7Z«-PM Tech

PMS307416A

2048K Words x 16 Bits x 4 Banks (128-MBIT)
Synchronous Dynamic RAM

Features

e Clock frequency: 166, 133 MHz

o Fully synchronous; all signals referenced to a
positive clock edge

e Four banks operation

o Single 3.3V power supply

e LVTTL interface

e Programmable burst length
- (1,2, 4, 8, full page)

o Programmable burst sequence:
Sequential/Interleave

Ordering Information

Commercial Range: 0°C to 70°C

Frequency |Speed Part No. Package
166MHz | 6ns | PMS307416ATR-6CN 400-Mil

TSOP Il
133MHz | 7.5ns | PMS307416ATR-75CN | | ead-free

Pin Assignment

OJ

o 4096 refresh cycles every 64 ms vDD []1 @ 54 [[T] VSS
« Random column address every clock cycle VE?I:?S % 2 22 % 3831(5)
3
. Programmablg /CAS latency (2,§clocks? a1 4 51 F] pQ14
o Burst read/write and burst read/single write DQ2 [Is 50 1] DQ13
operations capability vssaQ e 49 I'T] vDDQ
o Burst termination by burst stop and precharge pDQ3 [O]7 48 I'T] DQ12
vbbq e 46 '] vssa
e Byte controlled by LDQ.M and UDQM Das O 10 45 F pa1o
o Packages 400-mil 54-pin TSOP-I| pas O 11 44 I'T1 pQo
o Lead-free package vssq [O]12 43 I'T1 vDDQ
pQ7 013 42 I'T] pQs
VDD % 14 2(1) 1 vss
Overview LDQM 15 1 NC
we ] 16 39 I'M ypam
The PMS307416 is a high-speed CMOS /cAas O 17 38 ' ¢k
synchronous DRAM containing 134,217,728 bits. It is /RAS O] 18 37 [ cke
organized as 4 Banks of 2048K Words x 16 Bits DRAM jcs O 1o 36 I N
with a synchronous interface (all signals are registered Bao 20 351710 aqq
on the positive edge of the clock signal, CLK). Range of Ba1 O 21 341 ag
operating frequencies, programmable burst length and A10/AP ]2 o | A8
programmable latencies allow the same device to be AO ]2 21 A7
useful for a variety of high bandwidth, high performance A1 ]2 1 A6
memory system applications. A2 o 2 0 A5
as 2 2o ED as
27 28
VDD VSS
Pin Descriptions
AO-A11 Address Input /ICAS Column Address Strobe Command
AO0-A11 Row Address Input /WE Write Enable
BAO, BA1 Bank Select Address LDQM Lower Byte, Input/Output Mask
AO-A8 Column Address Input ubQM Lower Byte, Input/Output Mask
DQO0-DQ15 Data DQ VDD Power
CLK System Clock Input VSS Ground
CKE Clock Enable vDDQ Power Supply for DQ Pin
/CS Chip Select VSSQ Ground for DQ Pin
/RAS Row Address Strobe Command NC No Connection

This document is a general product description and subject to change without notice.
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Pin Functions

Symbol Type Function

AO0-A11 Input Address Inputs: A0-A11 are used as row address inputs during active
command input and AO-A8 as column address inputs during read or write
command input. A10 is also used to determine the precharge mode during other
commands. If A10 is LOW during precharge command, the bank selected by
A11 is precharged, but if A10 is HIGH, both banks will be precharged. When
A10 is HIGH in read or write command cycle, the precharge starts automatically|
after the burst access.

BA1, BAO Input Bank Select: Selects bank to be activated during row address latch time.
Selects bank for read/write during column address latch time.
CLK Input Clock: CLK is driven by the system clock. Except for CKE, all inputs to this
device are acquired in synchronization with the rising edge of this pin.
CKE Input Clock Enable: The CKE input determines whether the CLK input is enables

within the device. When CKE is HIGH, the next rising edge of the CLK signal will
be valid, and when LOW, invalid. When CKE is LOW< the device will be in either
the power-down mode, the clock suspend mode, or the self refresh mode. The
CKE is an asynchronous input.

/ICS Input Chip Select: /CS enables (sampled LOW) and disables (sampled HIGH) the
command decoder. All commands are masked when /CS is sampled HIGH. /CS
provides for external bank selection on systems with multiple banks. It is
considered part of the command code.

/IRAS Input Row Address Strobe: /RAS in conjunction with /CAS and /WE, forms the
device command. See the “Command Truth Table” item for details on device
commands.

/ICAS Input Column Address Strobe: /CAS in conjunction with /RAS and /WE, forms the
device command. See the “Command Truth Table” item for details on device
commands.

/WE Input Write Enable: /WE in conjunction with /RAS and /CAS, forms the device
command. See the “Command Truth Table” item for details on device
commands.

LDQM, Input Data Input/Output Mask: LDQM and UDQM coatrol the lower the upper bytes

ubQM of the DQ buffers. In read mode, LDQM and UDQM coatrol the output buffer.

When LDQM or UDQM is LOW, the corresponding buffer byte is enables, and
when HIGH, disables. The outputs go to the HIGH impedance state when
LDQM/UDQM is HIGH. In write mode, LDQM and UDQM coatrol the input
buffer. When LDQM or UDQM is LOW the corresponding buffer byte is enables,
and data can be written to the device. When LDQM or UDQM is HIGH, input
data is masked and cannot be written to the device.

DQO0-DQ15 I/0O Data I/0: DQO-15 are data input/output pins. DQ through these pins can be
coatrolled in byte units using the LDQM and UDQM pins.

NC - No Connect: These pins should be left unconnected.
vDDQ Supply |DQ Power: VDDQ is the output buffer power supply.
VDD Supply |Power Supply: VDD is the device internal power supply.
VSS Supply |Ground: VSS is the device internal ground.
VSSQ Supply |DQ Ground: VSSQ is the output buffer ground

Rev 0.1 2 February 2010
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Block Diagram

CLK O™ Clock
CKE O-»] Generator
| | Bank 3
[ | Bank 2
| | Bank 1
Row
Address l' Address .
: Buf’f;r : 10';
(%] | |
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Register Counter = 1]
_ e & i
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Absolute Maximum Rating

Symbol Parameters Rating Unit

VIN, Vout Input, Output Voltage -0.3 ~ Vpbp+0.3 \%

Vpb, Vbba Power Supply Voltage -1.0~+4.6 Vv

Ta Operating Temperature 0~70 °C

TsTG Storage Temperature -55~+125 °C

Pp Power Dissipation 1 w

los Short Circuit Output Current 50 mA

Note: Permanent device damage may occur if Absolute Maximum Rating are exceeded.
Functional operation should be restricted to recommended operating condition.
Exposure to higher than recommended voltage for extended periods of time could affect device
reliability.

Recommended DC Operating Conditions (Ta = 0~70°C)

Symbol Parameter Min. Typ. Max. Unit Note

Vb, Vbba Power Supply Voltage, 3.0 3.3 3.6 \%

VIH Input High Voltage 2.0 3.0 Vop + 0.3 Vv 1

ViL Input Low Voltage -0.3 0 0.8 V 2

VoH Output High Voltage 24 - - \Y loH = -2mA

VoL Output Low Voltage - - 0.4 V loL = -2mA

I Input Leakage Voltage -5 - 5 pA 3

loL Output Leakage Voltage -5 - 5 uA 4
Note:

1. ViHmax) = Vbp + 2.3V AC for pulse width < 3ns acceptable.

2. Vimin) = Vss- 2.0V AC for pulse width < 3ns acceptable.

3. Anyinput OV <VIN < Vbp, all other pins are not under test = OV.
4. Vour is disabled, OV < Vout < VbD

Capacitance (Vpp = 3.3V, Vger=1.4+/-200mV, f = 1MHz, Ta = 23°C)

Symbol Parameter Typ. Max. Unit

Cint Input Capacitance: CLK 25 3.5 pF
Input Capacitance: (CKE, /CS, /RAS, /CAS, /WE, LDQM,

Cinz2 UDQM) 2.5 3.8 pF

Cing Input Capacitance: Address 2.5 3.8 pF

Cuo Input/Output Capacitance: DQ0-DQ15 4.0 6.0 pF

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

Rev 0.1 4 February 2010
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DC Characteristics (Vpp = 3.3V £ 0.3V, Ta = 0~70°C)

Parameter/Test condition Symbol Unit
-6 -75

Operating Current
trc > trc(min), Outputs Open IoD1 120 100
One bank active

Precharge Standby Current in power down mode

tck = tek(min), CKE < ViL(max) Ibo2p 5

Precharge Standby Current in power down mode

tck = w0, CKE < ViL(max) Ipb2Ps 2

Precharge Standby Current in non-power down mode
tck = tck(min), /CS > ViH(min), CKE > Vi Iob2N 35
Input signals are changed very 2CLKs

Precharge Standby Current in non-power down mode

tck = oo, CLK < Vj (max), CKE > V4 Ibp2ns 20

Active Standby Current in power down mode lbosp 35
tck = tck(min), CKE < ViL(max) mA

Active Standby Current in power down mode

tck = oo, CKE < ViL(max) Iobsps 20

Active Standby Current in non-power down mode
tck = tck(min), CKE > ViH(min), /CS > ViH(min) IpD3N 60
Input signals are changed very 2clks

Active Standby Current in non-power down mode

CKE > Vin(min), CLK < ViL(max), tck = o lopans 30
Operating Current (Burst mode)
tck =tck(min), Outputs Open, All banks active Ipp4 140 125
Refresh Current
trc > tre(min) Iops 150 135
Self Refresh Current | 5
CKE <0.2V DD6

Note:

1. Ipp1, Ibp2n, Ibb2pr, IDD3N, IDD4, and Ibps depend on the cycle rate and these values are measured by the
cycle rate under the minimum value of tck and trc. Input signals are changed one time during tck.

