vpp)

Notes

1. All voltages are referenced to Vgg.
2. V,y may overshoot to Vppq+2.0V for pulse width of <4ns with Vppqa=3.3V.
V. may undershoot to —2.0V for pulse width <4.0ns with V5,=3.3V.
Pulse width measured at 50% points with amplitude measured peak to DC reference.
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Capacitance
Tease = 0 to 70 °C (commercial),

f=1MHz
Parameter Symbol Values Unit
min. | max.

Input Capacitance (CLK) Cu - 3.5 pF

Input Capacitance L Cp, - 3.8 pF

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

Input/Output Capacitance (DQ) Co - 6.0 pF

Operating Currents

Tease = 0 to 70 °C (commercial)

(Recommended Operating Conditions unless otherwise noted)

Parameter & Test Condition Symbol |-7.5 |-8 Unit | Note
max. | max.

Operating current tre = tremin lop1 65 60 mA |3

single bank access cycles

Precharge standby current Cs= Vi mine lop2e 06 |05 |mA |3

in Power Down Mode CKE < V) uax

Precharge standby current CcS= Vinmine lopan 20 18 mA |3

in Non Power Down Mode CKE 2 Viymin

No operating current CKE = Viymin lopan 25 20 mA

tok = tokmne CS = Vi i CKE < V, | 3.5 35 mA

active state (max. 4 banks) ILMAX posP

Burst Operating Current lopa 80 60 mA |3,4

Read command cycling

Auto Refresh Current tre = tremin lops 155 |140 |mA

Auto Refresh command cycling

Self refresh current tek =infinity lops 475 |475 |pA

Notes

3. These parameters depend on the frequency. These values are measured at 133MHz for -7.5 and at 100MHz
for -8 parts. Input signals are changed once during t. If the devices are operating at a frequency less than the
maximum operation frequency, these current values are reduced.

4. These parameters are measured with continuous data stream during read access and all DQ toggling. CL = 3
and BL = 4 is used and the Vppq current is excluded.
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AC Characteristics 1?2

Tease = 0 to 70 °C (commercial),
(Recommended Operating Conditions unless otherwise noted)

Parameter Symbol Values Unit | Note
-7.5 -8
min. | max. | min. | max.
Clock and Clock Enable
Clock Cycle Time . _
CAS Latency = 3 |ty 75 |- 8 - ns
CAS Latency = 2| t,, 95 |- 95 |- ns
Clock frequency . -
CAS Latency = 3| feys - 133 |- 125 |MHz
CAS Latency = 2 | f, - 105 |- 105 |MHz
Access Time from Clock 2,36
CAS Latency = 3 | tyc; - 5.4 - 6 ns
CAS Latency =2 |t,., - 6 - 6 ns
Clock High Pulse Width ten 25 |- 3 - ns -
Clock Low Pulse Width toL 25 |- 3 - ns |-
Transition Time t; 03 (1.2 |05 |15 ns -
Setup and Hold Times
Input Setup Time ts 15 |- 2 - ns |4
Input Hold Time ty 08 |- 1 - ns |*
CKE Setup Time texs 1.5 |- 2 - ns |4
CKE Hold Time toxn 08 |- 1 - ns |4
Mode Register Set-up Time trsc 2 - 2 - CLK |-
Power Down Mode Entry Time tsg 0 75 |0 8 ns -
Common Parameters
Row to Column Delay Time tren 19 - 19 |- ns s
Row Precharge Time trp 19 - 19 |- ns 5
Row Active Time tras 45 |100k |48 |100k |ns |°
Row Cycle Time tre 67 |- 70 |- ns |
Activate(a) to Activate(b) Command Period | tzgp 15 - 16 - ns 5
CAS(a) to CAS(b) Command Period teen 1 - 1 - CLK |-

Refresh Cycle

INFINEON Technologies AG 16 2002-12-20
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AC Characteristics (cont'd)®?
Tease = 0 to 70 °C (commercial),

(Recommended Operating Conditions unless otherwise noted)

