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64M-BIT VIRTUAL CHANNEL SDRAM

NEC / MOS INTEGRATED CIRCUIT

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
¢ One Channel for write buffer (Dummy Channel)

¢ 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 (2)

¢ Prefetch Read latency (4)

¢ Auto precharge and without auto precharge

¢ Auto refresh and Self refresh

* x4, x8, x16 organization

¢ Single 3.3V + 0.3 V power supply

¢ Interface: LVTTL

¢ Refresh cycle: 4K cycles / 64 ms

The information in this document is subject to change without notice.
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NEC 64M-BIT VIRTUAL CHANNEL SDRAM

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.)
HPD4565421G5-A70-9JF " 8Mx 4x2 143 2 4 16 channels | 54-pin
1PD4565421G5-A80-9JF 125 and Plastic
1PD4565421G5-A10-9JF 100 LVTTL TSOP(II)
uPD4565821G5-A70-9JF " AMx8x2 143 (400 mil)
1PD4565821G5-A80-9JF 125
1PD4565821G5-A10-9JF 100
1PD4565161G5-A70-9JF ™" M x 16 x 2 143
1PD4565161G5-A80-9JF 125
1PD4565161G5-A10-9JF 100
Note Under development
Low Power Operation] " 2/2
p
Part number Organization Clock Read Prefetch Channel Package
(word X bit x bank) frequency latency read and
MHz latency Interface
(MAX.)
uPD4565421G3-A70L-9JF 8Mx 4x2 143 2 4 16 channels 54-pin
1PD4565421G5-A80L-9JF 125 and Plastic
1PD4565421G5-A10L-9JF 100 LVTTL TSOP(II)
1uPD4565821G5-A70L-9JF AMX 8 X2 143 (400 mil)
1PD4565821G5-A80L-9JF 125
1PD4565821G5-A10L-9JF 100
1PD4565161G5-A70L-9JF 2Mx 16x 2 143
1PD4565161G5-A80L-9JF 125
1PD4565161G5-A10L-9JF 100

Note Under development



NEC 64M-BIT VIRTUAL CHANNEL SDRAM

Part Number

[ x4, x8 ]
uPD45 6

NEGC Memory :|
Synchronous DRAM

| O
N
—h

G5 - A70L

Low Power
Data rate
No letter : Single Data Rate
D : Double Data Rate —— Minimum Cycle Time

70: 7 ns (143MHz)

o 80: 8ns (125MHz)
Memory Density 10 : 10 ns (100MHz)

64 : 64M bits Standard SDRAM
65 . 64M bits VC SDRAM
Note 158 : 128M bits Standard SDRAM

Note Low Voltage
125 : 128M bits VC SDRAM
A:33%03V
Organization
4: x4
8:x8 Package
G5 : TSOP(II)

Number of Banks and Channel

Note { - 2 panks and 8 Channels

2:2banks and 16 Channels
Note 3 - 2 panks and 32 Channels
Note4 : 4 banks and 8 Channels
Note 5 - 4 banks and 16 Channels
Note 6 : 4 banks and 32 Channels

Interface

1:LVTTL
Note . SSTL

Note Reserved



NEC 64M-BIT VIRTUAL CHANNEL SDRAM

[ x16, x32 ]
uPD45 65161G5-A/0L
—fjj I

Data rate

Low Power

No letter : Single Data Rate
D : Double Data Rate

'— Minimum Cycle Time

70: 7 ns (143MHz)
o 80: 8ns (125MHz)
Memory Density 10 : 10 ns (100MHz)

64 :  64M bits Standard SDRAM
65 :  64M bits VC SDRAM
Now 128 : 128M bits Standard SDRAM ——————— Low Voltage
125 : 128M bits VC SDRAM

A:33f03V

Word and Number of Channel

Nete 45 : x16 bits and 8 Channels
Note 16 : x16 bits and 16 Channels Package
7 : x16 bits and 32 Channels
Note 31 : 32 bits and 8 Channels G5 : TSOP(ll)
Note 32 - x32 bits and 16 Channels

Note 33 : x32 bits and 32 Channels

Number of Banks and Interface

1:2Banks and LVTTL
Note 5 : 2 Banks and SSTL
Note 3 4 Banks and LVTTL
Note 4 : 4 Banks and SSTL

Note Reserved



NEC 64M-BIT VIRTUAL CHANNEL SDRAM

Pin Configurations
/xxx indicates active low signal.
[1PD4565421, 4565422]

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

VeceO—— 1 O U 54 —O0Vss
NCoO— 2 53 —ONC
VecQO— 3 52 —O0VssQ
NCO— 4 51 —oONC
DQO O=«—=] 5 50 [«—>0ODQ3
VssQO—— 6 49 ——o0VecQ
NCO—— 7 48 —ONC
NCO— 8 47 ——ONC
VecQO— 9 46 —0VssQ
NCo—— 10 45 —ONC
DQ1 O=—> 11 44 [=—>0DQ2
VssQ O— 12 43 F—0VecQ
NCO—— 13 42 —ONC
Vece O— 14 41 —O0Vss
NCO— 15 40 —ONC
/WE O— 16 39 [«—ODQM
/CAS O—= 17 38 «—OCLK
/RASO—={ 18 37 =—OCKE
/CSO—| 19 36 —ONC
Bank Address(A13) O—=] 20 35 [«—OA11
A120— 21 34 «=—0A9
Auto Precharge(A10) O—= 22 33 =—O0A8
AOO—= 23 32 [«—0A7
A1O—> 24 31 «=—0A6
A20— 25 30 =—OA5
A3O— 26 29 [«——0 A4
Vee O0—— 27 28 F—0OVss
A0 - A13 : Address inputs DOM : DQ mask enable
A0 - A12 . Row address inputs CKE . Clock enable
AO - A7 : Column address inputs CLK . System clock input
DQO - DQ3 : Data inputs/outputs vee . 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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64M-BIT VIRTUAL CHANNEL SDRAM

