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SAMW LC382161AT -10/12/15
2 MEG(65536 Words X 16 Bits X 2 Banks)

Synchronous DRAM

Target Specifications

Overview

The LC382161AT product is a 3.3V single-voltage power supply Synchronous DRAM (SDRAM) with a
65536-word x 16-bit x 2-bank organization. This SDRAM 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 memories in computers to consumer
products. The LC382161AT SDRAM uses multiplexed address inputs and is packaged in a 50-pin TSOP
Type I (400 mil) package that supports high-density mounting. This SDRAM uses auto-refresh (CBR
refresh) performed 512 times every 8 ms as the refresh technique, and it can perform self-refresh
completely automaticaily within the chip itself.

Features Pin Assignments

* Organization: 65536 words x 16 bits x 2 banks
+ All /O signals (except CKE) are synchronized with
the rising edge of the system clock.

400 mil 50 pin-TSOP II

. . . Vee O NS Vas

Basic specifications conform to the JEDEC DQO Dats
standards_fo_r 16 Mbit synchronous DRAM. v?:(; “/’i‘o‘
- A pulse RAS scheme is used. DAz o3
- Two bank internal structure (2 Banks x 65536 v?g 32‘02
words x 16 bits). Continuous operation across the oaQd ot
two banks is supported via the A9 pin. 0as Da1o
« Burst length setting v&’;‘; ‘{,33

--------- (1, 2, 4, 8, or full page) par Das

- Burst type setting (sequential or interleaved) LDQM ;.;ch

* Burst output operations are interruptible.

- The "CAs latency can be set using an address key.
--------- (CAs latency : 1, 2, 3)

+ Auto-refresh and self refresh functions

* Power-down and suspend operations can controlled

from the CKE pin.

+ IO byte order is controlled by the DQM pin.

uoam
CLK
CKE

NC
NC
A7

e ECEEEIEEEIEEEEEIEEEEE]

b3
zazzzagfyacd
AREAEEEARAEREEREARRARARARLA

* Fabrication in a CMOS process Vee Ves

+ 3.3V single-voltage power supply )

- LVTTL compatible Top View

* Low power

Standby :7.2mW Pin Description
Operating : 576mW Pin Function

+ Package: 400 mil 50 -pin TSOP Type I ° AOto A7, A9 Address input
A8 Row address, auto-precharge input
DGO to DQ1IS Data /O

) CLK Systern clock input
CKE Clack enable
Ts Chip select
RAS Row address strobe command
CAS Column address strobe command
WE Write enable
LOaM, UDOM Data mask enable
Vee Power supply
Vss Ground
VeeQ Data output power supply
Specifications and information herein are subject to vssQ Data ompu‘lgmu"d
. . NC No connection
change without notice.
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SANYO

LC382161AT -10/12/15
2M(65536 X16 X2) bit Synchronous DRAM

Pin Functions

Pin No.  |Symbol Type Function (in detail)

35 CLK Input CLK is the master clock input for this device. Except for CKE, all input to
this device are acquired in synchronization with the rising edge of this pin.

34 CKE Input The CKE input determines whether the CLK input is enabled within the
device. When is CKE 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 signat must remain low for these modes to remain in effect,

CKE is an asynchronous input.

18 cs Input The Cs input determines whether command input is enabled within the
device. Command input is enabled when Cs is low, and disabled when Cs|
is high. The device remains in the previous state when ©s is high.

17 RAS Input “RAS , in conjunction with CAS and "WE , forms the device command. See
the *Command Truth Table® item for details on device commands.

16 cAS Input “cas, in conjunction with 'RAS and We, forms the device command. See
the "“Command Truth Table® item for details on device commands.

15 WE Input WE, in conjunction with RAS and TAS, forms the device command. See
the "*Command Truth Table" item for details on device commands.

14,36 LDQM, Input LDQM and UDQM control the lower and upper bytes of the I/O buffers.
ubaMm In read mode, LDQM and UDQM control the output butfer.

When LDQM or UDQM is Low, the corresponding buffer byte is enabled,
and when high, disabled. The outputs go to the high impedance state
when LDQM/UDQM is high.

This function corresponds to GE in conventional DRAMs

In write mode, LDQM and UDQM control the input buffer,

When LDQM or UDQM is low, the corresponding buffer byte is enabled,
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,

19 A9 Input A9 is the bank selection signal. When A9 is low, bank 0 is selected and
when high, bank 1 is selected.This signal becomes part of the opcode
during mode register set command input. -

20 AB Input AB is used as a row address during active command input, and is used to
determine the precharge mode during other commands.

If A8 is low during precharge command input, the bank selected by A9 is
precharged, but if A8 is high, both banks will be precharged.

This signal becomes part of the opcode during mode register set
command input.

30 A7 Input A7 is a column address.

This signal becomes part of the opcode during mode register set
command input.
21 to 24, A0-AB6 Input AD to A6 are address inputs. They are used as row address inputs during
2710 29 active command input and as column address inputs during read or write
command input.
\ These signals become part of the opcode during mode register set
command input.
2,3,5,6,8,9,11, | DQO to | input / Output] DQO to DQ15 are WO pins.
12,39,40,42,43,| DQ15 /O through these pins can be controlled in byte units using the LDQM and
45,46,48,49 UDQM pins. .
7.13,38,44 VeeQ | Power supply | VecQ is the output buffer power supply.
4,10,41,47 VssQ |Power supply | VssQ is the output buffer ground.
1,25 Vcc | Power supply | Vcc is the device internal power supply.
26,50 Vss |Power supply | Vss is the device internal ground.
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LC382161AT -10/12/15
2M(65536 X16 X2) bit Synchronous DRAM

SANYO

Specifications
Absolute Maximum Ratings
Parameter Symbol Ratings unit Note
Maximum supply voltage Vee max -1.0t0 +4.6 \'] 1
Maximum output supply voltage VecQ max -1.0t0 +4.6 v 1
Input voltage Vin -1.0t0+4.6 Vv 1
Output voltage Vour 1.0t +4.6 v 1
Allowable power dissipation Pd max 1 w 1
Output shorted current les 50 mA 1
Operating temperature Topr Oto +70 C 1
Storage temperature Tstg -55 to +150 T 1
Note: 1. This device may be destroyed If stresses in excess of the absolute maximum ratings are applied.
DC Recommended Operating Conditions at Ta = 0 to + 70°C
Parameter Symbol min. typ. max. unit Note
Supply voltage Vee, VeeQ 3.0 3.3 3.6 \ 2
Input high level voltage Vi 2.0 - 4.6 \Y% 2
Input low level voltage Vi -0.3 - +0.8 \' 2
Note: 2. Alf voltages are referenced to Vss.
DC Electrical Characteristics at Ta=0to+70C, Vcc=VeeQ=3.3 = 0.3V
Parameter Symbol Conditions Grade| min. | max. | unit |Note
One bank operation -10 - 120
Operating current ICC1 Burst length=1 -12 - 110 | mA | 34
tRC 2tRC {min.), lour = OmA -15 - 100
Precharge standby current | ICC2P | CKES Vi {max.) | ICK={CK(min.) | - - 3 mA
(in power-down mode) ICC2PS tCK = oo - - 2 mA
Precharge standby current |[ICC2N | CKE=Vi(min.) | tCK =tCK(min.) - - 30 mA
(in non power-down mode) ||ICC2NS tCK = o - - 15 mA
Active standby current ICC3P | CKE=Vu (max.) | tCK = tCK(min.) - - 3 mA j
(in power-down mode) ICC3PS tCK = oo - - 2 mA
Active standby current ICC3N | CKE2Vi(min.) | tCK =tCK(min.) - - 30 mA
(in non power-down mode) |ICC3NS {CK = oo - - 15 mA
-10 - 160
CAS latency =3[ -12 - 140
-15 - 120
-10 - 120
Operating current iCC4 tCKZ1CK (min.) | CAS latency =2| -12 - 110 | mA | 34
(in burst mode) lour = OMA -15 - 110
-10 - 60
CAS latency =1{ -12 - 55
-16 - 55
' -10 - 100
Auto-refresh current ICC5 tRC2tRC {min.) -12 - 90 . | mA
-15 - 80
Self-refresh current ICC6 | CKESD.2V - - 2 mA
Input leakage current I O0VSVnSVee, with pins other than| - -10 +10 HA
the tested pin at OV
Output leakage current lov Output disabled, 0V S Vour S Vee - -10 +10 | pA
High level output voltage | Von lour = -2mA - 2.4 - \
Low level output voltage | VoL lour = 2mA - - 0.4 \

Note: 3. These are the values at the minimum cycle time. Since the currents are transient, these values decrease as the cycle time Increases.
Also note that a bypass capacitor of at least 0.01 uF should be inserted between Vcc and Vss for each memory chip to suppress
power supply voltage noise (voltage drops) due to these transient currents.