Parameter Symbol Values Unit | Note
-7.5 -8

min. | max. | min. | max.
Refresh Period (8192 cycles) trer - 64 - 64 ms |-
Self Refresh Exit Time tsrex 1 - 1 - CLK
Read Cycle
Data Out Hold Time ton 3 - 3 - ns |25
Data Out to Low Impedance Time t, 1 - 0 - ns -
Data Out to High Impedance Time thz 3 3 ns -
DQM Data Out Disable Latency thoz - - 2 CLK |-
Write Cycle
Write Recovery Time twr 14 |- 14 |- ns 7
DQM Write Mask Latency toow 0 - 0 - CLK |-
INFINEON Technologies AG 17 2002-12-20
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Notes

N

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

2. AC timing tests are referenced to the 0.9V crossover point. The transition time is measured
between V,, and V, . All AC measurements assume t; = 1 ns with the AC output load circuit
(details will be defined later). Specified t,c and ty, parameters are measured with a 30pF only,
without any resistive termination and with a input signal of 1V/ns edge rate.

" ﬁf 30 pF

Measurement conditions for
tac and toy

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

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

5. These parameter account for the number of clock cycle and depend on the operating frequency
of the clock, as follows:
the number of clock cycle = specified value of timing period (counted in fractions as a whole
number)

6. Access time from clock t,. is 4.6ns for -7.5 components with no termination and OpF load,
Data out hold time tg, is 1.8ns for -7.5 components with no termination and OpF load.

7. The write recovery time of t,,g = 14ns cycles allows the use of one clock cycle for the write
recovery time when the memory operation frequency is equal or less than 72MHz. For all
memory operation frequencies higher than 72MHz two clock cycles for t,,z are mandatory.
INFINEON recommends to use two clock cylces for the write recovery time in all applications.

N

INFINEON Technologies AG 18 2002-12-20
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Timing Diagrams

. Bank Activate Command Cycle
. Burst Read Operation

. Read Interrupted by a Read
. Read to Write Interval
4.1 Read to Write Interval
4.2 Minimum Read to Write Interval
4.3 Non-Minimum Read to Write Interval
5. Burst Write Operation
6. Write and Read Interrupt
6.1 Write Interrupted by a Write
6.2 Write Interrupted by Read
7. Burst Write & Read with Auto-Precharge

A WON=

7.1 Burst Write with Auto-Precharge
7.2 Burst Read with Auto-Precharge
8. AC- Parameters
8.1 AC Parameters for a Write Timing
8.2 AC Parameters for a Read Timing
9. Mode Register Set
10. Power on Sequence and Auto Refresh (CBR)
11. Clock Suspension (using CKE)
11. 1 Clock Suspension During Burst Read CAS Latency = 2
11. 2 Clock Suspension During Burst Read CAS Latency =3
11. 3 Clock Suspension During Burst Write CAS Latency =2
11. 4 Clock Suspension During Burst Write CAS Latency =3
12. Power Down Mode and Clock Suspend
13. Self Refresh ( Entry and Exit )
14. Auto Refresh (CBR)
15. Random Column Read ( Page within same Bank)
15.1 CAS Latency = 2
15.2 CAS Latency = 3
16. Random Column Write ( Page within same Bank)
16.1 CAS Latency = 2
16.2 CAS Latency = 3
17. Random Row Read ( Interleaving Banks) with Precharge
17.1 CAS Latency = 2
17.2 CAS Latency = 3
18. Random Row Write ( Interleaving Banks) with Precharge
18.1 CAS Latency = 2
18.2 CAS Latency = 3
19. Precharge Termination of a Burst

INFINEON Technologies AG 19 2002-12-20
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1. Bank Activate Command Cycle

(CAS latency = 3)

T0 T1 T T T T T

Bank B Bank B Bank A Bank B
Address '(Row Addr. )-( )-( >-< Col Addr. > ______ -<Ruw Addr. )-( >-<R0w Addr. >

H—F trep H—»\ _7 trro 4"