* [1PD4565821, 4565822]
54-pin Plastic TSOP (Il) (400mil)
4M words x 8 bits x 2 banks
Vee O—— 1 O u 54 —OVss
DQO O=—] 2 53 [«—0ODQ7
VeeQO— 3 52 —O VssQ
NCO—] 4 51 —ONC
DQ1 O=—>| 5 50 [«—>ODQ6
VssQO—— 6 49 —oO0 VeeQ
NCO— 7 48 ——ONC
DQ2 O<—>] 8 47 [«—0ODQ5
VeeQO— 9 46 —O0 VssQ
NCo—— 10 45 —ONC
DQ3 O=—>] 11 44 J[«—>=0ODQ4
VssQO— 12 43 —O0VceeQ
NCO—— 13 42 ——ONC
Vece O— 14 41 —O0Vss
NCO—— 15 40 —ONC
/WE O—| 16 39 [«—ODQM
/CAS O— 17 38 [«—OCLK
/RAS O—>1 18 37 =—OCKE
/CSO—= 19 36 —ONC
Bank Address(A13) O——] 20 35 [=—OAMN
A120—— 21 34 «=—OA9
Auto Precharge(A10) O——] 22 33 [«—0OA8
AQO—= 23 32 «—OA7
A1O— 24 31 «—0A6
A20—>] 25 30 «—OA5
A3O0— 26 29 [«—OA4
Vee O—— 27 28 —OVss
AO - A13 : Address inputs DQM
A0 - A12 . Row address inputs CKE
AO - A6 : Column address inputs CLK
DQO - DQ7 :  Data inputs/outputs Vece
/CS . Chip select Vss
/RAS :  Row address strobe VeeQ
/CAS : Column address strobe VssQ
/WE : Write enable NC

DQ mask enable
Clock enable

System clock input
Supply voltage
Ground

Supply voltage for DQ
Ground for DQ

No connection

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



NEC 64M-BIT VIRTUAL CHANNEL SDRAM

[1PD4565161, 4565162]
54-pin Plastic TSOP (ll) (400mil)
2M words x 16 bits x 2 banks

VecO—1 1 O v 54 |—O Vss
DQO O=<—+] 2 53 [«—0 DQ15
VeecQO— 3 52 —0VssQ
DQ1 O<— 4 51 [«——0 DQ14
DQ2 O«—] 5 50 [«—0O DQ13
VesQO— 6 49 |—O0VeeQ
DQ3 O« 7 48 [«—>0DQ12
DQ4 O<«— 8 47 [0 DQ1M
VeeQO— 9 46 —OVssQ
DQ5 O=<—> 10 45 [=—>0DQ10
DQ6 C<«—>1 11 44 [=—>0DQ9
VesQO— 12 43 —0VeeQ
DQ7 O=—> 13 42 [«—>0DQ8
VecO— 14 41 —O0Vss
LDQM O—= 15 40 —ONC
/WEO—= 16 39 [«—OUuUDQM
ICAS O—= 17 38 [«—OCLK
/RAS O—=1 18 37 =—OCKE
/CSO—= 19 36 —ONC
Bank Address(A13) O—> 20 35 [«—OA11
A12 00— 21 34 [=—OA9
Auto Precharge(A10) O—>] 22 33 [«—0A8
AOO—= 23 32 [«—OA7
A1O—] 24 31 [«=—O0A6
A20— 25 30 «—O0A5
A3O—> 26 29 [«—OA4
Vece O—— 27 28 —OVss
AO - A13 : Address inputs ubam : 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 Vce : Supply voltage
/RAS :  Row address strobe Vss : Ground
ICAS : 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



NEC 64M-BIT VIRTUAL CHANNEL SDRAM

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 DRAM 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.

6. Fully associative, independent channel Row Buffer that can also be used as SRAM.
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Block Diagram

Address o—»

Address Buffer

and

Refresh counter

| Channel Control

Segment Decoder

Bank B

Bank A

Memory Cell Array

Sense Amp.

A 4

Row Decoder

Address o—] =]
A 4
Mode
register
/CS o0—=
g
/RAS o0——=] g L
Q [o2}
[0 (=]
o -
o 5 [
& £
/CAS o0—= £ <]
£ (@]
Q
[&]
/WE o—
CKE o—
Clock Generator
CLK o—=]

A 4

Channel Selector

Channel

Data Control Circuit

Input and Output Buffer

Column Decoder

<4—9—C DQM




NEC 64M-BIT VIRTUAL CHANNEL SDRAM

Conceptual Schematic 1

Background Foreground
Prefetch Operation Read Operation
Restore Operation Write Operation
TN TN
Prefetch Operation Read Operation
(from Segment of memory core 16 Channels ( from channel ) < » DQ
to channel) -
1
= _—
Bank B 5 |
& = 1
|| 1
Bank A sl1o = I
1 ] 1
I = L .
1
@ | | qé L 5 ,
= 1
H B One segment : 1/4 Row — & i
£ | S One segment means = = '
Al = one data transfer size Ll % !
L | & at the background | | o |
«H® operations. ] e !
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H B ] |
qg; L - !
i Write O
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NEC 64M-BIT VIRTUAL CHANNEL SDRAM

Conceptual Schematic 2

Prefetch Operation

The data is fetched from a segment to any channel buffer.
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The data is transferred from a channel buffer to any segment.
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Data size of segment and channel

\

Memory cell

Column Selector

Column Selector

Column Selector

12

1 Row |

16 Channels

4 K (4096) bits |

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

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

|1 K (1024) bnsl | | |

1 2 3 4 5 16
x 4 bits organization q
One channel density 256 bits

1024 (1K) bits 1024 (1K) bits / 4

I
I T
Input and Output Buffer

A

0 1 2 3

x 8 bits organization ﬂ
HEEREE

One channel density 128 bits
1024 (1K) bits 1024 (1K) bits / 8

L1111
R EEEE

Input and Output Buffer

R

0 1 2 3 4 6

x 16 bits organization

One channel density
1024 (1K) bits

LLLLLELL ] ]
LT

Input and Output Buffer
01

T

2345867 89101112131415

N

64 bits
1024 (1K) bits / 16




NEC 64M-BIT VIRTUAL CHANNEL SDRAM

1. Input/Output Pin Function

(1/2
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 1/O buffers.

uUbDQM 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
VecQ (Power supply) | veeQ and VssQ are power supply pins for the output buffers.
VssQ

13



NEC 64M-BIT VIRTUAL CHANNEL SDRAM

/2

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.