2. Ipop1 and Ibp4 depend on the output loading. Specified values are obtained with the output open.

Rev 0.1 5 February 2010
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AC Characteristics (Vop = 3.3V £ 0.3V, Ta = 0~70°C)"*%
Parameter Symbol _ © : 7o Unit | Note
Min. Max. Min. Max.
Clock Cycle Time c=3 foxs ° Il N W 1
CL*= teke 10 — 10 —
Clock High Time ten 2.5 — 2.5 —
Clock Low Time teL 2.5 — 25 —
Access Time from CLK CL*=3 tacs — — 5.4 12
(positive edge) CL* = taco — — 6
Data Output Hold Time ton 25 — 2.7 — 2
Data Output Low Impedance tLz 0 — 0 —
Data Output High Impedance thz 6 7 4
Data/Address/Control Input Setup Time tis 1.5 - 1.5 - 3
Data/Address/Control Input Hold Time tin 1 - 1 — ns 3
Command Period (ACT to ACT) tre 60 — 63 —
Command Period (ACT to PRE) tras 42 100K 45 100K
Command period (PRE to ACT) trp 18 - 20 —
Act.ive Command to Reac;l trco 18 . 20 .
Write Command Delay Time
Command Period (ACT[0] to ACT[1]) trrD 12 - 15 —
Input Data to Precharge Command Delay Time topL 12 - 15 —
Write Recovery Time twr 12 — 15 —
DQM Write Mask Latency toaw 0 — 0 —
Transition Time ty 0.3 8 0.5 10
Auto Refresh Cycle Time trrc 60 - 70 -
Last Data into Active Latency toaL S - 5 —
CAS to CAS Delay Time tceo 1 - 1 — CLK
DQM Data Out Disable Latency tbaz 2 — 2 —
Self Refresh Exit Time tsrex 1 — 1 —
Refresh Cycle Time (4096) trer - 64 - 64 ms

* CL is CAS# Latency.

Note:

1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.

3. Assumed input rise and fall time (tr & tf) = 1ns.

If tr & tf is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + tf)/2-1]ns should be added to the parameter.

4. Referenced to the time at which the output achieves the open circuit condition, not to output voltage

levels.

Rev 0.1

February 2010
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AC Operating Test Conditions (Vpp = 3.3V £ 0.3V, Ta = 0~70°C)

Parameter Value
Input Signal Levels (Viu/V,.) 2.4V [ 0.4V
Reference Level of Output Signals 1.4V
Output Load Reference to the Under Output Load (B)
Transition Time (Rise and Fall) of Input Signals 1ns
Reference Level of Input Signals 1.4V
3.3V 1.4V
1.2kQ 500
Z0=50Q
Output Output
L 50pF
7J/750"F 8700 71
LVTTL D.C. Output Load (A) LVTTL A.C. Test Load (B)

tsETUP ¢
«—{HoLo—
Input 1.4V
tac | ~—toH
-—— ILZ
Output 1.4V

Input Waveform

Rev 0.1 7 February 2010
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Commands

Mode Register Set Command
(/CS, IRAS, /CAS, /IWE = LOW)

The mode register stores the data for coatrolling the various operating modes of SDRAM. It programs the
CAS latency, burst type, burst length, test mode and various vendor specific options to make SDRAM useful
for variety of different applications. The default value of the mode register is not defined, therefore, the mode
register must be written after power up to operate the SDRAM. The mode register is written by asserting
LOW on /CS, /RAS, /CAS, and /WE (The SDRAM should be in active mode should be in active mode with
CKE already high prior to writing the mode register). The state of address pins A0-A11 and BAO-BA1 in the
same cycle as/CA, /RAS, /CAS, and /WE going LOW is the data written in the mode register. Two clock
cycles are required to complete the write in the mode register. The mode register contents can be changed
using the same command and clock cycle requirements during operation as long as all banks are in the idle
state. The mode register is divided into various fields into depending on functionality. The burst length field
use A0-A2, Burst type uses A3, /CAS latency (read latency from column address) use A4-A6, vendor
specific options or test mode use A7-A8, A10/AP-A11 and BAO-BA1. The write burst length is programmed
using A9. A7-A8, A10/AP-A11, and BAO-BA1 must be set to low for normal SDRAM operation. Refer to the
table for specific codes for various burst length, burst type and /CAS latency.

Active Command
(/CS, IRAS = LOW, /CAS, /WE = HIGH)

This SDRAM includes four banks of 4,096 rows each. This command address BAO-BA1 selects one of the
fours banks according and activates the row selected by the pins A0 to A11. This command corresponds to
the fall of the /RAS signal from HIGH to LOW in conventional DRAMs.

Precharge Command
(/CS, IRAS, /IWE = LOW, /CAS = HIGH)

This command begins precharge operation of the bank selected by pins A10/AP and BAO—-BA1. When A10
is HIGH, all banks are precharged at the same time. When A10 is LOW, the bank selected by BAO—BA1 is
precharged. After executing this command, the next command for the selected bank(s) is executed after
passage of the period tgp, Which is the period required for bank precharging. This Command corresponds to
the /RAS signal from LOW to HIGH in conventional DRAMs.

Read Command
(/CS, ICAS = LOW, /RAS, /WE = HIGH)

This command selects the bank specified by the BAO—BA1 pins and begins a burst read operation at the
start address specified by pin AO to A11. Data is output following /CAS latency. The selected bank must be
activated before executing this command. This Command corresponds to the /RAS signal from LOW to
HIGH in conventional DRAMs. When the A10/AP pin is HIGH, this command functions as a read with Auto
Precharge command. After the burst read completes, the bank selected by pin A11 is precharged. When
A10 pin is LOW, the bank selected by the A12-A13 pins remains in the activated state after the burst read
completes.

Write Command
(/CS, ICAS, /IWE = LOW, /RAS = HIGH)

When burst write mode has been selected with the mode register set command, this command selects the
bank specified by the BAO-BA1 pins pin and begins a burst write operation at the start address specified by
pins A0 to A11. This first data must be input to the DQ pins in the cycle with this command. The selected
bank must be activated before executing this command. When A10/AP pin is HIGH, this command functions
as a write with Auto Precharge command. After the burst write completes, the bank selected by pin BAO-
BA1 is precharged. When the A10/AP pin is LOW, the bank selected by the BAO—BA1 pins remains in the
activated state after the burst write completes.

Rev 0.1 8 February 2010
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Auto Refresh Command
(/CS, IRAS, /CAS = LOW, /WE, CKE = HIGH)

This command executes the Auto Refresh operation. The row address and bank to be refreshed are
automatically generated during this operation. All banks must be placed in the idle state before executing
this command. The stipulated period (trc) is required for a single refresh operation, and no other commands
can be executed during this period. The SDRAM goes to the idle state after the internal refresh operation
completes. This command must be executed at least 4096 times every 64ms. This command corresponds to
CBR Auto Refresh in conventional DRAMs.

Self Refresh Command
(/CS, IRAS, /ICAS, CKE = LOW, /WE = HIGH)

This command executes the Self Refresh operation. The row address, the bank, and the refresh interval to
be refreshed are automatically generated internally during this operation. The Self Refresh operation is
started by dropping the CKE pin from HIGH to LOW. The Self Refresh operation continues as long as the
CKE pin remains LOW and there is no need for external coatrol of any other pins. The Self Refresh
operation is terminated by raising the CKE pin from LOW to HIGH. The next command cannot be executed
until the SDRAM internal recovery period (trc) has elapsed. After the Self Refresh, since it is impossible to
determine the address of the last row to be refreshed, an Auto Refresh should immediately be perfomed for
all addresses (4,096 cycles).

Burst Stop Command
(/CS, IWE = LOW, /RAS, /CAS = HIGH)

This command forcibly terminates burst read and write operations. When this command is executed during a
burst read operation, data output stops after the /CAS latency period has elapsed.

No Operation
(/CS =LOW, /RAS, /ICAS, /IWE = HIGH)
This command has no effect on the SDRAM.

Device Deselect Command
(/CS = HIGH)

This command does not select the SDRAM for an object of operation. In other words, it performs no
operation with respect to the SDRAM.

Power Down Command

(CKE = LOW)

When both banks are in the idle state, or when at least one of the banks is not in the idle state, this
command can be used to suppress device power dissipation by reducing device internal operations to the
absolute minimum. Power Down mode is started by dropping the CKE pin from HIGH to LOW. Power Down
mode continues as long as the CKE pin is held LOW. All pins other than CEK pins are invalid and none of
the other commands can be executed in this mode. The Power Down operation is terminated by raising the
CKE pin from LOW to HIGH. The next command cannot be executed until the recovery period (tcka) has
elapsed. Since this command differs from the Self Refresh command described above in that the refresh
operation is not performed automatically internally, the refresh operation must be performed within the
refresh period (trer). Thus the maximum time that Power Down mode can be held is just under the refresh
cycle time.

Rev 0.1 9 February 2010
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Clock Suspend
(CKE = LOW)

This command can be used to stop the SDRAM internal clock temporarily during a read or write cycle. Clock
Suspend mode is started by dropping the CKE pin from HIGH to LOW. Clock suspend mode continues as
long as the CKE pin is held LOW. All input pins other than the CKE pin are invalid and none of the other
commands can be executed in this mode. Also note that the SDRAM internal state is maintained. Clock
Suspend mode is terminated by rising the CKE pin from LOW to HIGH, at which point SDRAM operation
restarts, the next command cannot be executed until the recovery period (tcka) has elapsed. Since this
command differs from the Self Refresh command described above in that the refresh operation is not
performed automatically internally, the refresh operation must be performed within the refresh period (trer).
Thus the maximum time that Clock Suspend mode can be held is just under the refresh cycle time.