4. ICC1 and ICC4 depend on the output load. The maximum values for ICC1 and 1CC4 are oblained with the output open state,
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SAMYO LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

Operating Frequency / Latency Relationships

Parameter Symbol -10 . -12 -15 unit
Clock cycle time - 10 [ 1513012 [ 1734|151 17 34| ns
Operating frequency - 100 (66 |33 |83 158|291 66|58]29]|MHz
‘cAs latency iCAC 3 2 1 3 2 1 3 2 1 |cycle

Active command to read / write command] tRCD 3 241 31211 312 1 Jcycle
delay time

‘RAS latency (tRCD + tCAC) tRAC 6 4 | 2] 6| 4] 2][167] 4] 2 [cycle
Command period tRC 9 6 3 9 7 4 9 7 4 |cycle
(REF to REF / ACT to ACT)

Command period {ACT to PRE) tRAS 6 4 21615 316 S5 | 3 jcycle
Command period (PRE to ACT) tRP 3 2 1 3|2 1 3 ] 2 1 |cycle
Command period (ACT(0) to ACT(1)) tRRD 3 211 31241 31 2] 1 {eycle
Column command delay time tcco 1 1 1 1 1 1 1 1 1 {cycle
{(READ, READA, WRIT, WRITA)

Input data to precharge command delay time | 1DPL 2 1 2 1 1 2 1 |cycle
Input data to active/refresh command delay] {DAL 5 3 215 3 2 5 2 |cycle
time(during auto-precharge)

Burst stop command to output in Hi-Z delay] {RBD 3 2 1 3 2 1 3 2 1 fcycle

time (read)
Burst stop command to input in invalid delayl tWBD | 0 0j0jJ0fjO0O}lOjoO]| 0] 0 |cycle
time (write)
Precharge command to output in Hi-Z delay] tRQL 2121112211122 1|cycle
time (read)
Precharge command to input in invalid delayl tWDL | -1 o|jo0f-170 0}-1t]0) 0 |lcycle
time (write)

Last output to auto-precharge start timel tPQL 4111 0-1]-1 0f{-1]-1] 0 jcycle
(read)
DQM to output delay time (read) tQmMD 2 2 2 2 2 2 2 2 2 |cycle
DQM to input delay time (write) {DMD 0 cjo0t!lo 00| 0 0 | 0 |cycle
Mode register set to command delay time tMCD 2 2 2 2 2 2 2 2 2 |cycle
AC Test Conditions (Input / Qutput reference leve! :1.4V)
Input .

Output Load
500 Q

DQn o — AN 1.4V

—— CL=50pF

777
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LC382161AT -10/12/15
2M(65536 X16 X2) bit Synchronous DRAM
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Mode Register Set Command
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SA,;MYO LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

Self-Refresh Command (s, RAS , CAS ,CKE=Low, WE =High)

This command executes the self-refresh operation. The row address to 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 continues 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 terminated by raising the CKE pin from low to high. The
next command cannot be executed until the device 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
performed for all addresses(512 cycles).

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 eperations. 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 dose not select the device for an object of operation. 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 long
as the CKE pin is held low. All 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 ({CKA) has elapsed. ~
Since this command differs from the self-refresh command described above in that the refresh operatlon is not
performed automatically internally, the refresh operation must be performed within the refresh period ({REF). 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 to 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.
Also 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 (tCKA)
has elapsed.

Since this command dlffers from the self-refresh command described above in that the refresh operation is not
performed automatlcally internally, the refresh operation must be performed within the refresh period (tREF). Thus the
maximum time that clock suspend mode can be held is just under the refresh cycle time.
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SA{MYO LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

Operation Command Table (Note 10,11)

Current state | 'Cs |RAS| CAS| WE| A9| A8|A7-A0| Command Operation Note
HIX|IX|X| XX X DESL No operation or power-down 21
LIHIH{H]| X|X]| X NOP No operation or power-down 21
LIHIH|LIX{X]| X BST No operation or power-down
LIHIL]|HIV|{V] V |ReADIREADA| Hlegal

Idle LIH|JL|IL]IVIV] V |wrtwriTa | Ulegal
LIL{HIH{VIV] V ACT Row active
LILJH({L]VIV] X PRE/PALL | No operation
LILILIH]IX]|X] X REF/SELF | Auto-refresh or self-refresh 22
LiL|L]L OP CODE MRS Mode register set
HiX | X[ X] XX X DESL No operation
LIH{H|H|X]| X X NOP No operation
LIH|IH[L]{XIX}| X BST No operation
LIH|JLIH]V]V V IReaD/READA | Read start 26

Row active LIH|[L}JL|IV|iVI| V |wrrawrita | Write start ‘ 26
LiL|HIH]JV]V Vv ACT lllegal 19
L{iL|HILIV|IV] X | PRE/PALL { Precharge 24
LIL]JL{H]}X{X]|] X | REF/SELF | llegal
LiL|L]|L OP CODE MRS lllegal
HIX | XX XX X DESL Burst read continues, row active when done
LIHIHIH|I XI X X NOP Burst read continues, row active when done
LIHIH]|L|X]| X X BST Burst interrupted, row active after interrupt
LIHJL]JHIVIV V |READ/READA | Burstinterrupted, read restart after interrupt 25

Read LiH|L}JL]IVI|IV}] V jwrTmwriTA | Burstinterrupted, write start after interrupt 20,25
LILIH|JH|V]V}] V ACT lllegal 19
LILIH|JLIViV X PRE/PALL | Burst read interrupted, precharge after

interrupt -
L{L}JL{H|X]X] X | REF/SELF | lllegal
LiL]JL}L OP CODE MRS lllegat
HIXI XTI X[ X]| X X DESL §ursl write continues, write recovery when
one
LIHIH|IH| X]| X X NOP 3urst write continues, write recovery when
one
‘'LIHIH]IL|[ XX X BST Burst write interrupted, row active after
interrupt
LIHIL|H|V]|V V |READ/READA | Burst write interrupted, read start after 20,25
interrupt

Wirite LI{HlLlILIVIV V  MWRITMWRITA| Burst write interrupted, write restart after 25

: interrupt
LILIH{H[V]V] V ACT lllegalp 19
LILIH]J]L|VIV X PRE/PALL | Burst write interrupted, precharge after

interrupt

L{LtLjH] X]|X]| X | REF/SELF | lllegal
LlL}jL}{L OP CODE MRS lllegal
H] X1 X1 X X1 X X DESL Burst read continues, precharge when done
LIHIH|H| XX X NOP Burst read continues, precharge when done
LIHIH{L[X[X] X BST llegal
LIHILJH|V]|V] V |rReaDmreEaDa| lllegat

Read with LIH|ILIL}IV]IV|] V [wrrmrita | lllegal

auto- LIL{H[H]JV]|V] V ACT lilegal 19

precharge LiLIHIL[V V] X [ PrREPALL | Wegal 19
Lit{L|H[X]}|X]| X [REFSELF | llegal
L{iL]JL|L OP CODE MRS tllegal
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SANYO LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

Continued from preceding page.

