DATA SHEET

NEC / MOS INTEGRATED CIRCUIT

uPD4565421, 4565821, 4565161

64M-BIT VIRTUAL CHANNEL SDRAM

Description

The 64M-bit Virtual Channel (VC) SDRAM is implemented to be 100% pin and package compatible to the industry
standard SDRAM. It uses the same command protocol and interface as SDRAM. The VC SDRAM command set is a
superset of the SDRAM. It also follows the same electrical and timing specifications of the SDRAM, such that it is
possible for one product platform to be used with the VC SDRAM and non-VC SDRAM part.

Features

¢ Fully Standard Synchronous Dynamic RAM, with all signals referenced to a positive clock edge
¢ Dual internal banks controlled by Bank Select Address
¢ Sixteen Channels controlled by Channel Select Address
¢ Quad segments controlled by Segment Select Address
¢ Byte control (x16) by LDQM and UDQM

¢ Programmable Wrap sequence (Sequential / Interleave)
¢ Programmable burst length (1, 2, 4, 8 and 16)

¢ Read latency (1, 2)

¢ Prefetch Read latency (4)

¢ Auto precharge and without auto precharge

¢ Auto refresh and Self refresh

* x4, x8, x16 organization

¢ Single 3.3 V + 0.3 V power supply

¢ Interface: LVTTL

¢ Refresh cycle: 4K cycles / 64 ms

The information in this document is subject to change without notice. Before using this document, please
confirm that this is the latest version.

Not all devices/types available in every country. Please check with local NEC representative for
availability and additional information.
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NEC uPD4565421, 4565821, 4565161

»*

»*

Ordering Information

(1/2)
Part number Organization Clock Read Prefetch Channel Package
(word X bit x bank) frequency latency read and
MHz latency Interface
(MAX.)
1PD4565421G5-A70-9JF **° 8Mx4x2 143 2 4 16 channels 54-pin
uPD4565421G5-A75-9JF 133 and Plastic
uPD4565421G5-A10-9JF 100 LVTTL TSOP(Il)
uPD4565421G5-A15-9JF 67 1 (400 mil)
UPD4565821G5-A70-9JF ™ IMx8x2 143 2
uPD4565821G5-A75-9JF 133
uPD4565821G5-A10-9JF 100
uPD4565821G5-A15-9JF 67 1
1PD4565161G5-A70-9JF **° 2M x 16 x 2 143 2
uPD4565161G5-A75-9JF 133
uPD4565161G5-A10-9JF 100
uPD4565161G5-A15-9JF 67 1
Note Under development
Low Power Operation] (2/2)
Part number Organization Clock Read Prefetch Channel Package
(word x bit x bank) | frequency latency read and
MHz latency Interface
(MAX.)

1PD4565421G5-A70L-9JF **° 8Mx4x2 143 2 4 16 channels 54-pin
uPD4565421G5-A75L-9JF 133 and Plastic
uPD4565421G5-A10L-9JF 100 LVTTL TSOP(Il)
uPD4565421G5-A15L-9JF 67 1 (400 mil)
1PD4565821G5-A70L-9JF * 4Mx8x2 143 2
uPD4565821G5-A75L-9JF 133
uPD4565821G5-A10L-9JF 100
uPD4565821G5-A15L-9JF 67 1
1PD4565161G5-A70L-9JF * 2Mx 16 x 2 143 2
uPD4565161G5-A75L-9JF 133
uPD4565161G5-A10L-9JF 100
uPD4565161G5-A15L-9JF 67 1

Note Under development

2 Data Sheet M13022EJBVODS00
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Part Number

[ x4, x8 ]

uPD4 5
NEC Memory j |

Ke2)
1Ol

21 G5 - A75L

Synchronous DRAM Low Power

Data rate —

No letter : Single Data Rate
Nete D : Double Data Rate

Minimum Cycle Time

70: 7 ns (143MHz)
. 75 : 7.5 ns (133MHz)
M D e
lemory Density 10: 10 ns (100MHz)
64 : 64Mbits Standard SDRAM 15 15 ns (67MHz)
65 : 64M bits VC SDRAM
Not 128 : 128M bits Standard SDRAM Low Voltage
€ 125 : 128M bits VC SDRAM
A:33t03V
Organization
4: x4
8:x8 Package
G5 : TSOP(ll)

Number of Banks and Channel

Note {: 2 banks and 8 Channels

1:
2 : 2 banks and 16 Channels
Note 3. 2 hanks and 32 Channels
Note 4 : 4 banks and 8 Channels
Note 5 4 banks and 16 Channels
6:

Note 4 banks and 32 Channels

Interface

1:LVTTL
Note 2. SSTL

Note Reserved
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[ x16 ]

uPD45 65161 G5-A75L
T T T T T7T

Synchronous DRAM Low Power

Data rate —

No letter : Single Data Rate
Note D : Double Data Rate

'— Minimum Cycle Time

70: 7 ns (143MHz)
) 75: 7.5 ns (133MHz)
Memory Density 10: 10 ns (100MHz)
64 : 64M bits Standard SDRAM 15: 15 ns (67MHz)
65 : 64M bits VC SDRAM
Not 128 : 128M bits Standard SDRAM -——  Low Voltage
°® 125 : 128M bits VC SDRAM
A:33x03V
Word and Number of Channel
Note 15 - x16 bits and 8 Channels
Not 16 : x16 bits and 16 Channels Package
°® 17 : x16 bits and 32 Channels
G5 : TSOP(II)

Number of Banks and Interface

1:2Banks and LVTTL
Note 5. 2 Banks and SSTL

Note Reserved
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NEC uPD4565421, 4565821, 4565161

Pin Configurations

/xxx indicates active low signal.

[4uPD4565421]
54-pin Plastic TSOP (ll) (400mil)
8M words x 4 bits x 2 banks

VecO— 1 O \_/ 54 —0Vss
NCoO—— 2 53 ——ONC
VeecQO—— 3 52 —0VssQ
NCO— 4 51 —o0ONC
DQO O=—1 5 50 [«—=0ODQ3
VssQO—— 6 49 ——0 VcecQ
NCO— 7 48 ——ONC
NCO— 8 47 —ONC
VeeQO— 9 46 —O VssQ
NCo—— 10 45 —ONC
DQ1 O<—> 11 44 [=—>0DQ2
VssQO—— 12 43 —O0VecQ
NCO—] 13 42 F—ONC
Vee O— 14 41 —0OVss
NCO— 15 40 —ONC
/WE O—= 16 39 [«=—ODQM
/CAS O—= 17 38 [«—OCLK
/RAS O— 18 37 «—OCKE
/CSO—= 19 36 —ONC
Bank Address(A13) O——] 20 35 [=—OCA1N
A120—= 21 34 =—0A9
Auto Precharge(A10) O—] 22 33 «—0As8
A0 O—> 23 32 [«—OA7
A1 O—> 24 31 [«—O0A6
A20— 25 30 =——OA5
A3O——] 26 29 [«—O A4
Vec O— 27 28 —0Vss
AO - A13 : Address inputs DQM : DQ mask enable
AO - A12 . Row address inputs CKE . Clock enable
AO - A7 : Column address inputs CLK . System clock input
DQO - DQ3 : Data inputs/outputs vece : Supply voltage
/CS : Chip select Vss : Ground
/RAS . Row address strobe VeeQ . Supply voltage for DQ
/CAS : Column address strobe VssQ 1 Ground for DQ
/WE : Write enable NC : No connection

Remark Refer to 1. Input/ Output Pin Function for Bank address, Channel address and Segment address.
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[uPD4565821]
54-pin Plastic TSOP (ll) (400mil)
4M words x 8 bits x 2 banks

VecO—— 1 O u 54 —O0Vss
DQO O=—] 2 53 [«—0ODQ7
VeeQO— 3 52 —0VssQ
NCO— 4 51 —ONC
DQ1 O<=—= 5 50 [«—=ODQ6
VssQO——] 6 49 —0 VecQ
NCO— 7 48 ——ONC
DQ2 O<=—= 8 47 =0 DQ5
VeeQO— 9 46 |—O VssQ
NCo—— 10 45 —ONC
DQ3 O=—>1 11 44 [«=—0DQ4
VssQO— 12 43 F—0 VeeQ
NCO— 13 42 F—ONC
Vec O— 14 41 |—0OVss
NCO—— 15 40 —ONC
/WEO— 16 39 [«=—ODQM
/CAS O— 17 38 [« —0OCLK
/RAS O—> 18 37 =—OCKE
/CS O—1 19 36 —ONC
Bank Address(A13) O—=] 20 35 [«—0OAN
A120—> 21 34 «—O0A9
Auto Precharge(A10) O—— 22 33 =—0A8
A0 O—> 23 32 «—O0A7
A1O— 24 31 «=—0A6
A20— 25 30 «—OAS5
ASO——] 26 29 [=—O A4
Vee O—— 27 28 —0Vss
AO - A13 : Address inputs DQM : DQ mask enable
A0 - A12 . Row address inputs CKE : Clock enable
AO - A6 : Column address inputs CLK . System clock input
DQO - DQ7 : Data inputs/outputs vece : Supply voltage
/CS : Chip select Vss : Ground
/RAS :  Row address strobe VeeQ . Supply voltage for DQ
/CAS : Column address strobe VssQ : Ground for DQ
/WE . Write enable NC : No connection

Remark Refer to 1. Input/ Output Pin Function for Bank address, Channel address and Segment address.
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NEC uPD4565421, 4565821, 4565161

[uPD4565161]
54-pin Plastic TSOP (ll) (400mil)
2M words x 16 bits x 2 banks

Vee O—— 1 O v 54 —0 Vss
DQO O=—>] 2 53 [=—>0ODQ15
VeeQO— 3 52 ——OVssQ
DQ1 O<—>{ 4 51 [«——0 DQ14
DQ2 O=—| 5 50 [=—0ODQ13
VssQO—— 6 49 —o0 VeeQ
DQ3 O« 7 48 [«~—0DQ12
DQ4 O<—+1 8 47 [0 DQ11
VeeQO— 9 46 —O0 VssQ
DQ5 O=<—=] 10 45 =0 DQ10
DQ6 O 11 44 [=—0 DQ9
VssQO— 12 43 —0 VecQ
DQ7 O=—>] 13 42 [~—0DQ8
Vee O— 14 41 ——O0Vss
LDOQM O—=] 15 40 —ONC
/WEO—>{ 16 39 [«—OUuUDQM
ICAS O—= 17 38 [«—OCLK
/RAS O—={ 18 37 =—OCKE
/CSO—= 19 36 —ONC
Bank Address(A13) O—= 20 35 [«—OA11
A120—] 21 34 [=—0OA9
Auto Precharge(A10) O—> 22 33 [«—OA8
A0 O— 23 32 «—OA7
AMO—=] 24 31 «—0A6
A20— 25 30 «—0A5
A3O—> 26 29 [«—O0 A4
Vece O—— 27 28 —O Vss
A0 - A13 : Address inputs ubDQM : Upper DQ mask enable
A0 - A12 : Row address inputs LDQM : Lower DQ mask enable
AO - A5 : Column address inputs CKE . Clock enable
DQo - DQ15 . Data inputs/outputs CLK : System clock input
/CS . Chip select Vee : Supply voltage
/RAS : Row address strobe Vss : Ground
/CAS : Column address strobe VeeQ : Supply voltage for DQ
/WE : Write enable VssQ : Ground for DQ

NC : No connection

Remark Refer to 1. Input/ Output Pin Function for Bank address, Channel address and Segment address.
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VC SDRAM Architecture

The Virtual Channel Memory (VC Memory) is a memory core technology designed to improve memory data
throughput efficiency and initial latency of memories. Intended for use in next generation memory systems, the VC
Memory technology is ideal memory for a wide range of application such as Multimedia PC, Game machine, Internet
Server etc.... The slow core operation memory such as DRAM, Flash Memory and Mask ROM can get very
significant performance improvements with VC Memory technology.