B kB B k A B kB
conmand { 258 o X o Mo = - o X Nop )-( S —

et tre

I o
SPT03784

2. Burst Read Operation

(Burst Length = 4, CAS latency =2, 3)
10 T T2 T3 T4 T5 T6 7 T8

Command -(ReadA)-( NOP )—( NOP H NOP H NOP X NOP X NOP H NOP H NOP >

CAS
latency = 2
teko: DQ'S

| | |

\ \ \

DOUT AOXDOUT AlXDOUT AZXDOUT A3) ; ; ;
[ [ [

\ \ \

\ \ \

\ \

! | |
CAS

latency = 3 {pouT AOXDOUT AlXDOUT A2{DOUT A3)—,—,—

texa: DQ's ‘ ‘ SPT03712
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3. Read Interrupted by a Read

(Burst Length = 4, CAS latency = 2, 3)
10 Tl T2 T3 T4 T5 T6 7 T8

| | | | | | | | |

| | | | | | | | |
Command  {Read A }{Read B){ NOP }H NOP )H NOP )H NOP )H NOP ) NoP M Nop -
[ | | \ \ \ \ \ [
CAS \ | | | \

latency =2 —t——————(poUT AOXDOUT BOXDOUT BlXDOUT BZXDOUT Ba)-‘—?—

tow 005 | | | | | | ‘ ‘
Chs | | \ A \ \ ! | |
latency =3 — : } {pout A0XDOUT BOX DOUT BLYDOUT B2 DOUT B3 }-——
teks, DQ's SPT03713

4. Read to Write Interval
4.1 Read to Write Interval

(Burst Length = 4, CAS latency = 3)

TO T1 T2 T3 T4 T5 T6 T7 T8

‘ ‘ Minimum delay between the Read and Write ‘ ‘
— \ \
\
DQMx \ o\ | \
\
\
| |
Command {_NOP )—(ReadA)—( NoP NOP X NOP H no )—(Wme B)—( NOP X NOP >
[ [
\
\
|
|

I
I
‘ ! | | ‘ _
T T T | Write latency tpqy of DQMx
/ | | | \ ‘
‘ \ i \ \
I \ \
!

DQ's

‘ Commands =4 ‘+ 1=5 cyclt‘es | |
I

|

| \

| |

| |

[ [

\ |
| ,_l_, |
; {DOUT A0} ; (DIN Bo)-( DIN Bl)—(DIN Bz)-

Must be Hi-Z before
the Write Command

I o
SPT03787
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4. 2 Minimum Read to Write Interval

(Burst Length = 4, CAS latency = 2)
10 11 12 T3 T4 15 T6 7 T8

| | | | | |
A T R
| | | |
\ | | |
| | | |

| —w= 1 Clk Interval =a—

\ \
! ! ! ! ! !
Command  { NOP H NOP X Eg’,‘vkag X NOP )—(Read A)—(Write A)—( NOP X NOP H NOP >
\ \ \ \ Must be H|Zbefore \ \
CAS 1 1 1 | the Write Command |
I I I

latency = 2 ; } {DIN Ao)-( DIN A1)—(D|N A2)—(D|N A3 )
teko, DQ's
D Hror'L SPT03939

4. 3. Non-Minimum Read to Write Interval

(Burst Length = 4, CAS latency = 2, 3)
10 T1 2 T3 T4 T5 T6 7 T8

-

I
|
I
I
|
~ tDQZ ——

Command { NOP )—(Read AN NOP H NOP )—(Read A NoP )—(Wnte Da NOP )—( NOP »

‘ ‘ Must be H| Z before ‘ ‘

\ \ \
CAS \ [ [ the Write Command |
latency = 2 L L L DOUT A0 X DOUT AL DIN B0 DIN B1 DIN B2
tobQs | \ \ (ouT Ay— )-( )—( >
CK21 | | | |

| | | |

| | |

1 1 1

| | |

| | |
| \IDQW L } }

|

| | |

| \ \

\
CAS ‘ |

latency = 3 } DOUT A0)— DIN BO)—( DIN Bl)—(DIN B2 -
texs DQ'S

I o
SPT03940
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5. Burst Write Operation