Current state | cs CAS| WE A8|A7-A0[ Command Operation Note
DESL No operation, idle state after tDAL has elapsed
NOP No operation, idle state after tDAL has elapsed
88T No operation, idle state after tDAL has elapsed
Write recovery READ/READA | lllegal : 19
with WRITWRITA | lllegal 19
auto-precharge ACT lllegal 19
PRE/PALL | Htlegal 19
REF/SELF | lllegal
P CO MRS Illegal .
DESL No operation, idle state after tRP has elapsed
NOP No operation, idle state after tRP has elapsed

. BST No operation, idle state after tRP has elapsed
READ/READA | lllegal

Refresh WRITMWRITA | lllegal
ACT lilegal
PRE/PALL | lllegal
REF/SELF | lltegal
P CO MRS litegal
DESL No operation, idle state after tMCD has
elapsed
NOP No operation, idle state after tMCO has
elapsed
BST No operation, idie state after tMCD has elapsed
Mode READ/READA| lllegal

register set

WRITWRITA | lllegal
ACT lllegal
PRE/PALL | Hlegal
REF/SELF | lilegal
OP CODE MRS llegal

X<l <] <|<{> X ><O><<<<<><><><O><<<<<><X><£

x|[<l<|<|<ix] X| X]|a|X|<{<|<[<|X[X[X]|o|X|<|<|<[<]>X]|x|>

O
X|X|<|<|<|X] X xgx><<<<><><xm><><<<<><><><

[ont Aol Ut Kl Ll L r b ol lnad lond W nd Nl il Kl il 8 R o o ol o L Ll B
-zl x ><r-r-r-'r-:1::x::l::1:><r—r—r—:—:::r::r:I><(’%J
[l ol $o = o of Fd £ ad o o B of D4l Wl e o o il e o o o >4 1 g 1 s 0 o o o8k 0 o B of
|l T x|l x| e X x| x| X

Note: 10.  H: High level input, L: Low level input, X: High or low level input, V: Valid data input )
11, Aflinput signals are latched on the rising edge of the CLK signal.
12, Both banks must be placed in the inactive {idle) state in advance.
13.  The state of the AD to A9 pins is loaded into the mode register as an OP code,
14.  The row address is generated automatically internally at this time. The DQ pin and the address pin data is ignored.
15.  During a self-refresh operation, all pin data (states) other than CKE is ignored.
16.  The selected bank must be placed in the inactive (idle) state In advance.
The row address A7 is invalid during the active command input.
17.  The selected bank must be placed in the active state in advance.
18.  This command is valid only when the burst length 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,  The LC382161AT 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.
22,  The LC382161AT 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.
23.  Possible if tRRD is satisfied.
24,  legal if tRAS is not satisfied.
25.  The conditions for burst interruption must be observed.
Also note that the LC382161AT will enter the precharged state immediately after the burst operation completes if auto-precharge
is selected.
26. Command input becomes possible after the period tRCD has elapsed.
Also note that the LC382161AT will enter the precharged state immediately after the burst operation completes if auto-precharge
is selected.
I 799707k 0017702 439 WA
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SANYO

LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

Two Banks Operation Command Truth Table (Note 31,32)

Previous state Next state
‘cs | RAS{ cas| WE| A9| A8 IA7-A0] Operation | BANKO | BANK 1 | BANK O | BANK 1
HI X[ XIX]X]X]| X DESL Any Any Any Any
LIHIHR[X[X] X NOP Any Any Any Any
LIHJH|L|X|X] X BST R/W/A [IZ. A 1A
| /A I I/A

A R/WI/A VA A

A | 1A [

L{HjL|H]|H{H]CA READ A R/WI/A 17A RP
H|{H]|CA READA R/W A A RP

H|L|[CA A R/W/A /A R

H| L [CA RW A A R

LI{H}CA R/W/A VA RP 1A

L{H]CA A RW RP A

L{L]J]CA R/W/A A R WA

L|]LJCA A R/W R A
L{H]JLJL{H|[H]CA WRIT /A R/WI/A /A wp
HIH|CA WRITA R/W A A WP

H{ L J|CA /A R/W/A A w

H]L{CA RW A A A\

Li{HJ|CA R/W/A A WP /A

L{H]CA A R/W WP A

L] LI[CA R/WIA A W WA

L|LJ|CA A RW w A
LI|L|H|[H|H]RA|RA ACT Any | Any A
L { RA| RA | Any A Any
L{LJH|L]|X{H| X PRE R/WIA/ A | |
X|{H| X PALL A R/WI/A/I | 1

HlL| X A R/WI/A/ /A |

Hl L[ X R/WI/A/I /A R/W/A/I |

LiL]| X R/W/A/I /A 1 VA
LiL]| X A R/W/A/ | R/WIA/
LILJLIH}IX} X X REF ! | | |
Ll LiL]L OP CODE MRS ! | | |

Note: 31.

32,

The row address A7 is invalid during the active command input,

The device state symbols are interpreted as follows,
1 . Idle (inactive) state

A : Row active state

R : Read

w : Write

RP : Read with auto-precharge
WP . Write with auto-precharge
Any ' :Anystate

m 799707t 0017703 375 W
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SAMYO | LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

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

As is the case with conventional DRAMs, the LC382161AT product must be initialized by executing a stipulated power-on
sequence after power is applied. :

After power is applied and Vcc and VecQ reach their stipulated voltages, set and hold the CKE and DQM pins high for
100us. Then, execute the precharge command to precharge both bank. Next, execute the auto-refresh command twice or
more and define the device operation mode by executing a mode register set command.

The mode register set command can be also set before auto-refresh command.

Mode Register Settings

The mode register set command sets the mode register. When this command is executed, pins A0 to A7, A8, and A9
function as data input pins for setting the register, and this data becomes the device internal OP code. This OP code has
four fields as listed in the table below.

Input pin Field

AQ, AB, A7 Option

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 cycle after executing a mode register set command before executing the next command.

CAS Latency

During a read operation, the 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 and device speed grade(-10/12/15). 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 writing or reading, 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 device. The device 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 LC382161AT product, 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 made
register set command. The LC382161AT product 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 )/O data orders in these modes.

B 799707k 0017704 201 WA
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LC382161AT -10/12/15
2M(65536 X16 X2) bit Synchronous DRAM

SANYO

Burst Length and Column Address Sequence

Burst length Column address . Address _sequence
A2 A1 Ao Sequential Interleaved
2 X x 0 0-1 0-1
X x 1 i-0 - 1-0
x 0 0 0-1-2-3 0-1-2-3
4 x 0 1 1-2-3-0 1-0-3-2
Xx 1 0 2-3-0-1 - 2-3-0-1
x 1 1 3-0-1-2 3-2-1-0
0 0O 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 10 2-3-4-5-8-7-0-1 2-3-0-1-6-7-4-5
8 0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
11 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,Cn+1,Cn+2,
Full Page n n n Cn+3,Cn+4...... None
(256) ...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
X2 - | Row address
X3 - | Row address
X4 - | Row address
X5 - | Row address
Row X6 - | Row address
X7 - | Invalid
X8 0 | Precharge of the selected bank {Precharge command) Row address
1 Precharge of both banks (precharge command) (active command)
X9 0 | Bank 0 selected {precharge and active command)
1 Bank 1 selected (precharge and active command)
YO0 - Column address
Y1 - | Column address
Y2 - Column address
Y3 - Column address
Y4 - Column address
Column Y5 - Column address
Y6 - Column address
Y7 - | Column address
Y8 0 | Auto-precharge not performed
1 | Auto-precharge performed
Y9 0 | Bank O selected (read and write commands)
1 Bank 1 selected (read and write commands)

B 7997076 0017705 1u4d WA
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SAMY (0] LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

"

Read with Auto-Precharge

The read with 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 to the idle state. Thus thls command
performs a read command and a precharge command in a single operation.

