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LC382161T-17

2 MEG (65536 words x 16 bits x 2 banks)

Synchronous DRAM

Overview

The LC382161T is a 3.3 V single-voltage power supply
synchronous DRAMSs with a 65536-word X 16-bit x 2-
bank organization. This DRAM features a large capacity,

high speed, and low power due to the provision of °

synchronization circuits and the use of CMOS peripheral
circuits. Thus this is optimal for use in a wide range of
applications, from main and graphic memory in computers
to consumer products.

The LC382161T DRAM uses multiplexed address inputs
and is packaged in a 50-pin TSOP package that supports
high-density mounting. This DRAM uses auto-refresh
(CBR refresh) performed 512 times every 8 ms as the
refresh technique.

Features

¢ Organization: 65536 words x [6 bits X 2 banks
* All I/O signals {(except CKE) are synchronized with the
rising edge of the system ciock.
Basic specifications conform to the JEDEC standards
for 16 Mbit synchronous DRAM.
A pulse RAS scheme is used.
* Two bank internal structure (2 banks x 65536 words %
16 bits). Continuous operation across the two banks is
supported via the A9 pin.
Burst length setting (1, 2, 4, 8, or full page)
* Burst type setting (sequential or interleaved)
Burst output operations are interruptible.
* The CAS latency can be set using an address key. (CAS
latency: 1 or 2)
* Auto-refresh function
* Power-down and suspend operations can be controlled
from the CKE pin.
* /O byte order is controlled by the DQM pin.
* Fabrication in a CMOS process
* Single 3.3 V power supply
* LVTTL compatible
+ Low power
Standby: 7.2 mW
Operating: 324 mW
* Package:
TSOP 50-pin (400 mil) plastic package : LC382161T

L d

Package Dimensions
unit: mm
3211-TSOP50
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Pin Assignment
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Top view
AGS4TS
Pin Functions
Pin Function Pin Function
AD 1o A9 Address input CAS Column address strobe command
AD 10 AB, A9 Row address input WE Write enable
AB Row address, auto-precharge input LDOM, UDQM Data mask enable
AD 10 AB, A7, AD Column address input Voo Power supply
DQ0 to D5 Data /O Vgs Ground
CLK System clock input Vel Data output power supply
CKE Clock enable VgsQ Data output ground
[5:] Chip select N.C. No connection
RAS Row address strobe command
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Pin Functions

Pin No. Symbel Type Function (in detail)
a5 CLK (Ut oin CLK is the master clock input for this device. Except for CKE, all inputs 1o this device are
putLp acquired in synchronization with the rising edge of this pin,
The CKE input determines whether the CLK input is enabled wilhin the device. When CKE is
high, the next rising edge on the CLK signal will be valid, and when low, invalid, When CKE is
34 CKE Input pin low, the device will be in either the power-down mode, the clock suspend mode, or the self
refrash mode. The CKE signal must remain low lor these modes to remain in effect.
CKE is an asynchronous input.
The €S input detglnines whether command input is enabled within the device, Command input
18 CS input pin is enabled vilj_gn CS is low, and disabled when CS is high. The device remains in the previous
state when CS is high.
17 A inout pin RAS, in conjunction with CAS and WE, forms the device command. See the “Command Truth
put Table” item for details on device commands,
— . CAS, in conjunction with RAS and WE, forms the device command, See the “Command Truth
16 Cas Input pin Table” item for details on device commands,
— . WE, in conjunction with RAS and CAS, forms the device command. See the “Command Truth
15 WE Input pin s ) .
Table” item for details on device commands.
LDQM and UDOM controd the lower and upper bytes of the 'O buffers.
In read mode, LDGM and UDCM control the output bufer,
When LDQM or UDQM is low, the corresponding bufler byte is enabled, and when high,
disabled. The outputs go to the high impedance state when LDOM/UDOM is high.
14, 36 LDAOM, UDQM | Input pin This function corresponds to OE in general-purpose DRAMs,
In write mode, LDCIM and UDGM control the input buffer.
Whnen LDOM or UDQOM is low, the corresponding bufler byte is enabled, and data can be writlen
1o the device. When LDQM or UDOM is high, input data is masked and cannol be written 1o the
device. '
A8 is the bank selection signal.
19 A8 Input pin When A8 is low, bank 0 is selected and when high, bank 1 is selected,
This signal becomes part of the OP code during mode regisler set commang input.
AB is used as a row address during active command input, and is used 1o determine the
precharge mode during other commands.
20 A8 Input pin If AB is low during precharge command input the bank selecled by A9 is precharged, but if A8 is
high, both banks will be precharged.
This signal becomaes part of the OP code during mode register set command input.
A7 inout bin A7 is a column address input.
30 neutp This signal becomes part of the OP code during mode register set command input.
2110 24 AD to AG are address inputs. They are used as row address inpuis during active command input
‘;lo 29' Al to AB Input pin and as column address inpuls during read or write command input.
7w These signals become part of the OP code during mode register set command input.
2,3,5,6,8,9,11 ‘
P S E . DQO to DQ15 are /O pins.
12, 39, 40, 42, DQO 10 DQYS | /O pin 110 through these pins can be controlled in byte units using the LDQM and UDGM pins.
43, 45, 46, 48, 49
7.13,38, 44 VecQ Power supply pin | YccQ s the output butfer power supply.
4,10, 41,47 Vg5 Power supply pin | VggQ is the output bulfer ground.
1,25 Vee Power supply pin | Vg is the device internal power supply.
26, 50 Vg Power supply pin | Vgg is the device internal ground.
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Block Dlagram
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Specifications
Absolute Maximum Ratings
Parameler Symbol Conditions Ratings Unit Notg
Maximum supply vollage Ve max ~1.010+4.6 v 1
Maximum oulput supply voltage VooQ max -1.010 +4.6 v 1
Input voitage Vi -1.010+55 \4 i
Output voltage Vour ~-1.010 +4.6 v 1
Allowable power dissipation Pd max 1 w 1
Cutput shorled current leg 50 mA 1
Operating temperature Topr 0to+70 °C 1
Storage temperature Tslg =55 10 +150 °C 1
Note: 1. This device may be destroyed if siresses in excess of the absolule maximum ratings are applied,
DC Recommended Operating Ranges at Ta = 0 to +70°C
Parameter Symbol Conditions min typ max Unit Nole
Supply voltage Voo VecQ 3.0 3.3 3.6 v 2
Iput high level voltage Viy 20 5.5 v 2
Input low level voltage ViL -0.3 +0.8 \Y 2
Mote: 2. All voltages are referenced to Vgg.
DC Electrical Characteristics at Ta =0 to +70°C, Voo = VocQ =33+ 0.3V
Parameter Symbol Conditions min max Unit Note
Operating current Burst length = 1, 1qag 2 tyag (min),
(average current during operation) loc 1 tpp 2 tpp (Min), gyt =0mA 85 mA 3.4
P | ok =34ns 3 mA
lrecharge standby current CC 2P CKE < vy, {max) CK
(in power-down mode) loc 2P ok = o 2 mA
| =34ns 16 mA
Eracharge standby curment CCON | opes Vit (i) ok
{in non power-down mode) leg 2ns ok == 10 mA
Acti a I =34 ns 3 mA
‘cnve standby current CC 3P CKE 2 V_(max) tek
{in power-down mode) lcc 3ps ok = o 2 mA,
i [ =34 ns 16 mA
ﬁ.«cnve standby currant CCN_ e s Vi (min) tox
| (in non power-down mode) log ans o= 10 mA
Operating current ) CAS tatency = 2 90
. | 21 min), ln = 0 MmA mA 3.4
(in burst mode) cce | lox 2ok (mioklo TAS latency = 1 %0
Refresh current lee s lpg 2 tpg (min) 80 mA
OV £V S Vg, with pins other
Input leakage current I than tha tested pin at 0 v -10 +10 A
Output leakage current foL output disabled, 0 V < V5 < Voo -10 +10 pA
Output high levst voltage Vou louTt = ~2 MA 2.4 v
Qutput low level voltage VoL louT =2 MA 0.4 v

Note: 3.