Rev 0.1 10 February 2010
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Command Truth Table®?
Command Symbol |CKEn-1| CKEn | /CS |/[RAS|/CAS|/WE |DQM|BAO-BA1|A10|A0-Al11| DQ
Mode Register Set(34) MRS H X L L L X OP CODE X
Auto Refresh() REF H L L L H | X X X X |High-Z
Self Refresh(5.6) SREF H L L L L H | X X X X |High-Z
Precharge Selected Bank |PRE H X L L H L X \% L X X
Precharge All Banks PALL H X L L H L X X H X X
Bank Activate(” ACT H X L L H H X \Y Row address| X
Write WRIT H X L|H L L X \Y% L Column X
pyrte and glto WRITA | H | X |L|H|L|L|X vy [address™ oy

recharge(®)

Read®) READ H X L | H L H | X \% L | coumn X
Read and Auto precharge®|READA| H | X | L | H | L | H | X v H [address™] Ty
Burst Stop(®) BST H X L|H H L X X X X X
No Operation NOP H X L H H H X X X X X
Device Deselect DESL H X H| X X X X X X X X
Clock Suspend Mode SBY L X X X X X X X X X X
Data Write/Output Enable |ENB H X X | X X X L X X X Active
Data Mask/Output Disable |MASK H X X | X X | X H X X X High-Z
DQM Truth Table®?
Command Symbol CKEn-1 CKEn UDQM | LDQM
Data Write/Output Enable ENB H X L L
Data Mask/Output Disable MASK X H H
Upper Byte Data Write/Output Enable ENBU H X L X
Lower Byte Data Write/Output Enable ENBL H X X L
Upper Byte Data Mask/Output Disable MASKU H X H X
Lower Byte Data Mask/Output Disable MASKL H X X H
Rev 0.1 11 February 2010
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CKE Truth Table®?
Command Symbol |Current State |CKEn-1|CKEn|/CS |/RAS|/CAS|/WE |BAO-BA1|A10|A0-Al1l
atart Clock Suspend | spNp [ Active H | L | x| x| x]|x X X | x
ode
Clock Suspend — Other States L L X X X X X X X
Terminate Clock Clock
Suspend Mode T Suspend L HOp X X X X X X X
Auto Refresh REF Idle H H L L L H X X X
Start Self Refresh Mode |SELF |Idle H L L L L H X X X
i L H L H H H X X X
;\I’/lergnnate Self Refresh SELFX |Self Refresh
ode L H H X X X X X X
H L L H H H X X X
Start Power Down Mode|PDWN |Idle
H L H X X X X X X
Terminate PowerDown | lpowerpown | L | H | X | x | x [ x| x |x]| x
Mode
Rev 0.1 12 February 2010
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Operation Command Table*?
Current State| Command Operation ICS |/IRAS |/CAS| /WE |BAO-BA1|A10|A0-Al11
DESL No Operation or Power Down®| H X X X X X X
NOP No Operation or Power Down'"?| L H H X X X
BST lllegal L H H L X X X
READ/READA |lllegal L | H L | H Y% v | v
ldle WRIT/WRITA | lllegal L | H L | L v v | v
ACT Row Active L | L | H|H Y v | v
PRE/PALL No Operation L L H L V \% X
REF/SELF Auto Refresh or Self Refresh L L L H X X X
MRS Mode Register Set L L L L OP CODE
DESL No Operation H X X X X X X
NOP No Operation L H H H X X X
BST lllegal L H H L X X X
READ/READA |Read Start!'” L| H|L|H % v | Vv
Row Active | WRIT/WRITA | Write Start”” L| H|L]|L % v | Vv
ACT lllegal™® L L H | H v v | v
PRE/PALL Precharge'™® L L H | L Y% Y% X
REF/SELF lllegal L L L H X X X
MRS lllegal L L L L OP CODE
Burst Read Continues, Row
DESL Active When Done H X X X X X X
Burst Read Continues, Row
NOP Active When Done L H H H X X X
BST Burst Interrupted, Row Active L H H L X X X
After Interrupt
READ/READA Burst Read ContlnL(J1eG)s to /CAS L H L H v v WAL
latency, New Read
Read
Burst Interrupted, Write Start (18)
WRIT/WRITA After Interrupt(“’m) L H L L \ \ \Y
ACT llegal"” L | L | H|H Y v | Vv
Burst Read Interrupted,
PRE/PALL Precharge After Interrupt L L H L v v X
REF/SELF lllegal L L L H X X X
MRS lllegal L L L L OP CODE
Rev 0.1 13 February 2010
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Operation Command Table®? cont)
Current State| Command Operation /ICS |/IRAS|/CAS|/WE | BAO-BA1|A10{A0-A11
DESL Burst Write Continues, Write H X X X X X X
Recovery When Done
Burst Write Continues, Write
NOP Recovery When Done L H H H X X X
BST Burst Write Interrupted, Row Active L H H L X X X
After Interrupt
READ/READA Zt:rstIV\{rlte Ir][}%rupted, Read Restart L H L H Vv Vv V(18
Write er Interrup
WRIT/WRITA Burst Write In}ﬁr%])pted, Write Restart L H L L Vv Vv V(18
After Interrupt
ACT llegal™® L| L |HI|H Y, v | v
PRE/PALL Burst Write Interrupted, Precharge L L H L Vv Vv X
After Interrupt
REF/SELF llegal X X X
MRS llegal L L L L OP CODE
DESL Burst Read Continues, Precharge H X X X X X X
When Done
NOP Burst Read Continues, Precharge L H H H X X X
When Done
BST llegal L H H L X X X
Ejgd With | READ/READA | llegal ™ Ll H|L]|H v oo v | v
Precharge  |WRIT/WRITA |lllegal"” L|H|L|L Y, v | v
ACT lllegal™® L| L | H]|H \Y; v | V1
PRE/PALL llegal™® Ll L | HI|L Y, v X
REF/SELF llegal L L L H X X X
MRS llegal L L L L OP CODE
Burst Write Continues, Write
DESL Recovery and Precharge When Done H X X X X X X
Burst Write Continues, Write
NOP Recovery and Precharge When Done L H H H X X X
BST llegal L H H L X X X
mtoe With | READ/READA |lllegal™ Ll H|L]|H v oo v | v®
Precharge  |WRIT/WRITA |lllegal”’® L|H|L|L Y, v | v
ACT llegal™® L| L |HI|H Y, v | v
PRE/PALL llegal”™® Ll L | HI|L Y, Y, X
REF/SELF llegal L L L H X X X
MRS llegal L L L L OP CODE
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Operation Command Table®? cont)
Current State| Command Operation ICS |/IRAS |/ICAS| /WE %:a A10 |AO-All
DESL No Operation, Idle State After H X X X X X X
tre Has Elapsed
NOP No Operation, Idle State After L H H H X X X
tre Has Elapsed
BST lllegal L| H | H/|L X X X
Row READ/READA |lllegal”'® L | H L | H Y, v | v
Precharge  [\WRIT/WRITA |lllegal™ H| L |L v v | v
ACT lllegal”™® L L H | H Y, v | v
PRE/PALL No Operation L L H L \% \% X
REF/SELF lllegal L L L | H X X X
MRS lllegal L L OP CODE
No Operation, Row Active
DESL After trcp Has Elapsed H X X X X X X
No Operation, Row Active
NOP After trcp Has Elapsed L H H H X X X
BST lllegal L| H | H/|L X X X
Immediately peap/READA |lllegal™ Ll H|L]|H v v | v®
Following
Row Active  |WRIT/WRITA |lllegal™® L | H L | L Y, v | Vv
ACT llegal'®™ L L H | H Y, v | v
PRE/PALL lllegal”™® L L H | L v Y, X
REF/SELF lllegal L L L | H X X X
MRS lllegal L L L | L OP CODE
No Operation, Row Active
DESL After tp p Has Elapsed H X X X X X X
No Operation, Row Active
NOP After tp p Has Elapsed L H H H X X X
No Operation, Row Active
BST After tp p Has Elapsed L H H L X X X
\F’{Végﬁvery READ/READA |Read Start L|H|L|H Vv VARV
WRIT/WRITA |Write Start L | H L | L Y, v | v
ACT lilegal™® L L H | H Y, v | v
PRE/PALL lllegal”™® L L H | L v Y, X
REF/SELF lllegal L L L | H X X X
MRS lllegal L L L | L OP CODE
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Operation Command Table®? cont)
Current State| Command Operation /ICS |/IRAS |/CAS | /WE |BAO-BA1| A10 |A0-Al1
No Operation, Idle State
DESL After tpa. Has Elapsed H X X X X X X
No Operation, Row Active
NOP After tp p Has Elapsed L H H H X X X
No Operation, Row Active
Write BST After tp.p Has Elapsed L H H L X X X
Recovery (10) (18)
With Auto READ/READA |lllegal L | H L | H Y, V|V
Precharge  |WRIT/WRITA |lllegal™® L | H L L v VAR RVA
ACT lllegal”™® L L H | H Y VAR RVA
PRE/PALL lllegal”™® L L H | L v v X
REF/SELF lllegal L L L | H X X X
MRS lllegal L L L L OP CODE
No Operation, Idle State
DESL After trc Has Elapsed H X X X X X X
No Operation, Idle State
NOP After trc Has Elapsed L H H H X X X
BST lllegal L | H H | L X X X
(18)
Refresh READ/READA |lllegal L | H L | H v V|V
WRIT/WRITA |lllegal L | H L L v VAR RVAR
ACT lllegal L L H | H v VAR RVAR
PRE/PALL lllegal L L H | L Y, Y, X
REF/SELF lllegal L L L | H X X X
MRS lllegal L L L L OP CODE
DESL No Operation H X X X X X X
NOP No Operation L H H H X X X
BST lllegal L | H H | L X X X
Mode READ/READA | lllegal Ll H|L|H v | v | v®
Register Set
WRIT/WRITA |lllegal L | H L L Y, v | v
ACT Band and Row Active L L H | H Y, v | v
PRE/PALL No Operation L L H | L Y% v X
REF/SELF Refresh L L L | H X X X
MRS Most Register Set L L L L OP CODE
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Note for Command Rule Table, DQM Truth Table, CKE Truth Table, Operation Command Table:

1

2.
3.
4
5

14.
15.
16.
17.

18.

H: HIGH level input, L: LOW level input, X: HIGH or LOW level input, V: Valid data input.

All input signals are latched on the rising edge of the CLK signal.

Both banks must be placed in the idle state in advance.

The states of the A0 to A11 pins are loaded into the mode register as an OP CODE.

The row address is generated automatically internally at this time. The DQ pin and the address pin data
are ignored.

During a self refresh operation, all pin data (states) other than CKE is ignored.

The selected bank must be placed in the idle state in advance.

The selected bank must be placed in the active state in advance.

This command is valid only when the burst length set to full page.

. This is possible depending on the state of the bank selected by the BAO, BA1 pins.
. Time to switch internal busses is required.
. The device can be switched to power down mode by dropping the CKE pin LOW when both banks in the

idle state. Input pins other than CKE are ignored at this time.

. The device can be switched to self refresh mode by dropping the CKE pin LOW when both banks in the

idle state. Input pins other than CKE are ignored at this time.

Possible if trrp is satisfied.

lllegal if tras is not satisfied.

