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

Synchronous DRAM

Target Specifications

Overview

The LC38B2161AT 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 @ (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 automatically within the chip itself.

Features Pin Assignments
- Organization: 65536 words x 16 bits x 2 banks . .
« All O signals (except CKE) are synchronized with 400 mil 50 pin-TSOP II
the rising edge of the system clock. Ly
Basicg spgciﬁcations conform to the JEDEC [‘,’éf, % °© % \&;15
standards for 16 Mbit synchronous DRAM. o % % oo
- A pulse RAS scheme is used. paz (3] ® pats
- Two bank internal structure (2 Banks x 65536 bas Y [ parz
. N N veea O] D vec
words x 16 bits). Continuous operation across the pad O3 9 patt
two banks is supported via the A9 pin. oas (3 [ 010
- Burst length setting v&’,‘é % % }'E._?
--------- (1. 2, 4, 8, or full page) par (7 DQs
- Burst type setting (sequential or interleaved) :’;3?,, S—E ;’éq
- Burst output operations are interruptible. g % % gDOM
- The Cas latency can be set using an address key. RAs (Tl o e
--------- (cas latency : 1, 2, 3) cs 59 Ne
- Auto-refresh and self refresh functions o B
* Power-down and suspend operations can controlled A0 A7
from the CKE pin. N =
+ 11O byte order is controlled by the DQM pin. A @] 7D A4
- 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 11 AOto A7, A9 Address input
A8 Row address, auto-precharge input
DQO to DQ1S Data VO
CLK Systern clock input
CKE Clock enable
Ts Chip select
RAS Row address strobe command
CAS Column address strobe command
WE Write enable
Loam, UDaM Data mask enable
Vee Power supply
Vss Ground
VecQ Data output power supply
Specifications and information herein are subject to VesQ Data mpmigmu"d
. . NC No connection
change without notice.
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SAMYO 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 signal 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 Ts|
is high. The device remains in the previous state when Ts is high.

17 RAS Input RAS , in conjunction with TAS 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 LDQOM, Input LDQM and UDQM control the lower and upper bytes of the I/O buffers.
uoam In read mode, LDQM and UDQM control the output buffer.

When LOQM 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 O 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 A8 Input AB is used as a row address during active command input, and is used to
determine the precharge mode during other commands.
If AB 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, AO0-AB 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 KO 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 Vee | Power supply | Vcc is the device internal power supply.
26,50 Vss |Power supply | Vss is the device internal ground.

B ?799707L 001769k 305 WA
October 28, 1996 SANYO Electric Co., Ltd. Ver 1.0

o

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003




SANYO

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

Specifications
Absolute Maximum Ratings
Parameter Symbol Ratings unit Note
Maximum supply voltage Veec max -1.0to +4.6 \'4 1
Maximum output supply voltage VeocQ max -1.0t0 +4.6 Vv 1
Input voitage Vin -1.0t0 +4.6 Vv 1
Output voltage Vour -1.010 +4.6 \4 1
Allowable power dissipation Pd max 1 w 1
Output shorted current les 50 mA 1
Operating temperature Topr Oto +70 T 1
Storage temperature Tstg -55 10 +150 T 1
Note: 1. This device may be destroyed If stresses in excess of the absolute imum ratings are applied.
DC Recommended Operating Conditions at Ta =0 to + 70°C
Parameter Symbol min. typ. max. unit Note
Supply voitage Vce, VecQ 3.0 3.3 3.6 \' 2
Input high level voltage Vin 2.0 - 4.6 v 2
Input low level voltage Vi -0.3 - +0.8 \' 2
Note: 2. Al voltages are referenced to Vss.
DC Electrical Characteristics at Ta=0to+ 70C, Vec=VeceQ=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 | 3,4
tRC 2tRC (min.), lour = OmA -18 - 100
Precharge standby current [ICC2P | CKESVy (max.) | tCK=1CK(min.) | - - 3 mA
(in power-down mode) ICC2PS tCK = oo - - 2 mA
Precharge standby current [ICC2N | CKE =V (min.) | tCK =tCK(min.) - - 30 mA
(in non power-down mode) |ICC2NS tCK = oo - - 15 mA
Active standby current ICC3P | CKE=Vi (max.) | tCK =tCK(min.) - - 3 mA .
(in power-down mode) ICC3PS {CK = oo - - 2 mA
Active standby current ICC3N | CKEZVi(min,) | tCK =1tCK(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 - €0
CAS latency =1{ -12 - 55
-15 - 55
‘ -10 - 100
Auto-refresh current ICCSs tRC2tRC (min.) -12 - 90 . | mA
-15 - 80
Self-refresh current ICC6 CKEZ0.2V - - 2 mA
Input leakage current I 0V =V Ve, with pins other than] - -10 +10 HA
the tested pin at OV
Output leakage current loL Output disabled, 0V < Vour S Vee - -10 +10 HA
High level output voltage | Von lout = -2mA - 2.4 - v
Low level output voltage [V lour = 2mA - - 0.4 \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 Ve 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 obtained with the output open state,

B 799707k 00L7?L97? 24l WA
October 28, 1996 SANYO Electric Co., Ltd.
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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 11513011217 13415117 34| ns
Operating frequency - 100 ({66 133 |83 ]58]20!66 | 58|29 ]| MHz
CAS latency tCAC 3 2 1 312 1 3|12 1 |cycle
Active command to read / write command| tRCD 3 2 1 3 2 1 3 2 1 |[cycle
delay time
RAS latency (tRCD +tCAC) tRAC 6 4 2 6 4 2 6 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 2 6 5 3 6 5 3 |cycle
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 2 1 312 1 3112 1 {cycle
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 | tDPL 2 1 1 2 1 1 2 1 1 |cycle
Input data to active/refresh command delay] tDAL 5 5 5 3 cycle
time(during auto-precharge)
Burst stop command to output in Hi-Z delay] {RBD 3 2 1 3 2 1 3 2 1 |cycle
time (read)
Burst stop command to input in invalid delay] twWB8D | 0 0 0 0 0 0 0 0 0 |cycle
time (write)
Precharge command to output in Hi-Z delay] {RQL 2 2 1 2 2 1 2 2 1 jcycle
time (read)
Precharge command to input in invalid delayl tWDL | -1 0 0] -1 0 0t -1 0 0 }cycle
time (write)
Last output to auto-precharge start time} tPQL -1 -1 o]|-11-1 0 {-11]-1 0 |cycle
(read)
DQM to output delay time (read) tQMD | 2 2 212 2 2 2 2 2 |cycle
DQM to input delay time (write) {DMD 0 0 0 0 0 0 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 / Output reference level :1.4V)
Input «
2.8V
Vss
Output Load
o 500 Q
DQn o AN\ N———0 +1.4V
— _— CL=50pF
777
4
’ I 799707k 0017?98 188 HH
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LC382161AT -10/12/15
2M(65536 X16 X2) bit Synchronous DRAM
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SAMYO | LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

Self-Refresh Command (Cs, 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 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 (¢S =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 operation is not
performed automatically internally, the refresh operation must be performed within the refresh period {tREF). 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 ({CKA)
has elapsed.