During this operation, the delay period (tPQL) between the last burst data output and the start of the precharge operation
differs depending on the CTAS latency setting. When the CAS latency settmg is one, the precharge operation starts at
the same time as the last burst data is output (tPQL = 0), and when the CAS latency setting is two or three, the
. precharge operation starts on one clock cycle before the last burst data is output (tPQL = -1). Therefore, the selected
bank can be made active after a delay of tRP 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

e L L LD LD L L1
Command :XREADA o>< XACTX
DQn ——< Déut 0 XDout 1 XDout yout 3>

Read w(thAﬁt(oag:recharge Precharge start : tRP

(tPQL=0)

CAS latency = 2, burst length = 4

TS B e e B B B il i B
Command :><R;EADA ox X:ACT o X

tPQ

Dan —— —(Dout 0 X Dout ﬁout 2 X Dout 3)—

" {RP

Read with auto- :
ea W‘(BXNQBS“harge Precharge start

CAS latency = 3, burst length = 4

ew [T LU LT LT LT
Command D(R:E‘AD/'\ oX : : XACT 0

: : i _tPQL_:
DQn — { Dout0 XDoutEout 2 X Dout 3)
Read with auto-precharge (BANK 0) Precharge start : ©RP
cas latency 3 2
tPQL R 0

B 799707b 001770bL O&y HE
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SANYO LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

interval between Read Command R ST

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 correspondmg to the new read command is output
in place of the data due to the previous read command. -

The interval between two read command (tCCD) 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 ' _‘|

DQn YT \DoutaOXDout bOXDout%ut b%out bs——
=

Read (CA=a, BANK0) Read (CA=b, BANK 0)

Interval between Write Command

A new write command can be executed while a write cycle is in progress, i.e., before that cycle completes. At 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 (tCCD) 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

XSS I o 0 W P

tCCD

1eCD_;
Command :XWRIT aOX\L\IRIT @(

DQn < Dinad X Din b0 X Din b1 X Din b2 XDin b3 )

Write (CA= a, BANK0) Write (CA= b, BANK 0)

B 7997076 0017707 TiOD N
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SAMYO o LC382161AT -10/112/15

2M(65536 X16 X2) bit Synchronous DRAM

Interval 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 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 ({CCD) 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, 2, 3, burst length = 4

CLK_F—l_J_LJI_lL_IL_Jl_JUI

tCCD_
6——9—

'Command ><READ a%VRIT bok
U/LDQM \
DQn ——{Dm b0 X Din b1 X Din b2 XDm b3 )-

Read (CA =3, BANK 0) Write (CA=Db, BANK 0)

CAS latency = 1, burst length = 4

S e B W W S W

tCCD

Command >Q5AD a0>< XWRIT boX
\

u/LDQM / \ L

DQn » \Dout aOX Din b0 XDln b%ln b2 XDIH b3 >*

Read (CA =g, BANK 0) Wirite (CA =b, BANK 0)

B 799707k 0017708 957 WA
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SAMYO LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

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
(tWDL) 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 cycles, when the CAS latency is one or two, and minus one clock cycle
when the CAS latency is three.

Inversely, to write all the burst data to the device, the precharge command must be executed after the write data recovery
period (tDPL) has elapsed. Therefore, when the CAS latency setting is one or two, the precharge command must be

. executed on one clock cycle that follows the input of the last burst data item. When the ‘CAS latency setting is three, the

precharge command must be executed on two clock cycle that follows the input of the fast burst data item.

CAS latency = 1, 2, burst length = 4

N [ U O I O

: ZtWDL-
Command }(me aOX XPRE 0 X
Invalid data
DQn —<D|n a0 XDm a1>L|n a2 ///\
Write (CA = a, BANK 0) Precharge (BANK 0)

CAS latency = 3, burst length = 4

i [ O B S B B

tWDL

%
Command :><WRIT a0X PRE 0
E Invalid data
DQn —<Din a0 XDin a1 s
Write (CA = a, BANK 0) ~ Precharge (BANK 0)

CAS latency = 3, burst length = 4

ew LU LU LU LT

tDPL

Command ><WR|T a0X_ Xereo X

DQn —<Dm a0 XDm a1 XDm a2 XDm a3 ) )

Write (CA a, BANK 0) Prechérge (BANK 0)
cas latency 3 2 1
tWDL -1 0
tDPL 2 1 1

B 799707t 0017709 &893 WA
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SANYO LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

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

The LC382161AT 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 LC382161AT repeats the operation starting at the 256th cycle with data
input returning to location (a) and continuing with a + 1, a + 2, a + 3, efc. A burst stop command must be executed to
terminate this cycle. A precharge command must be executed with the ACT to PRE command period (tRAS max.)
following the burst stop command. After the period (tWBD) required for burst data input to stop following the execution of
the burst stop command has elapsed the write cycle terminates. This period (tWBD) is zero clock cycles regardless of
the CAS latency.

CAS latency = 1, 2, 3, burst length = full page

o LM LT LS LT LT |

: - WBD=0 RP
Command - XWRIT aOX X BST X l‘>RE O—K
v Invalid data
DQn «Dina0 X Dinat| | Dina X Dina1 X Din a2 '
: ) J : :
Read (CA = a, BANK 0) Burststop Precharge (BANK 0)

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 {tQMD) after one of the U/LDQM pins goes high, the corresponding outputs go to the high
impedance state. Subsequently, the outputs are maintained in the high impedance state as lang as that U/LDQM pin
remains high. When the U/LDQM pin goes low, output is resumed at a time tQMD 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

e |} L L) L L L L

Command XR;EAD aO>< :

- 1QMD=2

ubQm

LDQM

DQ8-15 ———( Dout a2 X Dout a3)-
: ; " Hi-Z l i
DQO-7 { Dout 20 Dﬁut a1
Read (CA = a, BANK 0) Data mask (lower byte)
Data mask (upper byte)

B 7997076 0017710 505 =&
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SANYO LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

Bank Active Command Interval

When the selected bank is precharged, the period tRP has elapsed and the bank has entered the idle state, the bank can
be activated by executing the aclive command. If the other bank is in the idle state at that time, the active command can
be executed for that bank after the period tRRD 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 ACT to PRE
command period (tRAS 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 tRCD period has elapsed, read write {(including auto-precharge)
commands can be executed for that bank.

" CAS latency=3

T B B B B B B B
Command XéCT o X X AcT 1 X

Bank active (BANK 0) Bank active (BANK 1)

CAS latency =3

TS e O I M W o
XB‘EADOX

Bank active (BANK 0) Read (BANK 0)

Command }( ACTO X

Clock Suspend

When the CKE pin is dropped from high to low during a read or write cycle, the LC382161AT 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 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 ({CKA) 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 (tREF). Thus the
maximum time that clock suspend mode can be held is just under the refresh cycle time.