The conditions for burst interruption must be observed. Also note that the device will enter the
precharged state immediately after the burst operation completes if auto precharge is selected.
Command input becomes possible after the period trcp has elapsed. Also note that the device will enter
the precharge state immediately after the burst operation completes if auto precharge is selected.

A8, A9 = don't care.

CKE Command Truth Table®

Current State | Operation CKEn-1|CKEn

9
)

Self Refresh

Undefined

T
x
x
x

X

>

/IRAS|/CAS|/WE|BAO-BA1|A10|A0-All

Self Refresh Recovery?

Self Refresh Recovery®

llegal®

llegal®

Self Refresh

Self Refresh lllegal
Recovery llegal

Idle State After trc Has Elapsed

Idle State After trc Has Elapsed

lllegal

lllegal

lllegal

rlrir|T|r|- |- |IT|X|- |- |- |XI|X

XIX|IX|IX[X|X|X[X[X|X|X]|X]|X]|X

XIX|IX|X[X|X|X[X[|X|X|X]|X]|X]|X

I|IT|T|T|T|lT|T|xT|rr |||\
r|ir|lr|r|lIX| T IT|IT|r|IT|IT|XIT|=XI
r|IT|I|X|r|IT|IT|X|X|r|T|XT|X
X| F|IT|X|X|r|IT|X|X|X|rr|XIT|X
XIX[I[X|[X|IX[X[|X]|X|X[|X]|X|X]|X
XIX[IX|X|IX|IX[|X|X|X[|X]|X|X]|X

lllegal
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CKE Command Truth Table® (cont)

Current State |Operation CKEn-1|CKEn |/CS |/IRAS|/CAS|/WE %’22 A10|A0-Al11
:)nc:/xg?,dg\ll_vﬁ(n-ﬂ would exit H X x | x X X X X X

Power Down Exit Power Down L H H| X X | X X X X
Exit Power Down L H L H H H X X X
Power Down Mode L L X X X X X X X
See Operation Command Table H H H X X X X X X
See Operation Command Table H H L H X X X X X
See Operation Command Table H H L L H X X X X
Auto Refresh H H L L L H X X X
See Operation Command Table H H L L L L OP CODE

All Banks ldle Begin Power Down Next Cycle H L H X X X X X X
See Operation Command Table H L L H X X X X X
See Operation Command Table H L L L H X X X X
Self Refresh®® H L |L|L|[L|H X X | X
See Operation Command Table H L L L L L OP CODE
Exit Power Down Next Cycle L H X | X X X X X X
Power Down Mode® L L | X| X | X |[X X X | X

Row Active See Operation Command Table H X X | X X X X X X
Clock Suspend L X X | X X X X X X
See Operation Command Table H H X X X X X X X
Clock Suspend On Next Cycle” | H L [ X]| X | X | X X X X

Other States Clock Suspend Termination On L H x | x x | x X X X
Next Cycle
Maintain Clock Suspend L L X | X X | X X X X

Note:

1. H: HIGH level input, L: LOW level input, X: HIGH or LOW level input.
2. The CLK pin and the other input are reactivated asynchronously by the transition of the CKE level from
LOW to HIGH. The minimum setup time (tcka) required before all commands other than mode
termination must be satisfied.
3. All banks must be set to the idle state in advance to switch to power down mode or self refresh mode.
4. The input must be command defined in the Operation Command Table.
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Bank Selection and Precharge Address Allocation

Bank active at read/write are coatrolled by BAO-BA1.

BAO BA1 Active & Read/Write
0 0 Bank 0
1 0 Bank 1
0 1 Bank 2
1 1 Bank 3

Enable and disable Auto Precharge function are coatrolled by A10/AP and BAO-BAL in read/write
command

A10/AP BAO BA1 Operation

0 0 Disable Auto Precharge, leave Bank 0 active at end of burst
1 0 Disable Auto Precharge, leave Bank 1 active at end of burs

0 0 1 Disable Auto Precharge, leave Bank 2 active at end of burs
1 1 Disable Auto Precharge, leave Bank 3 active at end of burs
0 0 Enable Auto Precharge, precharge Bank 0 at end of burst

1 1 0 Enable Auto Precharge, precharge Bank 1 at end of burst
0 1 Enable Auto Precharge, precharge Bank 2 at end of burst
1 1 Enable Auto Precharge, precharge Bank 3 at end of burst

A10/AP and BAO-BAL1 coatrol bank precharge when precharge is asserted

A10/AP BAO BA1l Precharge
0 0 0 Bank 0
0 1 0 Bank 1
0 0 1 Bank 2
0 1 1 Bank 3
1 X X All Banks

Rev 0.1 19 February 2010



PieceMakers Confidential and Proprietary

7Z-PM Tech PMS307416ATR

Simplified State Diagram

POWER
APPLIED

Note:

WRITEA
SUSPEND

SR ENTR

SR EXIT

AUTO !
REFRESH

MODE REFRESH

REGISTER |l

ACTIVE ACTIVE

CLOCK
SUSPEND

READ
WITH

AP\

- WRITE

SUSPEND

READA
SUSPEND

WRITE

WITH AP READ

WITH AP

WITH AP

RRECHARGE

POWER
ON

PRECHARGH

PRECHARG

Automatic transition after completion of command.

Transition resulting from command input.

After the Auto Refresh operation, Precharge operation is performed automatically and
enter the IDLE state.
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Function Descriptions

Power-up sequence

1. Apply VDD and VDDQ at the same time. Keep CKE low during power up.
2. Wait for stable power.

3. Start clock and drive CKE high.

Note : Voltage on any input pin must not exceed VDD+0.3V during power up.

Initialization Sequence

4. After stable power and stable clock, wait 200 ps.

5. Issue precharge all command (PALL).

6. After tRP delay, set 2 or more auto refresh commands (REF).

7. Set the mode register set command (MRS) to initialize the mode register.

Note : We recommend keeping DQM and CKE high during Initialization sequence to prevent data contention
on the DQ bus.

, 100 ps | 200 us
- - =
VDD, VDDQ 0V e | S )
CKE, Low | i 1S )
UDQM, LDQM |

o Lo piglipinByEnlnliie

/CS, DQ —Low

A

Power stabilize
Power Up Sequence and Initialization Sequence

Mode Register Settings

The mode register set command sets the mode register. When this command is executed, pins A0 to A9,
A11, A10, and A12-A13 function as data input pins for setting the register, and this data becomes the device
internal OP CODE. This OP CODE has fields as listed in the table below.

Input Pin Field

A9 Write Mode
A6, A5, A4 /CAS Latency
A3 Burst Type
A2, A1, AO Burst Length

Note that the mode register set command can be executed only when both banks are in the idle state. Wait
at least two cycles after executing a mode register set command before executing the next command.

/CAS Latency

During a read operation, between the execution of the read command and data output is stipulated as the
/ICAS latency. This period can be set using the mode register set command. The optimal /CAS latency is
determined by the clock frequency and device speed grade. See the table of Operating Frequency / Latency
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Relationships for details on the relation ship between the clock frequency and the /CAS latency. See the
table of the Mode Register for details.

Burst Length

When writing or ready, data can be input or output data continuously. In these operations, an address is
input only once and that address is taken as the starting address internally by the SDRAM. The SDRAM
then automatically generates the following address. The burst length field in the mode register stipulates the
number of data items input or output in sequence. In the SDRAM, a burst length of 1, 2, 4, 8, or full page can
be specified. See the table of the Mode Register for details.

Burst Type

The burst data order during a read or write operation is stipulated by the burst type, which can be set by the
mode register set command. The SDRAM supports sequential mode and interleaved mode burst type
settings. See the table of the Mode Register for details. Also see the table of Burst Length and Column
Address Sequence for details on DQ data orders in these modes.

Rev 0.1 22 February 2010



PieceMakers Confidential and Proprietary

7Z-PM Tech

Mode Register Operation
Address | BA1 | BAO | A11 | A10 | A9 A8 A7 A6 A5 A4 A3 A2 A1 A0
Function 0 0 0 0 WB 0 0 LT Mode BT BL
|
Sequentia
A2 | A1 | AO | Interleaved
0 0 0 1 1
0 0 1 2 2
0 1 0 4 4
Burst 0 1 1 8 8
Length 1 0 0 Reserved Reserved
1 0 1 Reserved Reserved
1 1 0 Reserved Reserved
1 1 1 Full Page Reserved
A3 Type
Burst 0 Sequential
Type Interleaved
A6 | A5 | A4d /CAS Latency
0 0 0 Reserved
0 0 1 Reserved
Latency
Mode 0 1 0 2
0 1 1 3
1 X X Reserved
A9 Write Mode
Write 0 Burst Read & Burst Write
Mode 1 Burst Read & Single Write
Note: Other values for these bits are reserved.
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Burst Length And Column Address Sequence

Column Address

Address Sequence

Burst Length

A2 Al A0 Sequential Interleaved
) X X 0 0-1 0-1
X X 1 1-0 1-0
X 0 0 0-1-2-3 0-1-2-3
X 0 1 1-2-3-0 1-0-3-2
‘ X 1 0 2-3-0-1 2-3-0-1
X 1 1 3-0-1-2 3-2-1-0
0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
0 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
® 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
Cn, Cns+1, Crsz, Crsa,
Full Page (256) n n n Crtdyennn.. Cn-1(Chss11), - None

Cn(Cn+512) ......

Note: The burst length in full page mode is 512.

Rev 0.1

24

February 2010



PieceMakers Confidential and Proprietary

7Z-PM Tech PMS307416ATR

Operation of the SDRAM

Read/Write Operations
Bank Active

Before executing a read or write operation, the corresponding bank and the row address must be activated
by the bank active (ACT) command. An interval of trcp is required between the bank active command input
and the following read/write command input.

Burst Read

The Read cycle is started by executing the read command. The address provided during read command
execution is used as the starting address. First, the data corresponding to this address is output in
synchronization with the clock signal after /CAS latency period. Next, data corresponding to an address
generated automatically by the device is output in synchronization with the clock signal. The output buffers
go to the LOW impedance state /CAS latency minus one cycle after the read command, and go to the HIGH
impedance state automatically after the last data is output. However, the case where the burst length is a full
page is an exception. In this case output buffers must be set to the high impedance state by executing a
burst stop command. Note that upper byte and lower byte output data can be masked in dependently under
coatrol of the signals applied to the U/LQM pins. The delay period (tomp) is fixed at two, regardless of the
/CAS latency setting, when this function is used. The selected bank must be set to the active state before
executing this command.