Channel Address(A8, A9, A11, A12, A13)
A8, A9, A11, A12, A13 are the channel select signals.
In prefetch, restore, read and write operations, channel is determined by A8, A9, A11, A12.

In set register operation, channel is determined by A9, A10, A11, A12 and A13.

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 AQ, 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

14



NEC 64M-BIT VIRTUAL CHANNEL SDRAM

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—"

e

/RAS L 4
/CAS Command
/WE X X
Address

15
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2.2 Command Truth Table

Function Symbol /CS /RAS /CAS /WE A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 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 PPFE L H H L BA Cha.Cha. L Cha.Cha. L H X X X x__Seg. Seg.

Prefetch to dummy

without auto precharge PFD L H H L BA x X X X X L L H X X x__Seg. Seg.
Prefetch with auto precharge PECA 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. | 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.

Dummy channel write

without auto restore WRD

L H L L H X X X X L Col. Col. Col. Col. Col. Col. Col. Col.

Dummy channel write

with auto restore WRDA L H L L H X X X X H 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

16
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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 X X X X X

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

17



NEC 64M-BIT VIRTUAL CHANNEL SDRAM

3. Commands

Device deselect (DESL)
/CS /RAS /CAS /WE Ai13 Al2 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 Al 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.

ok [ 1 11

CKE “x

/CS XXX

/RAS

/CAS

/WE
AO to A13 XK

18
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No operation (NOP)

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

AOto A13

19
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Prefetch without auto precharge (PFC)

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

Llow 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. trrb (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. terL (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 35
/CAS
/WE
A13 25D X2 Bank select
A12
A1

] Channel address

A10

A9 5D &
_ Channel address
A8 X9

TN
2ECN

A7

A5
450255

A8
A5
A2 to A4
Al

I _ Segment address
AQ 5D

20
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Pair prefetch without auto precharge (PPF)

/CS /RAS /CAS /WE A13 Al12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 At A0
Llow 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
IRAS ;
/CAS
/WE
A13 Bank select
A12 25 J
Channel address
A10
A9 XD ] Channel address
A8 59
A7
A6
A2 to Ab

Al

_ | Segment address
AD P
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Prefetch to dummy without auto precharge (PFD)

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

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

Remark BA: Bank 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 dummy channel buffer. The Segment and Bank fields specify the source segment and

bank. When this command is input, foreground operation must not be executed.

CLK
CKE
/CS
/RAS
/CAS
/WE
A13 Bank select
A8 to A12 ZEEEEIIIEIEI
A7
A6
A5
A2 to A4 ZZBETEBRZL
Al D

A0

] Segment address
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Prefetch with auto precharge (PFCA)

/CS /RAS /CAS /WE A13 Al12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 At A0
Llow 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
IWE 322N
Al13 3559 Bank select
A2 D
Channel address
A1
A10 X%
A9
_ Channel address
A8 X559
A7

A6

A5
R R TRS
A210 Ad  EEEIREEEEIEL

998070 %0%0%a%4%%8%%a%%%%Y

Al

——m Segment address
A0 35859

23
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Pair prefetch with auto precharge (PPFA)

/CS /RAS /CAS /WE A13 Al12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 At A0
Llow 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
IRAS ;
/CAS
/WE
A13 Bank select
A12 25 J
Channel address
A10
A9 XD ] Channel address
A8 59
A7
A6
A2 to Ab

Al

_ | Segment address
AD P
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Restore without auto precharge (RST)

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

CLK
CKE
/CS
/RAS
/CAS
/WE

A13 XX Valid X2 Bank select

A12
— Channel address

A1 X G2
A10

A9 &
_ t Channel address

A8

A7

A2 to A6

Al

] Segment address
A0 XX Valid KK
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Restore with auto precharge (RSTA)

/CS /RAS /CAS /WE A13 Al12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 At A0
Llow 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.

CLK
CKE
/CS
/RAS
/CAS
IWE 3882
A13 225D Bank select
A12 ]
_ t Channel address
A10
S = ) Channel address
A8 35559
A7

TTTTTTTTTXT IR
A210 AB SIS

Al

J Segment address

n 2T
A0 ; Fisioens
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Channel read (READ)

/CS /RAS /CAS /WE A13 Al12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 At 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.

R,
S

A12 3559
Channel address
Al
A10
A9 X9
Channel address
A8 X
A0 1o A7 & Column address

27
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Channel write (WRIT)

/CS /RAS /CAS /WE A13 Al12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 At 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.

CLK
CKE
/CS
/RAS

ICAS 25N
WE

A13

A12 D
_ 1 Channel address
Al

A10
A9 )

Channel address
A8 559

ADto A7 55 Column address
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Dummy channel write without auto restore (WRD)

/CS /RAS /CAS /WE A13 Al12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 At A0
Low High Low Low High x X X X Low Col. Col. Col. Col. Col. Col. Col. Col.

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

Dummy Channel Write writes data from the data bus (DQ) into a dummy channel buffer. 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.

A8 specify the optional restore operation.

In case of A8: low, without auto restore operation occurs.

In case of A8: high, with auto restore operation occurs after data fetch operation. (Please refer to WRDA

command.)

ck 1T 11
CKE “wH
/CS
/RAS

/CAS

KXW
SEEN

/WE
A13

A9to A12
A8

AOto A7 Column address
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Dummy channel write with auto restore (WRDA)

/CS /RAS /CAS /WE A13 Al12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 At A0
Low High Low Low High x X X x High Col. Col. Col. Col. Col. Col. Col. Col.