These are the values al the minimum cycle time. Since the currents are transient, these values decrease as the cycle time increases. Also note

that a bypass capacitor of al least 0.01 pF should be inserted between Ve and Vgg for each memory chip 16 suppress power supply voltage
noise (voltage drops) due 1o these transient gurrents.
4. I1CC1 and ICC4 depend on the output load. The maximum values for ICC1 and ICC4 oceur in the oulpul open state.
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LC382161T-17

Input/Output Capacitance at Ta = 25°C, Vo =V cQ =3.3+ 03V, f= 1 MHz

Paramater Symbol max Unit
Input capacilance (AO to A9) Cint pF
Input capacitance {CLK, CKE, CS, AAS, CTAS, WE, LDQM, UDQM) Cinz pF
#0 capacitance (DQO to DQ15) Cio pF

AC Electrical Characteristics at Ta =0 to +65°C, Voo = VecQ = 3.135 V to 3.6 V (Notes 5, 6, 7)

Parameler Symbol min max uUnit Note
Clock cycle time C_ﬂ_ plency =2 bl X ™
CAS latency = 1 Lo 34 ng
Access time referenced to CLK (_:.pf latency =2 tacz v -
CAS fatency = 1 tac 30 ns
CLK high level width ton 7 ns
CLK low levet width toL 7 ns
Output data hoid time CAS latency = 2 or2 ! s
CAS latency = 1 toH 10 ns
Outpul low impedance time Wz 0 ns
Output kigh impedanca time tuz 10 17 ng 9
Input data setup time 1pg 4 ns
Input data hold time oK 2 ns
Address setup time tas 4 ns
Address hold time Tan 2 ns
CKE setup time texs 4 ns
CKE hold time fokH 2 ns
CKE-CLK recovery delay time IoKka 1CLK+4 ns
Command setup time {CS, RAS, TAS, WE, pam) tcs 4 ns
Command hold time (CS, RAS, CAS, WE, DOM) o 2 ns
Command cycle time (Ref 1o Ref/Act to Act) tre 136 ns
Command cycle fime (Acl 1o Pre) trAS 102 12000 ns
Command cycle time (Pra 10 Act) thp 34 ns
Active command to R/W command delay time taco 34 ns
Command cycle time (Act 0 to Act1) {RRD 34 ns
) CAS latency = 2 topL2 34 ns
Input data precharge command delay time
CAS latency = 1 topL1 34 ns
Input data active (refresh) CAS latency = 2 tpaL2 101K+ 34 ns
command delay time (during auto-precharge} CAS latency = 1 toAL1 LK + 34 ns
Transition time i1 1 30 ns
Refresh cycle time tRer 8 ms

Note: 5. When power is first applied, memory operation should be started 100 us after Ve and Voo Q reach their stipulated voltages. Also note that the
power on sequence and an auto-reiresh operation must be executed before starting memory operation.

. Measured with t1 = 1 ns.

w o~ O

in the high impedance state.

- The teference level is 1.4 V whan measuring input signal timing. Rise and fall times are measured between V.
. Measured with the load shown in the figure below.
. The time tyz (max) is defined as the tima required for the output voltage to transition by

i and V.

y £200 mV from Vg4 (min) or Vo (max) whan the output is
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Operating Frequency/Latency Relationships

Parameter Symbol -17 Unit
Clock cycle time ok 34 34 ns
Operating frequency - 29 29 MHz
CAS 1atency tcac 2 1 cycle
RAS to CAS delay time tAeo 1 1 cycle
AAS fatency tRAC 3 2 cycle
Command cycle time the 4 4 cycle
HAS cycle time tRas 3 3 cycle
Precharge cycle time trp 1 1 cycle
Command cycle time (Act 1o Act) tRAD 2 1 cycle
Column command cycle time (READ, READA, WRIT, WRITA) toco 1 1 cycle
Input data precharge command delay time tppL 1 1 cycle
Input data active (refresh) command delay time tpaL 2 2 cycle
Burst stop delay time (read) thsn 2 1 cycle
Burst stop detay time (write) twap 0 1] cycle
Burst stop detay time due to precharge (read) traL 2 1 cycla
Bursl stop detay time due to precharge (write) wpL 0 s} cycle
Auto-precharge stan delay time (read) traL -1 o cycle
DQM to data delay tims {read) tomp 2 2 cycle
DQM to data delay time (write) tomo 0 ¢} cycle
Mode register set 1o command delay time oo 2 cycle
Output Load
S00n
0an ’ A +1.4V
CL=30pF
ADS475
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Commands
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Mode Register Set Command
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Mode Register Set Command (CS, RAS, CAS, WE = Low)

The LC382161T incorporates a register that defines the device operating mode. This command functions as a data input
pin that loads this register from the pins A0 to A9. When power is first applied, the stipulated power on sequence should
be executed and then the LC382161 should be initialized by executing a mode register set command.

Note that the mode register set command can be executed only when both banks are in the idle state, i.e., deactivated.
Anotber command cannot be executed after a mode register set command until after the passage of the period tycp,
which is the period required for mode register set command execution.

Active Command (CS, RAS = Low, CAS, WE = High)

The LC382161T includes two banks of 256 rows each. This command selects one of the two banks according to the A9
pin and activates the row selected by the pins AO 10 A6 and AS.
This command corresponds to the fall of the RAS signal from high to low in a general-purpose DRAM.

Precharge Command (CS, RAS, WE = Low, CAS = High)

This command starts precharging the bank selected by pins A8 and A9. When A8 is high, both banks are precharged at
the same time. When A8 is low, the bank selected by A9 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 rise of the RAS signal from low to high in a general-purpose DRAM.

Read Command (CS, CAS = Low, RAS, WE = High)

This command selects the bank specified by the A9 pin and starts a burst read operation at the start address specified by
pins A0 to A6 and A7. Data is output following CAS latency.

The selected bank must be activated before executing this command.

When the A8 pin is high, this command functions as a read and auto-precharge command. After the burst read
completes, the bank selected by pin A9 is precharged. When the A8 pin is low, the bank selected by the A9 pin remains
in the activated state after the burst read completes.

Write Command (CS, CAS, WE = Low, RAS = High)

When burst write mode has been selected with the mode register set command, this command selects the bank specified
by the A9 pin and starts a burst write operation at the start address specified by pins AO to A6 and A7. The first data
must be input to the DQ pins in the cycle in which this command is executed.

The selected bank must be activated before executing this command.

When the A8 pin is high, this command functions as a write and auto-precharge command. After the burst write
completes, the bank selected by pin A9 is precharged. When the A8 pin is low, the bank selected by the A9 pin remains
in the activated state after the burst write completes.

After the input of the last burst write data, the application must wait for the write recovery period (ipp , tpay ) to elapse
according 10 CAS latency.

Auto-Refresh Command (CS, RAS, CAS = Low, WE, CKE = High)

"This command executes the auto-precharge operation. The row address and bank to be refreshed are automatically
generated during this operation.

Both banks must be placed in the idle state before executing this command.

The stipulated period (tg¢) is required for a single refresh operation, and no other commands can be executed during this
period. The device goes to the idle state after the device internal refresh operation completes,

This command must be executed at least 512 times every 8 ms.

This command corresponds to CBR auto-refresh in general-purpose DRAMs.
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Self-Refresh Command (CS, RAS, CAS, CKE = Low, WE = High)

This command executes the self-refresh operation. The row address (o be refreshed, the bank, and the refresh interval are
generated automatically internally during this operation. The self-refresh operation is started by dropping the CKE pin
from high to low. The self-refresh operation conlinues as long as the CKE pin remains low and there is no need for
external control of any other pins. The self-refresh operation is tenminated by raising the CKE pin from low 1o high. The
next command cannot be executed until the device internal recovery period (t,,.) has elapsed.

Both banks must be placed in the idle state before executing this command.

Burst Stop Command (CS, WE = Low, RAS, CAS = High)

The 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, CAS, WE = High)
This command has no effect on the device.
Device Deselect Command (CS = High)

This command does not perform any object operation selection with respect to the device. In other words, it performs no
operation with respect to the device.,

Power-Down Command (CKE = Low)

When both banks are in the idle {(inactive) state, or when at least one of the banks is not in the idle state {inactive) 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 tong
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. 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 (tox ) 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 (L. Thus the maximum
time that power-down mode can be held is just under the refresh cycle time.

