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1. GENERAL DESCRIPTION

PT481616BG is a high-speed synchronous dynamic random access memory (SDRAM), organized as 4M words
x 4 banks x 16 bits. For different applications the PT481616BG is sorted into the following speed grades: -7, -75.
The -7 parts can run up to 143Mhz/CL3. The -75 parts can run up to 133Mhz/CL3.

Accesses to the SDRAM are burst oriented. Consecutive memory location in one page can be accessed at a
burst length of 1, 2, 4, 8 or full page when a bank and row is selected by an ACTIVE command. Column
addresses are automatically generated by the SDRAM internal counter in burst operation. Random column read
is also possible by providing its address at each clock cycle. The multiple bank nature enables interleaving
among internal banks to hide the precharging time.

By having a programmable Mode Register, the system can change burst length, latency cycle, interleave or
sequential burst to maximize its performance. PT481616BG is ideal for main memory in high performance
applications.

2. FEATURES
3.3/3.3+x10% power supply
4,194,304 words x 4 banks x 16 bits organization
Self Refresh Current: Standard and Low Power
CAS latency: 2 and 3
Burst Length: 1, 2, 4, 8, and full page
Sequential and Interleave burst
Burst read, Single Write Operation
Byte data controlled by DQM
Power-down Mode
Auto-precharge and controlled precharge
8K refresh cycles/64 mS
Interface: LVTTL
Packaged in 54 balls FBGA, using PB free with RoOHS compliant.

3. PART NUMBER INFORMATION

PART NUMBER SPEED (CL=3) SELF REFRESH CURRENT (MAX.)
PT481616BG-7 143MHz 3mA
PT481616BG-75 133MHz 3mA
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4. BALL CONFIGURATION
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5. BALL DESCRIPTION
PIN NUMBER BALL FUNCTION DESCRIPTION
NAME
H7, H8, J8, J7,
J3, J2, H3, H2, Multiplexed pins for row and column address.
H1, G3, H9, AD—A12 Address Row address: A)—Al12. Column address: A0 —A8.
G2,G1
Select bank to activate during row address latch
G7, G8 BSO, BS1 | Bank Select |time, or bank to read/write during address latch
time.
A8, B9, B8, C9,
C8, D9, D8, E9, _ Data Input/ ; ; ;
E1 D2 D1, C2, DQO0~DQ15 Output Multiplexed pins for data output and input.
C1, B2, B1, A2
Disable or enable the command decoder. When
G9 CS Chip Select |command decoder is disabled, new command is
ignored and previous operation continues.
Command input. When sampled at the rising edge
F8 RAS Row Address of the clock, RAS, CAS and WE define the
Strobe :
operation to be executed.
Column
CAS
F7 Address Referred to RAS
Strobe
F9 WE Write Enable | Referred to RAS
The output buffer is placed at Hi-Z (with latency of
F1 E8 UDQM Input/Output |2) when DQM is sampled high in read cycle. In write
' LDQM Mask cycle, sampling DQM high will block the write
operation with zero latency.
System clock used to sample inputs on the rising
F2 CLK Clock Inputs edge of clock.
CKE controls the clock activation and deactivation.
F3 CKE Clock Enable |When CKE is low, Power Down mode, Suspend
mode or Self Refresh mode is entered.
A9, E7, J9 Voo Power Power for input buffers and logic circuit inside
DRAM.
AL E3. J1 Vss Ground Ground for input buffers and logic circuit inside
DRAM.
A7, B3, C7, D3 Vv Power for 1/10 Se_parated power from Vcc, used for output buffers
bbQ Buffer to improve noise.
A3, B7, C3, D7 Vsso Ground for /0 Se'parated grqund from Vg, used for output buffers
Buffer to improve noise.
E2 NC No Connection |No connection
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BLOCK DIAGRAM
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7. FUNCTIONAL DESCRIPTION

7.1 Power Up and Initialization

The default power up state of the mode register is unspecified. The following power up and initialization
sequence need to be followed to guarantee the device being preconditioned to each user specific needs.

During power up, all Ve and VcQ pins must be ramp up simultaneously to the specified voltage when the input
signals are held in the "NOP" state. The power up voltage must not exceed Vcc +0.3V on any of the input pins or
Vcc supplies. After power up, 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 up, 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. An additional eight Auto Refresh cycles
(CBR) are also required before or after programming the Mode Register to ensure proper subsequent operation.

7.2 Programming Mode Register

After initial power up, the Mode Register Set Command must be issued for proper device operation. All banks
must be in a precharged state and CKE must be high at least one cycle before the Mode Register Set Command
can be issued. The Mode Register Set Command is activated by the low signals of RAS, CAS, CS and

W E at the positive edge of the clock. The address input data during this cycle defines the parameters to be set
as shown in the Mode Register Operation table. A new command may be issued following the mode register set
command once a delay equal to trsc has elapsed. Please refer to the next page for Mode Register Set Cycle
and Operation Table.

7.3 Bank Activate Command

The Bank Activate command must be applied before any Read or Write operation can be executed. The
operation is similar toRA'S activate in EDO DRAM. The delay from when the Bank Activate command is
applied to when the first read or write operation can begin must not be less than the RAS to CAS delay time
(txcp)- Once a bank has been activated it must be precharged before another Bank Activate command can be
issued to the same bank. The minimum time interval between successive Bank Activate commands to the same
bank is determined by the RAS cycle time of the device (tz ¢ ). The minimum time interval between interleaved
Bank Activate commands (Bank A to Bank B and vice versa) is the Bank-to-Bank delay time (txgrp). The
maximum time that each bank can be held active is specified as tras(max.).