CAS latency = 2, burst length = 4

CLK !l-ll!)z!/l.z![<!L!W|l

CKE ./
Command :X READ oX
DQn < boutOX ' Dout 1 ‘ Xbout ZXbout 3>———

Read (BANK 0) Clock suspend ‘

B 799707b 0017711 44l WA
October 28, 1996 SANYO Electric Co., Ltd. Ver. 1.0
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SAM‘YO; LC382161AT -10112/15

-2M(65536 X16 X2) bit Synchronous DRAM

Auto-Refresh Cycle
CAS latency = 1

CLK i T0 “ T — n ” T6 ” 1521 T52‘2 ” T526 T527
CKE [///li]} KA ﬁ : }If |

JCRIWCH

& mm | | _m | oy | ammfmm
s I O (I, | I
S o R e e el B

wE | 77| | O D

dbs

A-A7 [ o
TN [ ‘ /

e €
a5 T T s T
poM ; 1 r
[ {
e i ]

RCD.
w0 weuceds LRCAGEOw w
<PALL > <REF> <ACT> <PALL> <REF> CACT>

Self-Refresh Cycle
CAS latency = 1

CKE [l

& mm] | m ﬂﬂmﬂfzmzzzjjzzzzzzzmlwumrzww W | _mmm
. [ T

CLK gl To 1 T‘l:n_m—n [E H [f Tn T+l Tnt2 ” Tnt6 -
|
ICH,

RAs JIHIEIITT |
— | : ]
CAS | /)Y 4 m
1CH
WE : /11 [ —um
AD-A7 i
LAH
A8 ot I
A il
DQM
DQ
Exit
RP Scif Refresh Mode Sclf ReBesh RC (4 Clocks) (RAS
WRC
< PALL > < SELF> <ACT>
DON'T CARE INVALID DATA

Note: The row address A7 is invalid during the active command input.

B 7997076 0017712 3858 W
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SAMYO LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

Read Cycle / Full Page
CAS latency = 1, burst length = Full Page

T0 TL

CLK || |

tCKS, (% 4 Lis; JN)

CKE [l KA
IH,
cs (/1) 117\

ras [T l//l//I//

:ﬁl[l[l[l[l[lﬁl[ﬂlﬂ
WE [l[ll[!l[l[ﬁl[l[[l[[l

AQ-A7 ROW

I/ ) G V),

A9 BANK 0

DOM I

DQ

o WRCD 1, KCAC

L WRAS (BANK 0}
T ) e

<ACT0>  <READO> <BST> <PREQ>

Read Cycle / Ping-Pong Operation (bank switching)
CAS latency = 1 , burst length = 1

TO Tl T2 T3 T4 T5 T6 17 T8 T9 Ti10 o
CLK
CKE [ kA
o,
cs \///)N Vi1 /I 7 \///§ A V//) 1IN a7 \"/// \/1l/8
ras [ [//////Il/‘ i VA __| /N /i)Y VT l///////////I/ ll//[//////[[/
cas /N )/ I/ /4
_ : I
WE lllllllllllﬁll[ll[l[[ 7 V' | 4
A0-A7 Cufl’w counat YT row lIIIIIIIIIIIIIIIIIIIIIIIIIIIIII) covnas XTI vow lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
As TN o /ROW T T T oo vas III). row XTI i
v ! W NOPRE NOPRE uuoio- [y -
A9 BANKO /777 BANK G BANK | {/ BANK1 \///) BANK O [T77 BANK 0
13 |Qh_D
DOM
P b B Eee ] fee ] b o o Loon
DQ Douom — Y¥{Dout om+1 Dout Omre 2 Dol O 3 Dout 1m  JY{X Dowt im+1 Dout Ime2 Dout 1m+3
2 [ ! l )
ENC:;;::“ ICAC IRCD_mavk 1y wAC 1, tRCD mawk o)
L_tRAS munce) AN} L) L4 TRAS (AN 0)
. RC margor XY L RE_ mavk e
I, IRAS @anKy)
lo IRC_@mancy)
cacto>  SREADOR cactis> (READI>  <PREQ>  <ACTO>
DON'T CARE INVALID DATA
- 2997 076 0017 713 21u4 - Note: The row address A7 is invalid during the active command input.
October 26, 1996 SANYO Electric co., Ltd. ver. 10

79



LY

SANYO LC382161AT -10112/15

2M(65536 X16 X2) bit Synchronous DRAM

Write Cycle / Full Page
CAS Ilatency = 1, burst length = Full Page

T0 Tl T2 a3 T4 5 T257 T258 T259 T260 T261
LS S s S s N S B e G S T o I B B B
OL!CKA
A7/

cs

/N /R /0 /A /0 N ///A N /A R 1

' /I
RAs [T | i / w_ | o
cas Mazz:zm /1) wmmmm%%' 11/ 1
”m

WE

A0-A7

A8 I

A9

DOM WWWWWS ’l( AWW?‘ZWWW}IWW

| | psen, esle, pyen, soyed, g, gesler, slon,
DQ Dinom  X//X O omret /7K Oim ore2 X77X Oin o3 }[7X i1 X/7K 0w om  X77X oin 0w X771 TTITITIIITTIITITIIT
acp | | T [ on | -

IRC

<ACTO> <WRITO> <BST> <PREQ>

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

T0

CLK |
CKS

CKE [/ 10%A

J,
cs 1 A
Ras I
CAS zzzzzzmzfzw
WE

A0-AT [T

AS I

A9
DQM
Lo, BSLLOW,  BLOW, Lo, OIOu, SLOn, Bon, |
DQ Ome | Wp%mz XX Oin ome YT Datm Y77 Bin tmwet X{/Y Din 1rwe2 Din Im+3 (1T

.. DPL I [10}4%
K .
RCD (PANK 1) { RCD paN 9

P @anxa) | IRAS oy o)

JRC o)
IRAS BANE D) TP (o)
WC__MANR))
<aACTo> SWRITO>  cacrys SWRITI>  <preo>  <ACTO> <PRE1>

<WRITAG> <WRITA1>

DON'T CARE K] INVALID DATA
Note: The row address A7 is invalid during the active command input,

B 7997076 0037714 150 HE
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SANYO LC382161AT 1012115

2M(65536 X16 X2) bit Synchronous DRAM

Write Cycle / Page Mode
€AS latency = 1, burst length = 4

T0 Tl T2 T3 T4 TS T6 R T8 9 Ti0

S S e B s R s B R s B s T e B S T S B S B
i '

1ICKA
&,
cs \/// S 171/} 1//1/4 N1/} A1/ /)N ./ \'///} \///4 \///, N /1114

Ras 7 /i
I R
WE 11\ mmﬁmmm}/mﬂmﬂmm mw)mm%nmm)nnmm [

% oot X/ L T T T T T T Y e X T T L L T T T T T

G
VS g D D S S S
"BANK 1 )

S V/ 1/ i
Sl x : il

CH BANY

slon, eslon, slon, e,

X Onat Y7/ Dam1 “Y77X Dinned I
I R~ e

<ACT> <WRIT > <WRIT > <PRE>
< WRITA > <PALL>

Write Cycle / Mode ; Data Masking
TAS latency = 1 , burst length = 4

T0 T T2 ) T4 T3 T6 Ry T8 19 TI0

CKE T — —
Lo,
cs A A 7 \///f \7//4 A/ N //// \//7} N7/ (/71N 11111/}

é

YT 7
CAS lelllll[[lﬁlﬂllllll
WE
AC-AT [T
A8 ”//////[/”[/”””/

A9
DQM
DQ

WRCD DPL,

LRAS WP

IRC

<ACT> < WRIT> <MASK > <ENB> <WRIT> <MASK> <MASK> <ENB> <PRE>
< WRITA > <PALL>
DON'T CARE INVALID DATA

Note: The row address A7 Is invalid during the active command input,

B 799707b 0017715 D97 WA
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SAMYO LC382161AT -10112/15

2M(65536 X16 X2) bit Synchronous DRAM

\

Read Cycle / Precharge Termination
CAS latency = 1, burst length = 4

T0 Tl 2 T3 T4 TS5 T6 7 T8 T8 T10

CLK —mlc_m mmmmmmmmm

(%3 CHE ) ICL
CKE 171 =
WX,

s mrwm | m | mTw Tl m | | T T W T
TS [T v/ w1111ttt O
7y mazmﬁlzzmm N |
WE ' | /i