Clock Suspend (CKE = Low)

This command can be used 1o stop the device 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. Aiso note that the device internal state is maintained. Clock suspend mode is terminated by raising the CKE pin
from low to high, at which point device operation restarts. The next command cannot be executed until the recovery
period (t.,,) 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 (t...). Thus the maximum
time that clock suspend mode can be held is just under the refresh cycle time,
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Command Truth Table (Notes 10, 11)

Command Symbol anEn CS (RAS[CAS|WE [paM| a9 | AB | A7 | A6tloAD | DOA | Note
Mode eegister set command MRS HlX{L]lLlLypL ]| X 0P CODE X 12,13
Auto-refresh command REF HIHILILIL[H]|X]|X]|X]X X High-Z | 14
Sell-refresh command SREF HiL|L[L[L]H]|X]|[X X X High-Z | 14, 15
Precharge selecled bank command PRE HepX Ll L[H|]L]Xx|BS|{L{|X X X
Precharge both banks cormmand PALL Hl X[ L] L]HIL]X([BS]HI X X X
Bank activate/row selected command ACT HIX[L[L]|H]H}| X {85 |Row| X Row X 16
Write command WRIT H | X L|H L L X |BS|L Column X 17
Write/auto-precharge command WHRITA H] X{L}|H L L X |BS|H Column X 17
Read command READ H 1 X L|H LIH]|X|BS]|L Column X 17
Read/auto-prechargs command READA HiX]|]L[H|L|H]X]|BS]H Column X 17
Burst stop command BST HX}|L|H]|H L X |1 X1 X | X X X 18
No operatipn . NOP HI X|LIH[H]|H]X]X]| X]| X X X
Device deselect command DESL HIX|H| X[ X[X]X]X]|[X]|X X X
Clock suspend/standby mode SBY LIX [ XX X[ X]|X]X|[X]|[X X X
Dala write/output enable ENB HI X XXX [X]L]|X]|Xx]|X X Active
Data mask/oulput disable MASK HI X | X i X IX | X|HIX|X]| X X High-Z
DQM Truth Table {Notes 10, 11)
CKE oM
Command Symbol
n-1| n [Upper|Lower
Data write/output enable ENB H i X L L
Data mask/cutpul disable MASK H [ X 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
CKE Truth Table (Notes 10, 11)
CKE | ___ I
Current state Command Symbol il n CS |RAS|CASIWE | A9 | A8 | A7 10 AD
Active Stant clock suspend mode SPND HL X X | X | X ]| X{X X
Other states Clock suspend LIL | X[ X{X[X]|X]|X X
Clock suspend Terminate clock suspend mode L|H X1 XX | X X1 X X
idie Auto-refresh command REF H]IH] L] L]IL]|H]X|[X X
dle Stan self-refresh mode SELF H L L L L H X | X X
Self-refresh Terminate self-refresh mode LR L R XX X
L H H X3 X X X | X X
Idla Start power-down mode PDWN Hpt ol AN A A R R X
H L H X | X X XX X
Power-down Terminate power-down mode LIH] X XX | X|[X]X X
H: A high level input with V, between V,, (min) and 4.6 v
L: A low level input with V,, between —0.3 V and V, (max}
X: Either a high or fow level input

High-Z: A high impedance output
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Operation Command Table (Notes 10, 11)

Cursent state CS |RAS|CAS|WE | A9 | A8 | A7 | AB 10 AD Command Qperation Note
HIX | X[ X]X ] XX X DESL No pperation or power-gown al
L{H]JH|H]| X[ X] X X NOP No operation or power-down 21
Li{H]IH]L|X]X]X X BST No operation or power-down
L H L H]lV |V \' v READ/READA | lllegal
Idle L H L L vVIiv]yv v WRITWRITA egal
L L H H{ vV \ X v ACT Row active
LIL]JH[L]IV]V]X X PRE/PALL No operation
LfL]L]H]IXIx]x X REF/SELF Auto-refresh or self-refresh 22
LjbL]Li|tL OP CODE MRS Mode register set
HIX I XX X]Xx]|X X DESL No operation
LIHIH]IH|X ]| X ]| X X NOP No cperation
L H|H L X ]| XX X BST No operation
L H L Hlv |V ]V A READ/READA | Read star 27
Row aclive L H L L ViV ]V v WRIT/WRITA | Write stan 27
L L H]lH|[V ]|V X v ACT llegal 19
L L H L Vv X X PRE/PALL Precharge 24
Ly LyL|HIX|X]|X X REF/SELF ltegal
L{L}L|L OP CODE MRS legal
HIX XX ] X ]| X[ X X DESL Burst read continues, row active when done
LIH[H[H] X ]| X|X X NOP Burst read continues, row active when done
LIHIH| L] X]|X|X X BST Burst read interrupted, row active after interrupt
LIH]JL]|H|V V]|V v READ/READA | Burst read interrupted, read restart after interrupt 25
Read LIH]JL[L|[V ]V ]|V v WRITWRITA | Burst read interrupted, wrile start after interrupt 20, 25
L L H | H v W X v ACT Hegal 19
L L|H LV ]V ]X X PRE/PALL Burst read interrupted, precharge after interrupt
L L L H X X X x REF/SELF llegal
Ll LfLiL QP CODE MRS lllegal
HI X [ X{X | X|[Xx]|X X DESL Burst write continues, wifte recovery when done
LIH]JH|IH|[X]|X]|X X NOP Burst write continues, wrile recovery when dene
L{H]IH|L[X[X]X X BST Burst write inferrupted, row active after interrupt
L H L Hlv ]|V ]|V v READ/READA | Burst write interrupted, read start after interrupt 20,25
Write L|H]|L LV ]|V ]|V v WRIT/WRITA | Burst write interrupted, write restart after interrupt 25
LiL|B[H{V]V]|X Vv ACT lliegal 19
L L H LIv|v]X X PRE/PALL Burst write interrupted, precharge after interrupt 26
L L L H X X X X REF/SELF llegal
L(L]L]|L OP CODE MRS llegal
HI X | X[ XX ] X]| X X DESL Burst read continues, precharge when done
CIH]IH[H|[X]X]| X X NCP Burst read continves, precharge when done
CIH]JH]JL[X|X]| X X BST llegaf
L{H]L|H|[V]V]|V v READ/READA | lllegal
Read & auto-precharge LIH]L LIV ]V | vV v WRITWRITA | llegal
L L H|H]V V| X v ACT MNegal 19
L L H L VIiV]X X PREMPALL Negal 19
L L L H X bt X X REF/SELF lllegal
L L L L OP CODE MRS lllegal

Continued on next page.
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Continued {rom preceding page.
Cutrenl state CS [RAS|CAS|WE | A9 | A8 | A7 | ABto AD| Command Operation Note
mlx x| x| x| x]x| x [oest E:’;;;;:’:;::“:;: . wile recovery and
Clululalxl x| x X NOP sz;;:;l:::zgn:::é write recovery and
LIH]JH]JLX]X]X X BST llegal
Write 8 auto-precharge LIH{L]|HIV]|V]V v READ/READA | liegal
L{H]JL|L{V ]V ]V v WRITAWRITA | llegal
LIL{H|JHIV]|V]X v ACT llegal 19
LILIH]|JL]V]V]X X PRE/PALL liegal 19
LILIL]IBIEX]|X ]| X X REF/SELF lliegal
L L|L]¢L OP CODE MRS llegal
HIX | X | X X]X]|X X DESL No operation, idie state after tgp has elapsed
LIH|{H]|H] X]| X]| X X NOP No operation, igle state after iqp has elapsed
LITHIJH]|JL|X]|X]X X BST No operation, idle sfate after tqp has elapsed
LJH|JL|H]|V ]V ]V v READ/READA | lilegal 19
Row precharge LIH|L]|L|fVvIiv ]V v WRITWRITA | llegal 12
LIJL|HIH|VIV]|X v ACT llegal 19
LIL|JH]JL|[VIV]X X PRE/PALL No operaticn, idle state atter Igp has elapsed 19
LIJL}JLIH]| X X]X X REF/SELF lilegal
LjrjprLit OP CODE MRS llegal
HIX [ XX ]| X|X{X X DESL No operation, row active after Iggp has elapsed
LIH|JH]H|[X]X{X X NOP No operation, tow active after Igep has elapsed
LIH|IH]L|[X]X]X X BST No operation, row active after iqcp has elapsed
] ) LI{H|L|H|fV]IV]YV v READ/READA | llegai 18
immedaely lowig U TH [ L[ L[V |V | V] Vv [WRmWATA |ilega 19
L{L|H|[H|V]V|[X v ACT llegal 19,23
LYEJH|L|V |V |X X PRE/PALL llegal 19
LjL|L]|H]X|X]X X REF/SELF lllegal
LjefL|tL OP CCDE MRS lilegal
HY{X | X | X | X|X]| X X DESL No operation, row active after tpp, has elapsed
L{BH|H|[H|[X]X] X X NOP No operation, row active after Ipp; has elapsed
LIiH{H]ILIX|X]|X X BST No operation, row active alter tpp| has elapsed
L{H|L]JH|VY V]V v READ/READA | Read star
Write recovery LIH{L|JLIV]V]V v WRITWRITA | Write restart
LIL|H]JH}V]V]X v ACT llegal 19
LiyL]JH|LIV{V]X X PRE/PALL lllegal 19
LIfL]JLIH]|X]| XX X REF/SELF lllegal
LLpLltL OP CODE MRS llegal
HIXX X | X][X]|X X DESL No operation, idle state afier 1y has elapsed
LITHIHIH]X | X[ X X NCP No operation, ide stale after ipy has elapsed
LITH|H|LPX] XX X B8SsT No operation, idie state after tpy has elapsed
LIH|[L|HV V]V A READ/READA | llegal 13
m“:p’fﬁﬁg"e& Llaloofv]v]v V.  |WRITWRITA | lliegal 19
LIL[H|HIV]V]|X v ACT Hlegal 19
LIL|H]JL}V]VIX X PRE/PALL fllegal 19
LIL|JL]JH]IX]X]|X X REF/SELF lllegal
L{L]JL]L OP CODE MRS lllegal

Continued on next page.
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Continued from preceding page.