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

Dummy channel write with auto restore writes data from the data bus (DQ) into a dummy channel buffer. In addition,
this command transfers data from a dummy channel buffer to a segment of a row which has been activated by ACT
command before this WRDA command. Moreover, precharge operation is performed automatically which closes the
active row after data restore operation. 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. (Please refer to WRD command.)

A8 specify the optional restore operation.

In case of A8: low, without auto restore operation occurs. (Please refer to WRD command.)

In case of A8: high, with auto restore operation occurs after data fetch operation.

CLK
CKE
/CS
/RAS
/CAS
/WE

A13

A9to A12
A8

AOto A7 Column address
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Bank activate (ACT)

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

Llow 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.

ck [ 1 1
CKE “H
/CS
/RAS 258
/CAS
/WE

Bank select

A13 59

A0 to A12 X9 C25X5 Row address
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Prefetch read with auto precharge (PFR)

/CS /RAS /CAS /WE A13 Al12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 At 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

A13 X589

Segment address

A12 X8
Channel address

2

N XX
A10 25 KL ~ Segment address

A9 559

- Av Channel address
A8 XD

A0 to A7 3K Valid X% Column address
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Precharge selected bank (PRE)

/CS /RAS /CAS /WE A13 A12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 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, tre (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
/cs
/RAS
ICAS 222
/WE D L5588

A3 T2 (5% Bank select

A11,A12
A10

A6 to A9
A5

AOto A4 XK
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Precharge all banks (PALL)

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

Llow 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
ICAS

IWE 2222\
Al1to A13
A10

A6 to A9 ZEEREEREREEE
A5

R IR ICITRITIR LT
A0 10 Ad  SEEECREaaRRiiass
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Set Channel Latency Register (SCLR)

/CS /RAS /CAS /WE A13 Al12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 At 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.

ok [ LT L
CKE —H
/CS

e eV
/RAS L5

SN
RGN

/CAS

SN
RGN

/WE

foCRRAL

AB to A13 SN 7 A2

A5
Ad 335X Valid X355 Prefetch Read Latency
A3
A2 Read Latency

PSSR
Al 20

A0 Wrap Type
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Set Channel Control Register (SCCR)

/CS /RAS /CAS /WE A13 Al12 A1l A10 A9 A8 A7 A6 A5 A4 A3 A2 At A0
low Low Low Low Cha. 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. However, another burst length can be set for the dummy channel.
This command is executed during Initialization.

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

To set the burst length in dummy channel address, A13: high, the other channel address: do not care.

ck [ 1
CKE “wn
/CS
/RAS
/CAS
WE BB\ L
A13
A12

arerer —\ T
A1l 29 X pChannel address

A10
A9 KD &R
A7 A8
A5, AB
A3,A4

ST T
2525250 (SR XR
A2 XX Valid Kok

Al R Valid X8 > Burst length

22N (30X X
A0 X Valid KK
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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 H H

/CS \ /

/RAS §

TR TRRIRTITITTN
QRRERIRRIELLKIKEES
RN

R
QRS
RN

/CAS

099099 999 v o
%0,0.0,0.0.0.0.9.0.0.9.0.9,
KRBT

/WE
AO to A13
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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.

RN
SRRIREKKNKKKLK:
RN

I

SRR

/WE
AO to A13
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4. Simplified State Diagram

Power
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Register
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Register

Channel
Write
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Dummy Channel
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’
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with
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el [\
wrh
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TCKE:high

IDLE
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Self
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Refresh

Active
Power
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Rer

Channel

N
b

Al

Restore
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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.

Prefetch Operation 16 Channels Read Operation -— > DQ
— ] 1
Bank B 5 | |
§ .
Bank A El | & = |
& = 1
? - 1
ol |s L o '
L] E | o 1
=| ] 3 5 !
é » Prefetch Read Operation a '
2Ll ¢ »| 2 :
%] S r 8 1
5 5 |
HEC L = .
El | H [ ] 5 |
HIE ] £ :
i g) 1 1
N ] |
£ 1
% 1
w =
Row Decoder T ) > DQ
( Burst length =4 )
0 1 2 3 4 5 6 7 8
Command { ACT : PFC : READ . Do
. . . . ; :Read latency = 2
i ; i i i i i " i H i i
Hi-ZE : - : -
DQ ---4-==--- EEEEEE R e Ary ;—------;----( Qo Qi @ Xas
Command { ACT 5 PFR , E : :
Hi-Z Prefetch read latency = 4 \‘\ '
DQ ====-c=ammnmdaan '------*-------------;----( Qo Qt Q2 Xos3
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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
] 1
Bank B 5 | |
g: ] 1
Bank A H B = |
g = L \
S| |5 [ ] . !
BN ] gl
{H ¢ = S
ol | & - 3 !
N E| L] e '
H E || = |
S H [ 3 |
8| |3 ] £ :
e g’ 1 1
=l |3 L_| '
g — -t '
g '
= ] Write Operati
) L | rite Operation
Row Decoder Restore Operation (to channel ) ba
(from Channel to Segment)
( Burst length =2)
0 1 2 3 4 5 6 7 8
5 r 5 5 A S 5 5
Command { WRIT ( RST )(ACT(R)> : ( READ )( PRE )
. traD tras
; ] e

e

™
W
o)
=
-]

N

Address { Col. 0 (Segment)( Row 0 ) Col. 1

A13 ( BankA )( BankA) BankA
: : without . : : : with

A10 . . Auto . . . . Auto ‘ L ,
' ' Precharge ' ' ' ' Precharge

DQOM

ST () T WIS R 0 S O O O

N

Remark ACT(R) command is ACT command after RST command.
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7. Dummy Channel

This device has actually seventeen channels. The 17th channel is dummy channel for direct write operation to the

array. The operations for dummy channel are as follows.