7.4 Read and Write Access Modes

After a bank has been activated, a read or write cycle can be followed. This is accomplished by setting RA'S
high and CA'S low at the clock rising edge after minimum of t; -, delay. W E pin voltage level defines whether
the access cycle is a read operation (W E high), or a write operation (W E low). The address inputs determine
the starting column address. Reading or writing to a different row within an activated bank requires the bank be
precharged and a new Bank Activate command be issued. When more than one bank is activated, interleaved
bank Read or Write operations are possible. By using the programmed burst length and alternating the access
and precharge operations between multiple banks, seamless data access operation among many different
pages can be realized. Read or Write Commands can also be issued to the same bank or between active banks
on every clock cycle.
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7.5 Burst Read Command

The Burst Read command is initiated by applying logic low leveltoCS and CAS while holding RAS and

W E high at the rising edge of the clock. The address inputs determine the starting column address for the burst.
The Mode Register sets type of burst (sequential or interleave) and the burst length (1, 2, 4, 8, full page) during
the Mode Register Set Up cycle.

7.6 Burst Write Command

The Burst Write command is initiated by applying logic low levelto cs, cAs and wE while holding RAS high
at the rising edge of the clock. The address inputs determine the starting column address. Data for the first burst
write cycle must be applied on the DQ pins on the same clock cycle that the Write Command is issued. The
remaining data inputs must be supplied on each subsequent rising clock edge until the burst length is completed.
Data supplied to the DQ pins after burst finishes will be ignored.

7.7 Read Interrupted by a Read

A Burst Read may be interrupted by another Read Command. When the previous burst is interrupted, the
remaining addresses are overridden by the new read address with the full burst length. The data from the first
Read Command continues to appear on the outputs until the CAS latency from the interrupting Read Command
the is satisfied.

7.8 Read Interrupted by a Write

To interrupt a burst read with a Write Command, DQM may be needed to place the DQs (output drivers) in a
high impedance state to avoid data contention on the DQ bus. If a Read Command will issue data on the first
and second clocks cycles of the write operation, DQM is needed to insure the DQs are tri-stated. After that point
the Write Command will have control of the DQ bus and DQM masking is no longer needed.

7.9 Write Interrupted by a Write

A burst write may be interrupted before completion of the burst by another Write Command. When the previous
burst is interrupted, the remaining addresses are overridden by the new address and data will be written into the
device until the programmed burst length is satisfied.

7.10 Write Interrupted by a Read

A Read Command will interrupt a burst write operation on the same clock cycle that the Read Command is
activated. The DQs must be in the high impedance state at least one cycle before the new read data appears on
the outputs to avoid data contention. When the Read Command is activated, any residual data from the burst
write cycle will be ignored.
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7.11 Burst Stop Command

A Burst Stop Command may be used 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, if the burst length is full page. Use of the Burst
Stop Command during other burst length operations is illegal. The Burst Stop Command is defined by having
RAS and CAS high with CS and WE low at the rising edge of the clock. The data DQs go to a high impedance
state after a delay, which is equal to the CAS Latency in a burst read cycle, interrupted by Burst Stop. If a Burst
Stop Command is issued during a full page burst write operation, then any residual data from the burst write

cycle will be ignored.

7.12 Addressing Sequence of Burst Type

The disturb address is varied by the Burst Length as shown in Table.

‘ Order of Accesses Within a Burst
Burst Starting Column Address
Length Type = Sequential | Type = Interleaved
AO
2 0 0-1 0-1
1 1-0 1-0
Al A0
0 0 0-1-2-3 0-1-2-3
4 0 1 1-2-3-0 1-0-3-2
1 0 2-3-0-1 2-3-0-1
1 1 3-0-1-2 3-2-1-0
A2 Al AO
0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
0 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
8 0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
1 0 0 4-5-6-7-0-1 -2-3 4-5-6-7-0-1 -2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1
1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0
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7.13 Auto-precharge Command

If A10 is set to high when the Read or Write Command is issued, then the auto-precharge function is entered.
During auto-precharge, a Read Command will execute as normal with the exception that the active bank will
begin to precharge automatically before all burst read cycles have been completed. Regardless of burst length, it
will begin a certain number of clocks prior to the end of the scheduled burst cycle. The number of clocks is
determined by CA'S latency.

A Read or Write Command with auto-precharge can not be interrupted before the entire burst operation is
completed. Therefore, using of a Read, Write, or Precharge Command is prohibited during a read or write cycle
with auto-precharge. Once the precharge operation has started, the bank cannot be reactivated until the
Precharge time (tr p ) has been satisfied. Issue of Auto-Precharge command is illegal if the burst is set to full
page length. If A10 is high when a Write Command is issued, the Write with Auto-Precharge function is initiated.
The SDRAM automatically enters the precharge operation two clock delay from the last burst write cycle. This
delay is referred to as Write t, g. The bank undergoing auto-precharge can not be reactivated until t,, g and tz p
are satisfied. This is referred to as tp o, Data-in to Active delay (fbaL. =twr +trp). When using the
Auto-precharge Command, the interval between the Bank Activate Command and the beginning of the internal
precharge operation must satisfy tr a s (min).

7.14 Precharge Command

The Precharge Command is used to precharge or close a bank that has been activated. The Precharge
Command is entered when CS, RAS and WE arelowand CAS is high at the rising edge of the clock. The
Precharge Command can be used to precharge each bank separately or all banks simultaneously. The address
bits, A10, BSO and BS1 are used to define which bank(s) is to be precharged when the command is issued. After
the Precharge Command is issued, the precharged bank must be reactivated before a new read or write access
can be executed. The delay between the Precharge Command and the Activate Command must be greater than
or equal to the Precharge time (tzp ).