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

T0 T1 T2 T3 T4 T5 T6 T7 T8

Command -( NOP )-(Wnte A)—( NOP )—( NOP )—( NOP )—( NOP )—( NOP )—( NOP )—( NOP >
| | |
DQ's —l—(DIN Ao)-( DIN Al)—(DIN A2)—(D|N A3>—(dontcare 3 3 3

T T

The first data element and the Write Extra data is ignored after
are registered on the same clock edge. termination of a Burst. SPT03790
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6. Write and Read Interrupt
6.1 Write Interrupted by a Write

(Burst Length = 4, CAS latency = 2, 3)
10 T 2 T3 T4 T5 T6 7 T8

Command { NOP )—(Wnte A)—(erte B)—( NOP X NOP H NOP H NOP X NOP H NOP >

\ »\ 1 Clk Interval }« \ \ \
| | | |
| | |
| | |

DQ's HDIN AO)—(DIN BO)—( DIN Bl)—(DIN B2>—(DIN B3>

SPT03791

6.2 Write Interrupted by a Read

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

| | | | | | | |
Command { NOP  Wiite A ) Read B){ NOP M NoP M NoP M NoP M NoP M NoP
[ [ [ [ [ [ [ [ [
\ \ \

| | | | |
% | v \ | | | | |
latency = 2 DIN A0 -don’t care DOUT B0 X DOUT B1XDOUT B2 XDOUT B3 >—‘_
tcxzng’S : - } ( T X\ X\ X\ }

\
o | \ \ \ \ \ \ |
CAS L

| | ‘ | | |
latency = 3 —l—( DIN A0 ) dortcare - dorit cmeHDOUT 80X DOUT BLXDOUT B2XDOUT B3

texs, DQ's

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

SPT03719
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7. Burst Write and Read with Auto Precharge
7.1 Burst Write with Auto-Precharge

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

T0 T1 T2 T3 T4 T5 T6 T7 T8
CLK J J J J ; ; J J J
CAS Latency = 2:

Command—( BAC‘.kV;‘)-( NOP Aﬁp:g;;*,g}-( NOP )—( NOP)—( NOP)—( NOP)—(Acﬂvate)—( NOP ——

thWR »,(47 tép — -

DQ's <D|N AOH DINA>

CAS Latency = 3:

Command-( pr )—( NOP)—( NOP )—(A!,"J.L‘Zcfa,g}( NOP)—( NOP)—( NOP )—( NOP)—( NOP )—(Ac"vm)

| :<7tWR * trp

DQ's {DIN AQH DIN Ai}

Bank can be reactivated after trp

* Begin Auto Precharge

SPT03909_2

7.2 Burst Read with Auto-Precharge

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

T0 T1 T2 T3 T4 T5 T6 T7 T8

CLK ! ! ! ! ! J J ! !

Command-(wnmp)( NOP)—( NOP)‘( NOP)‘( NOP)—( NOP)‘( NOP)—( NOP)—( NOP)—

* - IRP

CAS \/ \
latency = 2 { ot AOXDOUT Al X DOUT AzX DOUT A3 )

DQ's
- * trp
CAS / \
latency = 3 \DOUT A0 XDOUTAl XDOUTAZ XDOUTA3 /)

DQ's

*Begin Auto Precharge
. SPT03721_2
Bank can be reactivated after trp
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8. AC Parameters
8.1 AC Parameters for a Write Timing

CLK

t
CH
‘—‘ ‘—‘ICKZ}‘;‘
tew
T ——

Burst Length = 4, CAS Latency = 2

‘TO ‘ Tl‘Tz ‘ T3 ‘ TA‘TS‘TG ‘ T7‘T8‘T9 ‘Tlo‘Tll‘TlZ‘TlIS‘TlA‘Tls‘TlG‘Tl?‘TlB‘T19‘T20‘T21‘T22‘

| I I |
e BT T T T T T
1 ks ~e—
‘ —y ‘ ‘ ‘ Y

|
Begin Au
Precharg
Bank A

(0

[
|

Begin Autt
Prechargd
Bank B

AP

Addr.