Prefetching to Dummy channel
Writing to Dummy channel

Writing to Dummy channel with Auto Restore

Dummy channel write with auto restore writes data from the data bus (DQ) into a Dummy channel buffer, and

transfers the data from a dummy channel buffer to a segment of a row which has been activated by ACT command

before this WRDA command. It is impossible to read from Dummy channel. In addition, it needs prefetch operation

to the Dummy channel before write to the Dummy operation.

To execute the background operation, it is necessary to complete the write operation to the dummy channel.

Moreover, the write operation to the dummy channel is completed by WRDA command.

16 Channels < » DQ
- 1 !
Bank B 5 L '
— g’ 1 :
Bank A N B -~ L |
& 2 I~ ' ol 1
2l | = ' 1
ol |s Prefetch — = I
— 5, to dummy channel L £ :
H B 2 :
S ] 5
21 ¢ L 2 :
@ S =} |
L] 2 8 1
— D 1
B A & :
E — \ =]
2l | = \ a '
%3] % v = :
- g) \\ 1
‘g & Y Dummy '
E S~e channel 1
2 TTmee—-- —f----—--- - !
(93]
Write
Row Decoder to dummy channel I:l B —— < > DQ
with auto restore
Write Operation
(to dummy channel )
( Burst length =2)
0 1 2 3 4 5 6 7 8
Command ACT - PFD j}==-=-=--1 WRD jp----- + WRDA "":"""""""
K : . : ; g Auto restore
Activate . Prefetch to dummy ; Write to dummy Write to dummy _— start
' ' : ' ' with auto restore '
pQ ~==4t i mcbaciodecciacioc b0 X b1 X DAo X DAt Fe-i--o---
: : : : Burst end

or
Interruption
For the operations using dummy channel,

it needs PFD command(prefetch to dummy) after ACT command.
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8. 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
Y

4Segments|0|1||2|3|

16 Channels [2]3|[4]5]|[6][7]|[8]o|[t0]11][12]13]

pair pair pair pair pair pair pair pair
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Pair prefetch command

/RAS, /[CAS, /WE

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

A8, A9, A11,A12 X

Channel address =———m| Even | Odd | Even | Odd

casel| lllegal | lllegal | case?

Case1. 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

4Segments|0|1||2|3|

1st prefetch  2nd prefetch

weonanets | O [ 1 |[2 3 |[4]s5|[e]7][8]9][t0]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

4Segments|0|1||2l3|

2nd prefetc 1st prefetch

eonamnes | 0 [ 1 ][ 2 ]38 |[4a]5][6]7][8]9][10]11][12]13][14

pair pair pair pair pair pair pair pair
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9. Set Register Operation

JEDEC standard test set (Refresh counter test)

A13 A12 A11 A0 A9 A8 A7 AB A5 A4 A3 A2 A1 A0
| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 I 0 | . B | Don f care ﬁ
Use in future

A13 A12 A11 A0 A9 A8 A7 A A5 A4 A3 A2 Al A0
/ %
L [ [ 1 [ ftfoel [ | [ [ |
Vender specification

A13 A12 A11 A0 A9 A8 A7 AB A5 A4 A3 A2 A1 A0
/
| Don { care Loa a1 Valid data input
Mode register set

A13 A12 A11 A0 A9 A8 A7 A A5 A4 A3 A2 Al A0
i
| Valid data input | 0 | 0 | | | 1 | Valid data input

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

ck LT 11
CKE “H
cs T N_JVS
/RAS N £E882
I/CAS

/WE L3358

A0 D
A1
A2
A3
A4

A5

fCRAKL

TII
ododetedex LoeSetetet

LN

AB

A7
A8
A9
A10
Al
A12

oS XRH
7 28%%0%%°

A13

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

Wrgp type
A0 Wrap type
0 Sequential
1 Interleave

Read latency
|

A3 | A2 A1 Read latency
0 0 0 Reserved
0 0 1 Reserved
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
0 Reserved
1 4

46



NEC 64M-BIT VIRTUAL CHANNEL SDRAM

11. Set Channel Control Register (SCCR)

CLK | I I I |

CKE "R
/CS

/RAS

ICAS XN L5
/WE LK

ST TS
X XXX 26%%6%%
A0 XX ‘!Eﬁ:"&&&&
T =\ LT
0.0, - X250505
A1 XX Valid YRXKR

K RXK% . 2e%%%
A2 A Valid XK

A3
Ad
A5 &S R

SRR

0000207
o06% %%,
AB K R

A7

(XXX
249,000,
AR

XXX XN
0.0.0.0,
AB BN

no BRI
Ao BT
PRI D 5%
A2 XV R

A13

A13 A12 A11 A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 A0

‘ 1 ‘ 1 ‘Donfcare‘ Burst length ﬁ

Burst length
L

| Channel address ‘ 0 ‘ 0

Channel number

L

Channel number | A13 | A12 A10 | A9 Seqguential Interleave A2 | A1l A0
0 0 0 0 0 0 1 1 0 0 0
1 0 0 0 0 1 2 2 0 0 1
2 0 0 0 1 0 4 4 0 1 0
3 0 0 0 1 1 8 8 0 1 1
4 0 0 1 0 0 16 16 1 0 0
5 0 0 1 0 1 Reserved Reserved 1 0 1
6 0 0 1 1 0 Reserved Reserved 1 1 0
7 0 0 1 1 1 Reserved Reserved 1 1 1
8 0 1 0 0 0
9 0 1 0 0 1
10 0 1 0 1 0
11 0 1 0 1 1
12 0 1 1 0 0
13 0 1 1 0 1
14 0 1 1 1 0
15 0 1 1 1 1
16 (Dummy) 1 Don { care

47



NEC

64M-BIT VIRTUAL CHANNEL SDRAM

12. 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

01 1.2.3.0 1.0.83.2

10 2,3, 0.1 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 0.1.2.3.45.6.7 0.1.2.3.4.5.6.7