7.15 Self Refresh Command

The Self-Refresh Command is defined by havingCS, RAS, CAS and CKE held low with W E high at the
rising edge of the clock. All banks must be idle prior to issuing the Self-Refresh Command. Once the command
is registered, CKE must be held low to keep the device in Self-Refresh mode. When the SDRAM has entered
Self Refresh mode all of the external control signals, except CKE, are disabled. The clock is internally disabled
during Self-Refresh Operation to save power. The device will exit Self-Refresh operation after CKE is returned
high. Any subsequent commands can be issued after t; - from the end of Self Refresh command.

If, during normal operation, Auto-Refresh cycles are issued in bursts (as opposed to being evenly distributed), a
burst of 8192 Auto-Refresh cycles should be completed just prior to entering and just after exiting the
Self-Refresh mode.

10



D Pointec PT481616BG

7.16 Power Down Mode

The Power Down mode is initiated by holding CKE low. All of the receiver circuits except CKE are gated off to
reduce the power. The Power Down mode does not perform any refresh operations; therefore the device can not
remain in Power Down mode longer than the Refresh period (tirer) of the device.

The Power Down mode is exited by bringing CKE high. When CKE goes high, a No Operation Command is

required on the next rising clock edge, depending on tck . The input buffers need to be enabled with CKE held
high for a period equal to t; « s (Min) + t: « (Min).

7.17 No Operation Command

The No Operation Command should be used in cases when the SDRAM is in an idle or a wait state to prevent
the SDRAM from registering any unwanted commands between operations. A No Operation Command is
registered when CS is lowwithRAS, CAS, and W E held high at the rising edge of the clock. A No
Operation Command will not terminate a previous operation that is still executing, such as a burst read or write
cycle.

7.18 Deselect Command

The Deselect Command performs the same function as a No Operation Command. Deselect Command occurs
when C S is brought high, the RAS, CAS, and WE signals become don't cares.

7.19 Clock Suspend Mode

During normal access mode, CKE must be held high enabling the clock. When CKE is registered low while at
least one of the banks is active, Clock Suspend Mode is entered. The Clock Suspend mode deactivates the
internal clock and suspends any clocked operation that was currently being executed. There is a one-clock delay
between the registration of CKE low and the time at which the SDRAM operation suspends. While in Clock
Suspend mode, the SDRAM ignores any new commands that are issued. The Clock Suspend mode is exited by
bringing CKE high. There is a one-clock cycle delay from when CKE returns high to when Clock Suspend mode
is exited.

11
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8. TABLE OF OPERATING MODES

Fully synchronous operations are performed to latch the commands at the positive edges of CLK. Table 1 shows
the truth table for the operation commands.

TABLE 1 TRUTH TABLE (NOTE 1, 2)

DEVICE A9-0,

COMMAND phisas CKEN-1| CKEN |DQM BSO0,1/ A10 ,17°7) Ics [RAS [CAS WE
Bank Active Idle H X X Y \% Y L L |/H H
Bank Precharge Any H X X \% 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 \% L \% L H L | L
Write with Autoprecharge Active(3) H X X \% H \% L H L | L
Read Active(3) H X X \% L \% L H L |H
Read with Autoprecharge Active(3) 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 (4) 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
. Idle L H X X X X H| X | X |X
Self-Refresh Exit (SR) L H X X X X L H H | X
Clock Suspend Mode Entry Active H L X X X X X | X | X | X
Idle H L X X X X H| X | X |X
Power Down Mode Entry Active (5) H L | X X | X X |L|H HI X
Clock Suspend Mode Exit Active L H X X X X X X X | X

. Any L H X X X X H X X X

Power Down Mode Exit Power down) L H X X X X L H b
Data Write/Output Enable Active H X L X X X X | X | X | X
Data Write/Output Disable Active H X H X X X X X X | X

Notes:
(1) V = Valid, X = Don't care, L = Low Level, H = High Level
(2) CKEn signal is input level when commands are provided.
(3) These are state of bank designated by BS0,BS1 signals.
(4) Device state is full page burst operation.
(5) Power Down Mode can not be entered in the burst cycle.

When this command asserts in the burst cycle, device state is clock suspend mode.

12
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8.1

Simplified State Diagram

Input

Notes:

MRS = Mode Register Set

REF = Refresh

ACT = Active

PRE = Precharge

WRITEA = Write with Auto Precharge
READA = Read with Auto Precharge

13
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9. ABSOLUTE MAXIMUM RATINGS

PARAMETER SYMBOL RATING UNIT NOTES
Input, Output Voltage Vin, Vour -0.3—Vcc+0.3 \ 1
Power Supply Voltage Vea VecQ -0.3—-4.6 \% 1
Operating Temperature Torr 0—70 °C 1
Storage Temperature Tsto -55—150 °C 1
Soldering Temperature (10s) Teolpern 260 °C 1
Power Dissipation Po 1 W 1
Short Circuit Output Current lout 50 mA 1

Note: Exposure to conditions beyond those listed under Absolute Maximum Ratings may adversely affect the life and reliability of the device.

10. RECOMMENDED DC OPERATING CONDITIONS
(Ta=0to 70C)

PARAMETER SYM. MIN. TYP. MAX. UNIT NOTES
Power Supply Voltage Vee 3.0 3.3 3.6 \% 2
Power Supply Voltage (for I/O
Buffer) VeeQ 3.0 3.3 3.6 Vv 2
Input High Voltage Vi 2.0 ) Ve +0.3 \%
Input Low Voltage Vi -0.3 } 0.8 \% 2

Note:  VIH (max.) = VCC/VCCQ +1 .2V for pulse width <5 nS
VIL (min.) = VSS/VSSQ -1 .2V for pulse width <5 nS

11 CAPACITANCE

(Vee = 2.7V~3.6V, T, =25 C, f = 1MHz)

PARAMETER SYM. | MIN. | MAX. | UNIT
Input Capacitance (A0 to A12, BS0,BS1,CS , RAS , CAS, Cnu - 3.8 pf
WE, DQM, CKE)
Input Capacitance (CLK) Ceik - 3.5 pf
Input/Output capacitance (DQO to DQ15) Co - 6.5 pf

Note: These parameters are periodically sampled and not 100% tested

14
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12. DC CHARACTERISTICS
(Vce = 3.3V 0.3V, Ta = 0°~70°C)

PARAMETER SYM. -6 -7 -75 | UNIT | NOTES
MAX. | MAX. | MAX.