Since this command differs from the self-refresh command described above in that the refresh operation is not
performed automa(icall'y internally, the refresh operation must be performed within the refresh period ({REF). Thus the
maximum time that clock suspend mode can be held is just under the refresh cycle time.

B 799707b 0017700 bbb W
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SAMYO LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

Operation Command Table (Note 10,11)

Current state | ¢S [RAS| CAS| WE| A9| A8|A7-A0| Command Operation Note
HI X XIX| XX X DESL No operation or power-down 21
LIH|H{H]| XX X NOP No operation or power-down 21
LIH]JH|JL]I XX X BST No operation or power-down
LIHIL]|H|IV]V] V |READIREADA] lllegal

Idle LIH]JL]L{VIV] V lwrtwrira| lllegal
LIL{H|H]VIV 3 ACT Row active
LIL|H{L]JV]|V]| X |PREFALL | Nooperation
LILIL{H]X]|X X REF/SELF | Auto-refresh or self-refresh 22
LyL]L]|L OP CODE MRS Mode register set
Hi{X | X[ X] X]X X DESL No operation
LIH|{H[H| X]| X X NoP No operation
LIH]JRH]L{XIX X BST No operation
LIH|LIH|V]V V |READ/READA | Read start 26

Row active LiH|LjL]|V}V V | wRriTwRITA | Write start ] 26
LiL|IH|H|V]V \ ACT lllegal 19
LIiL[HJL]JVIV] X | PRE/PALL | Precharge 24
LIL[LIHIXIX] X | REF/SELF | Mlegal
LiL|L|IL] OPCODE MRS lllegal
HIX | X] X | X1 X X DESL Burst read continues, row active when done
LIHIHIH]I X1 X X NOP Burst read continues, row active when done
LIHIH]JL]IXIX X BST Burst interrupted, row active after interrupt
LIH|JL]{H|IV|V]| V |reao/rReapal Burstinterrupted, read restart after interrupt 25

Read LIiH|LjL{V]|V V | WRITWRITA | Burst interrupted, write start after interrupt 20,25
LILIH|H|V]IV}] V ACT egal 19
LILIH]|L|ViV X PRE/PALL | Burst read interrupted, precharge after

interrupt -
LIL}JLIH|X]|X]|] X REF/SELF | lllegal
L)LIL]|L OP CODE MRS lllegal
HI XX X[ X] X X DESL 2urst write continues, write recovery when
lone
LIHIH|{H| X]| X X NOP 3urst write continues, write recovery when
one
‘"LIHIH]I L[ 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

Write LI HlLILIVIV V  MWRIT/WRITA| Burst write interrupted, write restart after 25

interrupt
LILIH{H|VIV] V ACT llles;alp 19
L L H L ViV X PRE/PALL | Burstwrite interrupted, precharge after

interrupt
LILtIL}IH]X]|X]| X | REF/SELF | lilegal
L]L}jLIL OP CODE MRS llegal
HIXI X1 X[ XX X DESL Burst read continues, precharge when done
LIHIH|IH| X| X X NOP Burst read continues, precharge when done
LIHIHIL[X]|X]| X BST llegal
LIH|JL]JH[V[V] V [ReanireEaDA| llegat

Read with LIH|JLIL}JV|IV V  |writwriTa | itlegal

auto- LIL{H|HjV]|V \ ACT litegal 19

precharge LILIHIL|V|V] X | PrRE/ALL | lNegal 19
LILIL][RB]IX]|X X REF/SELF | lllegal
L{LJL|[L OP CODE MRS {llegal
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SA/MYO LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

Continued from preceding page.

Current state | cs |RAs| cas| we| AS| A8JA7-A0| Command Operation Note
HIX | XXX X X DESL No operation, idle state after tDAL has elapsed
LIH|H{HI XX X NOP No operation, idle state after tDAL has elapsed
LIH|H|IL|IX]|X| X asT No operation, idle state after tDAL has elapsed
Writerecovery | L | H| L{H| V|V | V |READREADA] lllegal : 19
with LIHJL|L|IVIV] V [WRTWRITA] lilegal 19
auto-precharge | L | LI H|[H|V|V] V ACT lilegal 19
LILIH]JL|IV]V] X | PREPALL | Hllegal 19
LIL]JLjH}IX]|X X REF/SELF | lllegal
LiLJIL]L OP CODE MRS \llegal .
HiX|XIX]| XX X DESL No operation, idle state after tRP has elapsed
LITH{HIH]I X]| X X NOP No operation, idle state after tRP has elapsed
LIH|H]{L]I XX X . BST No operation, idle state after tRP has elapsed
LiHJLIH]|V|V] V |READ/READA| illegai
Refresh LIH|JL]JL{V|[V] V |wWRITWRITA| llilegal
LIL|H|[H{V|V] V ACT lilegal
LIL|H]JL{VIV X PRE/PALL | lllegal
LILJL|H[X]X]| X | REF/SELF | lilegal
L{L}LIL OP CODE MRS lllegal
HIXI XX X]|X X DESL No operation, idle state after tMCD has
elapsed
LiHIH|IH}] XX X NOP No operation, idle state after tMCD has
elapsed
LIiHIHIL|I X1 X X BST No operation, idie state after tMCD has elapsed
Mode LIH]JLIHIV]V V |READ/READA| lllegal
register set LIHIL]JL}]VIV] V [WRTWRITA| lllegal
LILIHIH][V]V] V ACT lllegal
CLILTH]LTV[V] X [PREPALL | lllegal
LILjLIH]|X]X ]| X | REF/SELF | liiegal
LiLjL]L OP CODE MRS Iitegal
Note: 10.  H: High level input, L: Low level input, X: High or low level input, V: Valid data input )
11.  Aftinput signals are latched on the rising edge of the CLK signal.
12, Both banks must be placed in the inaclive (idle) state in advance.
13.  The state of the Al 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 (idie) 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 selecled 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.  MNegalif 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 7997076 0037702 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 |A7-A0] Operation BANK 0 | BANK 1 | BANKO | BANK 1