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 3.4,56.7.0.1.2 3.2,1.0.7.6.5. 4

100 4,56.7.0.1.2.3 4,.56.7.0.1.2. 3

101 5,6,7.0.1.2.3.4 5.4,7.6.1.0.3.2

110 6.7.0.1.2.3.45 6.7.4.5.2.3.0.1

111 7.0.1.2.3.4.5.6 7.6.5.43.21.0
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[Burst of Sixteen]

Starting Address

Addressing Sequence

Addressing Sequence

(column address A3-A0) Sequential Interleave
(binary) (decimal) (decimal)
0000 0.1.2.3.456.7.89.10.11,.12,13,14.15 0.1.2.3.456.7.89.10.11,.12,13,14.15
0001 1.2.345.6.7.89.10.11.12.13.14.15.0 1.0.325476.9.8.11.10.13.12,.15.14
0010 2.345.6.789.10.11,.12.13,14,15.0.1 2.3,0.1.6.7.4,5.10,11.8.9.14.15,12.13
0011 3.456.7.8910.11.12,13.14.15.01.2 3.21.0.7.654.11.10.9.8.15.14.13.12
0100 45.6.7.89.10.11,12,.13.14,15.0.1.2.3 45.6.7.0.1.23,12.13,14.15.8.9.10.11
0101 5,6.7.89.10.11.12.13.14.15.0.1.2.3.4 54.76.1.032.13.12.15.14.9.8.11.10
0110 6.7.8.9.10.11,12,13,14,15.0.1.2.3.4.5 6.7,45.230.1,14.15.12,13.10,11.8.9
0111 7.89.10.11.12.13.14.15.0.1.2.3.4.5.6 7.654321.0.1514.13.12.11.10.9.8
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 13.12,15.149.8.11.10.5.4.7.6.1.0.3.2
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
1114 150.1.23456.7.89.10.11.12.13.14 15.14.13.12,11.10.9.8.7.6.5.4.3.2.1.0
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13. 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 trp 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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14. Electrical Specifications
¢ All voltages are referenced to Vss (GND).
¢ 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) -0.5t0 +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 Vce, VeeQ 3.0 3.3 3.6 \'
High level input voltage ViH 20 Vec + 0.3 \
Low level input voltage Vi 03 0.8 \
Operating ambient temperature Ta 0 70 °C

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
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DC Characteristics 1 (Recommended Operating Conditions unless otherwise noted)

Parameter Symbol Test condition Grade Maximum. Unit | Notes
x4 x8 x16
Operating current lcctP | tre 2 trominy -A70 | 90 90 90 mA 1
( Prefetch mode at one Prefetch is executed one time during tre. -A80 | 85 85 85
bank active ) -A10 | 80 80 80
Operating current lcctR | tre > troming -A70 | 90 920 90 mA 1
( Restore mode at one -A80 | 85 85 85
bank active ) -A10 | 80 80 80
Precharge standby current | |cceP | CKE < Viumax), fck=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 ViHming, tck=15ns 25 25 25 mA
in non power down mode /CSZVIHMIN,),
Input signals are changed one time during 30 ns.
lccaNS | CKE 2 ViHMIN,, tok = oo 8 8 8
Input signhals are stable.
Active standby current in lccsP | CKE < Vigmax), tck=15ns 5 5 5 mA
power down mode lccsPS | CKE < Viymax), tock = oo 4 4 4
Active standby current in lccaN | CKE 2 ViHiny, teck =15 ns 25 25 25 mA
non power down mode /CS 2 VIHMIN)
Input signals are changed one time during 30 ns.
lccaNS | CKE2ViHMIN, tok=00 10 10 10
Input signals are stable.
Operating current loca | tok=>tokming, -A70 | 60 70 100 | mA 2
(Burst mode) lo=0mA, -A80 | 55 60 90
Background: precharge standby -A10 | 45 50 75
Auto refresh current lcos | trc 2 tRomiNg -A70 1 145 | 145 | 145 | mA 3
-A80 | 135 | 135 | 135
-A10 | 115 | 115 | 115
Self refresh current lcce |CKE<0.2V -A70 1 1 1 mA
-A80
-A10
-A70L| TBD | TBD | TBD
-A80L
-A10L

Notes 1.

only one time during tckMmin,).

. lcca depends on output loading and cycle rates. Specified values are obtained with the output open.

lcc1 depends on cycle rates. In addition to this, lcc1 is measured on condition that addresses are changed

In

addition to this, Iccs is measured on condition that addresses are changed only one time during tekMin,).

3.

lccs 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 -50 - +5.0 | HA
Output leakage current loy Dour is disabled, Vo=01t03.6 V —-50 - +5.0 UA
High level output voltage Vou |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

¢ AC measurements assume tt = 1 ns.

¢ Reference level for measuring timing of input signals is 1.4 V. Transition times are measured between Vi1 and VL.

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

e An access time is measured at 1.4 V.

tcke tcke
tcH toL teL
tcks tcKH
CKE ;[ \\
ts tH
Command
Address  (Input) Valid
DQM
tos | toH tos | toH
Data (Input) Valid Valid
tace tace
toHz tHz
. ) Hi-Z
Data (Output) Valid vVaid = ) @ Fe=====-
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AC characteristics

Parameter Symbol -70 -80 -10 Unit | Note
MIN. [ MAX. | MIN. | MAX. | MIN. | MAX.

Clock cycle time foke 7 - 8 - 10 - ns
Access time from CLK tacz - 55 - 6 - 6 ns 1
CLK high level width toH 2.5 - 3 - 3 - ns

CLK low level width toL 25 - 3 - 3 - ns
Data-out hold time toHz 25 - 3 - 3 - ns 1
Data-out low-impedance time tz 0 - 0 - 0 - ns
Data-out high-impedance time thz 2.5 55 3 6 3 6 ns
Data-in setup time tos 2 - 2 - 2 - ns
Data-in hold time toH 1 - 1 - 1 - ns
Address, Command, DQM setup time ts 2 - 2 - 2 - ns
Address, Command, DQM hold time tH 1 - 1 - 1 - ns

CKE setup time toxs 2 - 2 - 2 - ns

CKE hold time tokH 1 - 1 - 1 - ns

CKE setup time (Power down exit) toxsp 2 - 2 - 2 - ns
Transition time tr 1 30 1 30 1 30 ns
Refresh time tRer - 64 - 64 - 64 ms
Mode register set cycle time trsc 2 - 2 - 2 - CLK

Note1 Output load.