A-AT [T row_ Xl[lcounatn

A8 I wow J77D) wavee

. [
A9 BANK 0 [T77) BANK ®
IQMD 1,
bQM
X AC 7] T TAC X4 TAC TAC
OH TOH OH OH o)
pQ Dootm__ XJAK Dot mel YUK Dot mred " Dok » Dout we Dot ne2
ur
&b -cac.l o ROL _J}, WD, ICAC
L e 3
<ACTO0> <READO> <PRE0> <ACT> <READ >
< READA >
Write Cycle / Precharge Termination
CAS latency = 1, burst length = 4
T0 Tl T2 T3 T4 TS T6 T2 T3 T9 T10 )
XS (=3 o
CKE [ XA
CH, .
cs [ 10N J/1/)) iy N \//iN J/1N /71N i A1/ Wh_ | 7
[
ras  ZHII |////l/// i NN 1//)N il NN 4
u
CAS [M[ZZ[ZZZZfZZZZZM 141X VT T \/174 A7) VTR i
1 .
WE ] T V1) \//)) Vi, I

AC-AT7 JTITHIITTITIITI wow

A8 T, R?W

A9 BANKO
l l I'"P-s‘ OH 0§, IOH 103! OH l 03| 1DH rg OH 10§, tOH T
DQ G EEE ) CEER ) 12 I CECER ) G U ) MD"‘;":T:W
RC i tRC
<ACTO> <WRITO> <PREO>  <ACT1> <WRIT> - <PRE>
<WRITA >
DON'T CARE INVALID DATA

Note: The row address A7 is invalid during the active command input,

B 7997076 0017716 T23 ME
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SAMYO LC382161AT -10/12/15

2M(65536 . X16 X2) bit Synchronous DRAM

Read Cycle, Write Cycle / Burst Read, Single Write
TAS latency = 1, burst length = 4

T0 T T2 pel T4 TS T6 ™_ T3 T3 T10

e P e e e e e e e
CKE [T 1CKA
=

s I wm | Vi1 \i//7} w k7 77/ 17/ N W /7 T
Ras [T |//////// T A1/

[l
WE ] N T T T T T T Jii
AV-A7 T v e o

. . | AUTO PRE BANKS A 1
As ////////////[//////// o Dot

-l

A9 BANK 1 BANK BANK)

BANK 0 BANX 0 [] BANK 0
poM IS 2 WWJWWWWWJ?WW

AC WC tAC AC
1 [{ 1OH

DQ ﬁiﬂn Dout m#*} Dout me2 Doul mre 3 Dina

. WRCD » - 1CAC l I L. DPL

L (RAS P

L__IRC

<ACT> <READ > <WRIT > <PRE>

<WRITA>  <PALL>

DON'T CARE INVALID DATA
Note: The row address A7 is invalid during the active command input.

B 7997076 0017717 967 W
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s O LC382161AT -10/12/15
! . 2M(65536 X16 X2) bit Synchronous DRAM

Read Cycle / Full Page
CAS latency = 2, burst length = Full Page

T0 Tl T n T

K
CKE [ 1CKA
cs [ |7/ I //// A N (// R W /]
ras T l//////// T

Cas Zlamwl(zmm ////I/I[//l//I//A
ICH

WE

AG-AT T T vow XTI T Sovma

LS I /1T S50 TN

a9 WMAHWMWW)I]WFAJ:WWJWWFMJWW}WWZI

WQMD
DQM
DQ
RCD
f‘_m
RC__ AR
<ACTO> <READO> <HBST> <PREO>

Read Cycle / Ping-Pong Operation (bank switching)
‘CAS fatency = 2, burst length = 2

T0 T] T2 - T4 TS Té Ay
cLk 1 f 1 L L L f
1CKS, 1K wa L a ]
CKE [T o
CH,, .

cs i A7/} N/ /// N /)N 71/

cH
ras I (i '//I/////lf X,

CcH
[ ll[ll[ll[l[[flll[ll[[ ///////l//l/////A 17

CH
WE A7/
AC-AT [T row  XTTTTITITTTTIITTIX “T"‘"‘ XTI row

LA AuTO PR2

A8 T wow YT TTTITTIEIN XN row

Al norlu
A9 [ Ao

o
DQM
DQ XX Dot o YT Dk Omet
uz
. 'RRD (BANK 0tol) uz
RCD _(BANK 1CAC IRCD (BANK 1) 1CAEBANK 1)
. RAS _(BANK % :)) RP_(BANK 1)
<ACTO> :%’{’:) <ACTt> :%AL <PREO> <ACTO> <PRE!>

DON'T CARE KX INVALID DATA
Note: The row address A7 Is invalid during the active command input.

B 7997076 0017718 &84T N

Qclober 28, 1996 SANYO Electric co.. Ltd.’ Ver. 1.0
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SAMYO LC382161AT -10/12/15

. 2M(65536 X16 X2) bit Synchronous DRAM

Write Cycle / Full Page
CAS latency = 2 burst length = Full Page

T0 T T2 T3 T4 TS T258 T259 T260 T261 T262
axk TL_f 1 5 WO IRy WY N e TS s WY s Y s O s S

K 1CHL ' [ AR, "
CKE T | o )
G mw| |l e | o Tw T\ T w ! 17 11

V//1))
RrRas O, (I WMW WA___ﬂM]EZZZZEm
CAS Ul[l[l[l[ll[flllzm = //I//l/I//I/////A 'W’ \1/1/]
WE WHW = ///////://///1//A WWWW%% 1//h

AC-AT [T o XTI ot =

A8 T TTI ow SOTTTETTI. )
|

<ACTO> <WRITO> <BST> <PREO>

Write Cycle / Ping-Pong Operation
"CAS latency = 2 ,burst length = 2

70 Tl T2 hx] T4 TS T6
CLK }:‘_':;tgr_l—ﬁj—ii—l—r—]—
CKE [T} KA
CH, .
cs [ V| 7| A /0N /14 N/ A
)CH
RrRas T II/II//I/ (i |////////// \'//1 N
CH
cAs l[[l[ll[ll[(lllll[lﬂl ””/”[””””A i
JcH
WE ///////l////////A /1]
AH
AO-A7 [T T row TTTTTIITTTITTT I counet ROW
| yfpan [ -
A8 T row XTTTTTITLITEITITT ROW
77777”77777%7777]7] ‘t*L“. W 7777777}7]777]7” |
A9 BANK O BANK 0
DQM 77777777777;;7?277777777?7L777777777777JL77777777£
| | | oslow, oslon, goslon, goslow, goslow, osled, oslon, soslow,
DQ Dinom X7/ Din ot X77X Din ome2 Y//X Din 0y XZ[X Din1m__ J/7X_Oin et J77X Ot o2 X77X i 13 N7777T7
WRAD _(BANK D1 I} ] DPL, l__OPL
LRED  (BANK L weo@ancy 0 &%‘%
WAS GANK RP_(BANK 0) P
e
<ACTO> :mx; <ACTI> :WA‘L <PREO> <ACTO>
DON'T CARE INVALID DATA
Note: The row address A7 is invalid during the active command input.
B 799707k 0017719 732 A
October 28, 1996 SANYO Electric co., Ltd. Ver. 1.0
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SAMYO LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