Today's memory subsystems are accessed by multiple tasks/sources (memory masters), working in multitasking
mode. Each memory master accesses memory with an address locality with a time locality, a block size and a
number of contiguous accesses. Virtual Channel Memory architecture is designed for this multitasking, multiple
masters, interleaving access scenarios. The VG Memory provides memory masters with Virtual Channels. Each
channel is a set of resources that constitute a fast dedicated path for each memory masters to access the memory.
The Virtual Channels will minimize the overhead resulting from other memory master's accesses, reduce the access
latency and facilitate automatic data sharing.

Each channel is equipped with a data row buffer and its own independent operating modes. To the memory
masters, this looks like its own very fast memory. The system memory controller associates these channels to the
memory masters for their accesses. Thus, the channels are made to track the accesses of these memory masters.
The system memory controller has complete controls over the operations of the channels. It can schedule and issue
commands that causes segments of memory rows to be loaded into the channels or for data from the channels to be
written back to the memory rows. Any channels can store the data from any rows, can be written to any rows and
hence are fully associative. Then the Read and Write operations will be occurring as much as possible with these

high speed channels, minimizing all overheads associated with the DRAM bank operations.

The Read/Write operations of the channels (foreground operations) can operate independently with the DRAM bank
operations (background operations) of Activate, Precharge, Prefetch (Loading row data to channel) and Restore
(Writing channel data to row). Then VC Memory also further enhances performance by allowing the system memory
controller to schedule the foreground and background operations to operate concurrently.

VC SDRAM architecture offers the following features and benefits:

1. Multiplies the effective data throughput performance of conventional DRAM core.

2. Achieving close to full data bus bandwidth with low latency, interleaved random row, random column Read/Write
through the channels.

3. Transparent DRAM bank operations through the concurrent foreground and Background Operations

4. Very wide (128 bytes wide) internal data transfer bus between Channel and memory core

5. Equivalence of tens of multiple memory banks by using only a fraction of the frequency of Row Activate and
Precharge of conventional DRAM core.
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Block Diagram

Address OI—- Address Buffer »| Channel Control
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Address o—» v
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register
9] ] g
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5 Memory Cell Array 3 E: E
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= | Data Control Circuit pam

CKE o—*

Clock Generator
CLK o—

Input and Output Buffer
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Conceptual Schematic 1

Background Foreground
Prefetch Operation Read Operation
Restore Operation Write Operation
TN TN
Prefetch Operation Read Operation
(from Segment of memory core | 44 Channels (from channel) < » DQ
to channel) -
1
= ——
Bank B '
L |
Bank A |5 L |
5 L !
@ || = 1
L 5 .
E One segment : 1/4 Row ] & |
g One segment means = 5 '
I d fer si =% \
& one data transfer size L_| = !
at the background | | O 1
- operations. ] B2 !
S L < :
g L 5 1
8 H Bl
| 1
E = :
q’g} _— B —— :
« —
. L | Write Operation
Row Decoder Restore Operation (to channel ) ba

(from Channel
to Segment of memory core)
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Conceptual Schematic 2

Prefetch Operation

The data is fetched from a segment to any channel buffer.

Bank A
16 Channels
E |
B c =
RN c L
B S
I Row Decoder 5 /;E
Bank B [ 5T ———°——
5 —— 3 //45
3 s o — @000 |
: B ——————
i E \\E
& =]
=]
| Row Decoder

Restore Operation

The data is transferred from a channel buffer to any segment.

Bank A

Segment

Segment

16 Channels

Segment

Must select one segment

|

|

Segment

O T O AT

| Row“Decoder

Bank B

| Row Decoder
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Data size of segment and channel

1Row | 4K (4096) bits |

Memory cell

4 Segments | 1 K (1024) bitsl | | |

One segment means one data transfer size at the prefetch and restore operation.

16Channels |1 K (1024) biss| | | [ | --meeeee I:l

1 2 3 4 5 16
X 4 bits organization /\
Column Selector One fgzin?lfl ggns”:y 256 bits
(1K) 1024 (1K) bits / 4

I
I
Input and Output Buffer

bbb

0 1 2 3
x 8 bits organization q
One channel density 128 bits
Column Selector 1024 (1K) bits 1024 (1K) bits / 8

LI L ]
HEEEEEE

Input and Output Buffer

RN

0 1 2 3 4 6

x 16 bits organization A'
LEETTTETTTETTTf

Column Selector One fohzir}?lg)l gitesnSIty 64 bits
1024 (1K) bits / 16

LI LT ]
LHHEREETTRTEN

Input and Output Buffer

PR

0123458678 9101112131415
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1. Input/Output Pin Function

(1/3
Pin name Input/Output Function
CLK Input CLK is the master clock input. Other inputs signals for all commands are
referenced to the CLK rising edge.
CKE Input CKE determine validity of the next CLK (clock). If CKE is high, the next CLK rising

edge is valid; otherwise it is invalid. If the CLK rising edge is invalid, the internal
clock is not issued and the VC SDRAM suspends operation.

When the VC SDRAM is not in burst mode and CKE is negated, the device enters
power down mode. During power down mode, CKE must remain low.

/CS Input Chip select.

/CS low starts the command input cycle, which occurs on rising edge of CLK.

During /CS high, commands are ignored but operations continue.
/RAS, /CAS, /\WE Input Command Inputs.

The combination of these signals defines the command being entered.

For details, refer to the Command Table in Command Functions. The symbol
names (/RAS, /CAS, /WE) do not refer to the functional meanings used for

conventional DRAM.

DQM Input For x4, x8 devices

For x8,x4 devices DQM controls I/O buffers.

UDQM LDQM For x16 device

For x16 device UDQM and LDQM control upper byte and lower byte I/O buffers, respectively.

In read mode
DQM controls the output buffers like a conventional /OE pin.
DQM high and DQM low turn the output buffers off and on, respectively.
The DQM latency for the read is two clocks.
In write mode
DQM controls the word mask. Input data is written to the memory cell if DQM is
low but not if DQM is high.
The DQM latency for the write is zero.

DQo - DQ3 Input/Output DQ pins have the same function as I/O pins on a Standard Synchronous DRAM.
DQO - DQ7 DQO - DQ3 (for x 4 device)
DQO - DQ15 DQO - DQ7 (for x 8 device)
DQO - DQ15 (for x 16 device)
NC - No connect. Leave these pins unconnected.
Vee (Power supply) [ voc and Vss are power supply pins for internal circuits.
Vss
VeeQ (Power supply) [ veeQ and VssQ are power supply pins for the output buffers.
VssQ

Data Sheet M13022EJBVODS00 13
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/3

Pin name Input/Output Function

A0 - A13 Input Address specification. These pins provide memory source and target addresses

(bank, row, column, etc.), and channel addresses.

Row Address
Row Address is determined by AO - A12 at the CLK (clock) rising edge in the active

command cycle. It does not depend on the bit organization.

Column Address

Column Address is determined by AO - A7 at the CLK rising edge in the read or write
command cycle. It depends on the bit organization.

: AO - A7 for x4 device

: AO - A6 for x8 device

: AO - A5 for x16 device.

Bank Address(A13)
A13 is the bank select signal.

In command cycle, A13 low select bank A, and A13 high select bank B.

14 Data Sheet M13022EJBVODS00



NEC uPD4565421, 4565821, 4565161

(3/3

Pin name Input/Output Function

A0 - A13 Input Channel Address(A8, A9, A11, A12)
A8, A9, A11, A12 are the channel select signals.

In prefetch, restore, read and write operations, channel is determined by A8, A9, A11 and A12.

=
P
©
g
o

Channel number| A12
0

© o |~ o |on [& | (o]

222|222 |O|Oo|jO|lO|O|O|O|O

alalala|lolo|lo|lolw|a|la|la|lo|lo|o|o
alalololm|lm|lo|lolm|m|lolo|lw|»|o|o
el LA B E=R Bl [=N B [N Pl (=1 Eol (e B [o i Bl [

In set register operation, channel is determined by A9, A10, A11 and A12.

Channel number| A12 | A11 [ A10 | A9
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1

Segment Address(A0, A1, A10, A13)
AO, A1, A10, A13 are the segment select signals.
In prefetch and restore operations, column address in channel is determined by AO, A1.

In prefetch read operation, segment is determined by A10, A13.

Auto precharge Address(A10)
A10 defines the precharge mode.

In the precharge command cycle
High level: All banks are precharged.
Low level: Only the bank selected by A13 is precharged.

In the prefetch or restore command cycle

High level: Auto precharge

Low level: Without auto precharge

Data Sheet M13022EJBVODS00 15
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2. Truth Table
2.1 Command Execution

All commands are executed with the signal combination at the rising edge of the clock (CLK), /CS (Chip Select)
must be low at the command input cycle. CKE (Clock Enable) must be high at one clock before the command input
cycle as shown in below. The state of the /RAS, /CAS, and /WE signals specifies the command function to be
executed. Some commands have the same signal combination for /RAS, /CAS, and /WE and are distinguished by
some of address Input signals. When /CS becomes high, operations continue as specified in the command, but
further commands (signal states that would specify a command) are not registered until /CS becomes low.

This state is Device deselect.

CLK |

CKE /
/CS \__ L /

T fe--1—"

[P [ ——1

/RAS A 4
/CAS Command
/WE X X
Address
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2.2 Command Truth Table

Function Symbol /CS /RAS /CAS /WE A13 Ai12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
Device deselect DESL H X X X X X X X X X X X X X X X X X
No operation NOP L H H H X X X X X X X X X X X X X X
Prefetch without auto precharge PFC L H H L BA Cha.Cha. L Cha.Cha. L L L X X x__Seg. Seg.
Pair prefetch PPF L H H L BA Cha.Cha. | Cha. Cha. L H X X X x__Seg. Seg.
Prefetch with auto precharge PFCA L H H L BA Cha.Cha. H Cha.Cha. L L L X X x__Seg. Seg.
Pair prefetch with auto precharge PPFA L H H L BA Cha.Cha. H Cha. Cha. L H X X X x__Seg. Seg.
Restore without auto precharge RST L H H L BA Cha.Cha. L Cha. Cha. H X X X X x_Seg. Seg.
Restore with auto precharge RSTA L H H L BA Cha.Cha. H Cha. Cha. H X X X X x__Seg. Seg.
Channel read READ L H L H x Cha. Cha. x Cha. Cha. Col. Col. Col. Col. Col. Col. Col. Col.
Channel write WRIT L H L L L Cha. Cha. x Cha. Cha. Col. Col. Col. Col. Col. Col. Col. Col.
Bank activate ACT L L H H BA Row Row Row Row Row Row Row Row Row Row Row Row Row
Prefetch read with auto precharge PFR L L H L Seg. Cha. Cha. Seg. Cha. Cha. Col. Col. Col. Col. Col. Col. Col. Col.
Precharge selected bank PRE L L L L BA x X L X X X X L X X X X X
Precharge all banks PALL L L L L X X X H X X X X L X X X X X
Set register operation SCLR L L L L L L L L L L L L H PRL RL RL RL WT
SCCR L L L L Cha. Cha. Cha. Cha. Cha. L L H H X x BL BL BL

Remark Abbreviations in the table mean as follows.