HI X XIX]X]X X DESL Any Any Any Any
LIHIHIHI XX X NOP Any Any Any Any

LI H]JH]JL|X| X X BST R/W/A /A A I/A

| 1A ] I/A

A R/W/A /A A

A | 17A 1

L H LIH|H{H]CA READ 1A R/WI/A /A RP

H{H|CA READA RIW A A RP

H|L]|CA I1A R/WI/A 1A R

, H| L |CA R/W A A R
i L H | CA R/WI/A A RP I/A
p L|{HIJCA A R/W RP A
e LlLJ|cCA R/WIA VA R A
LIL{CA A R/W R A

L H LIL{H|[H]{CA WRIT I/A R/W/A I/A wp

HIHI|CA WRITA R/W A A wpP

H L | CA I/A R/W/A I/A w

H|L]|CA RW A A w

LiHJ]CA RIW/IA A wp IIA

L H | CA A R/W WP A

L] L|CA RAW/A I1A W IIA

L L | CA A R/W w A

LIL|H]JH|HIRA|RA ACT Any | Any A

L | RA[ RA | Any A Any

L{LJHIL|X|{H X PRE RIW/A/] I/A I |

X | H X PALL /A R/WI/A/I | 1

H{L X A R/W/A/I I/A |

H L X R/WI/A/ 17A R/WI/AJL |

L | L X R/WI/A/I /A 1 A
L L X A R/W/A/N | R/AW/A/

LILIJLIH}IX]|X X REF ! | 1 1

L] LiL]L OP CODE MRS ! | | |

Note: 31.  H: High level input, L: Low level input, X: High or low leve! input, RA: Row address, CA: Column Address |
The row address A7 is invalid during the active command input,
32.  The device state symbols are interpreted as follows,
1 : Idle (inaclive) state

A : Row acftive state

R : Read

w : Write

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

B 79970765 0017703 375 A
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SA,MYO | 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 VeeQ 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 specmed 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 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 IO data orders in these modes.

B 799707k 00L?704 201 WA
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LLC382161AT -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 1-0 - 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
X 10 2-3-0-1 - 2-3-0-1
x 1 1 3-0-1-2 3-2-1-0
0 00 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
010 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
8 0o 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1
1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0
: Cn,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 O selected {precharge and active command)
1 Bank 1 selected (precharge and active command)
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
Y8 0 | Auto-precharge not performed
1 Auto-precharge performed
Y9 QO | Bank 0 selected (read and write commands)
1 Bank 1 selected (read and write commands)

B 799707t 00L7?705 L4& WA
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SAMYO 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 CAS latency setting. When the CAS latency setting 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 1 L) L) LT L) L L |
Command :><READA oX XACTX
DQn ——( Dfaut 0 X Dout 1 X Dout yout 3)

Read w(thA?\?lt(oas:recharge Precharge start : tRP :

(tPQL=0)

CAS latency = 2, burst length = 4

ewe LT LT LT
Command D(R;EADA o XACT o X

tPQ

DQn . < Dout 0 XD°‘“ ﬁom 2 X Dout 3/L :

tRP

Read W‘}gi‘\‘,{}&'gge°“a'9e Precharge start :

CAS latency = 3, burst length = 4

o !Hlflﬁﬁﬁﬂﬂﬁ
Command D(R:E‘AO/'\ oX : ] : XACT 0

; : tPaL_:
Dan — ( Dout0 XDoutEout 2 X Dout 3)
Read with auto-;;recharge {BANK 0) 4 Precharge start tRP
CAS latency 3 2 1
tPQL -1 -1 0

B ?7997°07L 001770L D&y NN
October 28, 1996 SANYO Electric Cp., Ltd. Ver. 1.0
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SAMYO LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

A

Interval between Read Command

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 corréspondmg 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

L L L L

CLK

Commahd

_ DQn =ob \DoutaoXDout boXDoutE)@mt b%out b3)———
=

Read (CA=a, BANKO) 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

TS e s s o B B
Command }(\A\JFT aoX\L\\lflT bo¥
DQn {Dip a0 >@in b0 X Din b1 X Din b2 XDin b3 )

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

B 799707 0017707 TLD 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

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 W/LDQM pins. The interval (tCCD) 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

cmﬁquuuuuu1

‘ e
'Command ><READ a%VRIT bOL
utbam |\

DQn —3}—-”-—2<'Din b0 X Din b1 X Din b2 XDin b3 )-

Read (CA=a, BANKO) Write (CA = b, BANK 0)

CAS latency = 1, burst length = 4

o I [

tCCD

Command KEAD aOX XWRIT bOX
\

ULDQM / \ L

DQn ’ (Dout a0 X Din b0 X Din b1 X Din b2 XDinb3 Y—n

Read (CA=a,BANKO)  Write (CA = b, BANK 0)

B 799707t 0017708 957 WA
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SANYO LC382161AT -10/12/15

ya ‘ _ : 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 last burst data item.

CAS latency = 1, 2, burst length = 4

o [ LT L L LS LT

: " g~ tWDL=0
Command }(me aoX XPRE 0 X
Invalid data
DQn —<D|n a0 XDm a1>@n a2 X////\
Write (CA = a, BANK 0) Precharge (BANK 0) |

CAS latency = 3, burst length = 4

L S U O B O B

tWDL
Command :XWR'T a0X

%

Invalid data

DQn -<Din a0 XDin a1
Wiite (CA = a, BANK 0) " Precharge (BANK 0)

CAS latency = 3, burst length = 4

ew [ L L L L LT

{DPL

Command ><WR|T :5)( XPRE 0 X

DQn {Dm a0 XDm al XDln a2 XDln a3 /

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

BN 7997076 0017709 893 W
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

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, etc. 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. B

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

ok _ | L) d LI LT L LI 1L
: L WBD=0 ____ gp

Command }@RW aOX X BST X PREO—K
v

Invalid data
DQn «Dina0 X Dinat| | Dina X Dina1 X Din a2 —

: JJ : :
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 long as that WLDQM pin
remains high. When the ULDQM 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