Operating Current 1 bank operation lccr 90 80 75 3
tck = min., tge = min.
Active precharge command
cycling without burst operation
Standby Current CKE =V lcc2 50 40 35 3
tck =min., CS =V
Vit = Vig (min.) /. (max.) CKE =V, lecap > > > 3
Bank: inactive state

(Power down mode)
Standby Current CKE = Viy ccas 10 10 10
CLK = V||_, CS = V|H —
Vit = ViH (mln) /V|L (max.) CKE = Vi, cezps 2 2 2 mA
Bank: inactive state (Power down mode)
No Operating Current CKE =V lces 70 60 55
tck =min., CS =V, (min.)
Bank: active state (2 banks) CKE = Vi cese 10 10 10

(Power Down mode)
Burst Operating Current (tck = min.) lcca 110 100 95 3, 4
Read/ Write command cycling
Auto Refresh Current (tck = min.) lccs 180 170 160 3
Auto refresh command cycling
Self Refresh Current Standard lecs 3 3 3 mA
(CKE =0.2V)
Self refresh mode

PARAMETER SYM. MIN MAX. | UNIT | NOTES
Input Leakage Current
. ||(|_) '5 5 /U’A
(OV=Vin=Vcc, all other pins not under test = 0V)
Output Leakage Current
. loqy -5 5 uA

(Output disable , 0V =Vour =VccQ)
LVTTL Output “H” Level Voltage Vou 2.4 - \V;
(lour =-2 mA)
LVTTL Output “L” Level Voltage VoL - 0.4 \Y,
(lour =2 MA)

15
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13. AC CHARACTERISTICS

(Vee = 3.3V+0.3V, Vgs= 0V, T, =0to 70C, Notes: 5, 6, 7, 8)
PARAMETER SYM. -6 -7 -75 UNIT | NOTES
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
Ref/Active to Ref/Active Command Period tre | 60 56 65 nS
Active to Precharge Command Period tgas| 42 100000 40 100000 45100000
Active to Read/Write
Command Delay Time treo | 18 15 20
Read/Write(a) to Read/Write(b) e 1 1 1 t
Command Period cp cK
Precharge to Active(b) Command Period trp| 18 15 20 nsS
Active(a) to Active(b) Command Period trep| 12 15 15
Write Recovery Time twr| 2 2 tex
2 2
CLK Cycle Time teg| 7-5 | 1000 | 7.5 | 1000 10| 1000 ns
6 | 1000 7 | 1000 | 7.5]1000
CLK High Level Width tey| 29 2.5 2.5
CLK Low Level Width oL | 2.5 2.5 2.5
Access Time from CLK tac 5.4 5.4 6
5.4 5.4 5.4
Output Data Hold Time ton 3 3 3
Output Data High Impedance Time tyy 3 7 3 7 3] 75
Output Data Low Impedance Time tLz 0 0 0
Power Down Mode Entry Time tse 0 7 0 7 0| 7.5
Transition Time of CLK (Rise and Fall) tr | 0.5 1 |05 1 0.5 1
Data-in-Set-up Time tps| 1.5 1.5 15
Data-in Hold Time toy | 0-8 0.8 0.8
Address Set-up Time tae| 1.5 1.5 15
Address Hold Time tyy| 08 0.8 0.8
CKE Set-up Time teks| 1.5 15 1.5
CKE Hold Time togy| 08 0.8 0.8
Command Set-up Time tews | 1.5 1.5 15
Command Hold Time teyn | 0-8 0.8 0.8
Refresh Time torr 64 64 64 mS
Mode Register Set Cycle Time trsc 12 14 15 nS

(L):For low power

16
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Notes:
(1) Operation exceeds "ABSOLUTE MAXIMUM RATING" may cause permanent damage to the devices.
(2) All voltages are referenced to VSS
(3) These parameters depend on the cycle rate and listed values are measured at a cycle rate with the minimum values of tCK and
tRC.
(4) These parameters depend on the output loading conditions. Specified values are obtained with output open.
(5) Power up sequence
(1) Power up must be performed in the following sequence.
(2) Power must be applied to VCC and VCCQ (simultaneously) while all input signals are held in the NOP" state. The CLK
signals must be started at the same time.
(3) After power-up a pause of at least 200 pseconds is required. It is required that DQM and CKE signals then be held
“high” (VCC levels) to ensure that the DQ output is impedance.
(4) All banks must be precharged.
(5) The Mode Register Set command must be asserted to initialize the Mode Register.
(6) A minimum of eight Auto Refresh dummy cycles is required to stabilize the internal circuitry of the device.
(6) AC test conditions.
PARAMETER CONDITIONS
Output Reference Level 1.4Vv/1.4Vv
Output Load See diagram below
Input Signal Levels 2.4v/0.4V
Transition Time (Rise and Fall) of Input Signal 2nS
Input Reference Level 1.av

50 ohms

output 0——F) Z=50ohms (——o

—— 30pF

AC TEST LOAD

Transition times are measured between VIH and VIL.
The defines the time at which the outputs achieve the open circuit condition and is not referenced to output level.

3. These parameters account for the number of clock cycles and depend on the operating frequency of the clock, as follows the
number of clock cycles = specified value of timing/ clock period

(count fractions as whole number)

(1) Tchis the pulse width of CLK measured from the positive edge to the negative edge referenced to VIH (min.).