DQM

Activate Activate Activate Write Precharge Activate  Activate
Command Command Command Command Command Command Command
Bank A Bank B Bank A Bank A Bank A Bank A Bank B

Write with Write with

Auto Precharge Auto Precharge
Command Command
Bank A Bank B SPT03910_2
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8.2 AC Parameters for a Read Timing

Burst Length = 2, CAS Latency = 2
| o | m | 2| T[T |5 [ T8 | ™| 8| T T0| | TI2|T3

CLK

L e
“ 5 T lw—p

teks recharge

- ‘ } ‘ ‘ Bank B ‘ ‘
Cs
i AR A
O/ g o W/
s | 7 O\ A7 T '\
we 7 U [ | AT
s 7O [\ | T |/
w 7 A/
Addr. }

oow 2\

Hi-Z
bQ

Activate Read Activate Read with Precharge Activate
Command Command Command Auto Precharge  Command Command
Bank A Bank A Bank B Command Bank A Bank A
Bank B SPT03911_2
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9. Mode Register Set

CAS Latency = 2

‘TO ‘ 1 ‘ T2 ‘ T3 ‘ T4 ‘ 15 ‘ 76 ‘ 7 ‘ T8 ‘ T9 ‘TIO‘T11‘T12‘T13‘TM‘TIS‘TIG‘TH‘TIB‘TIQ‘TZO‘T21‘T22‘

Addr.

! f

Precharge Any
Command Command
All Banks

Mode Register
Set Command SPT03912 2
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Mode Register
Set Command

8th Auto Refresh
Command

29

1st Auto Refresh
Command

Precharge
Command
All Banks

Inputs must be
stable for 200 us
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11. Clock Suspension (Using CKE)

=2

11.1 Clock Suspension During Burst Read CAS Latency

2

|70 || t2] 73| 1a| 75| 76|77 | 18| T9|T20|T10|T12| T3] T1a|T15|T16| 727|718 | T29 | T20 | T21| T22 |

=4, CAS Latency

Burst Length

CLK

A3

X

|
|
|
I
|
|
|
|
T
L
|
T
.
|
T
|
I
t
|
|
T
|
|
|
|
|
|
|
|
Ax2

test
at X

&7
N
o
m
L8

1

w %) %) S =
X iS < < iE (%] a b= (o4 o
o o [°4 o = =) < < a a

Read

Activate
Command Command

SPT03914

Bank A

Bank A

20

2002-12
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11.2 Clock Suspension During Burst Read CAS Latency =3

Burst Length = 4, CAS Latency = 3
| 7o | o] 2| 73| 74a| 75| 76| 17| 78| To|TI0|Tit|Te2|Te8| Tee|T15 | T16 | Ta7| T18|Tie|T20 | T21 | T22|

CLK

|

Activate Read Clock Clock Clock
Command Command Suspend Suspend Suspend
Bank A Bank A 1Cycle 2 Cycles 3 Cycles SPT03915
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=2

11.3 Clock Suspension During Burst Write CAS Latency

2

|70 Te| 72| 73| T4| 5 |76 | 77|78 7o |Ti0|Tae| T2 |T13|T14|T15 | T16 | T17|Ti8| Tio | T20 | T21 | T22

=4, CAS Latency

Burst Length

CLK

yawy
\UAN
\UAN
T
XD

I
BS I\
I
|
|
|
|
|
A
|
Hi-Z |
|
|
Activate
Command
Bank A

p

Addr

DQM
Q

SPT03916

Write

Command
Bank A

20

2002-12

32
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11.4 Clock Suspension During Burst Write3

Burst Length = 4, CAS Latency = 3

|70 m| 2| 3| Ta|7s| 76|77 |78 79 |TI0| TAr|T12| 13| T24 | T15 | Ta6 | T17| Ti8| 29| T20 | T21| T2 |

CLK

| —o| teyg [ | | | | |

Acti |vate Clock Clock Clock
Command Suspend Suspend Suspend
Bank A 1Cycle 2Cycles 3 Cycles
Write
Command SPT03917
Bank A
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12. Power Down Mode and Clock Suspend