Current state CS |RAS|CAS|WE | A9 | AB | A7 | ASto AD Command Operation Note
HX [ X | X[ x|x]|X X DESL No operalion, idla state after tac has elapsed
LIH|HIH]|X|X]|X X NOP No operation, idle state after iqc has elapsed
LIHIH]L ] X ] X! X X BST No operation, idle stale atter i has elapsed
L H L Hv]v]yv v READ/READA | lllegal

Refrash L H L L Viv|v \Y WRITAWRITA IHegal
LIL|IH|H|V]V]|X vV ACT lilegal
LIL|IH]|L[V]V]X X PRE/PALL Hlegal
LIL|ILIH|[X]X]|X X REF/SELF llegal
LfLrjLj|tL OP CODE MRS llegal
Hi{X X[ X | X | x|[x X DESL No operation, idle state after tycp has elapsed
LIH]JH|[HIX|[X]|X X NOP No operation, idle state after ty;pp has elapsed
LIH[IH]L[X]X]| X 4 BST No operation, idig state after tyypy has elapsed
L H L HlVv|v ]|V v READ/READA | lllegal
Mode register set LlH]JLL|Vv]v |V v WRIT/WRITA | lllegal
LIL[H]|H{V|V]X v ACT lllegal
LJL|IH|L[V]V]|X X PRE/PALL llegaf
LfL L ]H[Xx[x]X X REF/SELF llegal
LiLfL)u OP CQODE MRS lllegal

Note: 10. H: High level input, L: Low leval input, X: High or low level inpul {(undefined state), V: Direct input voltage at a stipulated high or low level

1. Allinput signals are latched on the rising edge of the CLK signal,
t2. Both banks must be placed in the inactive (idle) state in advance.

13. The state of the AD Lo A pins is loaded into the mode register as an OP code.
14. The row address is generated automatically intemally at this time. The DQ pin and the address pin data is ignored.
15. During a self-refresh operation, all pin dala {states) other than CKE is ignored.
16. The selected bank must be placed in the inactive {idle) state in advance.

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

18, This command is valid only when the burst length is set to full page.
19. This is possible depending on the state of the bank selected by the A9 pin.

20. Time to switch internal busses is required.

21, Tha LC382161 can be switched 10 power-down mode by dropping the CKE pin low when both banks are in the idle state.
Input pins other than CKE are igrored at this time.
22, The LC382161 can be switched to self refresh mode by dropping the CKE pin low when both banks are in the idle state.
Input pins other than CKE are ignored at this time,

23. Possible if typp Is satisfied.
24. Possiblg if Izag is satisfied.

25. The conditions for burst interruption must be observed,
Also note that the LC382161 will enter the precharged state immadialely after the burst operation completes if auto-precharge is sefecled,
26. Data must be masked by setting the DQM pin high when input data is available during the tpp period.
27. Command input becomes possible after the pericd {rep has elapsed.
Also note that the LC382161 will enter the precharged state immediately after the burst operation completes if aulo-precharge is selected,
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CKE Related Command Truth Table (Note 28)

CKE —
Current state — TS |RASICAS|WE|[ A0 | AB | A7 1o AD Operalion Note
H Undefined
Self-refresh recovery 29
Self-retresh recavery 29
Self-refresh
lllegal 29
Iegal 29
Self-refresh

idle state after 1RC has elapsed
Idle state after tRC has elapsed

lllegal
lllegal

Powaer-down on the next cycle 32

Self-refresh recove
Y Power-cown on the next cycle 32

lllegal
Itegal

Clock suspend termination on the next cycle 29
Ciock suspend
Undefined

Power-down mode temination, idle after that termination 29

Power-down

Power-down moge

No operation

See the operation command table

Bank active or precharge

I I|T|T|r|~ |||z x|x(z|Z|z2|x| |||
HAM A XXM X[ X sy X x| X)Expax|>x]x
HKpx x| PRI = R X x| x> x]|x]{x

Aulo-precharge
CODE Mode register set
See the operation command table

I

(@]
FNXR|IXK XD XX XD XX X x| s x| »yx| ||| m|x

Both banks idle

See the operation command table

See the operation command table
Self-refresh ac
CODE See the operation command table

I || x
MK x| x| >

o]

Power-down mode 30

See the operation command table

Clock suspend on the next ¢cycle 3
Other states d 4

I~z |T|T|Z|(|Z]xX][~|XT||]~|-|x|xiTiz|lT|T|TIx|=x]{>
XXXy ||| rimF I x| x| x| |[T|~ |||zl x|rl-l-| ol x
MKl {x| x|~ |r | T | XD xX[X|X|[xX|xIx|r|T|Z|x|~|x|T|x|>xlI—|xT|T|x|x
NI DX Xim [T Xpx x| x| x| xIx]=|>x]>xfx{x]|=x|x|x|x|x|x|x

]I |I|—|{I|XZ|T|T|XT

K| x| =
KA XX

Clock suspend termination on the next cycle

HKIXIX[ x| |r || I X[ x| |[rfX|xpxfx|x{®X]x|%I>x|[|T|xI>x|r|T|[xix|x[~]T|x{x

Ll L XX X[ XX X Clock suspend termination on the next cycle

Note: 28. H: High level input, L: Low level input, X: High or low level input (undefined state), V: Direct input voltage at a stipulated high or low tevel
29. The CLK pin and the other inputs are reactivaled asynchranously by the transition of the CKE level from iow 1o high,
The minimum setup time required before all commands other than mode termination commands must be satisfied.
30. Both banks musl be sel to the inactive {idle} state in advance 1o switch to power-down mode or self-reflresh mode.
31. The input must be & command defined in the operation cermmand lable.
32. The perod tgpgy Must be satisfied,
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Two-Bank Manipulation Command Truth Table (Notes 33, 34)

- Previous state Next state
TS |RAS|CAS| WE | A9 | AB [ A7 | A6 10 AD Operation
Bank 0 Bank 1 Bank 0 Bank 1
H X| X | X | X X DESL Any Any Any Any
LIH|H]|H]|X]|X]|X X NOP Any Any Any Any
RAWIA A A 77
| A | /A
L|{H]|H L X X1 X X BST
/A R/W/A A A
I7A | A |
H H CA 1A © RAW/A ItA RP
HI|H CA W A A AP
H L CA I7A RAW/A A R
HiL CA RAV A A R
L|H L H READ
L H CA AAW/A A RP 1A
L|H CA A R RP A
L L CA ArWIA VA R 1A
L L CA A RwW R A
H H CA [I1:8 RAW/ A 1A wp
H H CA RW A A wp
H L CA 1A RAW/A A w
H L CA RW A A w
LIH]L]|L WRIT
L H CA R/W/A /A WP A
L H CA A RW wpP A
L L CA RAW/A 1A w WA
L L CA A R/wW w A
H |RA| X RA Any I Any A
L L H H ACT
L |RA| X RA | Any A Any
X H | X X R/W/A/I 1A | |
X H [ X X 1A RAW/A/I | |
H L X X I7A R/W/A/| I/A |
LyL|{H|[L PRE
HlL|X X AMW/AN I/A RIW/A/ [
L L X X RMW/AA WA | IfA
L|Ly X X 178 RAW/AS | AwW/AA
L L L HIX ]| X[ X X REF | | | |
[T I I OP CODE MRS I | | |
Note: 33. H: High level input, L: Low level input, X: High or low level input (undefined state), V: Direct input voltage at a stipulated high of low lavel

34.

RA: Row address, CA; Column address

The device state symbols are interpreted as follows.
Idle (inactive) state
Row active state

I

A
R:
W
RP:
WP

Read
Writa

Read & auto-precharge
Wrile & auto-precharge
Any: Any state
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Simpilifled State Transition Diagram

Mode
register
set

Bursl siop

85T

SREF exn

Autg-relresh

Aclive
power
down

Bank aclive

CKE .
Clack
suspend
CKE

Write 8 aulo-
precharge

Clock
suspend

Read & aulo-
precharge

Precharge

Aulomatic ransilion lollowing the
————— 3 completion of command execulion
—— Transiion due 1o command input

AD3622
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Device Initialization at Power-on (power-on sequence)

As is the case with general-purpose DRAMs, the LC382161T must be initialized by executing a stipulated power-on
sequence after power is applied.

After power is applied and Vo and VcQ reach their stipulated voltages, set and hold the CKE and DQM pins high for
100 ps. Then, execute the precharge command to precharge both banks. Next, execute the auto-precharge command
twice and define the device operating mode by executing a mode register set command.