0SS T e o O e Y B

Command XR;EAD aO>< |

1QMD=2

ubQm

LDQM

DQ8-15 : Dout a2 XDout a3)-
; L Hi-Z l Hi-Z
DQO-7 f i /\Dout aOXDout a1\/ i
5 : : : Hi-Z
Read (CA = a, BANK 0) Data mask (lower byte)

Data mask (upper byte)

B (997076 0017710 505 mA

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

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 active 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

TS B B e B B M B e M
Command ch*r o X X AcT 1 X

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

CAS latency =3

e [T L LT LT LT LT
XB‘EADOX

Bank active (BANK 0) Read (BANK 0)

Command }( /;CT o 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 (tCKA) 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

s MU FTTT
CKE ./
Command :X ;READ 0¥

DQn < boutOX ' Dout 1 ‘ Xéout 2Xbout 3>———

Read (BANK 0) Clock suspend '

B 7997076 0017711} 44l B
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SANYO LC382161AT -10112/15

2M(65536 X16 X2) bit Synchronous DRAM

Auto-Refresh Cycle
CAS latency = 1

CLK gl T0 m Tl'm Im"l'l ” 6 ” 1521 T52‘2 ” 1526 1827

CKE T | e 1
LC

_ ]
s mr T | m | e | i | m
Ras [T | | | A
WE | 7/ 111701 1 O N 1

frrmn e i

gl | ; /
IIIIIIIIIIIIIIIIIIIII'IIIIIIIIII JI2E3TT) JTTTEITE e XTTITTT) e

I '

T T AT SPTTT s TTTET
N SR

BANK O

DOM

7 r

i il
pQ i i

IRCD
v | scucws | Rmmom. w YRS w7 —
[ . N [ .Jus
<PALL > < REF> <ACT> < PALL> <REF > <ACT>

Self-Refresh Cycle
CAS latency = 1

CLK 1 T0 1 T‘l:n_m—n [t [i [f Tn Tat+l Tn+2 ” Tt -
CKE T | o s,
WCH

o mm | | /m ﬂﬂmﬂfmzmzzzzﬂzzmzzjwmfwm/ /77 /7 /1 N 11
. f 7

RAS I 7
_ | ' ]
CAS ] [ | Iz
1CH
WE [ V///ij { I
AD-A7 U
LAF
A8 ko as i
A9 I
DOM
DQ
Exit
iRP Self Refrech Mode Self Refresh ARC (4 Clocks) BAS
RC
<PALL > <SELF> <ACT>
DON'T CARE INVALID DATA

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

B 799707k 0017712 348 WA
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SANYO LC382161AT 10112115

2M(65536 X16 X2) bit Synchronous DRAM

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

T0 T

CLK — | § 14

1CKS, (% 4 Ls N3

CKE TIT_| cer
=
cs \/1) 1711\

RrRas AT l/////I//

c;.«s[ll[ll[l[ﬁlllﬂ[ﬂl[‘
[l[ll[[l[l[ﬁ[[ll[l[ll

WE
LAY
A0-A7 ROW
AL A
AS [ IOIW
A9 BANK 0 )
S OS O,
" I | |
WCD KCAC
w (BANKT) ¢ ARP (BANK 0
IR
<CACTO> <READO> <BST> <PREO>

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

T0 Tl T2 T3 T4 T5 T8 hyd 18 T9 T10 o
cLx __ulu___‘r—_;\—t o= '—l—ﬂmﬁ_iimmii
CKE [T} wxa

WCH
cs A1/} 111/)) V1)) /171 \'///§ A [T /0y Vi11/j \///4 i
L
RAS [T i A/, A [T [T '///////////I/ ll/l[//////[[/
L
Cas D ] 7 \'///4
_ s o) ]
WE 7 \/// Q771N N // 1/ A W/ 111 T 1 LTI,
Lias | ]
A0-A7 (ucl’w couna YTTX R?w IIIIIIIIIIIIIIIIIIIIIIIIIlIllIh counes YTTT7TT] IIIIIIII)IE'.IlIlIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
A8 T wow /now YT T ST 'II). xow_ XTI i
[ Ll I S i ]
A9 BANK 0 JTT]\ BANK @ BANK 1 \/ BANK1 /J7) BANKO f7T]\ BANK 0
X 1OMD
DM }7]777]7JL]I]777]77]WJ77/]7////7//]
LAC

WAC Y] [YYe] e TAC 1AC 1AC
1OH ‘ ©OH WOH Ot TOH TOH OH 10H
DQ Dot YV Dot ome1 Dout 02 Dowd O+ 3 Dout 1 Dowt ime+1 Dowt 1mre2 Dout 1me3

wz
. ! ! ! ue
L. RCO il ICAC RCD mank 1CAC 1, (RCD mANK gy
WAS o 1 [(5) T TANETT tRP IRAS (pank )
[._tRC manxor TXRKT RC_ MANKS)
o RAS mapncyy
b IRC_@avky
<ACTO> ::E:g:;, <ACT1> :umm‘{:) <PREO> <ACTO>
DON'T CARE INVALID DATA
Note: The row address A7 is invalid during the active command input.
M 7997076 0017713 214 WM 9 P
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2M(65536 X16 X2) bit Synchronous DRAM

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

CKE [}
cs /1) oy \7//} \11 L/ \7//j L1

' i\
RAS I Ty 7 '/ /1]
cas wmzz:uzm /1N %%%' W
an

CLK 1 T0 1 ’l‘l'c“I _ T2 T T4 Tg__ﬂ_—llﬂ T258 T259 T260 T261
lc“:cm
A7) %

WE

A0-A7

A8 [T

A9

DQM

17
OH OH DH tOH tDH tOH DH
ol Lon,

| e B i o Ml i i W s i ]
pQ CETTN /) T 1) ) T () C ) 0 1) T U T
wep I I r [ e | -
IRC

¥
<ACTO> <WRITO> <BST>» <PREG>

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

T0

CLK ] ]
CKS ICK
CKE I/l 1CKA
— JH,
cs i A7)}

Ras ZIIIITEE I////////
CAS llellllLlllflll[lll[
WE

A0-AT [T

A8 [T,

| peslon. oslon, Slof, GO, Silon, eslon, BSLon, Bio, |
DQ MMﬂﬂfm‘m“ﬂwDm XX D ome Wb'i\[l)m’) X O omed Y7 D0 tm— YT7X Bin it f77) Din 1rme? Din Im+3 [

tRRD [mmu -y a. DPL l toet, f
(RCD BN B RCD (BANK 1) RCD (BANK 9)
RAS L] v

WP @ax o) [, IRAS panx o)