Tcl is the pulse width of CLK measured from the negative edge to the positive edge referenced to VIL (max.)

17
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14. TIMING WAVEFORMS
14.1 Command Input Timing

Command Input Timin

Vin— i
CLK Vie /

cs

J
¥
42

2

MH

E ji ﬁ
_.— =

femH

fomH

s

..‘_“‘-n

A0-A12
BSO0, 1

CKE f

yigigdgls
ele)

P

~—

M-

—+]
L]

;
;
|
F

~
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14.2 Read Timing

bz I «—10H__o |
Valid Valid
DQ T Date-Dut Data-Out
1
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14.3 Control Timing of Input/Output Data

Input Data
(Word Mask)

CLK 1

DQM

DQO-15 %2 "

(Clock Mask)

CLK 1

CKE
DQO -1 !':|:>Ew
Output Data

(Output Enable)

CLK ?

paM

7 ; H ,
Valid vasie > { vasg
DQO-15 Data-Out Data-Out OPEN \ Dats-Out

F
5

{Clock Mask)

CLK /

Y Ao

fon . 1 fom . I ton . i taon , I
Valid Vil Valid
DQO-15 Data-Out Derngul Deta-Out
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14.4 Mode Register Set Cycle

- [

La=y

R P A 4
> o >

X

Al

Al Burst Length
AZ

A3 | Addressing Mode
Ad

A5 CAS Latency
AG

AT | "0 | {Teast Mads)
A8 | 0" | Reserved
A Yirite Made
AlQ | O

AR

AlZ | 0" | Resarved
BE0 | "0

BS1 | 0

Akt
cammand
Burs: Length
A2 A1 AQ Sequenbal || eaas
[1] 1] i i
[i] 1 e 2
1] i} 4 Fl
g 1 1 ] a
g O
4] r} Remarved R
1 Full Hage
AT Addressng Mads
- [1] Sequerntia
1 Tt e v
B8 ARG A4 LA Latan
(4 I ¢ nemmal
00 1 Hesarsad
1] i} i
[i] i i |
I Heserved
LT Hingle veate Mode
4} Hurst read and Durs: wnke
1 Hurst read ard ung|= wrike
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14.5 Interleaved Bank Read
(Burst Length = 4, CAS Latency = 3)

(CLK = 100 MHz)
Q 1 2 3 4 5 [ 7 8 k] 10 11 12 13 14 15 16 17 18 18 20 21 22 23
For N7 [ I I I O O -
cs L [ L\ T \ | \ o
< RG > >
« e D iR
RAS | [ [ | W N Y O W Y | | O U W A | Vo
« tRis SR S a3 STRES 2 R
< s pe IR L, tRas
CAS T | | [ A w4 J i\ I A N R
WE 1 | [ [ A Y | RN N I | I B N B
BSO
Bs1 i [ Vi B I | L f vl \ | I W W
«—RODL «—IRoD < tacn > < facn >
A10 Yraa) | JrRes )\ |k RAc) 1 [ red) \ I IRMI
RO-AS, may X
A11.12 Xeaw X RBb X cex) [ RaAc) Ycay ™ Yred] Neez [ Rae)
DQM
CKE
ue e B le l« lfi——'r_
ba (a0 Xt oz} aws) (B0 )bt [z Yoz } €T3 E70 £ C2F C
I I
< tRR0 ,— tae > < {RRD > 1RRD >
Bank #0 Active Read Prechargg Active Read al Active
Bank #1 Active Read Precharge Active Read
Bank #2
:] Idle
Bank #3

22
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14.6 Interleaved Bank Read
(Burst Length = 4, CAS Latency = 3, Autoprecharge)

(CLK = 100 MHz)
[+ 1 2 3 4 5 [ T 8 9 10 11 12 13 14 15 16 17 18 19 20 2 22 23
ok Loy 1L gEgEgn
s 7 \ Me L L Jus v
) < e | > o
RAS \: [ [ F 10 711 Y i f F T
< fus: < LI R L > LB
< IRk N PEER LR SN 1Rag
cas T 1 BN (R IR S N Em
WE _J i\ / \ i i\ I i\ | R
BS0
Bst T Ey e \ [ 71T T
g treo ;
A10 el 7 \mml__ T 7Y (R A (2 I ) W L)
AC-A9, _—
A11,12 ARA2) j cAw) RBb] Jesf  [Rac) Xeay { JRBa } Joea]  fRacX
DamMm
CKE
I tagi |, tag tag
DG foto Yoot Xonte Lewa)—— o} e ;
« Iaen r L < fann >~ L] >
Bank #0 Active Read AP* T Active Rleed T AP* T Active
Bank #1 Active Read AP Active Read
Bank #2
] Idle
Bank #3
* AP is the internal precharge start timing
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14.7 Interleaved Bank Read
(Burst Length = 8, CAS Latency = 3)

(CLK = 100 MHz)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 219 22 23
ok — LM gEpipEpigipgEpgEpEpEpips
G\ s \__/ \/ T\ \/ \_/\
. trc N tre N
) tRC
RAST) | | g U — T ] L]
itras tre tras
<+ tre i P - trag il >4 tre
CAS T 11 Vi1 1 | 1 BN R
WE T 11 R 1 LT 1 RN
BSO
Bst 1\ | [ \ [T T T \ ] RN ER
ISURE Y — C | \ (2 [
PeOprae 0 | C3 [ree ] Yeor) ) [eaX
paMm f 1
CKE \
e ~ ne \
DQ 240 J @it | w2z | 933 | axs | axs | a6 | byo | vyt } {oy4 Y ogs [ oye {047 | | cz0
e trRD e irRRD |
™ T |
t t t t4 t t 1
Bank #0 Active Read Precharge Active Read
Bank #1 Precharge Active Read Precharge
Bank#2:] e
Bank #3
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14.8 Interleaved Bank Read
(Burst Length = 8, CAS Latency = 3, Autoprecharge)