H : High level L . Low level X ___: High or Low level (Don' t care)
Row : Row address Col. : Column address BA : Bank Address

Cha. : Channel address Seq. :Segment address

BL _: Burst length RL _: Read Latency PRL : Prefetch Read Latency

WT : Wrap Type
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2.3 CKE Truth Table

Current state Function Symbol CKE /CS /RAS /CAS /WE  Address
n-1 _n
Activating Clock suspend mode entry - H L X X X X X
Any Clock suspend - L L X X X X X
Clock suspend Clock suspend mode exit - L H X X X X X
Idle Auto refresh command REF H H L L L H X
Idle Self refresh entry SELF H L L L L H X
Self refresh Self refresh exit - L H L H H H X
L H H X X X X
Idle Power down entry - H L X X X X X
Power down Power down exit - L H H X

Remark H: High level, L: Low level, x: High or Low level (Don' t care)
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3. Commands

Device deselect (DESL)
/CS /RAS /CAS /WE Ai13 Al2 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0
High X X X X X X X X X X X X X X X X X

Remark x: High or Low level (Don't care)

The device is deselected state by this command.

L0 O 020 0 0-070-0-0-0 -0 =044 ¢
AD 10 A13  ZBRERIBLEIILBLIKL
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No operation (NOP)

/CS /BAS /CAS /MWE Ai13 Al2 Ai1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

Low High High High X X X X X X X X X X X X X X

Remark x: High or Low level (Don't care)

This command is not a execution command. No operations begin or terminate by this command.

AO to A13
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Prefetch without auto precharge (PFC)

/CS /RAS /CAS MWE A13 A12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

Low High High Low BA Cha. Cha. Low Cha. Cha. Low Low Low X X x Seg. Seg.

Remark BA: Bank address, Cha.: Channel address, x: High or Low level (Don' t care), Seg.: Segment address

This command needs to follow Bank activate (ACT) command. This command fetches data from a segment of the
activated row in a bank to a channel buffer which is chosen by channel address. The Segment and Bank fields
specify the source segment and bank. In addition, the Channel Address field specifies the destination channel.

A10 specify the optional precharge operation. In case of A10: low, without auto precharge operation occurs. In
case of A10: high, with auto precharge operation occurs after data fetch operation. (Please refer to PFCA
command.) (Bank precharge is necessary after data fetch.)

This fetched command can be issued continuously without any precharge operation. For instance, when the first
operation has been done from one of segment on activated row area to one of channel, if the second prefetch
operation is required from same activated row, but different channel, the second prefetch command can be issued
without any precharge operation. terp (PFC to PFC/PFCA command period) is required between first and second
prefetch command. When the new row address area need to be activated on same bank, bank precharge is
necessary after this PFC command. trrL (PFC to PRE command period) is required between PFC and PRE.
Fetched data into the channel buffer remains available for Channel Read and Channel Write operations.

CLK
CKE
/CS
/RAS
/CAS
IWE 55N L5555
A13 D &EE  Bank select
A12 ]
_ 1 Channel address
A1l
A10
A9 59

~—— | Channel address
A8 X2

o =
A7 ) LR

DS B
ofetedola S

A8

TITN
oofetete.

A5
A2 to A4
Al

_ 1 Segment address
A0

Data Sheet M13022EJBVODS00 21



NEC uPD4565421, 4565821, 4565161

Pair prefetch without auto precharge (PPF)

/CS /RAS /CAS /WE A13 Al2 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
Low High High Low BA Cha. Cha. Low Cha. Cha. Low High x X X x Seg. Seg.

Remark BA: Bank address, Cha.: Channel address, x: High or Low level (Don' t care), Seg.: Segment address

This command needs to follow Bank activate (ACT) command. This command fetches data from a couple of
segments of the activated row in a bank to a couple of channels which are chosen by channel address. (Please
refer to Pair Prefetch Operation.) The Segment and Bank fields specify the source segment and bank. In addition,
the Channel Address field specifies the destination channel.

A10 specify the optional precharge operation.

In case of A10: low, without auto precharge operation occurs.

In case of A10: high, with auto precharge operation occurs after data fetch operation.

(Please refer to PPFA command.)

CLK
CKE
/CS
/RAS
ICAS %
/WE

A13 39 Bank select

A12 D &2
Channel address

A10
A9 XX

Channel address
A8 XX
A7 X

AB

A2 to A5

Al

“‘ Segment address
AD 9
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Prefetch with auto precharge (PFCA)

/CS /RAS /CAS /WE A13 Al2 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
Low High High Low BA Cha. Cha. High Cha. Cha. Low Low Low X X x Seg. Seg.

Remark BA: Bank address, Cha.: Channel address, x: High or Low level (Don' t care), Seg.: Segment address

This command needs to follow Bank activate (ACT) command. This command fetches data from a segment of the
activated row in a bank to a channel buffer, and precharge operation is performed automatically, which closes the
activated row after data fetch operation.

The Segment and Bank fields specify the source segment and bank.

In addition, the Channel Address field specifies the destination channel.

A10 specify the optional precharge operation.

In case of A10: low, without auto precharge operation occurs. (Please refer to PFC command.)

In case of A10: high, with auto precharge operation occurs after data fetch operation.

Fetched data into the channel buffer remains available for Channel Read and Channel Write operations.

CLK
CKE
/CS
/RAS
/CAS
/WE
A13 X9 Bank select
A2 T ]
Channel address
A10
A9 ) Channel address
A8

A7

A6

TT
LGN

A5
A2 to A4
Al

o Segment address
AD X588
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Pair prefetch with auto precharge (PPFA)

/CS /RAS /CAS /WE A13 Al2 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
Low High High Low BA Cha. Cha. High Cha. Cha. Low High x X X x Seg. Seg.

Remark BA: Bank address, Cha.: Channel address, x: High or Low level (Don' t care), Seg.: Segment address

This command needs to follow Bank activate (ACT) command. This command fetches data from a couple of
segments of the activated row in a bank to a couple of channels which are chosen by channel address. Precharge
operation is performed automatically, which closes the activated row after data fetch operation. (Please refer to Pair
Prefetch Operation.) The Segment and Bank fields specify the source segment and bank. In addition, the Channel
Address field specifies the destination channel.

A10 specify the optional precharge operation.

In case of A10: low, without auto precharge operation occurs. (Please refer to PPF command.)

In case of A10: high, with auto precharge operation occurs after data fetch operation.

CLK
CKE
/CS
/RAS
ICAS %
/WE

A13 39 Bank select

A12 D &2
Channel address

A10
A9 XX

Channel address
A8 XX
A7 X

AB

A2 to A5

Al

_ 1 Segment address
AD 9
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Restore without auto precharge (RST)

/CS /BAS /CAS /MWE Ai13 Al2 Ai1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

Low High High Low BA Cha. Cha. Low Cha. Cha. High x X X X x Seg. Seg.

Remark BA: Bank address, Cha.: Channel address, x: High or Low level (Don' t care), Seg.: Segment address

This command transfers data from a channel buffer to a segment of a row which is going to be activated by
following ACT command.

The command Bank Address field specifies the destination bank.

The Channel Address fields specify the source channel.

The Segment number field specifies the destination segment.

A10 specify the optional precharge operation.

In case of A10: low, without auto precharge operation occurs. (Please refer to RSTA command.)

In case of A10: high, with auto precharge operation occurs after data fetch operation.

ok ™ T 1
CKE —H
/CS

/RAS
/CAS X7 RS
/WE

A13 Bank select

A12

3RRKN (OO0
A1l X3 m XK

LN fXRRKL
A10 KN LR

) Channel address

A9

- ] Channel address

T
A8 3

e T
) 9,
A7 XK N

A2 to A6

Al

TR P Segment address
A0 KRN Valid XK
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Restore with auto precharge (RSTA)

/CS /BAS /CAS /WE Ai13 Al2 Aill A10 A9 A8 A7

A6 A5 A4 A3 A2 Al A0

Low High High Low

BA Cha. Cha. High Cha. Cha. High

X X X X X Seg. Seg.

Remark BA: Bank address, Cha.: Channel address, x: High or Low level (Don' t care), Seg.: Segment address

This command transfers data from a channel buffer to a segment of a row which is going to be activated by

following ACT command.

In addition, precharge operation is performed automatically which closes the active row after data restore

operation.

The command Bank Address field specifies the destination bank.

The Channel Address fields specify the source channel.

The Segment number field specifies the destination segment.

A10 specify the optional precharge operation.

In case of A10: low, without auto precharge operation occurs. (Please refer to RSTA command.)

In case of A10: high, with auto precharge operation occurs after data fetch operation.

26

CLK
CKE

/cS
/RAS
ICAS
/WE
A13 D

A2 52

RN i (<55
sk Valid X

A10

LS
As D
A8
A7 7

A2 10 AB  ZRISEBBSEXSLEE

Al

A0 5D

Bank select

} Channel address

- ] Channel address

] Segment address
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Channel read (READ)

/CS /RAS /CAS /WE A13 Al2 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
Low High Low High x Cha. Cha. x Cha Cha. Col. Col. Col. Col. Col. Col. Col. Col

Remark x: High or Low level (Don't care), Cha.: Channel address, Col.: Column address

Channel Read (READ) reads data words from a channel buffer onto the data bus (DQ). The Channel Address field
specifies the source channel. The Column Address field specifies the starting location of the data word in the buffer
(Data words may be 4, 8, or 16 bits.). The burst-length field in the channel control register for the channel specifies

the number of data words to complete the read operation.

CLK
CKE
/CS
/RAS
/CAS
/WE
A13

T TS
A12 55D &K

_ ] Channel address

Al1
A10
A9 5

Channel address
A8

A0 to A7 Column address
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Channel write (WRIT)

/CS /RAS /CAS /WE A13 Al2 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
low High Low Low Low Cha Cha. x Cha. Cha. Col. Col. Col. Col. Col. Col. Col. Col.

Remark x: High or Low level (Don't care), Cha.: Channel address, Col.: Column address

Channel Write(WRIT) writes data from the data bus (DQ) into a channel buffer. The Channel Address field specifies
the destination channel. The Column Address field specifies the starting location of the data word in the buffer (Data
words may be 4, 8 or 16 bits.).