CLK | |

. tRCD |
‘—-"

Command D( ,:IL\CT >< X I‘?EADX

Address X R:ow >< ><C%>Iumn><
’ cL=2 ouiOXouHXouthoutB
cL=3 outOXou11><out2><out3

DQ

Burst Read Operation (Burst Length = 4, /CAS Latency =2, 3)

SIS RERERER SR EEEN

Command ! (reap) ‘«—tqup—>
o) e
1

DQM | l

' a Masked by DQM

, ’:outO;‘ Hi:—Z f\out2)<out3,r‘ ;

DQ(CL2) ;
DQ(CL3) i Hi;—Z <0ult 1 ><oult 2 Xou’t ’3> E

Burst Read masked by DQM Operation (Burst Length =4, /CAS Latency = 2, 3)
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Burst Write

The Write cycle is started by executing the command. The address provided during write command
execution is used as the starting address, at the same time, data for this address is input in synchronization
with the clock signal. Next, data is input in other in synchronization with the clock signal. During this
operation, data is written to address generated automatically by the device. This cycle terminates
automatically after a number of clock cycles determined by the stipulated burst length. However, the case
where the burst length is a full page is an exception. In this case the write cycle must be terminated by
executing a burst stop command. The latency for DQ pin data input is zero, regardless of the /CAS latency
setting. However, a wait period (write recovery: tDPL) after the last data input is required for the device to
complete the write operation. Note that the upper byte and lower byte input data ca be masked
independently under coatrol of the signal applied to the U/LQM pins. The delay period (tomp) is fixed at zero,
regardless of the /CAS latency setting, when this function is used. The selected bank must be set to the
active state before executing this command.

TS T e o I O A W

! tRCD |
Command _ XacT X XWRITX L L
Address Row Cé»lurm :::::::::: ::::
{ng pi--————— ----
BL=1 —
— (oY ———————————— -
DQ BL=2
no X in1tX n2Xin3 —mm——m-orm—mm———--———— - I
BL=4
in0)(in1Xin2Xin3 Xin4 Xin5 Xin 6 X(in 7 j——==----------
BL=8
Burst Write Operation (Burst Length =1, 2, 4, 8, /CAS Latency =2, 3)
Single Write

The single write operation is enabled by setting OP CODE (A11, A10, A9, A8, A7) to (0,0, 1,0, 0). In a
single write operation, data is only written to the column address and the bank select address specified by
the write command set cycle without regard to the burst length. (The latency of data input is 0 clock).

e | ) L[] L

Command >< ACT >< >< \iVRITX
Address ><Fltow >< XC«I::\umnX

DQ \inh0
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Auto Precharge Operations

Read With Auto-Precharge

The Read With Auto Precharge command first executes a burst read operation and then puts the selected
bank in the precharge state automatically. After the precharge completes, the bank goes to the idle state.
Thus this command performs a read command and a precharge command in a single operation. During this
operation, the delay period (tpq.) between the last burst data output and the start of the precharge operation
differs depending on the /CAS latency setting. When the /CAS latency setting is two, the precharge
operation starts on one clock cycle before the last burst data is output (tpq. = -1). When the /CAS latency
setting is three, the precharge operation starts on two clock cycles before the last burst data is output (tpq. =
-2). Therefore, the selected bank can be made active after a delay of tgp from the start position of this
precharge operation. The selected bank must be set to the active state before executing this command. The
Auto Precharge function is invalid if the burst length is set to full page.

/CAS Latency 3 2
traL -2 -1
CLK :
! I ! I I
cL=2 command _X_ ACT__X W READA X K et X
T T T T I T
| T hﬁ,\ I I
| tRAS 1 L I | |
DG T T outD X out1 X out2 X outd ) T T
| I e —> I
| I r&—— tpa.—> I
CL=3 Command AcT X X ReEaDA X X ACT X
- — tRp —»

Do

T T
| T
| tras |
T T
| I

outd X ot X o X o
[

Read With Auto Precharge Operation (Burst Length =4, /CAS Latency = 2, 3)

Write With Auto-Precharge

The Write With Auto Precharge command first executes a burst write operation and then puts the selected
bank in the precharge state automatically. After the precharge completes, the bank goes to the idle state.
Thus this command performs a write command and a precharge command in a single operation. During this
operation, the delay period (tpa) between the last burst data output and the completion of the precharge
operation differs depending on the /CAS latency setting. The delay (tpaL) is trp plus one CLK period. That is,
the precharge operation starts one clock period after the last burst data input. Therefore, the selected bank
can be made active after a delay of tDAL. The selected bank must be set to the active state before executing
this command. The Auto Precharge function is invalid if the burst length is set to full page.

/CAS Latency 3 2

toaL 1CLK + trp 1CLK + trp
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Command ></T’\CT X XoRmax . . XacTX

! DAC | |
:‘ tras & ! -

DQ (ino X in1 Xin2 Xin3)
‘ I
|

toaL
Write With Auto Precharge Operation (Burst Length = 4, /CAS Latency = 3)

Command ><»;\CT>< XURTAX XAcT X

|
& »
Il >

DQ (ind '

tDAL

Write With Auto Precharge Operation (Single Write, /CAS Latency = 3)

Burst Stop Operations
Burst Stop At Read

The SDRAM can output data continuously from the burst start address (a) to location a + 255 during a read
cycle in which the burst length is set to full page. The SDRAM repeats the operation starting at the 256"
cycle with the data output returning to location (a) and continuing with a+1, a+2, a+3, etc. A burst stop
command must be executed to terminate this cycle. A precharge command must be executed within the
ACT to PRE command period (tRAS max.) following the burst stop command. After the period (trsp) required
for burst data output to stop following the execution of the burst stop command has elapsed, the outputs go
to the HIGH impedance state. This period trgp is two clock cycles when the /CAS latency is two and three
clock cycle when the /CAS latency is three.

/CAS Latency 3 2

treD 3 2
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ST R S e L | |
Command X_READ X X_ BT X

|
|
1
|
1
|
e—— trgp —
|
|
|
|
|

T Hlgh-Z
(CL =D2Q) out X out >< out g

I freo —;: h-Z
(CL =D:% out >< out >< out il

Burst Stop At Read Operation (Burst Length = Full, /CAS Latency = 2, 3)

Burst Stop At Write

The SDRAM can input data continuously from the burst start address (a) to location a + 255 during a write
cycle in which the burst length is set to full page. The SDRAM repeats the operation starting at the 256"
cycle with the data input returning to location (a) and continuing with a+1, a+2, a+3, etc. A burst stop
command must be executed to terminate this cycle. A precharge command must be executed within the
ACT to PRE command period (tRAS max.) following the burst stop command. After the period (twsp)
required for burst data input to stop following the execution of the burst stop command has elapsed, the write
cycle terminates. This period twgp is zero clock cycle, regardless of the /CAS latency.

CLK |
Command X WRITE X X BsT X
DQ Cin X n X in X i

Burst Stop At Write Operation (Burst Length = Full, /CAS Latency = 2, 3)

High-Z

Command Intervals
Read To Read Interval

A new command can be executed while a read cycle is in progress, i.e. before that cycle completes. When
the second read command is executed, after the /CAS latency has elapsed, data corresponding to the new
read command is output in place of the data due to the previous read command. The interval between two
read commands (tccp) must be at least one clock cycle. The selected bank must be set to the active state
before executing this command.
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Command D( AE;T X XREADXREIADX
Address :>< Rolw >< ><3olu:'nn .0:\)<CO\L|ImnB><
BS \ :

DQ

I

T

1

L

1

Il

1

I

T

1

1

)

~~ 17

| 1

u

1

g
i {out ADXout BoXout B1Xout B2Xout B3)
0 | 1

Bank Column =A Column =B Column =A Column =B
Active Read Read Dout Dout

Read To Read Command Interval, Same ROW address in same bank
(Burst Length = 4, /CAS Latency = 3)

CLK Il | || | | |

Command X act X XacT XREADXREADY
Addl’ess :>< Ru‘w DX X Flo:oﬂ >¢0Iulr‘1n.-><Colu:nn E>< :

I
BS | N\
3 i i ccD | m.?u“x“‘ N
DQ ; i il .E \OILJIAOXO;ut BOXout B1Xout B2Xout B3
BankD Bank3 Bank0 Bank3 BankD Bank3
Active Active Read Read Dout  Dout

Read To Read Command Interval, different bank (Burst Length = 4, /CAS Latency = 3)

Write To Write Interval

A new command can be executed while a write cycle is in progress, i.e. before that cycle completes. When
the second read command is executed, data corresponding to the new write command can be input in place
of the data due for the previous write command. The interval between two write commands (tccp) must be at
least one clock cycle. The selected bank must be set to the active state before executing this command.

CLK | | | | | | |

Command M acT X XWRITXWRITX
Address 3( Rc;w X ><C0Iu:~1n%olulmnt“><

tcen

Bs_\i/_\"/

|

DQ ————in 0 Xin B0 Xin B1 Xin B2 Xin B3

Bank0O Column =A Column =B
Active Write Write

Write To Write Command Interval, Same ROW address in same bank
(Burst Length =4, /CAS Latency =2, 3)
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Command ~X'acTt X XAcT XWFIIITXWRITX

. ! teep, |

Address :X Rolw UX X ROlI.M ><Co|u:'nn A>€3olumn E><

Bs\_\ig?\/\

DQ {in A0 Xin BO Xin B1 X in B2 X in B3
I I ] [
Bank0 Bank3 BankD Bank3
Active Active  Write  Write

Write To Write Command Interval, different bank (Burst Length =4, /CAS Latency =2, 3)

Read To Write Interval

A read command can be interrupted and a new write command executed while the read cycle is in progress,
i.e. before that cycle completes. Data corresponding to the new write command can be input at the point new
write command is executed. To prevent collision between input and output data at the DQn pins during this
operation, the output data must be masked using the U/LDQM pins. The interval (tccp) between these
commands must be at least on clock cycle. The selected bank must be set to the active state before
executing this command.