(CLK = 100 MHz)
0 1 2 3 4 5 8B 7 8§ 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
PSS [ Iy I e e A 6 6 I
< trRe .
s\ Jf v/ ./ v/ ./ ./
« B
RAS 1 [ I\ \ /il | i\
« L R L
tRAS N ke
CAS ] i\ 1 [ I\ L] I |
WwE _J i\ [ i3 /i [\ [ 1 iy
BSO
Bs1 T} [ 1 i J i\ /i | |
treo trco
+ » ’ treo R + >
A 77 | B == ) 7\ [rac) 1
:ﬁﬁsz J ria ) J che ) | T AT Yrac) Yo )
DQM / i
- -, M\ v
E »—1¢ e
DQ ax0 | axt J a2 { ax3 Y axd ¥ au5 J a6 ¥ ai7 | byo | oy } { b4 ) oys [ oy czo
L tRRD NP iRRD N
™ b 1
t t f 1 t t
Bank#0 Active Read NI’* Active Read
Bank #1 Active Read AP*
Eank#2] dle
Bank #3 * AP is the intemal precharge start timing
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14.9 Interleaved Bank Write
(Burst Length = 8)

(CLK = 100 MHz)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
ck _ Lo . M [ L L L
e T\ J \/ /N / 1 ./ (ST
< e >
RAS 1 J I 1 — A\ [T \ L
. Rk ‘ e < tias
< trvs et
CAS T 1 (R T\ N ER T 1 BN ER
< trocD y < trep N < tReD R
we _J: 1 1i J I\ \ ! | 1 | —
BSO
BST i [ | I i\ J ot Vi f |
Al0 Rk \ Treb ] 1 [ [Ra<X \ r—
AD-AQ, - i .
At 15 ) =) =) o) LD G2
DaM / 1
CKE \ /
DQ {ox0 Y i1 | I]ut]us]mllnr]mlmlm:jml { Ihﬂlhfﬁlﬂﬁlh”lﬁfﬂlc;!illfu
[« L e t - > -
t t t tt ) t 1
Bank #0 Active Write Precharge Active Write
Bank #1 Active Write Precharge
Bank #2
Bank #3 :] e

26



) pointec

PT481616BG

14.10 Interleaved Bank Write
(Burst Length = 8, Autoprecharge)

(CLK = 100 MHz)
10 11 12 13 14 15 16 17 18 19 20 21 22 23
./ 7\ ./
7Y i —
e twp e ths
L] _‘ﬁ‘“‘ v i : ﬁ;ﬁ
\ R [
WE T )| 1 | 1 [
BSO
st \ N W \ [ .
« RO, DR LA B « Fo
mo X T s T Y] T
ACAS, Y uc«ul Y S ) Neic) 1«»:;
Dam
CKE l
pa €0 C10 I ) €3 €1 63 ©) 07 €7 00 £ C3 62 G20 B
< o e Inen >
4 4 1 4 + i
Bank #0 Active Write ﬁ:F"‘ Active Wl:ha
Bank #1 Active Write AP*
Bank #2
" ] Idle ne s ) .
Bank #3 AP is the internal precharge start timing
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14.11 Page Mode Read
(Burst Length = 4, CAS Latency = 3)

(CLK = 100 MHz)
7 8 9 10 11 12 13 14 15 16 17 18 18 20 21 22 23

-4—“*” NP N
S L/ T/
< tras »i< Lo
i< thas »it tee
RAS 1) | I i e | |
cAs T L 1 — 1 [ ] B
WE T T 7 | 7 i\ } i
BSO
351_\ [ 1 i1 1Y J i1 ] 1] F T 1]
R, R,
A10 _=aa] \ ; [reo ) 1 f_l_'l. [ Vi ]
A0-1, Yl Yom (sl |0 ) S T S
Dam
CKE
tac we | _, "'f ;W‘ tac
pQ - ‘abla I_:L]{raa ‘hrﬁl 1 Favo ) Ayt ) a2 ,m[mm:mz‘umlmlue b3 }
HL"I .
A IS B S B
Bank #0 Active Read Read Read Precharge
Bank #1 Active Read Read AP
Bank #2
] Idle
Bank #3

* AP is the intemal precharge start timing
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14.12 Page Mode Read/Write
(Burst Length = 8, CAS Latency = 3)

(CLK = 100 MHz)
1] 1 2 3 4 5 -] T 8 9 10 1M 12 13 14 15 16 17 18 19 20 2 2 23

PTG I I I I I 6 Iy 5

s L L L LJ

lms iRP

RAS 1 [ T 1 , T 1 Y

CAS T 1 (| —\ 1

we _J! | [ | Vi f

BSO

BS1 7} | | | Vi f |

treD

A10 Tra \ ] V0 \ ]
m'lgﬁ RAa CAx Yoy}

DQM J \ I

CKE

L 8D \l MR,
bQ D CACACD 00 G a0 i O3 £3 O
Q:Q:Q:Q:Q DID!DI!D:D
bt t t

Bank #0  Active Read Write Precharge
Bank #1
Barl(ﬂ:] dle
Bank #3
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14.13 AutoPrecharge Read
(Burst Length = 4, CAS Latency = 3)