1.4V

50Q

Z=50Q

Qutput
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AC characteristics (Background to Background operation)

Parameter Symbol -70 -80 -10 Unit | Note

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

SAME BANK OPERATION
ACT to ACT/REF Command period tre 70 - 80 - 80 - ns
REF to REF/ ACT Command period RCF 70 - 80 - 90 - ns
ACT to ACT/ REF Command period trcPD 119 - 136 - 160 - ns

(Prefetch to dummy and

write to dummy channel with auto restore)

ACT to PRE Command period tras 49 120,000 56 120,000 60 120,000| ns
PRE to ACT / REF Command period trp 20 - 20 - 20 - ns
ACT to PFC/PFCA/PFR/PFD/PPF/PPFA tarp 20 - 20 - 20 - ns
Command delay time
PFC to PRE Command delay time trrL 21 - 24 - 30 - ns
PFCA / PFR to ACT/REF Command delay time traL 42 - 48 - 50 - ns
PPF to PRE Command delay time trrp 42 - 48 - 60 - ns
PPFA to ACT/REF Command delay time trra 63 - 72 - 80 - ns
RST/RSTA to ACT(R) "' Command delay time | trap 7 28 8 32 10 40 ns |Note2
Data in to ACT/REF Command period 1AL 77 - 88 - 110 - ns

(Write to dummy channel with auto restore)

SAME,OTHER BANK OPERATION

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

PFC to PFC / PFCA Command delay time trrD 21 - 24 - 30 - ns
PPF to PPF / PPFA Command delay time trPPD 42 - 48 - 60 - ns

OTHER BANK OPERATION

ACT to ACT/ACT(R) or ACT(R) to Act Command | trrp 14 - 16 - 20 - ns
delay time

ACT(R) to ACT(R) Command delay time {RRDR 28 - 32 - 40 - ns
PFC /PFCA to RST /RSTA Command delay time | terp 21 - 24 - 30 - ns
PPF /PPFA to RST /RSTA Command delay time | trerp 42 - 48 - 60 - 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 trao period.
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AC characteristics (Foreground to Foreground operation)

Parameter Symbol -70 -80 -10 Unit | Note
MIN. [ MAX. | MIN. | MAX. | MIN. | MAX.
READ/WRITE to READ/WRITE teep 7 - 8 - 10 - ns
Command delay time
AC characteristics (Background to Foreground operation)
(after same channel Prefetch/Restore)
Parameter Symbol -70 -80 -10 Unit | Note
MIN. [ MAX. | MIN. | MAX. | MIN. | MAX.
PFC/PFCA/PPF/PPFA to READ/WRITE trcp 14 - 16 - 20 - ns
and PFD to WRD/WRDA
Command delay time
PPF/PPFA to READ/WRITE Command delay time trPcD 35 - 40 - 50 - ns
(2nd prefetch channel read write)
ACT(R) to READ/WRITE Command delay time trep 28 - 32 - 40 - ns | Notel

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

Command (PAILL) (SCILR) i(SCCR) (sccra)i (RIIEF) RIIEF

P~

>

g
e (B S

C

=

‘tF:iP 1RiSC 1éSC 1R§o 1RCFE ‘tRCFE

Address cwad[‘):ypz) .
mo(w) b
woe (L)(L)(L)
o g L)
(L) 0 e

Itis necessary to ianﬂ SCCR command 17 times
(16 channels and 1 dummy channel)
. to set burst length for channel.

1st 2nd
SCCR SCCR
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/CS Function (Only /CS signal needs to be issued at minimum rate)

0 1 2

oLk _/'\_/'\_/'\

3 4

5

VAVAVA

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

NNANAAAR A

H

—

CKE

/CS

/RAS

/CAS

/WE

A13 Bank

A8,A9 A1 A12

A10 Row

A

< Bank >

<I Channel I>

A5,A6,A7 Row

\

7

A2,A3 A4

AO0,A1 Row

DaMm

@

~

\

. Channel . <

<Channel :
NNMNWMW'MMNON'HNNWMNWW
S

Column __

gt T
e
7

DQ

-

Command ACT

58
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- -

D1-0

WRIT

-

-<Q1—0x Q1-1 }-5--
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Clock Suspension during Burst Read (using CKE Function)

( Read latency = 2, Burst length =4 )
0 1 2

o AN

R R ARy

4 5 6 7 8 9 10 11 12 13 14 15 16

NN AR
,_\ii i

e

&

taPD . trcD

Command (ACT) PFC

TS
——"
s
)
— m |-Y.._.
=
O
S

Channel

Address (Rowo) i (Col.o)

“““““
A10

DaM L

B R B R

— 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 3 4 5 6 7 8 9 10 11 12 13 14 15 16

w SUVVVVVVAANANAANAN

e« T LU

2

taPD . trcD

Command (ACT) PFC

"
e
"
=
.