Mode Register Settings

The mode register set command sets the mode register. When this command is execuled, pins AD to A6, A7, A8, and A9
function as data input pins for setting the register, and this data becomes the device internat OP code. This OP code has
four fields as listed in the table below.

Input pin Field
A9, AB, A7 Optlon
AB, A5, A4 CAS latency
A3 Burst type
A2 A1, AD Burst length

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

CAS Latency

During a read operation, the delay between the execution of the read command and data output is stipulated as the CAS
latency. This period can be set using the mode register set command. The optimal CAS latency is determined by the
clock frequency. See the “Operating Frequency/Latency Relationships™ item on page 7 for details on the relationship
between the clock frequency and the CAS latency. See the table on the next page for details on setting the mode register.

Burst Length

When wriling or reading, data can be input or output data continuously. In these operalions, an address is input only once
and that address is taken as the starting address internally by the device. The device then automatically generates the
following addresses. The mode register set command burst length field stipulates the number of data items input or
output in sequence. In the LC382161T, a burst length of 1, 2, 4, 8, or full page can be specified. See the table on the next
page for details on setting the mode register.

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 L.C382161T supports sequential mode and interleaved mode burst type settings. See the table
on the next page for details on setting the mode register. See the “Burst Length and Column Address Sequence” item on
page 21 for details on I/Q data orders in these modes.
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Mode Register

9

8

7

6

5 4

3

[O]0|0]LT MODEIBTl

Address bus

BL .
Mode register (Mx)

M2 | M1 | MO Sequential Interleaved
0 0 [ 1 Reserved
0 0 1 2 2
0 1 [} 4 4
Burst length 0] 1 1 8 8
1 0|0 Reserved Reserved
1 0 1 Reserved Reserved
1 1 0 Reserved Reserved
1 1 1 Full page Reserved
M3 Type
Burst type 0 Sequential
Interdeaved
M6 | M5 | M4 CAS latency
0]l]0]| 0 Reserved
0] 0|1 1
0 1 0 2
Latency mode 0 1 1 Reserved
1 o 0 Reserved
1 0 |1 Reserved
1 170 Reserved
1 1 1 Reserved

MG | M8 | M7 M6 L0 MO Functions
0 0 Crefined Mode register set
01 Lefined JEDEC standard test setting
1 6} 0 Defined Burst read & single wrile

Othar combinations are undelined.
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Burst Length and Column Address Sequence

Column address Address sequence
Burst length -
A2 Al AD Sequentiat Intereaved
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= 12w 3t nefnli=T 0-1-2-3-4-5-65-7
0 0 i 1-2-34-5-6-7-0 1-0-3-2-54-7-6
0 1 0 2-3-4-5-6-7-0-1 2-30-1-6-74-5
0 1 1 3—4-56-7-0-1-2 3-2-1-0-7-6-5—4
) 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—A4-7—6-1-0-3-2
1 1 0 6-7-0-1-2-34-5 6-7-4-5-2-3-0-1
1 1 1 7-0-1-2-3-4-5-6 7—65-5-4-3-2--1-0
Cn,Cn+1,Cn+2,
None
Cn+3,Cn+4....
Full page (256) n n n
..Cn~1{Cn + 255)
Cn {Cn + 256)

Note: The burst length in full page mode is 256,

Bank Select and Precharge Address Allocation

X0 - Row address
X1 — Row address
xe — Row address
x3 — Row address
X4 — Row address
X5 — Row address
Row
X6 — Row address
X7 — Invatid
[¢] Precharge of the selected bank {precharge command) .
X8 Row address {active command)
1 Precharge of both banks {precharge command)
0 Bank 0 selected {precharge and active commands}
X8 1 Bank 1 selected [precharge and active commands)
YO — | Column address
Y1 — Column address
Y2 — Column address
Y3 — Column address
Y4 — Column address
Column Y5 - Column address
Y6 — Column address
Y7 — Column address
4] Aule-precharge nol perormed
ve 1 Auto-precharge perfomed
v 0 Bank 0 select {read and write commands)

Bank 1 select (read and wrile commands)
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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 the CAS latency period. Next, data corresponding to an address generated automaltically by the device is output in
synchronization with the clock signal.

The output buffers go to the low impedance state CAS latency minus one cycles after the read command, and go 1o 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 the outpul buffers must be set to the high impedance state by executing a burst stop command.
Note that the upper byte and lower byte output data can be masked independently under control of the signals applied to
the U/LDQM 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 (o the active state before executing this command.

AS latency = 2, burst length = 4

CLK |
Command } READ X
DGn —/LDouto >< Dout 1 KDOUIZ X Dou13‘>

teac

Burst lenglh

CAS latency
AQ3623

Burst Write

The write cycle is started by executing the write command. The address provided during write command execution is
used as the starting address, and at the same time data for this address is input in synchronization with the clock signal.
Next, data is input in order in synchronization with the clock signal. During this operation, data is written to addresses
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:
tppL} 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 can be masked independently under contro! of the signals applied to
the U/LDQM pins. The delay period (tpmp) 1s 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.

CAS latency = 1 o1 2, bursl length = 4

O R e A

CLK

Command X WRIT X
DQn ~< Oout 0 XDouti X Doutz X DoutB‘\—,

Burst length

AQ3624
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Read & Auto-Precharge

The read & auto-precharge command first executes a burst read operation and then puts the selected bank in the
precharged state automatically. After the precharge completes, the bank goes (o the 1dle state. Thus this command
performs a read command and a precharge command in a single operation.

During this operation, the delay pericd (tpgr) between the last burst data output and the start of the precharge operation
differs depending on the CAS latency setting. When the CAS latency semng is one, the precharge operation starts at the
same Uime as the Iast burst data is output (tpqr = 0), and when the CAS latency setting is two, the precharge operation
starts on the clock cycle one cycle before the last burst data is output (tpqL = —1). Therefore, the selected bank can be
made active after a delay of (gp 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 = 1, burst length = 4

CLK

Command :>< READA O >< X ACTO ><
———< Dout @ >< Dout 1 X Dout 2 >< Dout;\—

: Iap :
.<—~——>—.

Read & auto-precharge (bank Q) Precharge start

CAS latency = 2, burst length = 4

Command X READAD X X ACT O ><

tpaL

DQn < Dout 0 X Dout? >< Dout 2 X Dout 3 \

Read & auto-precharge {bank G Precharge starl

lpp

AD3625
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Write & Auto-Precharge

The write & auto-precharge command first executes a burst write operation and then puts the selected bank in the
precharged 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 (ip,;) between the last burst data input and the completion of the precharge
operation is tgp 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 tpy,; .

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 = 1, burst length = 4

CLK

Command X WRITAD X >< ACTD ><
: Pre;:harge start
DQn —< Din® X Rin1 >< Din2 X  Din3 \/ / :

Write & auto-precharge (bank 0} DAL

CAS latency = 2, burst length = 4

CLK l | ’

Command :><jRITA 0 >< >< ACT O ><
: : Precharge start
oan  — Gin0 X Din 1 X Din 2 >< Din3 >—/

tap

Write & auto-precharge (bank 0} 5 Tpa

A03626
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Spacing between Read Commands

A new read 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 1o the new read command is
output in place of the data due 10 the previous read command.

The interval between two read commands (t-cp) must be at least one clock cycle.

The selected bank must be set to the active state before executing this command.

CAS latency = 2, burst length = 4

CLK

Command X READ a0 X READ bQ ><
DQn < Doutad X DouthD >< Dout b1 >< Doutb2 >< Dout b3 >—
: lcen :

-

Read (CA = a, bank 0) Read (CA = b. bark 0)

AQ3627

Spacing between Write Commands

A new write command can be executed while a write cycle is in progress, i.e., before that cycle completes. Al the point
the second write command is executed, data corresponding to the new write command can be input in place of the data
for the previous write command,

The interval between two write commands {lcp) must be at least one clock cycle.

The selected bank must be set to the active state before executing thjs command.

CAS latency = 2, burst length = 4

CLK

cop
Commang X WRIT a0 XWRJTbO ><
DQn —< Dout a0 X Doutb0>< Doutb1‘>< Doutb2>< Dout b3 >

Write (CA = a, bank ) Write {CA = b, bank 0}

AD3628
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Spacing between Write and Read Commands

A new read command can be executed while 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 DQn pins must be placed in the high impedance state at least one clock cycle before data is
output during this operation.

The interval (iccp) between commands must be at least 1 clock cycle.

The selected bank must be set to the active state before executing this command.