Write Cycle / Page Mode
CAS latency = 2 ,burst length = 2

T0 Tl T2 - T4 T5 16 7 T8 T2 T

CLK _:\u_j"";;:l?_‘ [HE ﬁl__ﬁL__‘——l_mﬁL_j‘_\__‘——\__
CKE T | wcn '
cs A1/ N /7 // I/ N N //// /) N W/ N //) U W //// N N/ N WO/ / A W /14

cH
Ras I//I///// Iy

cH
Cas l[l[ll[ll[llfl[l[l[l[ TN

oul |
WE IHHTHITITITION
AO-AT T vow ™ YT TTTTTTTT e ornaie Counats counats

AUTO PRE (X2
A8 7///////////l//////// row JTIITIITTIII xer me - il
A9 u’rr“ BANK | BANK 1
CH
DQM
[ | { oglwon, oglon oslon oslon woslon, oshon |
DQ Dinm_ J// Dmeet X/ Dins  J//( Det }77{ Dino X/ omer XT7TTTY;
nco I |
&3’ —IRP
<ACT> <WRIT> <WRIT> EWL ::ﬁl;
Write Cycle / Page Mode ; Data Masking
CAS latency = 2 ,burst length = 2
Tl br] n T4 TS T8 12 T8 T9 TI0

ax LI fA FL L P F P

K
CKE [T KA v
ICH Hy, .
cs [ \'7/) R/ 11/ \7/) N/l /N //// A N /1) N /1 N (/O N/ /// A W/ // /14
Ras I [//////// T l////////// WWM%WA
fall
CAS ll[ll[l[ll[lf[[l[ll[l J///////[////////A :;;i;;ﬁ;;;;;i E;%
ICH
WE Zﬂﬂlllllllf[lllllll IHIHIHTTITIDN /77777]7}L]777]77A /7]77]7]}7777]7]7A /777]777}77/77/m
|

LSRN QI T I T T S T T G T T T T

l | I S
Ag ////////////I//////// wow XTI N ol

171771 S Y/ 1111111111111, S LTI

el L . [ ]
A9 Skl I LTI X X T XTI
DQM - e //// 0 /1

| [ ] oglwon, ogl wu, ou, oslon  woslon [
DQ [[[[Z{ZZZZZifMZMM[M[ [[[[zzt[[[[[ﬁf[[[[[[[[x Dnm _ J//( Oaast X//{ Dinn Dino Dinovl M[m[maﬁrﬂ[ﬂ[{[l[[[
WRCD ,l | I e
._ﬁc“ — QP
<ACT> <WRIT> <WRIT>  <Mask>  SWRITS SIRES.

DON'T CARE BXCl INVALID DATA
Note: The row address A7 is invalid during the active command input.

B 7997076b 0017720 454 HE
October 28, 1996 SANYO Electric co., Ltd. Ver. 1.0




SAMYO LC382161AT -10112/15

2M(65536 X16 X2) bit Synchronous DRAM

Read Cycle / Precharge Termination
CAS latency = 2 burst length = 4

T0 Tl T2 T3 T4 15 16 7 T8 T9 T

CcLK T __f 1 1 | B S B U D R D R e S e Y 2
XS (=9 1cHl ) = .
CKE /1] A
L
cs \'7// N/ /// A /N /1 \//]j K//) N 7/ N/ N N //// A W //) O Y/ /1/// 1}
2
RAS L (I NHTHTTTITHTTTITHTTHTON Y/111111) l}7777777A VTN Wi
LCS L]
CAS ZZZHMZZ#MZZ"‘_ : ””””/l””””””lllllll””” wumlmmw wumzlmum | T
WE A i
) I- T T
A0-A7 T T oo XOITT T estoe =Y T L LT T T LT T T Cvow XTI I XTI
| [ I I I ™
A8 Row 111111 11 111 =1 117111 1111, S 111,
. | ] “
A9 e s sae S /111111111111 Gl /1111
l l . | 1OMD ™
DQM o _IAC - o JAC 1AC
m
DQ :I‘SZZZM Dout m Dout m | ;éél Dout m+1 iii!
®RCD tCAC = J . 1ROL I W]RCD ICAC
was 1 IRP X
RC . BC
<ACTO> <READO0> <PREO> <CACT> :READ>>

Write Cycle / Precharge Termination
CAS latency = 2 ,burst length = 4

T0 Tl v T3 T4 TS T6 T7 13 9 TI0

L L L f L f L & 1 ft § 1 §F1_

T
xS okl [
XA
R,
Vb

ras T I///////I/‘ g NI VI LIy i

cAs TN ATy A | 7
_ | | l l

WE ‘ IITTHITTITITION I,y 7
AC-AT [T wow XITTT T T Dicouncia TG SECTRR T EED i,

| a3, | I
A I wow XOTTEII ,

AUTO PRE
row XIIIIIT XU

RE BAWTwT T
7]77”77]7]7[7]777]77} + T ’/_ H l i BANK Y
A9 BANK & BANK ¢ BANK 8 v“- ’I/IIIIIIIIIIIIII' m l’”ll I

<ACTO> <WRIT0> <PREO> <ACT> <WRIT>

DON'T CARE INVALID DATA
Note: The row address A7 is invalid during the aclive command input.

BN 7997076 0017721 3590 N

October 28, 1996 SANYO Electric co., Ltd. Ver. 10
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SANYO LC382161AT -10112/15

2M(65536 X16 X2) bit Synchronous DRAM

Read Cycle, Write Cycle / Burst Read, Single Write
‘CAS latency = 2 ,burst length = 4

T0 Tl n 3 T4 T5 T6 ™ T8 T9 Ti0
CLK l_f-'wlx_m‘?fl_m_\_r‘l_ﬁ__t_ﬁ_i_m
CKE T | '

O,
cs I A7/ S O/ /// /) O Y
RAs T I//////// I
CAS HHTTHITITILN
o o
WE

tAN

A0-AT T row XTI [T D counesm

A8 [

I o s

Dout m Dout m+1 Dout mr#2 Dout m+3 Dina ]
> - I
['i74
ﬂ ICAC _] P w
Lo IRAS
o IRC
<ACT> <READ> <WRIT > <PRE>

<WRITA>  <PALL>

/77] DON'T CARE INVALID DATA
Note: The row address A7 is Invalid during the active command input.

B 7997076 0017722 227 W

Oclober 28, 1996 éZ\FJYO Electric co.. Ltd. Ver. 10

25



SAMYO LC382161AT -10112/15

2M(65536 X16 X2) bit Synchronous DRAM

Read Cycle / Full Page
CAS latency = 3, burst length = Full Page

T0 Tl T2 3 T4 TS T6 Ry T8 T262 T263 T264 T265
S S T T S L Ry Sy S W e S s e B e B 2 B
CKE - '
tC3LICH, . ,
o 0/ v/ /NS /A ./ I /B B /R I 7/ 1/ w1
JCLLICH

Ras

M

LEZI 1T G T T T T T

IIIIIIIIIIIIIIIIIlIIIIIIIh. A T Ty LT [T T W—
(N R ]
[ ] ]
wue “I)A“C _luLUH lObt\ic I?(C on
170} = Dowt 0m_ Y{{ Dowe Ww%lmmh MM:l p——
L,__®C : ICAC _ ANKY RBD
. PO TS
_‘Wps_mu P _BANKD)
<ACTO> <READO> <BST> <PREO>
Read Cycle / Ping-Pong Operatlon (bank switching)
CAS latency = 3, burst length =
T0 Tl n B T4 TS Té T2 T8
CLK _l__l_mgf\_‘mir—l___\_m
[ 4
CKE n
LC
s el orovtelal ool n
JC31ICH
RAS

VT VI 17 % A
Licslioy
cas | g 11/)) /1l

Lot |
we I A7/ A

M

_—
av-A7 T % IIIIIIIIIIIIIIIIIIII/IIIIIlm'llﬁmlllllllllllllli ) /1l

As I

'w lIIIIIIIIIIIIIIIIIIIIIIIIIImlll-’IIIII/IIII/II)-’Il

17
t
DU 1111111111 R 1 AT "ﬁm‘ T 1 O
_-/ h

.. QMD
DQM
tA AT AC ac
az, 10H ot % 14
pQ 00 Dot om [T Dt ome YT Dout 1w TR (Dost 1t
1RRD (BANK 0 te 1) WRC CAC | 1774
A—.‘TD L) T(BANET] 1CAC &y RQU BANKD) IRCD _(RANK 6]
1RAS (BANKO} (BANK 6} (RP — (BARKS) ’_ms L
RC 9 |, RC OAXE
— THAS (BANKT) P )
. BC D]
<ACTO> <ACT)> <READO> <READ1> <PRED> <PRE1> <ACTO>
<READAO> <READA I >

V771 DON'T CARE INVALID DATA
Note: The row address A7 Is invalid during the active command input.