The burst-length field in the channel control register for the channel specifies the number of data words to complete
the write operation.

ok 1 11
CKE “w
/CS
/RAS
/CAS

/WE

T
SN

A13

A12 2582

__ 1 Channel address
Al1
A10

A9 5D

Channel address
A8 559

ADto A7 53 (X5 Column address
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Bank activate (ACT)

/CS /BAS /CAS /MWE Ai13 Al2 Ai1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

Low Low High High BA Row Row Row Row Row Row Row Row Row Row Row Row Row

Remark BA: Bank address, Row: Row address

Activation causes row contents to be placed into the bank's sense amplifier. The command Bank Address and
Row Address fields specify bank and row. This device has two banks, each with 8,192 rows. This command
activates the bank selected by bank address(A13) and a row address selected by AO through A12. The row remains
active for access until a Precharge command is issued to the bank. A Precharge command must be issued before
another row can be activated in that bank. Each bank can have one row active. This command corresponds to a
conventional DRAM’s /RAS falling.

CLK
CKE
/CS
/RAS
/CAS
/WE

A13 Bank select

A0 to A12 XXX Valid KRR Row address
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Prefetch read with auto precharge (PFR)

/CS /RAS /CAS /WE A13 Al2 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
low Low High Low Seg. Cha. Cha. Seg. Cha. Cha. Col. Col. Col. Col. Col. Col. Col. Col.

Remark Seg.: Segment address, Cha.: Channel address, Col.: Column address

This command needs to follow Bank activate (ACT) command. This command fetches data from a segment of the
activated row in a bank to a channel buffer, and reads data words from a channel buffer onto the data bus (DQ).

In addition, precharge operation is performed automatically, which closes the activated row after data fetch
operation.

The Segment fields specify the source segment. In addition, the Channel Address field specifies the destination
channel.

The Column Address field specifies the starting location of the data word in the buffer (Data words may be 4, 8, or
16 bits.). The burst-length field in the channel control register for the channel specifies the number of data words to
complete the read operation.

CLK
CKE
/CS
/RAS

/CAS
/WE

A3 28D LL  Segment address

A12 22D
Channel address
A1

A10 225 Segment address

A9 X Valid X588
Channel address

A8 33

A0 to A7 Column address
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Precharge selected bank (PRE)

/CS /BAS /CAS /MWE Ai13 Al2 Ai1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

Low Low Low Low BA X X Low X X X X Low x X X X X

Remark BA: Bank address, x: High or Low level (Don' t care)

This command closes (deactivates) an activated row in a bank, in order to prepare the bank for an Activate or
Restore command to activate a new row. After precharging, a bank is in the Idle state.

The Bank field specifies the bank to precharge and A10 Low specifies the command.

After this command, trp (precharge to activate command period) must be satisfied for next activate command to
precharging bank.

This command corresponds to a conventional DRAM’s /RAS rising.

CLK
CKE
ICS
/RAS 53350
ICAS
/WE

A13 X9 Bank select

ORISR
A1, A12 SO

A10

TR RTT LTI TTTITS
AB 10 A9 IEREIRIIRN

TN
AS 55N

AOto Ad XX
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Precharge all banks (PALL)

/CS /BAS /CAS /MWE Ai13 Al2 Ai1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

Low Low Low Low X X X High x X X X Low x X X X X

Remark x: High or Low level (Don't care)

The signal combination is Reserved (with command modifier A10 High). The PALL command is typically used

during auto refresh operation and initialization. Replace with Precharge commands for each bank.

CLK

CKE

/CS

/RAS
/CAS

/WE
A11to A13
A10

AB to A9

A5

STRTITTTTRXTTTTRITS
AL INOIINSNS

AO to A4
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Set Channel Latency Register (SCLR)

/CS /BAS /CAS /MWE Ai13 Al2 Ai1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

low Low Low Low Low Low Low Low Low Low Low Low High PRL RL RL RL WT

Remark PRL: Prefetch Read Latency, RL: Read Latency, WT: Wrap Type

This command sets the Read Latency value which specifies read delay time in channel read operation.

In addition, this command sets the Wrap type which specifies the order(Sequential or Interleave) in which the burst

data will be addressed.

Moreover, this command sets the Read Latency value which specifies read delay time in prefetch read operation.

The commands can only be executed with all memory banks idle and no burst operations in progress.

ck [ 1T 1
CKE “w
/CS
/RAS
/CAS
/WE
AB to A13
A5
Ad 359 (KL Prefeteh Read Latency
A3
A2 Read Latency

A1

A0 Wrap Type

Data Sheet M13022EJBVODS00

33



NEC uPD4565421, 4565821, 4565161

Set Channel Control Register (SCCR)

/CS /RAS /CAS /MWE Al13 A12 All A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0

low Low Low Low Low. Cha. Cha. Cha. Cha. Low Low High High x X BL BL BL

Remark Cha.: Channel address, BL: Burst Length, x: High or Low level (Don' t care)

This command sets Burst Length in channel address.
Burst Length for the 0-15 channels is the same.
This command is executed during Initialization.

The commands can only be executed with all memory banks idle and no burst operations in progress.

X8 3R RKL
/RAS 380 6220%%

SRR X
/CAS 22 LR

9
KD

Al 2 &K
Channel address

A10

A9 ZRXX Valid XK
A7,A8 R L
A5,AB KT R
A3,A4

A2

Burst length
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Auto Refresh (REF)

CKE /CS /RAS /CAS /WE Address
n-1 _n
High High Low Low Low High High or Low level (Don' t care)

This command is a request to begin the auto refresh operation. The refresh address is generated internally.

Before executing auto refresh, all banks must be in the idle state. After this cycle, all banks will be in the idle

(precharged) state and ready for a row activate command. During trc period (from refresh command to refresh or

activate command), the VC SDRAM cannot accept any other command.

CLK [ I I I | I

CKE
/CS
/RAS
/CAS

/WE
AO to A13

020 0.0.0.9.9.9.9.9.%%% %"
RIS
90620 % 0 Yo% e et e 0 4
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Self Refresh (SELF)

CKE /CS /RAS /CAS /WE Address
n-1 _n
High Low Low Low Low High High or Low level (Don' t care)

After the command execution, self refresh operation continues while CKE remains low. During self refresh mode,
the internal refresh controller takes care of refresh interval and refresh operation. There is no need for external
control. Before executing self refresh, both banks must be in the idle state.

During self refresh mode, both background and foreground operation can not be executed.

CLK | I I I | I
CKE H N\_L
/CS \ @

/RAS &

OISO OO R
QRRRRRARIKILKER
ERORERIREIRRIIN SR

R R RRIIIZR
CRRERIRRIIIKLES
RGN

/CAS
/WE

AO to A13
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*

4. Simplified State Diagram

Power
Down

Set

Channel Control
Register

{CKE:low IDLE SELF
) ]
CKE high Stand by SELF exit

REr
o2
Channel Latency
Register
Q
O
2
Set

Self
Refresh

@ -
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5. Prefetch Read Operation ( Optional )

This operation fetches data from a segment of the activated row in a bank to a channel buffer, and reads data words
from a channel buffer onto the data bus (DQ). In addition, precharge operation is performed automatically, which
closes the activated row after data fetch operation.

When Read latency of SCLR (Set Channel Latency Register) is set up 1, this operation can not be used.

Prefetch Operation 16 Channels Read Operation -—>» DQ
e R I 1
Bank B I '
1
Bank A IS — |
£ 1
S 1
@ L . I
L ki H
= 1
kS . 3 1
g Prefetch Read Operation Q 1
S 3 !
3 — - = '
O i
- e !
é L s '
<) L = I
3 [ ] £ :
] 1
:,E, = :
£ Ll 1
2 1
0 RN —
Row Decoder o f DQ

( Burst length = 4)

0 1 2 3 4 8
CLK _/_\ \_/_\\_/_\\_/_\\_/_\ \_/_\\_
. taPD . .
Command { ACT PFC READ : S
. : . : . \Read latency =2
: g : : : : e G S .
DQ ===-===i===r==t=-=- it ks bl E-------E----( Qo Q1 Q2 Q3
‘tAF;RD
Command ACT PFR :
T |
. LT
' ' LT~
Hi-Z Prefetch read latency = 4 : e
DQ - -=d==m bt e m RRELEREEEE EEE '-------'----( Qo Qi Q2 Xas3
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6. Write Operation and Restore Operation

Write command proceeds write operation to the channel. When the system needs to refill the channel with new
data, restore operation may be necessary. The restore operation needs both restore command and active command.
Restore command must be first command. Restore operation is also fully associative operation.

The data in the channel can be transferred to anywhere on memory core array. Another write and read operation to
another channel can proceed during this restore operation.

The another background operation is illegal while trap (RST/RSTA to ACT(R) command delay time).

In addition, the foreground operation to the same channel set by RST command is illegal too.

16 Channels -« DQ
= [ ] |
Bank B S — :
g L :
Bank A B L '
- L_| !
3 | | N .
5 | 8 :
& L] 5 |
L .g_ !
= = 1
o —_
g [ ] 3 !
5 ] E !
® = o :
L 'g_ |
= Bl
g L] |
%] | 1
S <— 1
1
. : Write Operation
Row Decoder Restore Operation (to channel ) ba

(from Channel to Segment)

( Burst length =2)

0 1 2 3 4 5 6 7 8
f f f f f trop f f f
Command { WRIT 5 ( RST XACT (R)) 5 5 ; ( READ X PRE )
trAD S
s @) ERRENE
Address (Segment)( Row 0 )
ISET - {(Banka X BankA } | - ((Banka X Banka )
: : without . : : : with
A10 . . Auto . . . . ( Auto )( L )
' ' Precharge ' ' ' ' Precharge
DQM
) ) : Hi-Z: : E : 5 5
DQ { D10 X D14 po-d---ETEEoodo- mmmbmmdmme- R R - - - -+ - - Q11

Remark ACT(R) command is ACT command after RST command.
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7. Pair Prefetch Operation

Pair prefetch operation fetches data from a couple of segments to a couple of channels at one operations. In this
operation, four segments are devided to two segment pairs and sixteen channels are devided to eight channels pairs.

Each pair of segments and channels consists of odd address and even address. In addition, prefetch operation is
from even segment to even channel and from odd segment to odd channel. If the even segment is selected at
command input, the first prefetch operation starts from even segment to even channel. Moreover, if the odd segment
is selected at command input, the first prefetch operation starts from odd segment to odd channel.

The Segment and bank fields specify the source segment and bank. In addition, the Channel Address field
specifies the destination channel.