CAS latency = 1, burst length = 4

N

lcco

e
Command >< WRIT a0 X READbOX
DOn @—h< Dout b0 >< Dout bt KDouth X Ooutbl }
, i High-Z /

Wile (CA = a, bank 0) Read (CA = b, bank 0}

CAS latency = 2, burst length = 4

LK - ‘ ‘ ‘

: locp :
- ————

Command X WRIT a0 READ bO
pDgn  — Dinad ><////>h< Dout b0 >< Doutbr>< Dout b2 >< Dout b3 >L
: ) High-Z

Write (CA =a, bank0) Read {CA = b, bank 0)

AD3629
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Spacing between Read and Write Commands

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 the 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 (toep) between these commands must be at least 1 clock cycle.

The selected bank must be set to the active state before executing this command.

CAS latency =1 or 2, burst length = 4

CLK

oo

Command >< READ a0 >< WRIT b0 ><
UADQM \

" High-z* _ , \

DOn - Din b0 Din b1 Dinb2 Din b3 /)

Read (CA = a, bank 0) Write (CA = b, bank D)

CAS latency = 1, burst length = 4

CLK j |
Command X RSEAD al >< KWRIT Bo ><
wLoGgm / \ \

Read (CA = a, bank 0) Write (CA = b, bank 0}

leep

A03630
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Precharge

The precharge command sets the bank selected by pin A9 to the precharged state. This command can be executed at a
time (g5 following the execution of an active command applied to the same bank. The selected bank goes to the idle
state at time tgp following the execution of the precharge command, and an active command can be executed again for
that bank.

If pin A8 is low when this command is executed, the bank selected by pin A9 will be precharged, and if pin A8 is high,
both banks will be precharged at the same time. The input to pin A9 is ignored in the latter case.

Read Cycle Interruption Using the Precharge Command

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 L@mpletion of the burst output, i.e., the point Eﬂ outputs go
to the high impedance state will be one clock cycle if the CAS latency is one, and two clock cycles if the CAS latency is
two,

Inversely, to output burst data through the completion of the burst cycle, the precharge command must be executed either
at the same time as or later than the last burst data output if the CAS latency is one, or no more than one clock cycle
before the last output if the CAS latency is two,

CAS tatency = 1, burst length = 4

CLK

lnoL

Command :>< READ al >< X PRED X
plely Doutad >< Dout a1 >< Dout a2
i i digh-Z

Read (CA = a, bank 0) Precharge (bank 0)

CAS fatency = 2, burst length = 4

CLK

Command X READ a(r>< X PRE(T><

DQn Dout af X  Doutal >< Dout az

Read (CA = a, bank 0) Precharge (bank 0)

TRcL

¢ Righ-Z

AD3631
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Write Cycle Interruption Using the Precharge Command

A write cycle can be interrupted by the execution of the precharge command before that cycle completes. The delay time
(twpL) from the execution of the precharge command (o 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 cycles, regardless of the CAS latency.

Inversely, to write all the burst data (o the device, the precharge command must be executed after the write data recovery
period (tppy,) has elapsed. Therefore, the precharge command must be executed on a clock cycle that follows the input of
the last burst data item.

CAS latency = 1 or 2, burst length = 4

CLK
Command X WRIT a0 >< X PREOX
invalid dara
DQn < Din a0 >< Dout bt X Doutb2 X i i i i >
Write (CA = a, bank 0) Precharge (bank 0}

CAS latency = 2, burst length = 4

Snlnlnlal

IopL

Command XWRIT&OX >< PRED ><
DQn < Bin ab >< Dinal X Dir a2 >< Dina3 _\

Write (CA = a, bank 0) Precharge (bank 0)

A03632
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Read Cycle (full page) Interruption Using the Burst Stop Command

The LC382161 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 LC382161 repeats the operation starting with the 256th cycle, with the data
output returning to location (a) and continuing witha + 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 RAS cycle time (tRAS max) following the burst
stop command. After the period (tgpp) 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 (tggp} is one clock cycle when the CAS
latency is one and two clock cycles when the CAS latency is two.

CAS latency = 1, burst length = full page

CLK

Ied

Command X READ aﬂx

DQn —< Dout a0 X Doutal Dout a0 >< Douta‘h‘>< Dm‘i
: : - i High-Z

Read (CA = a, bank &)

Bursl stop

CAS latency = 2, burst length = full page

CLK

TABO

Command X READ aQ ><

o X

DQn

Read (CA = a, bank 0)

DoutaOX Dout a >< Douta2z X Douta3 >—
¢ High-Z

Dout ad
-

W, : i
Burst stop

A03633
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Write Cycle (full page) Interruption Using the Burst Stop Command

The LC382161 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 LC382161 repeats the operation starting with the 256th cycle, with data
input returning to location (a) and continuing witha + 1, a + 2, a + 3, etc. A burst stop command must be executed (o
terminate this cycle. A precharge command must be executed within the RAS cycle time (tp A5 max) following the burst
stop command. After the period (lygp) required for burst data input to stop following the execution of the burst stop
command has elapsed, the write cycle terminates. This period (lygp) is zero clock cycles, regardless of the CAS latency.

CAS latency = 1 or 2, burst lengih = full page

| Iqd L |

|« wap

: ; trp
Command X WRIT a0 X >< BST X PRE D X

| Invalid data :
DQn ~< Din a0 >< Dinai Dina >< Dina) innaz X////>
5 S : :

Wrile {CA = a, bank 0} Burst stop Precharge (bank 0}

A03634

Burst Data Interruption Using the U/LDQM Pins (read cycle)

Burst data output can be temporarily interrupted (masked) during a read cycle using the U/LDQM pins. Regardless of
the CAS latency, two clock cycles (tomp) after one of the U/LDQM pins goes high, the corresponding outputs go 1o the
high impedance state. Subsequently, the outputs are maintained in the high impedance state as long as that U/LDQM pin
remains high. When the U/LDQM pin goes low, output is resumed at a time tomp later. This output control operates
independently on a byte basis with the UDQM pin controlling upper byte output (pins DQ8 to DQ15) and the LDQM pin
controlling lower byte output (pins DQO to DQ7).

Since the U/LDQM pins control] the device output buffers only, the read cycle continues internally and, in particular,
incrementing of the internal burst counter continues.

CAS latency = 2, burst length = 4

CLK ‘ }

Command XREAD aOX

uoagm

DQB 10 D15 5 f : \
- - Dowt a0 ; Doutaz >< Douta3
i ‘ . High-Z _ / High-Z

D0 to DQ7 / >< \ \
: ; Dout a0 Dout a1
: : AN o/

! High-Z

LoOM

Read Data mask Dala mask
(CA=a bank 0) (upperbyle)  (lower byie)

No, 5055-31/55
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Burst Data Interruption Using the U/LDQM Pins (write cycle)

Burst data input can be temporarily interrupted (muted) during a write cycle using the U/LDQM pins. Regardless of the
CAS latency, as soon as one of the U/LDQM pins goes high, the corresponding extemally applied input data will no
fonger be written to the device internal circuits. Subsequently, the corresponding inpul continues to be muted as long as
that U/LDOQM pin remains high. The LC382161 will revert to accepting input as soon as that pin is dropped to low and
data will be written to the device. This input control operates independently on a byte basis with the UDQM pin
controlling upper byte intput (pins DQ8 to DQ15) and the LDQM pin contrelling the lower byte input (pins DQO to
DG7).

Since the U/LDQM pins control the device input buffers only, the write cycle continues internally and, in particular,
incrementing of the internal burst counter continues.

AS latency = 2, burst length = 4

CLK

Command ><;WF“T ab X
uogm /7 N\ : 5
LDQM / \

i i f
00810 0O : <////>< Dinal >< Din a2 KDina_% >

Write Daia mask - Data mask
(CA =2 barnk 0) (upper byle) (lower byte) AD3636

Burst Read & Single Write

The burst read & single write command is set up using the mode register set command. During this operation, the burst
read cycle operates normally but the write cycle only writes a single data item for each write cycle. The CAS latency and
DQM latency are the same as in normal mode.

AS lalency = 1 or 2

CLK | ' J |

Commang ‘>< WRIT ao><

/' Din a0 \

oQn Y /

Write {CA = a. bank 0)

AQ3637
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Bank Active Command Spacing

When the selected bank is precharged, the period tgp has elapsed and the bank has entered the idle stale, the bank can be
activated by executing the active command. If the other bank is in the idle state at that time, the active command can be
execuled for that bank after the period tpppy has elapsed. At that point both banks will be in the active state.

When a bank active command has been executed, a precharge command must be executed for that bank within the RAS
cycle time (tgag max)- Also note that a precharge command cannot be executed for an active bank before tRAS min has
elapsed.

After a bank active command has been executed and the tgepy period has elapsed, read and write (including auto-
precharge) commands can be executed for that bank.

CAS latency = 2
CLK ‘
: tarD : :
Command >< ACTD X X ACTT X
Bank aclive {bank 0} Bank active {bank 1)
CAS latency = 2
CLK
! Ao :
Command X ACTO X X READ O ><
Bank aclive (bank C) Read (bank 0) .