Burst Length = 4, CAS Latency = 2
|70 | o] t2| 3| Ta| 75| 76|77 |78 T9|Ta0| Tea|Ti2| 713|724 |Ta5 | Ta6| Ta7 | T18| 19| T20 | 21| T22 |
CLK
Dol b dbesi 0 e
|k T T =
| | | | | | f f f f f f | | |
CKE N A N N
T Oy S [ (N A A O
= | | f f f f f f | |
s | | | o - o |
R e e
RAS \ \ ()
o I
oas ‘ 9,
o |
WE | ()
1 |
BS ‘ ()
I L
AP (o) 9.
Addr. () ll 9.
\ A T e A A
DQM ‘ NN T N N S S N S N N N N HN N S M N ‘
[ [ \ B T
\ } \ \ } [ \$\t“z [ I S
[ \ T T A A A A e A W B
L 2 S S A I N A (a2 ) I _L_L_LlJila__
0Q [ 'T N A 4" [ ®@ A (23) [ R R I N B
\ Lo T \ T Lo Lo #
Actlvate Active Read Clock Mask Clock Mask Precharge Precharge Any
Command Standby Command Start End Command Standby Command
Bank A Bank A
Clock Suspend  Clock Suspend Power Down Power Down
Mode Entry Mode Exit Mode Entry Mode Exit
SPT03918

INFINEON Technologies AG 34 2002-12-20



o
Infineon HYB 39L256160AC/T
iechnologies 256MBit 3.3V Mobile-RAM

13. Self Refresh (Entry and Exit)

CLK

CKE

CAS

‘ T0 ‘ Tl‘ T2 ‘ T3 ‘ T4 ‘ 5 ‘ T6 ‘ 7 ‘ T8 ‘ T9 ‘ Tlo‘ Tll‘ T12‘ T13‘ T14‘ T15‘T16‘ T17‘ Tla‘ T19‘T20‘ T21‘ TZZ‘

All Banks Self Refresh Begin Self Refresh Any
must be idle Entry Exit Command Command

Self Refresh Exit
Command
issued (async.)

SPT03919-3
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14. Auto Refresh (CBR)

HYB 39L256160AC/T

256 MB

it 3.3V Mobile-RAM

CLK

BS

AP

DQM

Addr.

‘TO ‘ TI‘TZ ‘ 13 ‘ T4 ‘ TS‘TG ‘ 7 ‘ T8 ‘ 9 ‘Tlo‘Tll‘TIZ‘T13‘TM‘US‘T16‘T17‘T18‘T19‘T20‘Tzl‘Tzz‘

Burst Length = 4, CAS Latency = 2

‘ I
1 re

(Minimum Inte

Precharge Auto Refresh

rval) ‘
|
I

Auto Refresh

Activate Read

Command Command Command Command Command
All Banks Bank A Bank A
SPT03920_2
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15. Random Column Read (Page within same Bank)
15.1 CAS Latency =2

Burst Length = 4, CAS Latency = 2
|70 | Te| 72| 73| T4| 75| 76|77 | 78|70 |Ti0|Tae| 2| T13|T14|T15 | T16 | Te7| Ti8 | Tio | T20 | 21| T22

CLK

=l e
!

|
CKE ’i

RAS

CAS

BS
AP

Addr.

Activate Read Read Read Precharge  Activate Read
Command ~ Command Command  Command Command ~ Command ~ Command
Bank A Bank A Bank A Bank A Bank A Bank A Bank A SPT03921
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15.2 CAS Latency =3

Burst Length = 4, CAS Latency = 3
| 70| Te| 72| 73| T4| 5| 76| 77| 78|70 |Ti0| Tae|Ti2|T13|T14|T15| T16| Te7| 18 | Tio | T20 | 21| T22
CLK

BS

AP

Addr.