Prefetch to even channel from even segment.
Prefetch to odd channel from odd segment.

pair pair

N

f

[2]sf[4]s][e]7][8]o][tofn][r2]13]

pair pair pair pair pair pair pair pair

4 Segments | 0 | 1

16 Channels
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Pair prefetch command

/RAS, /CAS, /\WE

A0, A1 Segment address ———s| Even | Even | Odd | Odd

A8, A9, A11, A12 XXX Channel address ———=| Even | Odd | Even | Odd

casel| lllegal | lllegal | case2

Casel. Segment=Even(0) and Channel=Even(6)
1st Prefetch operation is from even segment to even channel
2nd Prefetch operation is from odd segment to odd channel

pair pair
(S

1] [2]3]

4 Segments

1st prefetch  2nd prefetch

1SChanneIs|0|1||2|3||4|5|

J7][s]o][to]11][12]13]|[14] 15]

pair pair pair pair pair pair pair pair

Case2. Segment=0dd(3) and Channel=0dd(15)

1st Prefetch operation is from odd segment to odd channel
2nd Prefetch operation is from even segment to even channel

pair pair

4 Segments | 0 | 1 | | 2 |

1st prefetch

weonames [ 0 [ 1 J[2 ]38 |[4 5 |[6]7][8]9|[1o]11][12]18][14]

pair pair pair pair pair pair pair pair
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8. Set Register Operation

42

JEDEC standard test set (Refresh counter test)

A13 A12 A11 A0 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

o] ofofofo

Don't care ﬁ

Use in future

A13 A12 A11 A0 A9 A8 A7 A3 A2 A1 A0

/

Vender specification

A13 A12 A11 A0 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

Don't care

Valid data input ﬁ

/

Mode register set

A13 A12 A11 A0 A9 A8 A7 A4 A3 A2 A1 A0

Valid data input ﬁ

Valid data input |

L AB(0) Set Channel Latency Register (SCLR)
A6(1) Set Channel Control Register (SCCR)
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9. Set Channel Latency Register (SCLR)

CLK

M
CKE “wn
—_/—

/CS
S e
/RAS X332\ £
o e
/CAS 33 £

/WE

no BV
I D (s
n BRI
A3 BRI

TR —\ TR
A4 ZEX Valid XK

A5
AB
A7 RN L3R
A8 32N L2
A9 N LR
A10
A1 LK
A12 KN LK
A13 XD L8

A13 A12 A11 A0 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

ol ofofofofofofol ] | |

Wrap type
AO Wrap type
0 Sequential
1 Interleave

Read latency
|

A3 | A2 Al Read latency

0 0 0 Reserved
0 0 1 1

0 1 0 2

0 1 1 Reserved
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Reserved

Prefetch read latency

A4 | Prefetch read latency

When Read latency is set up 1, 0 Reserved
Prefetch read latency (A4) is don't care. 1 4
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% 10. Set Channel Control Register (SCCR)

ok [ T LI
CKE —H

/CS \ /

/RAS KRN

2%
SN A

T
SN

/CAS
/WE
A0
Al
A2
A3

TR TTITTTRTSIL
Ad SRR

RRIRD
jeonie 4

A5
A6
A7
A8
A9

A10

At2 29

A13

A13 A12 A1 A0 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

| 0 ‘ Channel address ‘ 0 ‘ 0 ‘ 1 ‘ 1 ‘ Don't care ‘ Burst length
CharmelI number Burst IIength
Channel number| A12 | A11 | A10 [ A9 Seqguential Interleave A2 | A1l A0
0 0 0 0 0 1 1 0 0 0
1 0 0 0 1 2 2 0 0 1
2 0 0 1 0 4 4 0 1 0
3 0 0 1 1 8 8 0 1 1
4 0 1 0 0 16 16 1 0 0
5 0 1 0 1 Reserved Reserved 1 0 1
6 0 1 1 0 Reserved Reserved 1 1 0
7 0 1 1 1 Reserved Reserved 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1
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11. Burst Length and Sequence

[Burst of Two]
Starting Address Addressing Sequence Addressing Sequence
(column address AO) Sequential Interleave
(binary) (decimal) (decimal)
0 0.1 0.1
1 1.0 1.0

[Burst of Four]
Starting Address

Addressing Sequence

Addressing Sequence

(column address A1,A0) Sequential Interleave
(binary) (decimal) (decimal)

00 0.1.2.3 0.1.2.3

o1 1.2.3.0 1.0.3.2

10 2,301 2,301

11 3.0.1.2 3.2.1.0

[Burst of Eight]
Starting Address

Addressing Sequence

Addressing Sequence

(column address A2-A0) Sequential Interleave
(binary) (decimal) (decimal)

000 0.1,2.3.4.5.6.7 0.1,2.3.45.6.7

001 1,2.3.4.5.6.7.0 1,0.3.2.5.4.7. 6

010 2.3.456.7.0.1 2,3,0.1.6.7.4.5

011 3.456.7.0.1.2 3.2,1.0.7.6.5.4

100 4,.56.7.0.1.2.3 4,56,.7.0.1.23

101 5,6,7.0.1.2.3. 4 5,4,7.6.1.0.3. 2

110 6.7.0.1.2.3.4.5 6.7.45.23.0.1

111 7.0,.1.2.3.45.6 7.6.54321.0
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[Burst of Sixteen]

Starting Address

Addressing Sequence

Addressing Sequence

(column address A3-A0) Sequential Interleave

(binary) (decimal) (decimal)
0000 0.1.2.3456.7.89.10.11.12.13,14.15 0.1.2.3456.7.89.10.11.12.13,14.15
0001 1,2.345.6.7.89.10,11.12,13.14,15.0 1.0.32.54.76,9.8.11.10.13.12,15.14
0010 2345.6.789.10.11.12.13,14,15.0.1 2.3.0.1.6.7.4,5.10.11.8.9.14.15.12.13
0011 3.45.6.7.89.10.11.12,13.14,15.0.1.2 3.2,1.0.7.654.11,10.9.8.15.14,13.12
0100 456.789.10.11.12.13.14,15.0.1.2.3 456.70.1.23.12.13,14.15.8.9.10.11
0101 5,6.7.89.10.11.12.13,14,15.0.1.2.3.4 54,7.6.1.0.32,13,12.15.14.9.8,11.10
0110 6.7.89.10.11.12,13,14.15.0.1.2.3.45 6.7.45230.1,14.15.12,13.10.11.8.9
0111 7.89.10,11.12.13.14.15.0,1.2.3.4.5.6 7.6.5.4321.0.,1514.13.12.11,10.9.8
1000 8.9.10.11.12,13.14.15.0,1.2.3.4.5.6.7 8.9.10.11.12,13.14.15.0,1.2.3.4.5.6.7
1001 9.10.11,12,13.14,15.0.1.2,.3.4.5.6.7.8 9.8,11.10.13,12.15.14.1,.0.3.2.5.4.7.6
1010 10.11.12.13,14.15.0.1.2.3.4.5.6.7.8.9 10.11.8.9.14,15.12,13.2.3.0.1.6.7.4.5
1011 11.12,13.14,15.0,1,2.3.45.6.7.8.9.10 11.10.9.8,15.14.13,12.3.2,1.0.7.6.54
1100 12.13.14.15.0.1.2.3.4.5.6.7.8.9.10.11 12,13.14.15.8.9.10,11.4.5.6.7.0.1.2.3
1101 13.14,15.0.1.2,.3.4.5.6.7,.8.9.10,11.12 13.12.15.14.9.8.11,10.5.4.7.6.1.0.3.2
1110 14.15.0.1.2.3.4.5.6,7.8.9.10.11.12.13 14.15.12,13,10.11.8.9.6.7.4.5.2.3.0.1
1111 15,0.1.2.3.4.5.6.7.8.9.10.11.12,13.14 15,14.13.12,11.10.9.8.7.6.5.4.3.2.1.0
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12. Initialization

The VC SDRAM is initialized in the power-on sequence according to the following.

(1) To stabilize internal circuits, when power is applied, a 100 us or longer pause must precede any signal toggling.

(2) After the pause, both banks must be precharged using the Precharge command (The Precharge all banks
command is convenient).

(3) Once the precharge is completed and the minimum tre is satisfied, the mode register can be programmed.

After the mode register set cycle, trsc (2 CLK minimum) pause must be satisfied as well.
(4) Two or more auto refresh must be performed.

Remarks 1. The sequence of Mode register programming and Refresh above may be transposed.

2. CKE and DQM must be held high until the Precharge command is issued to ensure data-bus Hi-Z.
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13. Electrical Specifications

¢ All voltages are referenced to Vss (GND).

o After power up, wait more than 100 us and then, execute Power on sequence and Auto Refresh before proper

device operation is achieved.

Absolute Maximum Ratings

Parameter Symbol Condition Rating Unit
Voltage on power supply pin relative to GND |Vcc, VecQ -0.510+4.6 \
Voltage on input pin relative to GND \a) -0.51t0+4.6 \
Short circuit output current o 50 mA
Power dissipation Pp 1 w
Operating ambient temperature TA 0to +70 °C
Storage temperature Tstg -5510 +125 °C

Caution  Exposing the device to stress above those listed in Absolute Maximum Ratings could cause
permanent damage. The device is not meant to be operated under conditions outside the limits

described in the operational section of this specification. Exposure to Absolute Maximum Rating

conditions for extended periods may affect device reliability.

Recommended Operating Conditions

Parameter Symbol Condition MIN. TYP. MAX. Unit
Supply voltage Vee, VecQ 3.0 3.3 3.6 \'
High level input voltage ViH 2.0 Vec +0.3™' v
Low level input voltage ViL -0.3" 0.8 v
Operating ambient temperature Ta 0 70 °C
Notes 1. ViHmax) = Vcc + 1.5V (Pulse width < 5 ns)
2. ViLming =—=1.5V (Pulse width <5 ns)
Capacitance (Ta = 25°C, f =1 MHz)
Parameter Symbol Test condition MIN. TYP. MAX. Unit
Input capacitance Ci A0 - A13,CLK, CKE, /CS, 2.5 4 pF
/RAS, /CAS, /WE,
DQM, UDQM, LDQM
Data input/output capacitance Cio DQ 4 6.5 pF

48

Data Sheet M13022EJBVODS00




NEC

uPD4565421, 4565821, 4565161

DC Characteristics 1 (Recommended Operating Conditions unless otherwise noted)

Parameter Symbol Test condition Grade Maximum. Unit [Notes
x4 x8 x16
Operating current lcctP | tre > troming -A70 | 90 920 90 mA 1
( Prefetch mode at one Prefetch is executed one time during tre. -A75 | 85 85 85
bank active ) -A10 | 80 80 80
-A15 | 70 70 70
Operating current lcciR | trc 2tRoming -A70 | 90 920 90 mA 1
( Restore mode at one -A75 | 85 85 85
bank active ) -A10 | 80 80 80
-A15 | 70 70 70
Precharge standby current | lccoP | CKE < Vigmax,), tek=15ns 1 1 1 mA
in power down mode lcc2PS | CKE < Viymax), tok =0 0.5 0.5 0.5
Precharge standby current | lccaN | CKE 2 Viiming, tck=15ns 25 25 25 mA
in non power down mode /CS2VIHMIN,),
Input signals are changed one time during 30 ns.
lccaNS | CKE 2 Vikming, tok = oo 8 8 8
Input signals are stable.
Active standby current in lccsP | CKE < Vigmax), tek=15ns 5 5 5 mA
power down mode lccsPS | CKE < Viymax), tok =0 4 4 4
Active standby current in lccsN | CKE 2 ViHming, tek=15ns 25 25 25 mA
non power down mode /CS 2 ViHMmIN)
Input signals are changed one time during 30 ns.
lccaNS [ CKE2ViHmMiNg, tok=c0 10 10 10
Input signals are stable.
Operating current locca | tok=tokminy, -A70 | 60 70 100 | mA 2
(Burst mode) lo=0mA, -A75 | 60 65 95
Background: precharge standby -A10 | 45 50 75
-A15 | 35 40 60
Auto refresh current lcos | tro 2tRomiNg -A70 1 145 | 145 | 145 | mA 3
-A75 | 135 | 135 | 135
-A10 | 115 | 115 | 115
-A15 | 110 | 110 | 110
Self refresh current lcce |CKE<0.2V -AXX 1 1 1 mA
-AxxL| 0.5 0.5 05
Notes 1. Icc1 depends on cycle rates. In addition to this, lcc1 is measured on condition that addresses are changed
only one time during tckMN,).
2. lccs depends on output loading and cycle rates. Specified values are obtained with the output open. In
addition to this, Iccs is measured on condition that addresses are changed only one time during tckMiN,).
3. Iccs is measured on condition that addresses are changed only one time during tekin,).
DC Characteristics 2 (Recommended Operating Conditions unless otherwise noted)
Parameter Symbol Test condition MIN. | TYP. [ MAX. | Unit | Note
Input leakage current Iy Vi=0to 3.6V, All other pins not under test =0 V -1.0 - +1.0 UA
Output leakage current low) Dour is disabled, Vo=010 3.6V —-15 - +15 UA
High level output voltage Von |lo=—4mA 2.4 - - \
Low level output voltage Voo [lo=+4mA - - 0.4 \
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AC Characteristics (Recommended Operating Conditions unless otherwise noted)

Test Conditions

e AC measurements assume tt = 1 ns.