A03638
Clock Suspend

When the CKE pin is dropped from high to low during a read or write cycle, the LC382161T enters clock suspend mode
on the next CLK rising edge. This command reduces the device power dissipation 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 the 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 ({ 4) has elapsed.

Since this command differs from the self-refresh command described previously in that the refresh operation is not
performed automatically internally, the refresh operation must be performed within the refresh period (tggg). Thus the
maximum time that clock suspend mode can be held is just under the refresh cycle time.

CAS latency = 2, burs! length = 4

CLKs ‘/I"

CKE N /
Command i>< READA 0 ><
DGQn < Cout 0 >< Dout 1 W

Read {bank 0 Clock suspend

AD3639
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Operatlon Timing Examples
Power-On Sequence, Mode Register Set Cycle

CAS latency =1
T T1 T2 TE . T10 Ti1 Ti2 T13 T14
cLk L) | 1 [ T
teks tok towr| teu .
{ it
CKE M toKa JJ

tesfteH,

CER/)/ 7/ R/ S/ /N 1/ 7/ /A 1/ R /A R/ O

tesiteH

mas [ J//’///’//I A /WW????J&ZZZZEA,_MWW?\ A, A,

tcs|teH

oA % 00| [T A |

tesiton

1 v N
S —" s
A7 it J://///// tZTUE T
A8 sk ’Fﬂﬂﬁmt;ﬁ” ) B.RLD:,
A8 (T XTI T -
’; ';r

Do f )

Kailt Time
T=100us trp tpe (4 Clocksy tpg (4 Clocks) tuen tRAS

tRe
-

CPALL > <AEF > <REF > <HRS> <ACT >
AQ2640

Power-Down Mode Cycle

CAS latency = 1

TO T1 T2 o . Tn Tn+1 Th+2 Tn+3 Thnta4a

cLk ] ! LI 1 | | | L.
teks tok tena| tel * ¢ g toKH
t

CKE M foka i ﬂ 1[ ” AteKa

t’CStCH= v / Ur
¢ (T V|7 | U T WO |

tosltoH

e ///////////]//////// T ////////////@]?ZZZIZMQZZZEZEZZZJ

tesltew

ZE i

. e | S

WE EMZUI IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII T,
I ]

s|tan

s0-as 'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII) 8 Y
87 I T
e u L N R
T [T IIIIIIIIIIIII,%MWIIIIIIMWllllllllﬂllﬂﬂlllillllllll

oo JrJ( JJ JJ

tpp Power Donn Hode Down Moda - thaas
tae

>
L» <ACT>

/7//] non' T CaRE f000] INvVALID DATA

AD3G4A
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Auto-Refresh Cycle
CAS latency = 1

AG

DoM

DG

T0 T1

T8

1 I

[ O

tews tok | tewr| teL

W toka

tes|teH,
|

i Vi

tes[ton,

LT,

S S

tes|ten

)\

iy

tasitan
‘MN(DI|
!
I
thp tpe (4 Clock tpg AStive Cycle thp tpe 4 Clocks) tae ACtive Cycle
1=7987.2 5 L=7987.2 us
<PALL> <REF» <ACT> <PALL> <AEF> C¢ACT>

AD3IG42

V778 von 1 care F00) 1nvaLIo DaTa
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Read Cycle
CAS latency = 1, burst length = 4
ek T | L
CKE MHZ toka B
CERN////1/1// 1 i N VI | s A
RAS //J'//////////J/////////////) | N | A |
CAS MﬁlﬁﬁW T /////////////f’f//////////]//]]/]]}ﬂ]]ﬂ///////////;i////f///////// iy
WE I /11711 i
so-as ST mow EoLuK Row
A7 c:n.u :H
AQ A:nwAw ey rOW
t“s!t‘” ::Np“? M:IK Numn: ' BANK f
xS Barix ;) ///////,’XWK ) o S, __ OM
DOM tcs toau tew,
tag Sac | tac , L tac E Wz
[a]e] 7 Dnut_‘m’ Dout m+d Dout m+2 Oout m+3
:nco ?ﬁ%ﬁﬁ:ﬂ] tnujl I toH ! ‘m-cJl fok :nux :ncn
Read Cycle/Auto-Precharge
CAS latency = 1, burst length = 4
oLk T , T ] L*J [ 7
CKE MM ] toka -
1/ 1110 S 0111 11 114 1111 121 11 1
Ras [T, l]/]//////f///‘ [ /i
CAS zgzumzzzzzizzzﬂz[zmu [T //////////////|/f////]///////////1//1///////////////]’/f’ ."/////J////////ﬁ///////////// / Vi
e T I
ao-as ST ~e X e L T T T T T T T T T L T Y oo YT
. sk, NN N N
| ) taskau
SIN/TH T “T” Jf////f’//g’um o ! | J | mim
S 0 11 O 1 G
DoM tes tpouM toH
tac tac tag l tac tHz
oa o Dout m m: mﬂ;W Dout m+3m—

tacp

t
toag | tou oH taco

tAag

(CAS Latancy) '

tAp “thas

tag

tac

<ACT>

<R

EADA> <ACT>

DON' T CARE

f00] 1nvaLID DATA

ADIGAB
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Read Cycle/Full Page

CAS latency = 1, burst length = full page
CLK _:L___ tI e 1 ]’[_,_ l L
w Wl m | wmwTw W W T @ |
ras [ |//////// i 1 -WA /i
cAs Wuidzm 7 i W
l | ] | ;
M(IL%MMM N i J/) [
]
BANK 0/77]]7]
Read Cycle/Ping-Pong Operation (bank switching) e
CAS latency = 1, burst length = 4
e ] | BN s T S e N e O L
CKE [[[l[L toka
/N I N N O/ g e N N O/ N/ /A 1
Fas [ [//////// il YA T YA W) /]/]////1//////////// l/////////ﬂ
CAS i il i A
WE i N/ WA il IR,

ao-ae [N now 3K corvmnifIN_eon XIT/TT/] IIIIIIIIIIIIIIIIIIh covun )TN ~o XOEH T T TTITAT]

w7 T oo T T T s L T

Eas|tar
T

ST 1 1 111111 o M1 Gz 11 )
agfian] ) N e ]
AQ BANK OmHANK 0 BANK Y]] aank 1 U//) pank DWABANK [}
tcs tamo ic‘H"i
OGM
T L b e e ke
ba e = mj@um‘imwf&m e 10 WLWT% - Y-
8 b e . t Sl | -

<READ 1>
<READA 3> <PAE 0>

/77]) oon' 7 care (OO INVALID DATA,

<ACT 0> GREAD 0> - pr gy

CREADA 0> <ACT 0>
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Write C__)Lc_lc
TAS latency = 1, burst fength = 4

R/ mm (T | NN | L
e T | T |, |
Tas mmm%mm:stwm/m AL A LR 1 1 R
e tcsc“w/m [y |
wo-s T =) ) A A
27 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII)!IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
s ] ro XTI T T S e O
as ////////f/////’///////////m:i!:“:) ,w/m s :m:mw::

DGM

BANK 0

tes

t

CH

osl tpH

[8]¢]

tos
feiad
0

o Y

tos

tou

Los

tom tos

toH

i

T o

treo
*RAS

tomL

foo ton, ool to, |
oo M*WW?XNT LXES /111, CEREXE

il

taco
thas

<ACT >

Write Cycle/Auto-Precharge
CAS latency = 1, burst length = 4

T1

tac

tac

<RAIT>
<WAITA

T2

T3

T4

<PRAE >
<PalL

T5 T

<ACT>

>

B

Ap3648

17

ek | ] 1 i

5 [ L | VT .|
RAS WWWWW T o/l
oAs = I/

T

T

L e I,
0 T 1
j—w Bin ne2 D,T wes

tac

///] oon T caRmE

CAET>

Eﬂg INVALID DATA

AD36489
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Write Cycle/Full Page

CAS latency = 1, burst length = full page
CUN S I I B e N S e L e T O
CKE M Scxa ”{
N/ /N N/ N /R I /A /A R/ 7/ N O/ N W
SRR S f | _mm
s I | 7 % U/l
tag[tan . | | |
wo-ae JITTHHTITII ron 7K cowmn ----
a7 couumn T
a6 [T s YA T T T
AQ BANK DJmBANK ] A BANK OW
- j(’[ CH
| | tus E—D—”-q l_g_s__f_gy_‘ ,tus th‘ ,}os toH, tos_fﬂi_{ o5 tod, '-ns tou,
ale ////////////’///////////// ////////X n_l_]n on X//XDM| one 'I//XN"IW#.//XN"I o 3‘;0{/1“ |°- SX mi' e Yo onil]

Write Cycle/Ping-Pong Operation (bank switching)
CASatency = 1, burst length = 4

B R R S S

= “Fim N N/ 7 N N I N O /A

s [ ]///////):CS | V| |

s | T . s

L W—% M [T

AO-AB tA:ot:H 1 D 1 SoLum Row

. (oo

x 7/11//]/]/////77/#:3{{ 0

A9 eank o [TThoank o fJfffomwx 1 T T s u/]mmm

tes| teu
DOM

tog| tom, ‘tos|tom ,tns lm-iJ ltns toH, tns tDH ‘tns ‘DH‘, Ilus toH,
Da Oin Om IIE;DM ome 1ﬂﬂum Om+ EX/ADI. am 3”/1 oin e If‘/XD:n :muX/ansn im Mm imed

I toan Jioamk ¢ te 1 1 tppy |
taen ! t
AN T | (El [} —! HFIENK [}
tpag (BANK O) tep tpag (BANK Q)
tRo (BANK 01 BANK OV 71" £ (BARK )
taas (BANK 1)
| _tap (BANK £
<apT s IHAIT OF 0 caeT 1> ARLIAYI, <PRE 0> <acT o>

V7D con 1 care  RXEY) INVALID DATA ..