(CLK = 100 MHz)
[ 1 2 3 4 5 [ 7 8 9 10 1" 12 13 14 16 16 17 18 19 20 F-1l 22 23
(oL Sy Y
o T U L
< tre > e
RAS 1 | I L IBR )
< '-BBS >4 1RP - 5 ¢ {ras e 18P
cas | | | [\ 1/
wE —J i | ]\ T 1 T\
BSO
BS1 1 : [ 1 T 1 ] \
« RoD: « fRED:
A10 (R 7\ Jrae X 71
AO-A9, — —
A11,12 ____ARAaj ACAw | I Rab X AcAx ]
DQM
CKE v
" v
ba Coca 2 c) T T 2 1y
Bank #0 Active Read AP* Active Read AP*
Bank #1
Bank #2
:] Idle
Bank #3
* AP is the internal precharge start timing
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14.14 AutoPrecharge Write
(Burst Length = 4)

(CLK = 100 MHz)

7 8 ] 0 1" 12 13 14 15 16 17 18 19 20 M 2 2

k4
e
b

k4
A

=
|
L

BSO

A0 TRl T 1

AO-A9, ——r

Al1,12

DaMm

0 . el X

CKE

M

DQ 'mmmm‘

r 1

Bank#0 Active Write
Bank #1

Bank #2
] Idle
Bank #3

AP* Active  Write AP* Active

* AP is the intemal precharge start timing
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14.15AutoRefresh Cycle

(CLK = 100 MHz)
0 1 2 3 4 5 6 7 8 9 10 M1 12 13 14 15 16 17 18 19 20 219 22 23
CLK _I_I__I_FI_I_L_I_FI_IFU_I_I'LIFU_I_FUTU_I_FU _I_H_l'\_I_I_FUFI_I_I_FI_
— « B iy thc ] the >
cs \_/ /T
RAS ) | | VT \ i [
CAS ] 1 | | } i Vi
WE T (] T 1 T 1 T
BS0,1
A0 ] i |
AD-A9,
A11,12
DaMm
CKE
DQ
t t t t
:::j;x Auto Auto Refresh (Arbitrary Cyde)
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14.16SelfRefresh Cycle

(CLK = 100 MHz)
'] 1 2 3 4 5 [ 7 8 9 10 1 12 13 14 15 18 17 18 18 20 il 22 23
ClK LTI .5" | JEpEpEpEpEpEpEpEpE NNy
s L J - y/— L J
il |
RAS - L d /l Vi
CAS pn e B v/ BR
WE } i T I /L T 11
BSO,1 7/ Y
A10 IBR! y/k X
A11,12 /i
DaMm v/
ol .
CKE 5 1 \
ks J L |
- /i
oS 7/
< ale trRe o
Self Refresh Cydle : No Operation Cydie T
All Banks .
o, St s O
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14.17 Bust Read and Single Write
(Burst Length = 4, CAS Latency = 3)

(CLK = 100 MHz)
0 1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

ck LMoo L L

cs J L L /

RAS 1 [T 1 - l

(X w— - [

WE T\ 1 L [ [

BSO

Bs1 J: 1 J 1 | 1

A10 _Jreaf \ 1 M1 [
A11,12! _JRBaf - | ) | z Jeawl IERERED

DaMm | [ | | I

CKE

\..tmnz Llwuz
utal s
DQ {ﬂm]ld]gglunl——ﬁa—'—{amllw: {ato Jar1 Jai2 [ ama }
Q Q Q! Q D; D D Q Q Q Q

Bank #0 Active Read Single Write Read

Bank #1

Bank #2

Eank#iij die
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14.18PowerDown Mode

(CLK = 100 MHz)
1 2 ) 3 4 5 B 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

BSOA T3 [T | s Wl s U =

a0~ )me)l \ I E— I E— Y B

A11,12

o o e e« m‘?' <
DQ {=0 o w2 (o8}

A

L

S S N T

Active _ . |NOP Read Precharg 3|NOPActive

+ >

. Precharge Standby
Active Standby
Power Down mode Power Down mode

Fs

Note: The PowerDown Mode is entered by asserting CKE "low".
All Input/Output buffers {except CKE buffers) are turned off in the PowerDown mode.
When CKE goes high, command input must be No operation at next CLK rising edge.
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14.19 Autoprecharge Timing
(Read Cycle)

(1) CAS Latency=2
() burst length =1
Command

10 11

() burst length =4

Command  (Read )

trp

oo

Azcl

=

r

(d) burst length = 8

{cjo){<§1xq2)(c3

(2) CAS Latency=3
{a) burst length =1
Command

Da

Q2 X a3

0 X af

a4 X a5 X a6

X

(b)) burst length = 2

na
( c) burst length = 4

Da

i
-

(d)burst length =8

command  ( Read )

DQ

Qo X a

- (Ad )

Note:

X Q7 ———

represents the Read with Auto precharge command.

represents the start of internal precharging.

represents the Bank Activate command.

QX ai X @z X a3 X ai X a5 Xas

When the Auto precharge command is asserted, the period from Bank Activate command to
the start of internal precgarging must be at least kas{min).
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14.20 Autoprecharge Timing
(Write Cycle)

(1) CAS Latency = 2

o 1 2 3 4 5 6 7 8 9 10 11 12

(s)burstlength=1

Command E Gty

P i —

b0 <oy

(b) burst length =2
Command < Act )

oa <750 XD

(c) burst length = 4 i

Command

pa o X b1 X b2 X
(d) burst length =8
Command

pa < po X b1 X bz X

(2) CAS Latency = 3
burst length =1

@ Command @

——
(b)burstlength=2

Command {Write

Pa—
b0 <X o1
(© burstlength=4 |
Command
pa o X1 X 0z X} D3 )
(d) burst length = 8
Command

m%@XmX¢XWXmX¥XmXW>

i

L

h 4

RP

i
i i i
i i i i
H H H i

Note )
represents the Write with Auto precharge command.

represents the start of internal precharing.

represents the Bank Active command.