CLK | |

Command )(REEAD)(WF:RITX

1 !
CCD :

upam [Cb=2 — /N /
M e A\ /[

DQ (input) {in B0 Xin 81 Xin B2 Xin B3 )

\ High-Z
/

DQ (output) (

Read To Write Command Interval (Burst Length = 4, /CAS Latency = 2)

Write To Read Interval

A new command can be executed while the read a write cycle is in progress, i.e. before that cycle completes.
Data corresponding to the new read command is output after the /CAS latency has elapsed from the point
the new read command was executed. The 1/0On pins must be placed in the HIGH impedance state at least
one cycle before data is output during this operation. The interval (tccp) between these commands must be
at least on clock cycle. The selected bank must be set to the active state before executing this command.
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[ T O I O B

I
Command >< WRIT >< RE/;\D X

ekl | L |

ubDQM —\ 1 teep
LDQM I —

DQ (output)

out BO X out B1 >< out B2 X out B3 >7

= _:
Column=A 1 /ICAS Latency
Write

Column =B Column =B
Read Dout

Write To Read Command Interval (Burst Length = 4, /CAS Latency = 2)

Read To Precharge Interval

A read cycle can be interrupted by the execution of the precharge command before that cycle completes.
The delay time (trq.) from the execution of the precharge command to the completion of the burst output is
the clock cycle /CAS latency.

/ICAS Latency 3 2

tRQL 3 2

e L] LT LT

Command >< READ ><

: ] ] 1
I

DQ out AD >< out A1 >< out A2 >< out A3 \ :
| \ /o

Read To Precharge Command Interval (Burst Length = 4, /CAS Latency = 2)

>< PRE.-"PALL><

RS I i e I I S I s S s I S I O
i A
I [ |
I o
I T
I
]

I
Command >< READ ><
- tRQL :—h

I
I
I ] 1
1 \ |
DQ | out A0 out A1l out A2 out A3 T
]
I T T

Read To Precharge Command Interval (Burst Length =4, /CAS Latency = 3)

Write To Precharge Interval
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A write cycle can be interrupted by the execution of the precharge command before that cycle completes.
The delay time (twpL) from the precharge command to the point where burst input is invalid, i.e. the point
where input data is no longer written to device internal memory is zero clock cycle regardless of the /CAS
latency. To inhibit invalid write, the DQM signal must be asserted HIGH with the precharge command. This
precharge command and burst write command must be of the same bank, otherwise it is not precharge
interrupt but only another bank precharge of dual bank operation. Inversely, to write all the burst data to the
device, the precharge command must be executed after the write data recovery period (tpp.) has elapsed.
Therefore, the precharge command must be executed on one clock cycle that follows the input of the last
burst data item.

/ICAS Latency 3 2
twoL 0 0
topL 2 2

CLK

Command PRE

: 'tWDL=O:

DQ ,—(in !AO ><in ;M Xin ?AZ Xm Txg):ié

DQM !

Write To Precharge Command Interval masked by DQM (Burst Length = 4, /CAS Latency = 2)

LS I S I S I A A O

|
Command X WRIT X XPREIPALLX

o\ S
DQ 4( in AQ X in A1 X in A2 X in A3 > i
4—

Write To Precharge Command Interval (Burst Length = 4, /CAS Latency = 3)

topL. —

Bank Active Command Interval

The interval between the two bank active commands must be no less than tgc. In the case of different bank
active commands, the interval between the two bank active commands must be no less than trrp.
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o L L L LU L L L L LT
command__X_act X [ X Ac::T X
pcaress Y row ) )| XCrow X
/ )| N A

|
I
I
|
I
|
!
Lt}
I

| tRC |
Bank 0 Bank 0
Active Active

Bank Active to Bank Active for the same bank

V.

tRRD i

Bank 0 Bank 3
Active Active

Bank Active to Bank Active for the different bank

Clock Suspend

When the CKE pin is dropped from HIGH to LOW during a read or write cycle, the SDRAM enters clock
suspend mode on the next CLK rising edge. This command reduced the device power dissipated by
stopping the device internal clock. Clock suspend mode continues as long as the CKE pin remains low. In
this state, all inputs other than CKE pin are invalid and no other commands can be executed. Also, the
device internal states are maintained. When the CKE pin goes from LOW to HIGH clock suspend mode is
terminated on the next CLK rising edge and device operation resumes. The next command cannot be
executed until the recovery period (icka) has elapsed. Since this command differs from Self Refresh
command described previously in that the refresh operation is no performed automatically internally, the
refresh operation must be performed within in the refresh period (trer). Thus the maximum time that clock
suspend mode can be held is just under the refresh cycle time.
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CLK

A L |
: ravdl : :
CKE 5 \_; /

coMMAND Y READ 0 X

DQ e —( DOUT 0 DouT 1 M DOUT 2 Y DOUT 3 Y

READ (BANK 0) CLOCK SUSPEND

Clock Suspend (Burst Length = 4, /CAS Latency = 2)
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Timing Waveforms

Power Up Sequence

6 7 18 19 10 ;11 ;12 13 14 15 16 17 18 19 ,

5

4

AVaVaVaVaVaVataVaVaVaVaVataVaVaVaVaVWalals

1

/0

CLK

ADDR

BAl

BAO

A10/AP

Mode Register Set

Auto Refresh

Auto Refresh

Precharge
(All Banks)

I:l : Don't care

Row Active
(A-Bank)
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Read & Write Cycle at Same Bank @ Burst Length =4

10 41 12 13 44 5 6 7 8 ,9 10 |11 12 ;13 i14 115 116 17 18 ;19
CLK (_U’_U_U_UI_U AVAVAVAVAWAWAWAWAY {_U_U_U_\JI_
CKE L L L e T
I * T T T T TtRC T T T T *) I I I I | I | I
es TN TN N N TN
| T tRCD—x 1 1 | | I 1 I 1 | | | I 1 I 1 |
s-uy- aa = W W an B | &
ICAS i_/ i \ T 1 \ i / 1 1 i [ / E \ T [ / i \ i \ i / [ T T T / i \I—
oo : @ | 1 1 1 I I | 1 I R,Iqb chb I 1 1 | 1 I
e uN-— W W W W W
BAD I i | 1 i / 1 1 I \ E / 1 I \ i / I \ i /| 1 1 \ i /I_
moee DEEEED SR B SeER  femammmn) ) B3
T P U U T O O S I N O B
L=y i oaner !
| " ' tRAC— ; 1 | | | | I | I k—l—thPLl
I | | ‘Notes | —=—1—{AC | | =« {HZ ‘Noted | I | | | | | i I
DQ | | I 1 ] 1 [ | | 1 | 1 ] | I 1 1 I 1 I
e e ORC I g ey
P A L L
| r I 1 L'RAC; 1 1 ! | ] 1 I ] | | | ] h_l_'.tDPLI
] | | | “Note I *—tAC | I e tHZ ! *Noted | | | | I | i ]
'3 AR A W g W W |
Sy UWINNENENENY. = WIERENINS - -
f f f 1 f f
Row Active Read Precharge Row Active Write Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank)  (A-Bank) (A-Bank)

l:l : Don't care

Note:

1. Minimum row cycle time is required to complete internal DRAM operation.

2. Row precharge can interrupt burst on any cycle. [CAS Latency -1] number of valid output data is
available after row precharge. Last valid output will be HIGH Z (t,;) after the clock.

3. Access time from row active command trac = trep + /CAS latency -1) + tac.

4. Output will be HIGH Z after the end of burst (1, 2, 4, 8, & Full Page burst).
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Page Read & Write Cycle at Same Bank @ Burst Length =4

{0 41 12 3 4 5 6 ,7 .8 ,9 10 11 ;12 ,13 ,14 15 16 17 ;18 19 ,

T AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAYE

[ I I I

1 | | 1 | | | | | ||G1| | | L | | | | r I

1 1 I I I | I I I . HIGH—, I I | 1 I I 1 | I

CKE 1 I I I 1 I I I I 1 I I I 1 1 I I 1 I I

1 1 I I I 1 I I I I 1 I I I 1 1 I I 1 1 I

1 I I : . 1 : . I 1 ; i I - |

/CS :_\_:_/_:—:_\_;_/_:_\_;_/ I I I 1 [T N T A T N T A AN A N/

1 I | 1 I I I 1 I I 1 I 1 I

1 —TtRCD— I | | | I | | I [ | 1 | |

1 I 1 I I I 1 I I | | I 1 | I

1 1 I | | | ! L 1 ! L 1 | I 1 | I

RAS T\ !/ / i\_ 2 L \/
icas U\ \ /_\ ' /:l\ /\
ADDR' I

1 1 I | I | | | 1 | | | 1 ] I | 1 ] I
1 1 I | | | | | | 1 | | | 1 ] | | 1 | I
BAL _\ | / \ | / \:/ A\ LB\ £ \ .,/ \: /
|
T T T T T T S T T T T R R T T R |
o0 D\ LT L L ==\
T R R T T T T T T T T S T
AL0/AP ) Raa) u W w \ i/ RAb
A I : L I e BN SR R
1 1 I I I 1 I I I I I 1 1 tDPL 1 I I
— 1 1 I | | ] | 1 ] I
CL=2 : + ; ; ; : Qﬂab QAa OAbb QAb OAb& 4:—@ DAc DAdb DAd %
bQ I T T T T l l ' ' l . :m._ 'Nm S
1 1 I | | ] I | | | 1 ] I
cL=3 1+ —{QAa0 oAa1<oAb {oAb‘ :—@(mc ‘{DAd \DAd1 %
1 1 I I | ] I | | | | I 1 ] I
R I : | oL I'—'! : I ===
t t = | 1 | t
/WE / \
Ej : \_V—Y_/ : \—l—/ : \ T T T T T \ : ] : / ] [l \ : X 1 I /i \
EEERT T e
pov s L L L L /0 0 L L e
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
Row Active Read Read Write Wirite Precharge Row Active
(A-Bank) (A-Bank)  (A-Bank) (A-Bank)  (A-Bank) (A-Bank) (A-Bank)

[:I : Don't care

Note:

1. To write data before burst read ends, DQM should be asserted three cycle prior to write command to
avoid bus contention.

2. Row precharge will interrupt writing. Last data input, tpp. before row precharge, will be written.

3. DQM should mask invalid input data on precharge command cycle when asserting precharge before
end of burst. Input data after row precharge cycle will be masked internally.