No. 5055-33/55



LC382161T-17
Read Cycle/Page Mode
CAS latency = 1, burst length = 4
e L[] s Iy Sy Ty Y s Sy OO s IO
CKE M teka
s W W M T W G T V|
Aas ///////////]/fﬂ//jj 17 %% /11
LSS Ml[l[l[ﬁﬂﬁ/ﬂ i\ I | 1 | I/}
WE i . T | U /////f//l//ﬁ{/j/////ﬂﬂj/]////HA it
w0~ JITTTTTTTITIITTIN »ex Yo T TTTETETTLFELTEETETTE /TN o
[N N N Y A A
SR 1111111 R L ey A Ao
so [T v YA AT G
t.\s]{m. No pae :Aoi:nf -- AT T
as [T T — I
oM tey faHo
T Al " TpAS At gt b t
na Mm \ﬁ i)::f?l eram.zm Doutma ) Doutn m doutne m i)o:f-uz_.‘ uouu:s -
Read Cycle/Page Mode; Data Masking
CAS latency = 1, burst length = 4
e LIl 1 L B o Y s O s IO O e B
CKE W toka
N/ S N/ /7 7 N e R 1
FES ///////////]//////// 77 I
cas MW T % Ay
- tes|ted | J
WE T V//////|////]i////f/ﬁ'///////////// M| [
wo-as [T rox YKwvorr
&7 [ o lIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIMmIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
S I WIIIIIIIIlIIllIIIIIIIIIII!IIIIIIIIIIIIIIII
ST 11111/ CE 1 GO L o
paw 7 T3 ) |
A *Tgin** tou tac ttar f;H E;u E;H Loy
DG 03 oo T Dmnmc|\‘t u:f!-dr [ m Gounet Doutned Doutn=3
taco . ‘cu:l tgup L__t”z { = teac wﬂ

tRas

tap

tac

<ACT>

<READ>

<HASK>

<ENB>

<READ
<AEADA>

DON' T CARE

B0 Thva

<PRE>
<PALL>

LIO DATA

AD3IEDI
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Write Cycle/Page Mode
CAS latency = 1, burst length = 4
TO T1 T2 T3 T4 T8 TG 17 T8 T9 T10
e L ITL | s Y s N B 1
CKE m toka
I ////// N /) /NS N /A /A /) O O/ /A N/ /O O
AAS W?W??' ' i %%% T T [
CAS M(MJL{%M VA FE T Vi
WE i WWWWWW [
a0-a6 [T mon JHK cowmnn cotumnn
A7 c’:uu:: COLUMN &
—I tag|kan AUTO PRE BANK D & 1
A8 RAOM
2 Y PR s
A9 BANK 1
oGM . Cle]]]]]]]]}]]]y]]]]]ﬁ]A
] | (-os.f0M, jiogltod, (Dgitom, fostow, \ibglfow, (fogsltow, (tositon (tos)tow
0o L T ose ﬁ(m' -*!Moui -*EX//Xnm' ne3 17X u=|n n wn(mn| mxm‘mnl ez o n-aX]]]]WJ T
Write Cycle/Page Mode; Dala Masking
CAS latency = 1, burst length = 4
TO T1 T2 T3 T4 ITS T6 T7 T8 T9 T1i0
ST S S g L1 l 7 L
CKE M towa
CER///// /O I/ N /A /A O/ A/ S /W /A v/ A /O N1/
Aas f//////////J [ it /i
WE WA /?777777&77777]77777%7777]777777’}7777]7]% /777777)77]77ﬁ7777A7777777]?777;77]7]7]}& Y/l
A0-AB [/jw/jjj///fﬂﬁ ROW Jf/xcmuwfm LOLUMN G
A7 c::uu:: COLUMN n
A8 K jﬂ* /AND - *::::E -
S/ X0 G 1 -
- ] i g v e
| | gesltey gosten,  {geion, geslien, ¢ togton,
oQ ZWIWMYMZMHNH Din m Din med Din me3 Din n {010 nea
DON' T CARE  [O0D] INVALID DATA

ADJIBEGE
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DON' T CARE

Read Cycle/Clock Suspend
CAS tatency = 1, burst length = 4
cLe T | L . l t| LI 1 L
ke T | e i ) - Vil
ts VA | M 7 W/
Ras [, ]f//f//// 7 N TR T T 1A qi
CAS T S T T T T Vil N/
s e ) s W L S A
= o] T
AQD-AB AOW cuu;unm ROW
AT ! cl:iw::
o I = )T K s
i = e e
" DGM tes|  tamo =
Da .'L:_m nnuttt:r Dout m;_t’:ﬁim J ! Du)u! me2 Fﬁ%u!::?:
s B L S
Write Cycle/Clock Suspend
CAS latency = 1, burst length = 4
cLK 't—l 1 Lk 'TI j ] 1 Lﬁ L[ L
cke T | vens VA | VA il
tcs tCH] \
cs [ Vb A i \ YA A i
Ras [ //////f/ ﬁ;i’//// N/l |/]////I\/f//////////7/////1///////////X///////////////////////f/ T A A
i tes|tom J -
TAS Mﬂ[[ﬁ[ﬂ[ﬂ Jii\ T e T T iy N/ N
WE MUZZUIMM I T
AQ-AB ROKW COLU‘MNm ACHW
A7 1 ::uu:: I
4B nluw U/ﬂ?UTD PRE BANK C & 1 Py
taeltan] s EARK 1 a1
ro %ﬁ};ﬁﬂl'ﬂ( o BANK 0 BANK O
| | fodlron, goslton, ] tosltos, ) godlton, |
Do !WZZZZLZ?ZZZLMW oin v ' o =2 SR
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Read Cycle/Precharge Termination
CAS latency = 1, burst length = 4
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Read Cycle/Byte Operation
CAS latency = 1, burst length = 4
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Read Cycle, Wrile Cycle/Burst Read, Single Write
€A% latency = 1, burst length = 4
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Read Cycle
CAS lateney = 2, burst length = 4
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Read Cycle/Full Page
CAS latency = 2, burst length = full page
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Write Cycle
CAS latency = 2, burst length = 4
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Write Cycle/Full Page
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Read Cycle/Page Mode
CAS latency = 2, burstlength = 2
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Write Cycle/Page Mode
CAS latency = 2, burst length = 2
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Read Cycle/Clock Suspend ‘
CAS latency = 2, burstlength=2 ‘ _
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Read Cycle/Precharge Termination
CAS latency = 2, burstlength = 2
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Read Cycle/Byte Operation
CAS latency = 2, burst length = 4
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Read Cycle, Write Cycle/Burst Read, Single Write
CAS latency = 2, burst length = 4
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W No products described or contained herein are intended for use in surgical implants, lite-support systems, aerospace
equipment, nuclear power control systems, vehicles, disaster/crime-prevention equipment and the like, the failure of
which may directly or indirectly cause injury, death or property loss.

B Anyone purchasing any products described or contained herein for an above-mentioned use shall:

@ Accept full responsibility and indemnify and defend SANYQO ELECTRIC CO., LTD,, its affiliates, subsidiaries and
distributors and all their officers and employeas, jointly and severally, against any and all claims and litigation and all
damages, cost and expenses asscciated with such use:

@ Not impose any responsibility for any fault or negligence which may be cited in any such claim or litigation on
SANYO ELECTRIC CO., LTD,, its affiliates, subsidiaries and distributors or any of their officers and employees
jointly or severally.

B Information (including circuit diagrams and circuit parameters) herein is for example only; it is not guaranteed for
voluma production. SANYO believes information herein is accurate and reliable, but no guarantees are made or implied
regarding its use or any infringements of intellectual property rights or other rights of third parties.

This cataleg provides information as of January, 1987, Specifications and information herein are subject to
change without notice.
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