When the /auto precharge command Is asserted,the period from Bank Activate
command to the start of intermal precgarging must be at least tRAS {min).
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14.21 Timing Chart of Write-to-Read Cycle
In the case of Burst Length = 4

S

14.22 Timing Chart of Burst Stop Cycle
(Burst Stop Command)

0 1 2 3 4 5 6 7 8 9 10 1
(3) Read cycle i
(a) CAS latency =2 i ! ! !
Command (Read ) :
ba —(qo X a1 X a2 X a3 X a4 )
(b ) CAS latency = 3 i i ; ;
b ————————(0 (@1 (a2 X@s ()
(2) 1 1 i 1

Gommand ( Write ) - (esT
pa<pg X D1 X b2 X D3 X D4 )—

Note: represents the Burst stop command
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14.23 Timing Chart of Burst Stop Cycle

(Precharge Command)

0 1 2 3 4 5 6 7 8 9 10 1N
(1) Read cycle :
(a) CAS latency =2 @@
bQ (QOXQ1XQZXQT3XQ4}
(b) CAS latency =3 (Read)
0Q Cao X ai X az X as X ot )
(2) Write cycle
CAS latency =2 (i CG
(a) atency =2 write Y — PRCG)
. 7T\
pa Q0 X a1 X 02 X a3 X 04 )
(b) CAS latency =3 @ — un PRCG)
b /T \
b =<_Q0 X a1 X @2 X a3 X a4 )
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14.24 CKE/DQM Input Timing
(Write Cycle)

CLKcycleNo. 1 2 3 4 5 6 7
External ——/_\—/ /
CLKI:
Internal —/_\—/
CKE
DQM
DQ ( 3] )( D
CLK cycle No. 1 2

soma—/  \_/
CLK[ Internal _/,_\_/

CKE
DaM

pa { D1 X

CLK cycle No. 1

External /

]
Internal /

CKE
Dam

m<m><o;§><o;x I S R
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14.25CKE/DQM Input Timing
(Read Cycle)
CLKoycleNo. 1 2 3 4 5 8 7
AN S N S N A U A Y A N A N A N
T _/_\_/_\_/’_\_/7V\ N\
CKE N1/
m(Q1)(c;2Xc3)(c»4>*w w@nex
)
ClKcyceNo. | 2 3 4 5 6 7
T (R W S N A W A N R W A N R W
Umema | \/\ /’/\‘\ [\ [ \__
CKE \——/
DQM / \ —
o (a1 X @ X @ X o >>A0p—(j:6>(

1

[\

CLK cycle No.

b

[ External —

CLK

M\
L o _»k_/?:‘#’_\_/_\_/_\_/_\_

pam /T N\
s (@1 X @ X Q3 X @4 X@s X Q6 X

(3)
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14.26 Self Refresh/Power Down Mode Exit Timing

Asynchronous Control
Input Buffer turn on time ( Power down mode exit time ) is specified by €Ks{min) + tck(min)

A ) tcK < tcKs(min)+tck(min)

/N .
CKE /++ t;é;xa(mh}i-thmin) >
Command >< IN::.IOP )D(CommandX:K ){:K_ X

nput Buffer Enable

B) tCK >= tcKs(min) + tCcK (min)

D2 NI e N

CKE % texs{min)+tok{min) -»

Command X COFI'II'I'IEII'Id ><

Input Buffer Enable

CLK

Note )

All Input Buffer(Include CLK Buffer) are turned off in the Power Down mode
and Self Refresh mode

Represents the No-Operation command
Represents one command
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15. PACKAGE DIMENSIONS

15.1VFBGA 54 Balls (8X14X1.0 mm~3, #=0.40mm)

BOTTOM VIEW
TCOP VIEW -
A1 CORNER
Al CORNER []e] r
oY 1 2 3 4 S5 ] 7 8 g k] B 7 3 5 4 3 2 1
=
A O ONS] ZO O |a
B [elNeNe O O O |8
c E' ol eNo) 00O0 |c
] (e eNe o oo |o
E = E‘] 0y e W e ¥ ~y Il
(] LN W W LT NI =
F © 0O 0 O o0 |F
G (O eNe OO |s
H (O oM’ OO Q |H
J ONONO) OO0 ® |J
—
. (=]
[}
o
2 (2]
© i — E —_—
! ! 4 COTROL DIMENSIONS ARE IN MILLIMETERS.
@M ®me) O
I:J. SEATING PLANE 1 1 inch millimeter
b M SYMBOL
~ < = MIN, | NOM. | MAX. | MIN. | NOM.| MAX,
=] A | - | - Joo3e] = [1.0 |1
A1 |ooio| — |o.oi4flozs | —  |oas
@b |o.014| — 0.018|0.35 | — 0.45
I‘_Bu" '-""'d_‘l D |o.549|0.551(0.553)13.95) 14 [14.05
] E |0.313|0.315/0.317|7.05 |8.00 |B.05
¢ ? e |- [oos1|- |- 0.8 |-
EZ 0.252 BASIC 6.40 BASIC
\\/ D2 0.252 BASIC 6.40 BASIC
Ball Opening y |- [- Joeod- [- Jouo
Note: Ball Lond: 0.45mm / Ball opening: 0.35mm
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16. REVISION HISTORY

REVISION DATE PAGE DESCRIPTION
A00 06/21/2005 - Preliminary datasheet.
AO01 06/26/2006 - Add important notice

Pointec products are not designed, intended, authorized or warranted for use as components in systems
or equipment intended for surgical implantation, atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control
instruments, or for other applications intended to support or sustain life. Further more, Pointec products
are not intended for applications wherein failure of Pointec products could result or lead to a situation

Important Notice

wherein personal injury, death or severe property or environmental damage could occur.

Pointec customers using or selling these products for use in such applications do so at their own risk

and agree to fully indemnify Pointec for any damages resulting from such improper use or sales.