[LRC (BAKY) IRC _manxo)
IRAS BANK D) TP (o)
_‘Tc (]
<ACTO> :WR”£:> <ACTE> :m}\h <PREO> <ACTO> <PRE1>
[ZZ] DONT CARE KX INVALID DATA

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

B 799707bL 0017714 150 mm
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2M(65536 X16 X2) bit Synchronous DRAM

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

T0 Tl T2 T3 T4 TS T6 R T8 T9 Ti0

CLK }mmmmmﬁ_immmi

(%3

CKE  [/fl[}/] KA
ICH,
cs Uiy b _ 171/} 11/ \'///} \/1/} /7). ///) \'///§ \///) \///) N 1171114

JRYNCH

cas 7 | 1

A0-A7 CEXCEN I I T ST U T LT T LT,

o)
. m%mém@ L  dme |

_fIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:'IIIIII
] -

P ey LI I
BANK 0 M RANY 0
plon, oS, mlon., oo, |
Dins MD'nrl wo-m WD-:-J
| [ I L—‘Dﬂ o
<ACT> < WRIT > <WRIT > <PRE>
< WRITA > <PALL>
Write Cycle / Mode ; Data Masking
CAS latency = 1 , burst length = 4
T0 T T2 T3 T4 T3 T6 7 T8 9 T10 °
CLK Lm?ﬁ_mﬂ_ﬁ_mmmmﬁ_
1CKS, 1CK CHL ! tCL
CKE [[il]] KA
v . U
’ cs \//)) A 7 \///] \7//4 /)N ' ////} \'//7§ N7/ N /7). /111114
Ras I l////////f 111 7 [T

CAS l[!ﬂlz’zmzrmzmz 7\ FHITITHIHITTAN |
CH

WE l[[l[llllll[[/ld[[l[[ 111N /77777777L7777777777777g7777777777777;77777777k /77777777[77777777777777&777777777777%77777777). [

AC-AT [T "W X eotos X7 LT T T T T LT AT LTI T DY emonac XL L LT LT LT L F T T T T T T T T

MO

. ’IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII' i1/l
E— -

=

l : ' tAH BANK |
A9 BANKT Y} q BANKT Y] (CBANK Y XT/TTIT
BANK 0 ANK 0 a BANK © BANK 0
DOM /11l A /118 \///
; OH : DH I rg on, o3l o q [ poslo
DQ Dinm Din et Diame] Dian 7 D I}
WRCD DM,
RAS wr
A .
<CACT> < WRIT> < MASK > <ENB> < WRIT > <MASK> <MASK> <ENB> <PRE>
< WRITA > <PALL>
7771 DON'T CARE INVALID DATA

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

B 799707L 0017?15 097 HM
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2M(65536 X16 X2) bit Synchronous DRAM

\

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

T0 T ” by T4 TS T hyd T3 . T9 » T10
cLk T § 1L (NN P WU ) SN J EE D WS ) SN S S M D
ICKS %3 CHE ) tCL .
CKE [T XA
[C}L .
cs I \17/)} 17/1)) ¥/11/4 \'//lj W V171N 11/1:) 7 \7//] 7 \I111114
®as I l//////// I NN T Y1114
CAS muzﬁzll[llm A /////////I//////////////I////////// 77 W
WE 1/l

AO-AT [T row
AS  JIITTITITTTTTITTI wow

],
A9 BANK 0
poM
TC TAC AT T AT tAC [ TAC
tOH IE{" 1OH 10H OH 108
pQ Dot e XIAX Dout me1 (ALK Dost med Dot Dowt wel Dot no2
(53 I 0z
A RCD 1CAC L WQL |, WRCD ICAC
b RAS WP ] IRAS
b RC RC
<ACT0> <READO> <PREO> <ACT> <READ>
< READA >

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

T0 T T2 T3 T4 TS T6 T T8 T9 T10
cek T L A mmmmmmﬁ_mi
1CKS K CH } L
CKE il XA
l(,‘lrL= v
o I 12\ Y1t/ [ '] /7)) [, 1 Yi/1/4 \1///] o/, ORI 111111/
1
ras AT 17 NI /1NN i NI TN, A
u
CAS [ZZZ[ZZ[[[[Z{[ZZ[[[[[ 1) [y \///4 \7/iX VTR 17171}
X .
WE ‘ A V/1/)) \(//)) b 1/1111] e
AL AR |
AC-AT [T »ow Y77/ fcouncim
AS  ZIITTITIIIT sow i worse

T |
A9 BANK 0_JTT] BANKO BaNK o [T/

A BAN

BANK 0 BANK 0 BANK 0

'

l l I'"P-s‘ OH WS} OH 03] WH l s | " gl wH DS | tOH ws| o1
DO XSl () GRS ) €210 I ome Y7 Baomi1 X77X Dinowt MD-‘;.F?:‘MM
| @Jm | l - l l on .

WC W tRC
<ACTO> <WRITO> <PREO> <ACT1> <WRIT> - <PRE>
< WRITA >

DON'T CARE INVALID DATA

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

B 799707t 001771L T23 MM

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, Write Cycle / Burst Read, Single Write

CAS latency = 1, burs! length = 4

T0 T1 T2 3 T4 TS T6 byl T3 T9 T10
S R e i e s T T e (s S B
CKE [T} KA
ICH,
o I 7Y [ Vivirg \i///} \/1/} \(//1f A/ 1/ Vi1, 717/ 11117}
1
Ras [ |//////// i} 17/
LCH
WE ] N T T T L T L, 1/t
A-AT T mow T eoanaie e
| AUTO FRE BANKS A 1
A [T o /LY )
A9 BANK 1 BANK BANK)
BANK 0 BANX 0 [ BANK 0
DOM I =22 V777777]J/77/77777777HL777777777777J77W7]7A
AC AC LAC TAC
[1 [{ OH
DQ ﬁMu Dout m*) Dout m+2 Dout mr 3 [ )
0z
IRCD 1CAC l I ue DPL
N mcm RP
<ACT> < READ > < WRIT > <PRE >

<WRITA> <PALL>

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

B 799707b 0017717 96T W

October 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 / Full Page
CAS latency = 2, burst length = Full Page