B 799707t 0017723 163 1N

October 28, 1996 SANYO Electric co., Ltd. Ver 10
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SAMYO LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

Write Cycle / Full Page

CAS latency = 3, bursth length = Full Page

TO T T2 Rkl T4 T5 T6 T259 T260 T261 T262 T63 T264
CLK 11?ﬁ_imﬁ_ﬁLI‘—l_rLr_L_r—lﬁ‘_|_
1CKS 1K 'K:l.
CKE KA
—_— —Q%_ i
s ' f @ | v\ M iTwiwivwvlieln | oo
JCRUCH
®as O i T (7))
]
\'//4
1/

= I

DI DS
: rﬂ X omo XTI T T T T
|. DR »

RP
<ACTO> <WRITO> <BST> <PREO>
Write Cycle / Ping-Pong Operation (bank switching)
CAS latency = 3, burst length =4
T0 T1 T2 T T4 TS Té ki T3 kL] Ti0 Tit T12
cLK _L__j_L_._} L L f L f L f L& 1§ 1L _§ L §f 1
ICKS [l 3 CHY, \ Le AR
CKE [Iilf]] KA
ICH,
s I @l W@ 7/ 1/ W/ | W @_| 1m
3
Ras I [ Iy

/1111 l/l//////l/l [N [

AT T T row

T

{7
T vow )

-—i

<ACTO> <WRIT0> <ACT!> <WRIT!> <PREOD> CACTO>
<WRITA 0> <SWRITAL>

DON'T CARE INVALID DATA
Note: The row address A7 is invalid during the active command input.

B 799707L 0017724 OTT HA

October 28, 1996 SANYO Electric i:;: Ltd. Ver, 1.0
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SANYO LC382161AT -1012/15

2M(65536 X16 X2) bit Synchronous DRAM

Write Cycle / Page Mode
CAS latency = 3, burst length =2

T0 Tl T2 3 T4 T5 16 by T3 T9 TI0 Tn TI2
ak "1 £ L f L L L L L 1 1 i
CKE KA

JCH

Ras I VI

_ ég{ I | | |
CAS

— gg{ I l | |

WE

LAY
AO-A7 ROW counal CRUNOYa, oL o,
AUTO Fr2 RANX # & )
A8 ROW NO PAR NO FRE
a1 N BANKSw 1
A9 BANK &
1D D] D
Dinael Dino Din e+l
| [ |, WDPL R
.
<WRIT> <PRE>
<WRITA > <PALL>
Write Cycle / Page Mode ; Data Masking
CAS latency =3, burst length = 2
T0 T iv) T3 T4 15 T T 8 T9 TI0 T T2 =
CLK —l_‘_Lq‘_‘_l_"_'l__l_J_l_ﬂ | f
1CKs tICK L,

ACKA

Clji .
cs 1D '/ /A /AR /).

|
W mm
RAS 0TI Ty
CAS A
_ besbarl | | l |
WE Wﬂf[ﬂ[ﬂ MV//////f//////////ﬁ///////k

.
F

AUTO PRE BANKOAL

BANKO w1

el

Dino Dinotl
wrL
RP
<ACT> < WRIT > <WRIT> <MASK> <WRIT> <PRE >
<WRITA > <PALL>

DON'T CARE B4 INVALID DATA
Note: The row address A7 Is invalid during the active command input.

I 7997076 00Lh7?725 T3L WM

October 28, 1996 SANYO Electric co., Ltd. Ver. 1.0
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SAMYO LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

Read Cycle / Precharge Termination
CAS latency = 3, burst length =4

10 T1 T2 3 T4 T5 16 7 T8 T TIQ ™ T2

CLK ;H%Z}Q_Imiim—l_mimim
(/).

CKE Jifill}

cs 17 77/ S /A /)N /A (/7 /A T/ N N/ /A R/ L/ N O // A I/}
RAS /I//I////lJ/l/l// Ty NI I i |/////////// I V11111 l727777777[
cas l[ll[l[l[[lf[[ll[[ //////l////Il/I//I/llllllll). ///////II/////////I//l/llllll////I]///ll/ll

s e B s il
i i s g L
A9 mmﬁm%ﬁmﬁﬂm& /717/71}7”/777777}77777777774777772\:"' ‘ N

| | | |l o
voM 7 T T T T - B/ 77
pQ :ﬁwn (0 Dowt m+1 JTY Dot mrv2 XY
. uz J T
| weo ICAC . ROL . . IRCD
IRAS M RP
PTT RF
<ACTO> <READO> <PREO> <ACT>
Write Cycle / Precharge Termination
CAS latency =3, burst length =4
TO Tl T2 T3 T4 T3 T6 17 T8 T2 T10 Ry b T12
ck T L f 1 J UK S IR K s W Sy N S N N Y oy I BN D S
CKE " '
. Y,
cs A/ /g \/ \/// -/ X7 N/ A/ N/l V4 L/} N/ /114
Ras O T I, | . |

— I = I I | ] 1

CAS Zl[ll[l[llﬁ(ll[l[b J///lllllll////l////[/[//l//), VT Z;i;;;éﬁ;é;;;;;;;ﬁ;t;;;;;;; I

WE % TN LT
LAs!
AD-A7 ROW X I 1 S T L

' | | ——
A8 JIIITIHHTII rov XA, IIIIIIIIIIIII/II/III oW XTI
L i i “
A9 ke 17777777‘77777777777J7777]77\ L) /77ﬂ7f)777/]ﬁ7777l77777/]7777]l7777m 171 S /T
S
DQM /i
Josot, s,
*MD‘IMI ’MD&W) .
= -
<ACTG> <WRIT0> <PREO> <ACT>

DON'T CARE EZX INVALID DATA
Note: The row address A7 is invalid during the active command inptt.

B 799707L 0017?72k 972 WA

Oclober 28, 1996 SANYO Electric co., Ltd. Ver. 1.0
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SANYO

LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

Read Cycle, Write Cycle / Burst Read, Single Write

CLK

CKE

cs
RAS
CAS

WE

AV-AT I

A8

A9

DQM

DQ

CAS latency =3, burst length =2

T0 Tl

g -

T2 13

l—}ﬁrﬁ_x—l—

T2 Ti10 T

12

b/

=

i,

PELL

/A /A /A /AR

Sun U B e IO e B e O
m

F

S/ /N 11/}

VI

NI T

LGS
I
i

B

T ST, Y

i e

UHITTTHHTTTT,

'IIIlIIIIIIIIIIIIlIIIIIlII) ouna

.|, |

BT TR T LT S T T

R —ﬁ_*r----
T v Xy T T

BANK § &
T T T T TR T T, 1,

m’llllllllllllh@;ﬂ’llll
QMD L
JIAC N WG o | ’
‘_.Imxxuu.. 1T(Oox mrt —ﬁ%
42
L wep ICAC _ {CAS fatency) ,l L I flo], 8 .
‘__l.K_AS RP
R
<ACT> <READ> SWRITAS SPALL>
DON'T CARE INVALID DATA

Note: The row address A7 Is invalid during the active command input.

B 799707k 0017727 409 WA

October 28, 1996

SANYOQO Electric co., Ltd.
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