DQM

T“T”‘T‘T T“f“f

Activate Read Read Read Precharge Activate Read
Command Command Command ~ Command Command Command Command
Bank A Bank A Bank A Bank A Bank A Bank A Bank A sPT03922
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16. Random Column write (Page within same Bank)
16.1 CAS Latency =2

Burst Length = 4, CAS Latency = 2
‘ T0 ‘ T1 ‘ T2 ‘ T3 ‘ T4 ‘ 75 ‘ T6 ‘ 7 ‘ T8 ‘ T9 ‘Tlﬂ‘T11‘T12‘T13‘T14‘T15‘T16‘T17‘T18‘T19‘T20‘TZI‘TZZ‘

i EEC kb ik bbb
-

CKE '

RAS

CAS

---------- JL------

e

Activate Write Write Write Precharge Activate Read
Command Command Command Command Command Command Command
Bank B Bank B Bank B Bank B Bank B Bank B  BankB

SPT03923_2
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16.2. CAS Latency =3

Burst Length = 4, CAS Latency =3
|| mo|m2| 13|l 75| 16| 77| 78|70 |10 Ta1|T12|T13| 24| T25 | Ta6 | Ta7 | Ta8| Ti0| T20 | T21| T22
CLK

CAS

BS

AP

Addr.

(R A TR S SR

Activate Write Write Write Precharge Activate Write
Command Command Command ~ Command Command Command Command
Bank B Bank B Bank B Bank B Bank B Bank B Bank BsPT03924
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17. Random Row Read (Interleaving Banks) with Precharge
17.1 CAS Latency = 2

Burst Length = 8, CAS Latency = 2

‘TO ‘ TI‘TZ ‘ T3 ‘ T4 ‘ T5 ‘ T6 ‘ T7 ‘ T8 ‘ T9 ‘TIO‘Tll‘TlZ‘TB‘TlA‘TlB‘TlG‘Tl?‘TlS‘TlQ‘TZO‘TZI‘TZZ‘

AP

Addr.

DQM

o 2 DOE DD DD DDECE DD DD D
Tt rrtr 1 T

Activate Read Activate Precharge Activate Read
Command Command Command Command Command Command
Bank B Bank B Bank A Bank B BankB Bank B
Read
Command
Bank A SPT03925_2
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17.2 CAS Latency =3

Burst Length = 8, CAS Latency = 3
| o] | 2|73 |ra|7s| 76|77 |78 19| T20|T00|T12| 713|728 |T15 | 26| 27| T18|T29| T20 | T21 | T22|

CLK

| =t oga =
!

CKE

RAS

CAS

BS
AP

Addr.

P L P P T

Activate Read Activate Read Precharge Activate Read Precharge
Command Command Command Command ~ Command Command Command ~ Command
Bank B Bank B Bank A Bank A Bank B Bank B Bank B Bank A

SPT03926
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18. Random Row Write (Interleaving Banks) with Precharge
18.1 CAS Latency = 2

Burst Length = 8, CAS Latency = 2
‘ T0 ‘ 1 ‘ T2 ‘ 3 ‘ T4 ‘ 15 ‘ 6 ‘ 7 ‘ T8 ‘ 9 ‘TIO‘Tll‘TlZ‘TlS‘TlA‘TlS‘TlG‘TN‘TlB‘TlQ‘TzD‘TZI‘TZZ‘

CLK

CKE

BS

AP

Addr

oo L ‘ || ]
[ T | 1 1 1

I T I T [
Hi-Z
o — (oo o) omaR oma o om o ome) omaosro) periX ow oK oK oorex omrsXomX pw Kook i omK omeon)
|

Activate Write Activate Write Activate Precharge
Command Command Command Comman Command Command
Bank A Bank A Bank B Bank B Bank A Bank B
Precharge Write
Command Command
Bank A Bank A SPT03927_2
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18.2 CAS Latency =3

Burst Length = 8, CAS Latency = 3
|70 | Te| 72| 73| T4| 75| 76| 77| T8 |70 |Ti0| Tas| 2| T13|T14|T15 | T16| 17| Ti8 | Tio | T20 | 21| T22

CLK

T T‘”T”T‘T”T”T‘T

Activate Write Activate Write Precharge Activate Write Precharge
Command Command Command Command ~ Command Command Command ~ Command
Bank A Bank A Bank B Bank B Bank A Bank A Bank A Bank B
SPT03928
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19. Precharge termination of a Burst
19.1 CAS Latency =2

CLK

Burst Length = 8 o Full Page, CAS Latency = 2
| 1o | 2|73 |ra|7s|76| 17| 18|19 |T20|T10|T22|T13|T10 |T15|T16| 727 | T28 | T29 | T20 | T21| T2

CKE

RAS

CAS

BS

AP

Addr.