T: 15 T6 T260 T261 T262 T263
e o e e [y B T i o T
CKE [ | cen I~
S m| | | | W W\ el m |
CH.
Ras I I l””””” (. fw U —MFZEM
ICH
TAs ll[lllﬂlll[(ll[l[ll[ I %ﬂmﬁ" 1/}
_ o [ | | [ 7 : ’
WE ] M /I
A0-A7 T wow I o
AS I xow XTTITEEITIITII .«,L.
A9 ke uu.!«x
DQM
DQ
. WRCD
T‘T"fwu
<ACTO> <READG> <BST> <PREO>

Read Cycle / Ping-Pong Operation (bank switching)

CAS latency = 2, burst length = 2

T0 T T2 bel T4 TS T6 7 T8 T TI0
CLK
}j_ o s L L L L L s 1

CKE [T cxa
. X JCH .
cs I VA | 47 W A /i U

CH
RaS T T N/

CH
CAS Ul[l[l[l[[[flll[lél[ ///////l//l/////A /11

CH
WE A1/

AC-AT JIHTIHITIH

ROW

T covinas XTI row
AUTO PRE
LI . XX

ROW

A8 I ROW
— ]
A% BaNK S BNk o
p
DQM 11111\
DQ
IRRD @:me to 1) =
m‘; Qm ‘EB:A.N_KO) WCD (BANK 1)
= . (RAS (BANK 1) e GOR9 RP_BART)
[_RGC (BANKY)
<ACTO> :%’2‘; <ACT1> :%AL <PREO> <ACTO> <PRE1>
¢
e DON'T CARE K8 INVALID DATA
// Note: The row address A7 Is invalid during the active command input.
' B 799707t 0017718 8ThL I
Oclober 28, 1996 SANYO Electric co.. Ltd.’

Eatd
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SANYO

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

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

CLK

(a3
RAS
CAS

WE

A8

T0

_:GGL T T2 T3 T4 THJ_—TZSS T259 T260 T261 T262
L P R I
77t/ v/ Y/ 1/ N N/ /77 7/ 7/ 1/ N Y, O N/ 1
st N T 'fzzuszlzzzzmllzzm V[A__ﬂZM]EZEZLm
PG =S| W’ 7/

N Wmﬂ% T %

A0-A7 I v YOI T o, I I

T TTTTDY wow TTTTTE/TIIID, ) / .

| i

Jll{ EWWWWW

oy gosloon, 3l o,
[X oot XTI oo 7T N I T T T
ADPL

o WP

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

T0 T1 T2 T T4 T5 Té
S O O i B N N s R B
1CKs, (=4 o |
CKE T | —eer
Cl"lAg .
cs [ \///) R S //// A W1/ /10N /1 N/ Uh
)CH
Ras TN T T N/}
ICH
CAS l[[l[[[[[l[/{l/l[[[[[ ””/”[””””A 7
Fall
WE ///////l////////A 77
AH
AO-A7 [T row 77T IITTITTTITHTIN counet ROW
A8 JIITTTITHTITTITI row XTHTTHTTITEIE ROW
B 2 K it
DOM WWWWI

B 799707t 0017719 732 1N

<BST>

<PREO>

[ oslow, oslon oslon  pslen ol en

L

O ADS ] DH

a3

DH

n »
Dinom X/7(( Din o1 YF/X Din 02 YJTX Din 0y XTIX 00t 77X O 1ot K77 Ot temr2 X77X i temed
l L ADPL,

V773 DON'T CARE

WRRD (RANK OO0 I} . DPL
1RCD ANK IRCD (BANK 1} . JRCD (BANR O}
RAS (BANK ®P (BANK 0) JRAS BZKY
RC _(BANK oLy
T3 (BAFET)
{BANK 1)
<ACTO> :WA‘,; <ACTI> :mjj <PREO> <ACTO0>

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

October 28, 1996

SANYO Electric co., Ltd.
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LC382161AT -10/12/15
2M(65536 X16 X2) bit Synchronous DRAM

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

TO

™ el T4 TS 16 7 T8 Ry Ti0 .
CLK _‘;\u_j‘“}r;}z_‘ L_f 1 ﬂfl_ﬁl__‘-—l_m‘_l__j‘_'\__‘——\_
CKE [/l 1cxa
cs /7N 77/ N/ N N //// A N/ NS N /// /A N/ N W //// A /) OO WY/ /// R W11/
CH
RrRas I (T
cH
CAs l[[[ll[ll[llfl[l[l[l[ HTHTTHITIDN
ICH
WE [IHTHTLTTHITON
|2A1]
AO-AT T wow YT ITITTTIT DG ot Counare counat s
ALUTO PRE LI}
A8 7”/”/””/|/””/” ROW Il/////ll//[lll[A pores nons - i
Ag BANRT
CH
DQM
[ l { wi oyl ok o, oyl wn wH OH [ |
DQ Dinm__ JJ/{ Dwawt X/ Dian ~ X//{ Dnet Y77 Dmo Y77 Dmeet
nco ! | l | on. |
&'\5 . IRP
<ACT> <WRIT> <WRIT> b2+.11 58 ShEDs
Write Cycle / Page Mode ; Data Masking
CAS latency = 2 ,burst length = 2
CLK T0 T k] T T4 TS T8 ed T8 T8 TI0
PN e e e e e e e
CKE [ilif]} kA
o .
cs 1 |77\ //// N L /// NS W/ // L // N R //// A W/ N W/ /// A (/) S W //// A W/
Ras I [//////// T ‘([[[[[[j g;;;i;;: ;;z;; Eii;;[[[[/ ‘:;;z;;; i:;;;;ﬁ
Fall
CAS lﬂl[l[l[l[lf[[l[l[l[ TN /1] /N
ICH
WE JHITHITTTIDN /7777777JL77777777). /}7777777L77777777X /77777}7)77/777%
H

AO-AT [T

I P

I SIS T D T T G T

T

A8 ////////////I//////// :ﬂv J///////l//////// Yo rae b i XA X
Al s s I
A9 (3=t [+ SR/ /111111111111 SRR /11111111111 1/) Sl 1111111117171 e /111111 L 1L UL
DQM S i /1 O /)
| wylwon - woglon OH q o) wn w31 0H I
DQ pam [/ Onmt X//X Dian Dino Din o
. . o
2 _®P
<ACT> <WRIT> <WRIT>  <MAsk>  TWRIT> PR

DON'T CARE

O3 INVALID DATA

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

B 7957076 0017720 usu BN

October 28, 1996 SANYO Electric co., Ltd.