4. tpaL, last data in to active delay, is 2CLK + trp.
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Page Read Cycle at Different Bank @ Burst Length =4

i i1 12 13 4 5 6 ;7 8 9 10 ;11 ;12 13 14 15 16 17 18 19 ,

| |
1 | ! | ! ! 1
N AVAVAVAVAVAVAVAVAVAVAVAVAVAVAV AV AV AV AV AV
1 1 1 1 1 I I I I L HIGH— I I I I I I 1 1 1
CKE { '\ 0 000
I *Note T 1 1 1 I I I I I I I I I I I I I 1 1 [
1 1 ] | | | | | I I | |
ICS 1/ \ 1 1/ \ I I I I [ \ 1/ \ /
I e e e e e e
mras N\ /NG L\ SN T\
1 1 1 1 | 1 1 | 1 | Note2 | ] ]
1 I I I I I I I I I I 1 1 1
ICAS I I L S W A T T R T R
1 I I I I I I I I I I [ 1 1
1 | | | | | | | | | 1 1 1
ADDR KeodX
1 [ 1 [ [ I I I I I I I I I I I I I [ [ [
1 1 1 I I I 1 I ] I I I I I ] ] ]
TN U VIRV aUEEVAERANY AaaR A .
R N N T R R T R S S S S S T S S N
N W AN WWAASVARWNAL AWy A
1 1 1 1 1 I I I I I I I I I I I I I 1 1 1
1 1 1 1 ] | | | | | | I | | | | | | 1 1 ]
A10/AP (RaaX__ Xrep) | RCA | | Y YNy WY
S T T T S T S Y R O O S S S B R
1 1 1 1 ] | | | | | | I I | | | | | 1 1 ]
e T 0, ) 0 ) 0 (0 (0 S
[ [ [ [ [ I [ [ [
DQ S T T T T S T T S S R E S S S S R R
1 1 1 1 ] | | | ] ]
_ L 1 1 1 1 1 |
CL=3 1 1 1 1 1 I A 1 1
1 1 1 1 1 I I I I I I I I I I I I I 1 1 1
1 1 1 1 ] | | | | | | I I | | | | | 1 1 ]
1 1 1 1 1 | | | | | | I I | | | | | 1 1 1
Y A e A Y A Y S
1 1 1 [ [ I I I I I I I I | | I I I [ 1 1
1 1 1 1 ] | | | | | | I I I | | | | 1 1 1
DQM | _——-—---—------—-
[ 1 1 [ [ I I I I I I I I I I I I I [ [ [
Row Active Read Read Read Read Precharge
(A-Bank) (A-Bank) (B-Bank) (C-Bank) (D-Bank) (D-Bank)
Row Active Row Acive Row Active Precharge
(B-Bank) (C-Bank) (D-Bank) (C-Bank)
Precharge Precharge
(A-Bank) (B-Bank)
[ ] :pen'tcare

Note:

1. /CS can be Don’t Care when /RAS, /CAS, and /WE are HIGH at the clock going edge.
2. Tointerrupt a burst read by row precharge, both the read and the precharge banks must be the same.
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Page Write Cycle at Different Bank @ Burst Length =4

CLK

CKE

/ICS

IRAS

ICAS

ADDR

BA1l

BAO

A10/AP

DQ

DQM

Note:

PMS307416ATR

AAAAAAA AR AR AR AR
N B L A L L
T T T
BT W -
Y N W W gy
S SO
Bosh s W W we—
R Ay s | e——
2D, | A |, L | e

| I
| I
| I
1 1
| | 1 1 I
| I 1 | I I 1 1 I
| I 1 | I 1tcoL! | | I | | | 1 tDPL! 1 1 |
| I 1 | I 1 I | | I | | | 1 1 [ 1 1 I
T T T 1 I T T | I 1
oS\ / \ /oL N\ / \ o/
I | | I [ I ] 1 I I T I T T T T T [ T [ [
I | | I 1 | I 1 I | | I | | I 1 1 | *Note 11 1 I
1 | | 1 ] | | ] | | | 1 1 T T
\ 1 | I 1 | | | | | | | | | / I 1\
I | | ] 1 | ] 1 ] I | ] | | ] 1 1 I 1 1 I
I | | I 1 I I 1 I I | I | | I 1 1 I 1 1 I
Row Active Wirite Wirite Row Active Wiite Precharge
(A-Bank) (A-Bank) (B-Bank) (D-Bank) (D-Bank) (All Banks)
Row Active Row Active Wirite
(B-Bank) (C-Bank) (C-Bank)
E‘ : Don't care

1. To interrupt a burst write by row precharge, DQM should be asserted to mask invalid input data.
2. Tointerrupt a burst write by row precharge, both the write and the precharge banks must be the same.
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0
A S P A - .
w\
el NN IS RN N e
ﬂ\_
- — R I — - -
\_ L —
w
- a
2 w ...... _-[8
5\_ ™~ ]
M\_
AL S IR A .
Al S P S S __
o
< u\_ ~ Y ra
I il R ------1 --|8
- 1\_ ~
— LS IR A - - -
(@)]
C m\_ 4
o A S I .
— xmu
v [+)]
e | |-
>
m Bl RN RN I .
o) \_ 4
(o
o il U P IR PR B
m 6\_ ) . m
B \_ ] [,
o w
= il NP R e
< o
(] I WEp PRI D == ==
a Al S R I A m
@ 2\_ e .
) N RS ) — - -
© 1\_ ~N C ra
o I Es s o e H
s el ... A
=
W ¥ w n » ) o
s 8 ¢ § & 8
o3 & Q .
©
©
()
x

]
\

T
-
™
]
\
M
T

o =
o o
- - - — = =4 m - [ 7] I
=] (=]
- (=}
(] [*]
m
- - R .~ ) A S
[=)
--1 Fc--f~"--1----
L - u.m
|||||| - ml_ll e e — - —
@ m
- - - - - -=-da}l---
(m]
\
L -~ = Bk --d8)---
[m] [m]
m m
111111 F——--{8F--48}---
[=] [=]
P g
B IIII@ o W oo
] —
o =
] &)
— % < M
o
« 3 3
[ =
- — L - - = % IIIIIIII
——

AL0/AP
DQ

!
Read

f
Write

Precharge
(A-Bank)

Row Active
(D-Bank)

!
Read

Row Active

(B-Bank)

(D-Bank)

(A-Bank)

(A-Bank)

Row Active
(B-Bank)

[] :Don'tcare

Note:

1.

tcpL should be met to complete write.
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Read & Write Cycle with Auto Precharge @ Burst Length =4

AL0/AP Y Raa) RBb / / \

w PAARI AR RSB
CKE 1 e
R e e e Y
~e W A8 sy wmw———
o BRSSO > G o
N e et = =
= A\ A¥ S e A

|
I
I
T
I
|
I
U
I
T
I
| | | I I | | I I ] 1 1 1 I
| | I I ] | | I ] 1 1 1 I
bg Cleg s )t o)
| | I I I | | I I ] 1 1 1 I ] 1
| | | I ] | | | I ] 1 1 1 I ] 1
| | I I ] I | I ] 1 1 1 I
CI‘=3| I I I 1 I I I 1 1 1 1 I DMO
| | I I ] | | I ] ] 1 1 I I 1
| | | I ] | | | I I I I I I ] 1 1 1 I ] 1
| | I I ] | | I I ] 1 | I I ] 1 1 1 I ] 1
IWE ' t | - |
T AEER A\ ww Y w |
| ] | I T T T T T T T 1 T T T T T
| | | I ] | | | I ] 1 | | I ] 1 1 1 I ] 1
| | | I I ] 1 | ] 1
DQM | \ | | | | | 1 | / \I 1
i [ 1 | [ | [ [ [ [ [ 1 1 [ [ [ [ [
Row Active Read with  Read without Auto Precharge Row Active Write with
(A-Bank) Auto Pre  precharge(B-Bank) (B-Bank) (A-Bank) Auto Precharge
charge Auto Precharge (A-Bank)
(A-Bank) Start Point
Row Active (A-Bank)"Note1
(B-Bank)

Note:

1. tcoL should be coatrolled to meet minimum tras before internal precharge start. (In the case of burst
length =1 & 2)
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=4
n
-

"

Y
/E\
\f/
\ |/
\ 4
\é/
|

2, Burst Length

(12,13
AVavAY
(@o)eur )

|11

aVatat

\ ./
\
\ [
J
'/
W
\
T

Clock Suspend & DQM Operation Cycle @ /CAS Latency
:
:
I
:
(Qat)

CLK
CKE
ICS
/IRAS
/ICAS 1

|:| : Don't care

February 2010
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Suspension

43

Clock
Suspension

Read

Row Active
DQM is needed to prevent bus contention.

Note:
Rev 0.1
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Read Interrupted by Precharge Command & Read Burst Stop Cycle @ Full Page Burst

J0 41 12 13 4 5 6 7 8 ,9 10 ;11 12 ;13 14 15 16 17 18 19 ,
AV AV AV AV AN AV AV AV AN AV AV AV AV AU AN AV AV AN AV AV
e O B A S O B B B A
/cs:ni,;;qjeszea:i;;;;;weee
me B BT  GEmay | B | tesemeenen\ (5
v § S | m—— | m—
ADDR:I ]WI 1 1 | | IW | 1 ] | |
BAll_\i/l I\E/I I I ] I I\i/l I I I I\i/l I I
BAOI_\:[/I ]\i/l 1 ] | | I\i/l | 1 | I\i/l | |
N =
e ioiaomaal l' :
e EEIEE e -EaEnEIE e
v F eeEn oEmmEmn B e [
s A O O N O

Row Active Read Burst Stop Read Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank)

[::] : Don't care

Note:

1. At full page mode, burst is finished by burst stop or precharge.

2. About the valid DQs after burst stop, it is same as the case of /RAS interrupt.
Both cases are illustrated above timing diagram. See the label 1, 2, on them.
But at burst write, burst stop and /RAS interrupt should be compared carefully.
Refer to the timing diagram of “Full Page Write Burst Stop Cycle”.