Activate Write Precharge Read Precharge Read Precharge
Command  Command Command Command Command Command Command
Bank A Bank A Bank A Bank A Bank A Bank A Bank A
Precharge Termination Activate Activate
of a Write Burst. Command Command Precharge Termination
Write Data is masked. Bank A Bank A of a Read Burst.
SPT03933
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Package Outline 1

Plastic Package, P-TFBGA-54-2
(8 x 12 mm?, 0.8 mm ball pitch, 3 depopulated rows)
Thin Fine pitch Ball Grid Array, SMD

SEATING PLANE

0.28 min

0.12 max
p—{d

1.2 max.

y! No ball at this position

s posifion!

/g

Package Outline
P-TFBGA-54-2

N

N1
T

Skx

504500

2)

11.7 max

=

Alindex area

Xew 7

ONONONONONONORONG
|
|
ONOCHONCHONONORONG®
CHONONCHCRONORONG
??OOOOO“O

[
3 max

®/QOQOQOOOQ\®

— O 0000000 ®

el

o ¥R )

TOP VIEW, M5:1

tolerance +0.1mm for length and width
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Package Outline 2

Plastic Package, P-TSOPII-54
(400 mil, 0.8 mm lead pitch)
Thin Small Outline Package, SMD

006
0.15 533

— -

54 28

nAfnARAnARARARARAAAARARRAARAR

6 max

27

22.221013Y

Index Marking

Y Does not include plastic or metal protrusion of 0.15 max per side
2 Does not include plastic protrusion of 0.25 max per side
% Does not include dambar protrusion of 0.13 max per side

10.16:013%

GPX09039
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Change History

Release Date | Change Details
2001-08-23 First Revision

2001-09-24 Introduced max. package height

AC timing tests are referenced to the 0.9V crossover point
Package outline defined: 8mm x 12mm

Adjusted currents

2001-11-23 Availability of TSOP package included
Jedec conforming package drawings included
trep @nd tzp for -7.5 changed

2002-12-20 header lines: common paragraph format applied (bookmark in PDF)

p. 4 and p.6: corrected chip organisation “16Mb x 16"

p. 8: Table Operation Definition extended by twp rows “Clock Suspend Entry” and
“Clock Suspend Exit” (see mode description on p. 12)

p. 8 Note 5 extended by “When this command is asserted during a burst cycle the
device enters Clock Suspend Mode.”

p. 12: “Self Refresh” description improved

p. 14: “Absolute Recommended Ratings” for Viy, Vour, Vop, Vppg extended

p. 14: extended voltage range for Vpp and Vppg = [2.7V, 3.6V]

p. 14ff: deleted Vpp and Vppq range above tables and partly replaced by note
“(Recommended Operating Conditions unless otherwise noted)*

p. 14: Viy v @and Vo iy redefined

p. 14: note 2 clear wording for over- and undershoot as originally intended

p. 15: table operating currents updated, symbols changed from I to I, value
type “max.” added, Iy named “self refresh current”

p. 15: Igp, description (“activate precharge cycles with one bank”) updated

p. 15: t. defined by Note 3 or set to infinity

p. 15: Note 3 corrected to “... at 133 MHz for -7.5 ...” and partly deleted (formula
for 1 pp(tek) incorrect)

p. 15: Note 4: “assumed” replaced by “used”

p. 16: table AC characteristics: clock frequency fcy instead of to,, CL index 2 and
3 for tex and t,e, unit CLK replaced by te

p. 18: PC133 replaced by -7.5

p. 35: revised timing diagram SPT03919-3

p. 46: TFBGA package outline moved to end of data sheet

p. 46: TFBGA outline now eps format, added “tolerance +0.1mm for length and
width”

p. 47: TSOP package outline moved to end of data sheet
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