S
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SANYO

LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

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

T0 T T2 T3 T4 T35 16 7 T T9 T
CLK _m] f ml S T _\ﬁ‘_l_r_'\_jﬁ_r_l__‘ L 1§ 1
CKE [/l ICKA
e
cs \'/// N Y/ /// A 1/, R W ///} N/} K7/ N/ /// A N 7/ N N //// 0 /) O WY /1111
2
RAS AT T KT TN [ l777777777x VI NI
LG LcH|
CAS T [ ”/””//l//[/”/”””/[//”””” Vl[ll[llllllllllll/ W[l[l[llllll[m__m
WE /) \V//11115
an| . )
LT QST T G2 T T T T L ST T ) D
| [ | F—HF__ L
A8 [ ROW Al T D) i IIIIIIIIIIIIIIIIIImllllllllllllllllll_’Illlll
] P I . I S
A9 RANK & RANK § BANK S

DQM  JI7TTI T 777777777-7777 77777777& i

1QMD

S 1////11111/1/1111) Gl 11

DQ

<ACTO

L RCD_
GAS
R

1CAC

ICAC

> < READ

o>

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

<READ>
<READA >

T0 T1 T T3 T4 TS5 T6 T7 13 T TI0 a
CLK _|CKL3_ 1CK 1CHL WL
CKE KA ;
CH “
cs I o7/, N N //// AR W //) N W ////§ \//14 R0/ N S //// A N /7 N N //// A N/ / R W // 11/
[l
RrRas T I//////// 111 [////////// NI //7[/77/177/777/77) V/11111]] I////////// /Il
CAS llll/lﬂlllﬁﬂllll[l[ J///////l/////////x S iy % ) // /11114
WE ] ///////l/////////x /I N 1)
Cot
A-AT I wow XTI TG0t LTI D ST T T GRS i,
| el 1 Y A I
A8 IO Cvow XTUTTTITITTIIDN ’ow YZITTHIITITIIIN.. Y
Nolu IA.qul n!n“ NG Fid
A9 77777777]77;77777}777 e 7]717/7)77/77/% o W 777777777777J77777777x pasrce SN 1////111/1/111111) Sannsel /1111
DM 77777777777JIL777777777777JL777777777777J¥777777WX

October 28, 1996

> <WRITO

SANYO Electric co., Ltd.

>

<P

REQ>

DON'T CARE INVALID DATA

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

I 7997076 0017721 390 HR
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SANYO LC382161AT -10/112/15

2M(65536 X16 X2) bit Synchronous DRAM

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

T0 Tl T2 3 T4 T5 T6 7 T3 T9 Ti0
CLK l_r—w]x__mrﬁl_m—\_ii_l._imr—l_
CKE [Iiil]] ICKA ;
ICH,
cs |7/ N/ A /) N W/ /1 \7//) \'// \"7//] N/} h_| A 1l
RAS ///////////I//////// ///”//l//////”[/ \///) /11114
Cas lammz(zzm ///////[//y////A 1/ V111
) ICH |
WE V111N
L AR
oW

AQ-AT [T

A8 [
///) S |/
DQ ﬁm- Dot m+1 Dout 2 Dout me3 Dna S
o RCD 1CAC = _] I I e DPL
e .
<ACT> <READ> < WRIT > <PRE>

<WRITA > <PALL>

V771 bONT CARE INVAUD DATA
Note: The row address A7 is Invalid during the active command input,

B ?799707b 0017722 227 I8

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

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003



SANYO

LC382161AT -10/12/15
2M(65536 X186 X2) bit Synchronous DRAM

Read Cycle /

Full Page

CAS latency = 3, burst length = Full Page

T0

CLK 1

\7/]

JCH,

MIITHTTTHHT

1ICAC B tRBD TR
[ aus . P T W
L]
<ACTO> <READ 0> <BST>  <PREO>
Read Cycle / Ping-Pong Operation (bank switching)
CAS latency = 3, burst length = 2
T0 Tl T2 R T4 TS T by 13 ™ T10 Til T2
CLK 3 3 1 1 3 1 § 1 ]
4 “l_ IEK |—“ L L—w L e
CKE n
s mr e o - o
cs /7 N /7 A /) Y/ )\ Jin 11/} L
JCS1ICH
RAs IO r////m’/////////// l///////x ar % A1)} /ﬂmflrﬂm 171} Vit1/1i1] [77”/77717
Licshioy
CAS zzzzzzzzzzﬁzma A\ l 77 % \7/] i
Fimt
WE -- \//4 A7)\ V1170 11T
SESULY
AO-A7 TTITIITITTIIITITI Row l/l////l///l/l/////l//l//nmmmwlllll//ﬂm G DR T
A8 TTITHIHTII Cwow lIIIIIIIIIIIIIIIlIIIIIIIIIlmlli-lIII/IIIIII/II) lIiIlIlIIlIIlIIIIi ok DT I
P N Y I I —
VI 1711111111 11111101 TR 11T AT e (T ™0 axes SSXTGA swaen SITIITITIITTITE
_- & QMD v . -
DQM 1) 117k
- o [ m‘““ won
ba ) T ) o) (| I ) G
IRRD (0% 0t ) ‘%a“. ICAC ; 1 vz ]|
s B ) R T —
—1RC 2 TRAS (BARET) g T ——
,_GC_Pamn
<ACTO> <ACT)> <READO> <PRE]> <ACTO>

<READAO>’

<KEADIT <PRED>

<READA | >

DON'T CARE

INVALID DATA

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

B 799707k 0017723 163 I

October 28, 1996

SANYO Electric co., Ltd.
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LC382161AT -10/12/15
2M(65536 X16 X2) bit Synchronous DRAM

Write Cycle / Full Page
CAS latency = 3, bursth length = Full Page

s

T2 T3

T4 T5

T0 T6 T25% T260 T261 T262 T263 T264
S S T O B s T s T o O s T W O
CKE KA
—_ -ﬁ%— f
s Il ' @ | T\ 7w wiwieln | o vl
Ras (1| /)N
A7/
/7))

T T T T T T e e

P
1) B . ) ﬁ%

RP

1
D! 031, D
l""-' X omo X T T T T T
how |

<WRITO>

<BST>

Write Cycle / Ping-Pong Operation (bank switching)
CAS latency = 3, burst length =4

<PREO>

T0 T T Ey) T4 TS Té byl T8 by To Tt T12
cx Tl_FL 1 I e I e WO s Y e WS s Y Y s Y 2 T 2 O
CKE T | o '
& mr o
cs i /g A7/ K/)N )75\ 17 N/} A7/, R //)\ /174 \//} W_| 7
JC3 1CH.
Ras T VT T VA A [T, [
] /4
i\

<ACTO>

October 28, 1996

Power ed by | Cni ner.com El ectroni

<WRIT0>
<WRITA 0

<ACT1>
>

<WRIT1> <PREO>

CWRITA L >

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

B 799707L 001?724 OTT EA

<ACTO>

INVALID DATA

SANYO Electric co., Ltd.