¢ Reference level for measuring timing of input signals is 1.4 V. Transition times are measured between ViH and VL.

¢ If tTis longer than 1 ns, reference level for measuring timing of input signals is Viiming and ViLmax.).

¢ An access time is measured at 1.4 V.

CLK
CKE
Command
Address  (Input)
DQM

Data (Input)

Data (Output)

50

]

tcke tcke

tcH

toL tcH

toL

f\\

tcks tekH
ts tH
Valid
tos | toH tos | toH
Valid Valid
tace
toH2 tHz
Hi-Z
1 Valid Vaid )  fp======-=-
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AC characteristics

Parameter Symbol -A70 -A75 -A10 -A15 Unit | Note
MIN. | MAX. | MIN. | MAX. | MIN. [ MAX. [ MIN. | MAX.

Clock cycle time tox 7 - 7.5 - 10 - 15 - ns
Access time from CLK tac - 5.4 - 5.4 - 6 - 12 ns 1
CLK high level width ton 25 - 25 - 3 - 3 - ns

CLK low level width toL 25 - 25 - 3 - 3 - ns
Data-out hold time toH 2.7 - 2.7 - 3 - 3 - ns 1
Data-out low-impedance time tz 0 - 0 - 0 - 0 - ns
Data-out high-impedance time thz 25 5.5 25 5.5 3 6 3 6 ns
Data-in setup time tos 1.5 - 1.5 - 2 - 2 - ns
Data-in hold time toH 0.8 - 0.8 - 1 - 1 - ns
Address, Command, DQM setup time ts 1.5 - 1.5 - 2 - 2 - ns
Address, Command, DQM hold time tH 0.8 - 0.8 - 1 - 1 - ns

CKE setup time toks 1.5 - 1.5 - 2 - 2 - ns

CKE hold time toxH 0.8 - 0.8 - 1 - 1 - ns

CKE setup time (Power down exit) toksp 1.5 - 1.5 - 2 - 2 - ns
Transition time tr 0.8 30 0.8 30 1 30 1 30 ns
Refresh time (4,096 refresh cycle) trEF - 64 - 64 - 64 - 64 ms

Mode register set cycle time trsc 2 - 2 - 2 - 2 - CLK

* Note1 Output load.

Z=50Q

Output
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* AC characteristics (Background to Background operation)

Parameter Symbol -A70 -A75 -A10 -A15 Unit [Note
miN. [max | min. [max | min. [ max | min. | max:
SAME BANK OPERATION

ACT to ACT/REF Command period tre 70 - 67.5 - 80 - 90 - ns
REF to REF/ ACT Command period tReF 70 - 67.5 - 90 - 90 - ns
ACT to PRE Command period tras 49 |120,000| 52.5 |[120,000, 60 [120,000 60 [120,000[ ns
PRE to ACT / REF Command period trp 20 - 20 - 20 - 30 - ns

ACT to PFC/PFCA/PPF/PPFA tarp 15 - 15 - 20 - 30 - ns
Command delay time

ACT to PFR Command delay time taprD 20 - 20 - 20 - TBD - ns |Note3
(Prefetch Read Operation)

PFC to PRE Command delay time trpPL 21 - 225 - 30 - 30 - ns

PFCA / PFR to ACT/REF Command delay time trPaL 42 - 45 - 50 - 60 - ns

PPF to PRE Command delay time trrp 42 - 45 - 60 - 75 - ns

PPFA to ACT/REF Command delay time trPa 63 - 67.5 - 80 - 90 - ns
RST/RSTA to ACT(R) "' Command delay time | trap 7 28 | 75 | 30 10 40 10 60 | ns |Note2

SAME,OTHER BANK OPERATION

ACT(R) "' to PFC/PFCA/PFR/PPF/PPFA treD 35 - 37.5 - 40 - 45 - ns
Command delay time

PFC to PFC / PFCA Command delay time trrD 21 - 225 - 30 - 30 - ns

PPF to PPF / PPFA Command delay time trpPD 42 - 45 - 60 - 75 - ns

OTHER BANK OPERATION

ACT to ACT/ACT(R) or ACT(R) to Act trRD 14 - 15 - 20 - 30 - ns
Command delay time

ACT(R) to ACT(R) Command delay time tRRDR 28 - 30 - 40 - 45 - ns

PFC /PFCA to RST /RSTA Command delay time | terp 21 - 225 - 30 - 30 - ns

PPF /PPFA to RST /RSTA Command delay time | teerp 42 - 45 - 60 - 75 - ns

Notes 1 ACT(R) command is ACT command after RST command.
2 The another background operation and same channel foreground operation are illegal while trap period.

3 When Read latency of SCLR (Set Channel Latency Register) is set up 1, this operation can not used.
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AC characteristics (Foreground to Foreground operation)
Parameter Symbol -A70 -A75 -A10 -A15 Unit | Note

MIN. | MAX. | MIN. | MAX. | MIN. [ MAX. | MIN. | MAX.

READ/WRITE to READ/WRITE tcop 7 - 7.5 - 10 - 15 - ns

Command delay time

AC characteristics (Background to Foreground operation)
(after same channel Prefetch/Restore)
Parameter Symbol -A70 -A75 -A10 -A15 Unit | Note

MIN. | MAX. | MIN. | MAX. | MIN. [ MAX. | MIN. | MAX.

PFC/PFCA/PPF/PPFA to READ/WRITE trcp 14 - 15 - 20 - 30 - ns

Command delay time

PPF/PPFA to READ/WRITE trrcD 35 - 375 - 50 - 75 - ns
Command delay time

(2nd prefetch channel read write)

ACT(R) to READ/WRITE trep 28 - 30 - 40 - 45 - ns | Notel

Command delay time

Note1 ACT(R) command is ACT command after RST command.
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Power on Sequence and Auto Refresh

0 1 2 3 4 5 6 7 8 16 17 25 26
T AVAVAVAVAVAVAVAVAVS JX/“J VAvA
Command : SCLR’ : : { REF REF ACT
: téP : tRiSC ' téso : thSC tRCFE treF
E Read \Iatenc iurs\lwengt : urstl\eng\ I
Address . \Wrap typ: . : Row 1
o e
- oo |
: It is necessary to input SCCR command 16 times
(16 channels) :
to set burst length for channel.
: : Y : ) 5
DQM : : e : { :
Hi-Z . . . . . .
DQ === mim == mim mim mim mim e e e e m o --:----()8+- -+-----()8-:-- ---
1st 2nd
SCCR SCCR

54
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/CS Function (Only /CS signal needs to be issued at minimum rate)

( Read latency = 2, Burst length = 2)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

» SV VVVVVL

Ut et sty

/RAS : : A

/CAS

/\
<>\_

DOM L

SN S R A R R S B I e oo U B e R
DQ --:-'-;—-:----:----:----:----:----:----:----:---<Q1-o*01-1}-:----:-- D1-0X D11 }=======-

Command ACT PFC WRIT

A5,A8,A7

A2,A3 A4

Column __
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Clock Suspension during Burst Read (using CKE Function)

( Read latency = 2, Burst length = 4 )
0 1 2 4 5 6 7 8 9 10 11 12 13 14 15 16

« DN
o i

e

o« T L

taPD . trco

commana  (nor)  (pre) | ()

Channel

Address (Row 0)

Segment .

. 1 .

. . . without :
' ' ' Auto '
. . . \Prechargeff .

A10

DOM L

prrrr

s~ -

1 clock 2 clocks 3 clocks
suspend suspend suspend
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Clock Suspension during Burst Write (using CKE Function)

( Burst length = 4 )
0 1 2 4 5 6 7 8 9 10 11 12 13 14 15 16

« DN

o« T L/ L L

taPD . trco

commana  (nor)  (pro) | (wen)

Channel

Address (Row 0)

Segment .

. 1 .

. . . without :
' ' ' Auto '
. . . \Prechargeff .

A10

DOM L

B

~—

1 clock 2 clocks 3 clocks
suspend suspend suspend
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Power Down Mode

( Read latency = 2, Burst length = 2 )
6 7 8 9 10 11 12 13 14 15 16

SRAVAVVAVARATAVAVAVAVATAVRVAVAVATAY
_

{foksp . . . . . . . . . . R

T

CKE 1 \ . : ] \ : : : ]
Command { ACT PFC PRE

Channel : : : : : Channel Channel

Address . . . S N Col. 0
A13 . . . . . . . . .
j . . . . e . . . . .