3. Burst stop is valid at every burst length.
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Write Interrupted by Precharge Command & Write Burst Stop Cycle @ Full Page Burst

10 11 12 13 14 5 16 7 18 19 10 ;11 12 13 14 15 ;16 17 18 19 ,
CLK I [ ! ! ! 1
AVAVAVAVAVAVAVAVAVAVAVATAVAVAVAVAVAVACAVA
I I 1 1 1 I I 1 1 1 | I ] 1 1 | | | 1 1 1
I ] 1 | I | I 1 1 | | I ] 1 | | | | 1 1 I
CKE | ] 1 1 1 | I 1 1 1 r|||G|1 I ] 1 1 | | | 1 1 1
I I 1 1 1 I I 1 1 1 | I ] 1 1 | | | 1 1 1
I ] 1 1 1 I ] 1 1 1 | ] 1 1 1 1 | | 1 1 1
I I 1 1 1 | I 1 1 1 | I ] 1 1 | | | 1 1 1
I ] 1 1 1 | | 1 1 1 | ] 1 1 1 | | | 1 1 |
N A N A N O A N A Y AT
I I 1 1 1 I I 1 1 1 | I ] 1 1 | | | 1 1 1
I ] 1 | I | I 1 1 | | I ] 1 | | | | 1 1 I
I I 1 1 1 I I 1 1 1 | I ] 1 1 | | | 1 1 1
/RAS ] T T T 1
EWN==gi=———l - —u
I I 1 1 1 I I ] 1 1 | I I 1 1 | | | 1 1 1
I ] 1 1 1 I ] 1 1 1 | ] 1 1 1 1 | | 1 1 1
L 1 1 1 ] L L L 'l 1 1 [ L Il Il 'l 1 1 L 1 1
SN uy = == A w- )
| ] 1 1 1 | I 1 1 1 | I ] 1 1 | | | 1 1 1
I I 1 1 1 I I 1 1 1 | I ] 1 1 | | | 1 1 1
I 1 1 1 1 | ] 1 1 1 | | 1 1 1 | | | 1 1 1
ADDR ARAa CAb
I I 1 1 1 I I ] 1 1 | I I 1 1 | | | 1 1 1
| ] 1 1 1 | I 1 1 1 | I ] 1 1 | | | 1 1 |
I I 1 1 1 I I ] 1 1 | I I 1 1 | | | 1 1 1
] 1 I 1
Bar  _\ 1 / \ o+ / \ .\ / \ .+ /
I ] 1 1 1 ] ] ] 1 ] | ] ] 1 ] | | | 1 1 ]
I I 1 1 1 I I ] 1 1 | I I 1 1 | | | 1 1 1
| ] 1 1 1 | I 1 1 1 | I ] 1 1 | | | 1 1 1
1 1 1 1 L L L 1 1 1 I 1 1 1 1 1 1 ] 1 1
oo B | S | [ we—- N
| ] 1 1 1 | I 1 1 1 | I ] 1 1 | | | 1 1 |
I I 1 1 1 I I 1 1 1 | I ] 1 1 | | | 1 1 1
| ] 1 1 1 | I 1 1 1 | I ] 1 1 | | | 1 1 1
A10/AP RAa \ } / \ L/ \ : /
I ] 1 1 1 I ] 1 1 ItBDLI ] 1 1 1 1 | | 1 1 1
o Ren® L e e
pg T ' —
: : : : 1 I I 1 1 : | I ] 1 1 | | | 1 : :
| ] 1 1 1 | I 1 1 1 | I ] 1 1 | | | 1 1 1
L 1 1 1 1 | L L 1 1 I 1 1 1 1 1 | ] 1 1
we B [\ BB e | B
I ] 1 1 1 I ] 1 1 1 | ] 1 1 1 1 | | 1 1 1
I I 1 1 1 I I ] 1 1 | I I 1 1 | | | 1 1 1
I ] 1 1 1 | I 1 1 1 | I ] 1 1 | | | 1 1 1
DQM | N \ SN
I I 1 1 1 | I I 1 1 | I I 1 1 | | | 1 1 1
I T 1 1 T I ] 1 1 t 1 f I 1 1 1 ] | f 1 1
Row Active Wiite Burst Stop Write Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank)
1 :Don'tcare
Note:

1. At full page mode, burst is finished by burst stop or precharge.

2. Data-in at the cycle of interrupted by precharge can not be written into the corresponding memory cell. It
is defined by AC parameter of tpp.. DQM at write interrupted by precharge command is needed to
prevent invalid write. DQM should mask invalid data on precharge command cycle when asserting
precharge before end of burst. Input data after row precharge cycle will be masked internally.

3. Burst stop is valid at every burst length.

Rev 0.1 45 February 2010



PieceMakers Confidential and Proprietary

7Z«-PM Tech PMS307416ATR

Burst Read Single Bit Write Cycle @ Burst Length =2

10 41 12 3 4 5 .8 7 (9 110 ;11 12 13 14 15 16 17 18 19 ,

o PSR

HIGH
l

| "Note 1 | I

CKE : !

/csm: T T T T T
L ’LL/\: = g v ==
B | =

E i R R Noted VL L
/CAS?:K \: [\ EEE==== T8 BB | A

R O S O CD.CD G G G ) 8 C) =
B e
SR Wy W o W W
e DB By T

DQ L e e e e
I S S S S
Me e T e T TR\ ET e

™
e

i bt A o

Row Active Row Active Row Active Read Precharge
(A-Bank) (B-Bank) (C-Bank) (C-Bank) (C-Bank)
Write Write with
(A-Bank) Read with Auto Precharge
Auto Precharge (B-Bank)
(A-Bank)

|:| : Don't care

Note:

1. BRSW modes is enabled by setting A9 HIGH at MRS (Mode Register Set). At the BRSE Mode, the burst
length at write is fixed to “1” regardless of programmed burst length.

2. When BRSW write command with Auto Precharge is executed, keep it in mind that tgras should not be
violated. Auto Precharge is executed at the burst end cycle, so in the case of BRSW write commend, the
next cycle starts the precharge.
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=4

2, Burst Length

Active/Precharge Power Down Mode @ /CAS Latency

115 116 17 ;18 19 |

IRAS

ICAS

1]
————r-----=-a-=----

ADDR
BA

%

Precharge
Power-down

Entry

Active
Power-down

Active
Power-down

Precharge
Power-down

Exit

Entry

Exit

: Don't Care

Note:

1.

All banks should be in idle state prior to entering precharge power down mode.
2. CKE should be set high at least 1CLK + ts prior to row active command.

3. Can not violate minimum refresh specification (64ms).
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Self Refresh Eatry and Exit Cycle

0 1 2 3 4 15 168 7 18 9 10 11 12 113 (14 (15 (16 (17 (18 19
| | e e s o R o s e | | [ [ [ [ [ |
e A R T A WA
I I I No\te 2 I | | | | | | Nolh1 «—+—+HRCmin ———» | | | |
| I note 1 | | | | | | | | | | | | Notes | | | | |
| | | | | | | | | | } ! 4 ; ! ! ! ! !
CKE I I I I I | | “Note3 | | | | | | I I I I I I |
| | - - - . N . . I I | | | | | | I
| | -~ | | | | | | | | | | | | | | | | |
| | 1SS | | | | | | | | | | | | | | | | | |
| | | | | | Ly | | | | | | 2! | | | | | |
fcs \ L/ i s e D N
| | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | |
| . .}) T . ? T : ? T )" i | T
IRAS \ ! / / g / ; ! : Ly ! \ ! / ! !
I I I | I ] ] ] ] ] | ] ] | I T note7 | | I ]
| | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | |
! | | | | 1 L 1 1 1 1 1 1 1 N1 | | | | | 1
cas MR A B |
| | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | |
| I I | I | Iy | | | | | Iyl | I I | I |
| | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | |
| | | | | | o | | | | | Y | | | | | |
BA ! : : N ; : : ; : : ; ) -
T T T T T T T T T T T T T T 0T T T T T T T
| | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | |
L | | | | | L | | | | | | | )l | | | | | |
ALOAP L Ly ‘ ‘
| | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | |
| | L | | Iy | | | ) | oyl | | | | | |
Illfz |_||_'Z
BQ L T
| | | | | | | | | | | | | | | | | | | | |
| | | | | 1 LR 1 1 1 1 1 1 L ;l‘l\ | | | | | |
WE a0 A ‘
| | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | |
I I I I I | Ly | | ! | | Ll I I I I I |
DQM : Ly e ey
| | | | | | | | | | | | | | | | | | | | |
Self Refresh Entry Self Refresh Exit Auto Refresh

|:| : Don't care

Note: To Enter Self Refresh Mode

1. /CA, /RAS, /CAS with CKE should be LOW at the same clock cycle.

2. After 1 clock cycle, all of the inputs including the system clock can be “Don’t Care” except for
CKE.

3. The SDRAM remains in Self Refresh mode as long as CKE stays LOW. Once the device
enters Self Refresh mode, minimum tRAS is required before exit from Self Refresh.

Note: To Exit Self Refresh Mode

4. System clock restart and be stable before returning CKE HIGH.

5. /CAS starts from HIGH.

6. Minimum tRC is required after CKE going HIGH to complete Self Refresh exit.

7. 4K cycles of burst auto refresh is required before Self Refresh eatry and after Self Refresh exit
if the system uses burst refresh
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Mode Register Set Cycle Auto Refresh Cycle
0 11 42 3 4 5 6 o 1 2 '3 'a 's s 7 's 9 0
AV AVAV AV VAN AN AVAVAVAVAVAVRWAVAVAV AV
| | | HlGHI | | L 1 | HlGHI 1 1 RI | 1 1 1
CKE | | | S S
e e N S — N\ T T T AUVaR
L e 1l e———+—+RCH ;:! —
res SR ' [\ E U ,\;ﬁ_
/CAS I I\i/l/i\l | I\i/l ] 1 1 RI | I\i/-l-“
el ™ S
R 5 S O
IR N IR SRR NN S S R AR A
/WEI I\Il/l/:\l T [ I/ :\[ T T T Hl T I/:\J—
vov  EE R e e
f f f f
MRS New Auto Refresh New Command
Command
I:':Don‘tcare
Note:

1. All banks precharge should be completed before Mode Register Set cycle and Auto Refresh cycle.
2. Mode Register Set cycle
(a) /CAS, /RAS, /CAS, & /WE activation at the same clock cycle with address key will set internal
mode register.
(b) Minimum 2 clock cycles should be met before new /RAS activation.
(c) Please refer to Mode Register table.
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Package Dimensions
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