30
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SANYO

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

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

T0 Tl T2 T3 T4 13 15 v T3 9

CLK }:L— - l—L_i—]_r—-'L_r——]__l—']_r—L;—]_r-—l_Tlo m TP_L
CKE ACKA
& mr o T e |l mtelote | oo el ot

JcH,
RAS ///////////I////// Ty

_ 14C3
CAS
i . T I
WE
WLSPLT
A0-A7 ROW 'I/IIIIIIIII/IIIIII/III/III e T CZED U CEEZD U H T T

As T wow ’IIIIIIIIIIIIIIIIIIIIIIIhIIIIIIIIIIIIII)

| dme ]|

A XA I . i

I A

[
A9 IllIIlIIIlIIIIlII saca IIIIIIlIIlIIIIIIlIIIIIIIlh-'IIIIII [ X X IIIIIIIIIIIIIIIIhh".‘gjillllllllllllllllll

»p
<WRIT> <PRE >
<WRITA > <PalL>
Write Cycle / Page Mode ; Data Masking
CAS latency =3, burst length = 2
T0 Tl T2 T3 Ta T35 15 byi T8 T9 110 il T2~
cLKk — |1 L f L& Lf L L L L -
1CKS, 1K (= 9%
CKE \CKA
— LGS, ,
cs I J%_,_ﬂll \//} \ /N /1) /) N/ // (/) J// \'//] L//) N Y /// S W/}
I3 LICH
RrRAS T Ty
CAS
JQ
LA,
AQ0-A7 ROW couna cotumats, coumars
AUTO PRE BANK O AL
AS ROW NG PRE N0 PRE
u.xl:'m ks ke BANK O w1
A9 sANK @
wr

<ACT> < WRIT>

<WRIT> <MASK> <WRIT>
<WRITA >

DON'T CARE

<PRE >
<PALL >

(XXA INVALID DATA

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

B 7997076 00L7?7?25 T3bL WA

Oclober 28, 1996 SANYO Electric co., Ltd.
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- SANYO LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

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

T 0T ) n T4 TS 16 hvd T8 T Tio TH n

CLK ‘_llm 4‘ “l ‘m(ﬁ 1§ 1 1 1‘ Lf L f L L f L § 1 § 1
CKE [/} 1CKA
_ IS ICHI
cs I A/, N/l \//j /) -/l A7/ A/ A/, N/ \//4 |/ N/ // A /1]
RrRAS AT VT LT i i VITHTTHITTTHTTTTETTTTTDN ViFi1] l72777777”
CAS llll[l[l[l[f[[ll[[ //////Il//””IIIIIIII””A ””””[””””””I”””l”/”[//”””
AO0-A7 Y ROW SO m) ROW
A8 ROW ROW
' o PANK O w i
77ﬂ77]777J]77]777%7]7777}]7777]777777L]]7 7 | l ' l 1 BANK $
A9 BANK ¢ BANKS BANK &
| | | ] sl ow
DQM [T T T T T, - b/ 77
pQ QR Dot en YY{( Dot et Y Dowt v3 ¥
. nz
L wep ICAC . IROL . . IRCD
L _IRAS . RP RAS
o RE RP
<ACTO> <READO> <PREQ> <ACT>
Write Cycle / Precharge Termination
CAS latency =3, burst length =4
T0 n v} T T4 TS 16 17 T T TIO ™ T12
CLK ';:L__‘_‘l“_ - R 2 IR S SN S S S SO S N S SN SO D A S SO e B
[
CKE oy
. H,
cs U 47 \/ \/// -/ 7 V7 A/ N/ \1//4 VA__M—'W
RAS [T l////// (i [//I/I//I/// l/I////// K I/l///////// I//I//l////l I///l//A L I/ll//l[[/l/ l//////A /77777717777777777
[ I
CAS ZZZ[ZZ[[Z[Z{ZZ[ZM TN T iy ik
Fi=t
WE % NN I
LIAS!
AD-AT ROW counst 7777 L T T T T o XTI T

:
Ag 77777777777;77777 ROW 3777777L77777777777L777777Xmm m'. IIIIIIIIIIIIIIIIIIIIIIIIlllmlllllllllllllllll
7777777777)]777777‘ x 777]77]‘777777777777‘7777777X ; /77W777l77m77777)7777]]77]7]Lﬂ7777X ' -m_
A9 Baxe ) e s i X

a
| | | [ oslow, W, os|oH,
DpQ Oin 0m__ XX Din oxrret_Y/X Din 0rme2 f

RCD l WD | [ RCD l

LRAS WRP [, IRAS

1.5 afa_RP

<ACTO> <WRITO> <PREO> <ACT>
DON'T CARE B INVALID DATA

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

B 799707k 001772k 972 WA

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

SAMYO LC382161AT -10/12/15

2M(65536 X16 X2) bit Synchronous DRAM

Read Cycle, Write Cycle / Burst Read, Single Write
CAS latency =3, burst fength =2

T0 T T2 T3 T4 TS TS T7 T8 T3 Ti10 TUu T12
2 S SOy TR D S e U G S e s Y s B s B e N
CKE T | wn
o mm W e |l o TwTw v | w el oo | m

RAS iy %:_m
LaCs

cas [y {777777;L777777ﬂ77JL777777)‘ Ktk

we I T V777777L7777777777J7777)7777777L77777777777%7777777777;777777)\ 177777775777777)\ am

AO-AT T 'IIIIIIIIIIIIIIIIIIIIIIIIII snae X T T T T T T T Neossmene XOLT I T T TTTTT T
As I lIIIIIIIIIIIIIIIIIIIIIIIII).IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIhmllllllllllllllillIII
R R B i

b

Ay HIHI AJ ST s U wlllllllllllllllwlllll
T el -
DQM JIAC o AC o | ’
DQ ‘_J'muu.. ) —ﬁ%
S el w2 L
L wep ICAC _(CAS s oM
e - - "
cacts <rend> . e,
DON'T CARE INVALID DATA

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

H 799707k 0017727 809 NN

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