A10 . . . . . Auto . . . . .
N N N N N Precharge, N N N N N

DOM L

Power down mode Power down mode Power down mode Power down mode
entry exit entry exit

Active standby Precharge standby
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Set Register Operation

0 1 2 3 4 5 6 7 8
TS AWAVAVWAWAWAWAWAWAS
: tRiSC tRiSC : : :
Command SCLR SCCR SCLR
Channel
Read lat A Channel, Read Ilt A
. e
DQM L
' Hi-Z
DQ =---- L TS VPR U P SRR SR T SN N S SN AR S U -
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Read Operation

( Burst length = 4)

0 1 2 3 4
CLK / \ ] ' ' \_/_\
Command
DQM
DQ X Q2 X Q3
Write Operation

0 1 > 3 ( Burst length = 4)

Write latency = 0

DQM Lol

bQ ----%---( ; Do . X ; D1 X Dzi X Dsi )— -------
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DQM Operation in READ

( Burst length = 4)

/T

DOM

Read mask Iaténcy =2

o ( Q % Q oo Q )12

DQM Operation in WRITE

( Burst length = 4)

T\ T\

Write mask latency = 0

DQ  ----- — Mask X I D1 X Mask X I D3 X—--'
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Read to Read Operation

( Read latency = 2, Burst length = 4)

0 1 2 3 4 5 6 7 8
Command READ READ
: tccp .
DQM DL
"Hi-Z : ' ' ' ' ' ' '
DQ ---:-------:----( Q1-0 Q1-1 Q1-2 Q1-3 Q3-0 Q3-1 Q3-2 XQ3-3

( Burst length =4 )
0

1
Command : WRIT : : : WRIT

6 7 8

VaVavat

tceo

Channel 3

nlok$

Channel E Channel 1

Address Col.0

DQM DL

oa HZ( m Y qu Y m Y m N D X D%.1 X D X m )
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Read to Write Operation

( Burst length = 8)
7 8

VaUal

tccp

Channel {Channel 1 Channel 3

0loR$

0
Command { READ WRIT

Address Col. 0 Col. 0

~ l

o]
[9]
:
1
1
1
1
L}
1
1
1
1
1
1
AN
1)
Q
Q
N
:
1
1
1

/
/

( D3-0 D3-1 D3-2 AD3-3

( Burst length = 8)
7 8

VUl

%
%m

AvaVaVe

Command : WRIT

tccp

4
Channel Channel 1 Channel 3

Address Col. 0

0
=X
o

DQM DL

MDD O €D B N e e T
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Prefetch to Read Operation without Auto Precharge (Same Channel Read)

( Read latency = 2, Burst length = 4)

0 ! 2 3 4 5 6 7 8
tAEPD tpé:o
Command ACT PFC PRE ACT
AS ‘tl%iP
Channel Channel 1

tre

Segment Col. 0 Row 1
A13 { BankA BankA BankA
Al : o -

0 ; ; Preshinge ; ; ; L

Address Row O

)

DM L
T OEE EEEEEE EEREFEEPECERS SEEERE () (R €D

Prefetch to Read Operation without Auto Precharge (Other Channel Read)

( Read latency = 2, Burst length = 4)

N AVAVAVAVAVAVAVATAT
COmmand (p%c Xreo) (pF}E X RE;AD)

Channel (Channel 1)<Channel 4) Channel 5

Address { Row 0 (Segment)( Col. 0 )
oo (o) | |
. without
' ' ' Precharge ' '

DQM DL

Do---%'j'iz----}-----{------@-------i------~f----< Q40 X Q41 Q42 X @57
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Prefetch to Write Operation without Auto Precharge (Same Channel Write)

( Burst length = 4)

0 ! 2 3 4 5 6 7 8
tAEPD tpé:o : : :
Command ACT PFC PRE ACT
| AS | ‘tF:iP
Channel Channel 1

tRc

Segment Col.0 Row 1

A13 ( BankA BankA BankA
; : e : : E - f :

A10 ; ; pochage ; ; ; L

paM L

DQ ---wé'jilz----é------aé------é----( D1i-o X D‘Ii-1 X D‘Ii-2 X D‘Ii-S )—--é-------

Address Row 0

)

Prefetch to Write Operation without Auto Precharge (Other Channel Write)

( Burst length = 4)

0 1 2 3 4 5 6 7 8

: ' ' : —a : 5 '
Command ( PFC )( WRIT ) ( PRE )( WRIT )
Channel (Channel 1>(Channel 4)

Address { Row 0 (Segment)( Col. 0 )
we (Baia) S 5

. , , without , , :

A10 : : : preshorge : : -'-

DQM L

DQ ---%t"iz----}-----~§------~§----( cht-o X DA;-1 X ch1-2 X D?j:-? X D:%-S )@
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Read to Prefetch to Read Operation without Auto Precharge (Same Channel Prefetch)

( Read latency = 2, Burst length = 8 )

0 1 2 3 4 5 6 7 8
E ' 1 tapp E tepL E : 1
Command { READ : ACT : PFC : (READ X PRE )
tP(I::D
weo T | \
E . ! . without . .
A10 ; ; ; ; P o ; ;
DaM m : : :
'Hi-Z : ' ) ) ) : : '
DQ ---7------7---( Q1-0 X Q-1 X Qi-2 X Q1-3 )'".’“"“:“' Q1-7 XQi-8
. . . : . : Prefetch :
Termination
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Read to Prefetch to Write Operation without Auto Precharge (Same Channel Prefetch)

CLK

Command

Channel

Address

A13

A10

DOM

READ

Channel 1

ooRS

Col. 0

3

tarp

%m

%A

( Read latency = 2, Burst length = 8 )

6 7

ACT

Row O

BankA

o
T
O

Channel 1

Segment

BankA

00 0

without
uto
Precharge

( WF}.T Y pF}E )

Channel 1

8

ot

/)
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Write to Prefetch to Write Operation without Auto Precharge (Same Channel Prefetch)

( Burst length = 8)
0

3
Command 5 WRIT 5

8

VAt
(@wxp%)

Channel 1

Channel Channel 1

Address Col. 0 Row 0

I08S
ll

A13 BankA

A10

/T\

MASK \éPrefetch Tcgarmin?tion

m-"?%(ﬁ@XD%)(ﬁeXD%)(T4}"?~(T4XD#>@E
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Write to Prefetch to Read Operation without Auto Precharge (Same Channel Prefetch)

( Read latency = 2, Burst length = 8 )
0 6 7 8

EAYAYAYAYAYAYAAY)S

5
: : : : L tep :

Command : WRIT i ACT : PFC 5 ( READ X PRE )
f f f f f ) teep : f

Channel 1

Channel Channel 1 Channel 1

Address Col. 0 Row 0

I08S
03

| |
A3 | | BankA § ; ;
5 5 5 : s\ 5

Precharge

o N
\ Prefetch Termination:

pa ---.gﬂi:z.( D1:-o X qu X D1:-2 X D1i-3 ) D S e @
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Restore to Read Operation without Auto Precharge (Same Channel Read)

( Read latency = 2, Burst length =4)
0 1 2 3 4 6 7 8

5
: ' : theo : 5 : : :
( READ )( PRE )
. trap ) tras
Channel Channel 1
Address <Segment>( Row O )

Command< RéT )(AC{'(R))

A13 < BankA )( BankA)
without .
AT0 { oo : : : : :
DM L
Wz | | | 5 5 ' '
DQ === %==mn-- REEEEE L EEE LT et ;----< Q10 X at-1 Xai-2

Remark ACT(R) command is ACT command after RST command.
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Restore to Read Operation without Auto Precharge (Other Channel Read)

( Read latency = 2, Burst length = 4)

0 1 2 3 4 5 6 7 8
Command < RéT )(AC';' (R)) PFIEE
: tRAD tRAS

Channel { Channel 1 Channel 7

Address (Segment)( Row 0 ) Col.0

at3 ( Banka X BankA } :
A o : : ' ' : -
O PreAcwaDre . L
DaM L
‘Hi-zi : : : ' ' ' '
DQ "".'""".’"“"‘."""‘.'"'"':""< a7o X Q7-1 Q72 Q73 }--

Remark ACT(R) command is ACT command after RST command.
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Restore to Write Operation without Auto Precharge (Same Channel Write)

( Burst length = 4 )
0 1 2 3 4 6 7 8

5
( WRIT )( PRE )
. trap ¢ tras
Channel Channel 1
Address <Segment)( Row 0 )

at3 ( Banka X BankA } BankA

Command ( RéT )(AC'}(R))

without
A10 Auto
Precharge
paM L
Hi-Zi : : : ' ' ' '
DQ ---7-'-----r------j------y------:----( D1-0 D1-1 D1-2 D1-3 )--

Remark ACT(R) command is ACT command after RST command.
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Restore to Write Operation without Auto Precharge (Other Channel Write)

( Burst length =4 )

0 1 2 3 4 5 6 7 8
Command < RST )(ACT(R)) WRIT PRE
: tRAD . tRAs :

Address <Segment)( Row O ) Col. 0
A13 ( BankA )( BankA)
without '
AT0  pdaioge : : : : :

DQM DL

DQ ----étﬁiz----é -------- ---( D:%—O X D?j:-1 X Dej,-z X D?;-S )---é-------é------

Remark ACT(R) command is ACT command after RST command.
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Read to Restore to Read Operation without Auto Precharge (Same Channel Restore)

( Read latency = 2, Burst length =4)

o NN
Command READ ( R:ST )(AC';'(R)) : : (REiAD )( PI%%E )

. traD . tRrAs
A

Channel { Channel 1 Channel 1 Channel 1

DOy

i)

ISEI - {(Banka X BankA ) | : : :
wo o f
! ! Precharge !

Hi-Z : : Restore Terminatior
DQ ---~j------j~---( Q1-0 )( Qi-1 )---5-------&------&------f------f---<o1-4

Address Col. 0

Remark ACT(R) command is ACT command after RST command.
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Read to Restore to Write Operation without Auto Precharge (Same Channel Restore)

( Read latency = 2, Burst length = 8 )

0 ! 2 3 4 5 6 7 8

: : tRé::D
Command ( RST XACT(R)) : ( WRIT )( PRE )

| : tFiiAD tras

Channel { Channel 1 Channel 1 Channel 1

Address { Col. 0 (Segment)( Row 0 )
A13 ( BankA )( BankA)
Al 5 5 wioun ! 5 5 5 5 -

0 : : Prechge : : : : : L
DQM 5 : ﬁ

DQ i 01:-0 X 01:-1

X

Restore Termination

N

D‘E-S )( D‘E-G )(D1-7

Remark ACT(R) command is ACT command after RST command.
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Write to Restore to Write Operation without Auto Precharge (Same Channel Restore)

( Burst length = 8)

Channel {Channel 1 Channel 1 Channel 1

o NN
Command ( RIST )(AC'E'(R)) ( WI;:EIT )( PI%%E )
= ’

Address { Col. 0 (Segmentz( Row 0 )
A3 - (Banka X Banka ) !
Al 5 5 Wi : 5 5 5 5

0 . . Preé:ltj:re . . . . .

DQOM

\E

MASK * Restore Termination

DQ( D1j-o X D‘§-1 X D1:-2 )—H-i?«;- ------ ------ ?------ér---( D‘§-1 X D1j-2 )@3

Remark ACT(R) command is ACT command after RST command.
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Write to Restore to Read Operation without Auto Precharge (Same Channel Restore)

( Read latency = 2, Burst length = 8 )

Channel {Channel 1 Channel 1

0 1 2 3 4 5 6 7 8

: ' ' : ' treo ' : :
Command ( RéT )(AC'}(R)) ( REIAD )( PI;EE )

trap ! tras

(Segmentz( Row 0 )

Address Col. 0

A13 ; ; ( BankA X BankA) ; : 5 E
E I wxhuut ' I I I I
A10 : : P : : : : : -'-
DQM
MASK ' Restore Términation

Remark ACT(R) command is ACT command after RST command.
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Prefetch to Prefetch Operation without Auto Precharge

3

tarD

Yava% %

tpPD

10

0 1
: tRfRD
Command ACT
Channel

Address Row 0

A13 BankA

A10

DOM

ACT

Row 1

BankB

PFC

Channel 1

Segment 1

BankB

without
Auto
Precharge

PFC

Channel 8

Segment 2

BankB

without
Auto
Precharge

PFC

Channel 2

Segment 3

BankA

without
Auto
Precharge

78
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NEC

1PD4565421, 4565821, 4565161

Prefetch to Restore Operation without Auto Precharge (Other Bank Restore)

0 1 2 3 4 5 6 7 8
: : tArPD © temp :
2 G
trap
D
(oo Y o)
' without without '
A10 Auto Auto
Precharge Precharge
DQM DL
Hi-ZE : : : .
DQ ininie ki il ot it il ol Bt el ek it el il s et il Attt Al

Remark ACT(R) command is ACT command after RST command.
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Prefetch Operation with Auto Precharge

0 1 2 3 4 5 6 7 8 9
. . 1Ai=’D . . 1P:A|_ . . .
Command : ACT : PFC A : : : 5 5 ACT
: : teo :
o |
o
: . Auto .
Ato
paM L
'Hi-Z
DQ ___________________________________________________________________ -
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NEC 1PD4565421, 4565821, 4565161

Restore to Prefetch Operation without Auto precharge

0 1 2 3 4 5 6 7 8
CLK _/_\\_/_\\_/_\ \_/_\\_
: traD : : tR:As :
Command( RST )(ACT(R)) : ( RST XACT(R)) : PRE : PFC
: : tR:AD tRIPD
: : . tRRoR ' ' ' : f
o @) HEREEE
Address <Segment 1)( Row O ) (Segment 3)( Row 1 )
A13 < BankA )( BankA) ( BankB )( BankB)
without . without . - without
A10 Auto . . Auto . . . Auto
Precharge ' ' Precharge ' ' ' Precharge
DQM DL
' Hi-Z

e IR R e Ll s T R e R e e e

Remark  ACT(R) command is ACT command after RST command.
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Restore Operation with Auto Precharge

0 1 2 3 4 5 6 7 8 9
' trap ' ' ‘tF?C : : :
Command ( RSITA )(ACTI(R)> ( RéT XACT(R)) ACT
- SIS D T I R
tRRDR

Address éegment 1)( Row O ) éegment 3)( Row 1 ) Row O

A13 ( BankA X BankA) 5 ( BankB X BankB) 5 5 5 5 BankA
Ao : : e : : : : : '
A1O : : PreAcwaDre
paM L
'Hi-Z

e A B e T e R L T TR P P

Remark ACT(R) command is ACT command after RST command.
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Read to Prefetch Read with Auto Precharge Operation

CLK

Command

Channel

Address

A13

A10

DQM

..S.O

READ

Channel 1

Col. 8

(Read latency = 2, Burst length = 8)

ACT

ACT

background operation.

Row 0

BankA

Col. 0
Segment

Segment

(Prefetch Read Latency)

5 6 7 8 9 10 11
: : : toaL : :
PFR
tre
llegal to input any other N PRL=4 .

Row 1

BankA

12 13

N

-

READ will be interrupted by PFR.

-

Q1-9 XQ1-10 XQ1-11 )-ﬁ---
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NEC 1PD4565421, 4565821, 4565161

Write to Prefetch Read with Auto Precharge Operation

(Read latency = 2, Burst length = 8)

Q 6 7 8 9 1.0 1.1 1.2
. . trac . . . .
Command { WRIT ACT ACT
I tre
Channel {Channel 1 Channel 1 : .
lllsgal to input any other PRL=4 :

(Prefetch Read Latency)

background operation.

-'.--“.--“. )

mm0es

Address { Col. 8 Col. 0 Row 1
A13 BankA Segment, BankA
A10 Segment
DaM L : : : : : : : :
' .| WRIT will be interrupted by PFR.
' ' 5 5 Hi-Zi 5 : : : '
DQ ( D1-8 X D1-9 X D1-10 )(01-11 )---;-- L hlE --1------:----< Qi-0 X Qi-1 X Qi-2 X Qi-3
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NEC 1PD4565421, 4565821, 4565161

Pair Prefetch Operation

( Read latency = 2, Burst length = 4 )
10 11 12

vava

IF%P

CLK

>
>
E

tarD ' trco

trrp

IS

READ X PRE : ACT

g5

Command { READ ACT READ

>

tpPcD

Channel {Channel 1 Channel 7 Channel 7, Channel 6,

T
1l o
M

IIIeIgaI 1o input channei 6
(2nd prefetch channel)

Address { Col. 8 Segment 1 Col. 0 Col. 0

A3 ; (BankA} ©  {BankA) ; ; : 5 A
E E ' E wli{h?ut E E E E E E
Ao | 5 B O I ; | o

Row 1

paM L

0a --HZ <o Cars Yars Yaro Yars J-denint--r{aro X ars X are X owo Yoo X
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1PD4565421, 4565821, 4565161

Pair Prefetch Operation with Auto Precharge

CLK

Command

Channel

Address

A13

A10

DQM

86

-

READ
Channel 1

Col. 8

ACT

BankA

( Read latency = 2, Burst length = 4 )

10

va

READ

11

va

12

5

ACT

Segment 2

BankA

(2nd prefetch channel)

Col. 0

3 4 5 6 7
tapp trco : :
: : . : trrcD
PPFA READ
trra
Channel 8
lllegal to input channel 9

Channel 9

Col. 0

[ERNEEES

Row 1

BankA

(e X Yera o)
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1PD4565421, 4565821, 4565161

Pair Prefetch to Pair Prefetch Operation

CLK

Command

Channel

Address

A13

A10

DQM

READ
Channel 1

Col. 8

SO

( Read latency = 2, Burst length = 4 )

ACT

BankA

IIIeQaI 1o input channel

(2nd prefetch channel)

Segment 1 Col. 0 Segment 3,

3 4 5 6 7 8 9 10 11 12
IA}D E tpéo E : : : E : :
PPF READ PPF
: : trPPD :
.

BankA BankA
without without
Auto Auto
Precharge Precharge

- -

[

( Q1-8
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Read to Pair Prefetch to Write Operation (Same Channel Prefetch)

( Read latency = 2, Burst length = 8)

0 1 2 3 4 5 6 7 8 9 10 11 12
| Lt |l oteo | | | | Lt |
Command { READ ACT PPF WRIT PRE ACT
: : . : “teee :
X Illegjal to input channel 6 X
. . (2nd prefetch channel) . .
W S
f f : : o f f f f f :
MO el
paM : . \l : :
HIZ ' ' ' : ' ' '
DQ ======i==a == ( Q6-8 X Q6-9 X06—10 )".’"( D7-0 X D7-1 X D7-2 X D7-3 X D7-4 X D7-5 X D7-6 )

Prefetch Termination
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Auto Refresh Operation
4 9 10 11 12

Vavavilliavavavat

0

1
: tre : : - tRerF
Command 5 PALL 5 REF 5 E E E ACT
Address -
W

c NN S I T S S O B IO
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Self Refresh Operation (Entry and Exit)

0 1 2 3 4 5

o VUV

CKE 5 \

6 96 97

av

))

98

VA

99 100 101

VA

))

108 109

E{ (

tl;iP

Command PALL

Address

A10

-H---

L/

tRcF

))

(

o | S ’
Dol E E tC Dol E ( D
e

f

Self refresh entry
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NEC 1PD4565421, 4565821, 4565161

14. Package Drawing

54PIN PLASTIC TSOP (Il) (400mil)

detail of lead end

—E
H
—G | J
X ‘ }
e o o et = e I e
L
ERE -
K
D L
B
NOTE ITEM MILLIMETERS  INCHES
Each lead centerline is located within 0.13 mm (0.005 inch) of A 22.62 MAX. 0.891 MAX.
its true position (T.P.) at maximum material condition. B 0.91 MAX. 0.036 MAX.
c 0.80 (T.P.) 0.031 (T.P.)
+0.08
D 0.32_0_07 0.013+0.003
E 0.10+0.05 0.004+0.002
F 1.20 MAX. 0.048 MAX.
G 1.00 0.039
H 11.76+0.20 0.463+0.008
| 10.16+0.10 0.400+0.004
+0.009
J 0.80+0.20 0'031—0.008
+0.025
K O.‘145_0_0«15 0.006+0.001
+0.004
L 0.50+0.10 0.020_0_005
M 0.13 0.005
N 0.10 0.004
o+7° o+7°
P 3°ri. 3°tL.

$54G5-80-9JF
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15. Recommended Soldering Condition

Please consult with our sales offices for soldering conditions of the yPD4565xxx.
Type of Surface Mount Device

1PD4565421G5 : 54-pin Plastic TSOP (1) (400 mil)

PD4565821G5 : 54-pin Plastic TSOP (1I) (400 mil)
PD4565161G5 : 54-pin Plastic TSOP (1I) (400 mil)
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NEC uPD4565421, 4565821, 456
16. Revision History (1/2)
Edition / Page Description
Date This Previous Type of Location
edition edition revision
10th edition / | Throughout | Throughout | Modification | Clock frequency (-A75)
Feb. ‘99 p.1 p.1 Modification | Tittle
p.3, 4 p.3, 4 Addition Note (D : Double Data Rate)
Deletion Note (128 : 128M bits Standard SDRAM)
p.4 p.4 Deletion X32
Modification | Word and Number of Channel, Number of Banks and interface
p.5 p.5 Deletion uPD4565422
p.6 p.6 Deletion uPD4565822
p.7 p.7 Deletion uPD4565162
p.17 p.17 Addition WT : Wrap Type
p.41 p.41 Addition taprp, tarep (Timing Chart)
p.52 p.52 Addition Note 1, Note 2 (Recommended Operating Conditions)
p.55 p.55 Modification | tcka (Symbol)
tacz (Symbol, -A70 (MAX.), -A75 (MAX.))
torz (Symbol, -A70 (MIN.), -A75 (MIN.))
tos, foH, s, 1H, toks, tokn, toksp, 1T (-A70 (MIN.), -A75 (MIN.))
p.56 p.56 Modification | trc, trer (-A75 (MIN.))
trerp (-A75 (MIN.), -A10 (MIN.))
tarp (Parameter)
taprp (Parameter, -A15 (MIN.), Note)
p.87 p.87 Modification | Timing Chart (Read to Prefetch Read with Auto Precharge Operation)
Timing Chart (Write to Prefetch Read with Auto Precharge Operation)
16. Recommended Soldering Conditions
11th edition / p.1 p.1 Deletion Features : One channel for write buffer (Dummy Channel)
Jun. ‘99 p.2 p.2 Note (A75L, A10L, A15L)
p.15 p.15 A13, Channel number 16
p.17 p.17 Deletion PDF , WRD , WRDA
p.18 p.18 Modification | Power down exit
- p.23 Deletion Prefetch to dummy without auto precharge (PFD)
- p.30 Dummy channel write without auto restore (WRD)
- p.31 Dummy channel write with auto restore (WRDA)
p.34 p.37 Modification | Set Channel Control Register (SCCR)
p.37 p.40 Simplified State Diagram
- p.43 Deletion Dummy Channel
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(2/2)
Edition / Page Description
Date This Previous Type of Location
edition edition revision
11th edition / p.44 p.48 Modification | Set Channel Control Register (SCCR)
Feb. ‘99 p.49 p.53 lccs  (-AxxL)
p.51 p.55 Note1
p.52 p.56 Deletion trePp, foAL
Modification | tarp, trep
p.53 p.57 Modification | tpcp
p.54 p.58 Power on Sequence and Auto Refresh
) 0.89 Deletion Prefetc.h to Dummy and Write to Dummy with Auto Restore
Operation
) % Prefetch to Dummy and Write to Dummy with Auto Restore
P- Operation
) 91 Prefetch to Dummy, Write to Dummy and write to Dummy with Auto
P- Restore Operation
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