Channel

Address (Rowo) i (Col.o)

“““““
A10

DaM L

e ECEOCEOE
I I B R B

——— e

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

VAVAVAVAVAVAVAN

{foksp . . . . . . . . . . \ toksp

C

CLK

CKE

5
~

E
~
>
~
>

T
e

Command . . . . PFC . . . . PRE

Channel Channel

Channel

Address {Row 0

Col. 0

A13 A

without

INT 5 5 5 S v

E 8
-
E 3 E

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
VA WAWAWAWAWAWAWAWES
: tRiSC tRiSC : : :
Command : SCLR SCCR : SCLR
Channel
Read lat A Channel, Read lat A
Acckess
.
DQM CL
'Hi-Z
DQ - _I ______________________________________________________ —— -
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Read Operation

( Burst length = 4)
0 1 2 3 4

Command

Read Iétency =2
DQM L

Write Operation

0 1 2 3 (Burstlength =4)

Write latency =0 :

DQM Sl

bQ ----%---( ; Do . X ; D1 X Dzi X DSi >— -------
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DQM Operation in READ

( Burst length = 4)

w mask Iateﬁcy =2

o ( Q TR S Q )12

DaM / \

DQM Operation in WRITE

( Burst length =4 )

an an

Write mask latency = 0

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

( Read latency = 2, Burst length = 4)

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

Write to Write Operation

( Burst length = 4)
0 6 7 8

N avAUAUAUAUAUAUAUAE
Command WI;EIT
: - : :

tccp

Channel 3

Channel Channel 1

Address Col. 0

DQM DL

DQ-ﬁwqog)(QqXD;)(QGXD;)(§4XD;)(QG)
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Read to Write Operation

( Burst length = 8)
7 8

VWl

tcco

Channel {Channel 1 Channel 3

nlok$

0
Command { READ WRIT

Address Col. 0 Col. 0

r '

o
[9]
'
1
'z
N
T
1
1
1
1
1
1
AN
S
Q
Q
N
'
1
1
1
A

’
It

D3-0 D3-1 D3-2 D3-3

( Burst length = 8)
7 8

VUl

s
%m

o NN

tcep

4
Channel Channel 1
— .

DQM DL

Command : WRIT : : READ

DQ ---;-H-i'g( D10 X D1 X D12 )___5____5&2_5____( le-0 le-1 le-2 Q3-3
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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
: tapp ' trcp X : : : :
Command ACT PFC PRE ACT
AS ‘tl%iP
Channel Channel 1

Segment Col.0 Row 1

A13 { BankA BankA BankA
Z without

A10 : : Proshorge : : :

Address Row O

T
.I .I .I )

ble VR
HiZE : 5 : 5 ' ' '
DQ -4 ot s de e bentee b b aro X at1 X at2 Xats

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

( Read latency = 2, Burst length = 4)
1 2 3 4 5 6 7 8

VaVavaVaVaVavaval

tp

COmmand (p;Fc X RE;AD) (pF}E X RE;AD)

CLK

o
=2

Channel Channel 1

N
N
N

Channel 4) Channel 5

Address (Segment)( Col. 0 )
N — e

: E E o E E - :
A10 ; ; ; PreadS ; ; L

DQM DL

'Hi-Z : f 5 : : ' ' '
R e ELnGRCIEELEEE EEECEE) BEPEEEY (Ve (YRl P 2/
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Prefetch to Write Operation without Auto Precharge (Same Channel Write)

( Burst length = 4 )

0 1 2 3 4 5 6 7 8
5 tapp 5 troo : 5 5 5 5
: tras : : tF;P
S e
| N
N |

' ' without ' ' '
A10 . . ‘Auto - - - L
' ' Precharge ' ' '

DQM L

DQ ---vé':"i----é------aé-------é----( D‘;-O X D‘;-1 X D1i-2 X D‘;-S )—--ué-------

N

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

( Burst length = 4)

0 1 2 3 4 5 6 7 8
: : ' tPPL : : :

Command { ACT : : ( PFC X WRIT : ( PRE X WRIT)

Channel : (Channel 1)(Channel 4)

Address { Row 0 (Segment)( Col. 0 )
w3 (Baka) S e

. without :

A10 : : : precharge : : -'-

DQM DL

DQ ---wé':"iz----é------aé------é----( cht-o X chm X ch1—2 X D:%—? X Dej,-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 : E tapp E tepL E E :
Command { FERD e X e )
tP(I::D
oo | e
! without :
A10 : : : : ProaS o ; :
DQM m : : :
Hi-Zi ' ' ' ' : : )
DQ "'T""".’"'( Q1-0 )( Q-1 )( Q1-2 )( Q1-3 )---:—-""-;"' Q1-7 XQ1-8
. . . : : : Prefetch :
Termination
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Read to Prefetch to Write Operation without Auto Precharge (Same Channel Prefetch)

CLK

Command

Channel

Address

A13

A10

DM

70

READ

Channel 1

ooRY

Col. 0

3

tarp

( Read latency = 2, Burst length = 8 )

6

7

8

va

\

ACT

Row 0

BankA

T

F

(@]

( W%.T )

Channel 1

Segment

BankA

005

without
Auto
Precharge

Channel 1

=

/J

\Prefétch Tgrminétion

{ D1:-3 )( m:-4 )

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

0

CLK _/_\

Command
Channel

Address
A13

A10

DM

WRIT

Channel 1

105

Col. 0

( Burst length = 8)

va

8

Row 0

BankA

( WF}.T )

without
Auto
Precharge

' Hi-Z
DQ ---+--H

Channel 1

=

\

e

D

@

@

\ Prefe

tch Términgtion

( T X D1:-2 )
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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

o NN
Command WRIT ( RE;AD )( PI%%E )

; trco

Channel 1

Channel 1

| |
A3 | ; BankA § ; ;
5 5 5 ; s 5

Channel Channel 1

185

Address Col. 0 Row 0

Precharge

oo _ L i f[\ -
I : \ Prefetch T:erminationé

pa ---,;ﬂtz.( m X qu X m X m X o ) ...... ...... @
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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
TV AVWAWAWAWAWAWAWAWAWN
A : thop : 5 5 : :
( READ )( PRE )
Lt L tmas
Channel Channel 1
Address <Segment>( Row 0 )

Command < RIST XAC';'(R))

A13 ( BankA )( BankA)
wxhuut . ' ' ' '
A10 Precwaure
DQM DL
Hi-Zi f : : f : ' '
DQ ----:-I ----- et it e s Al o e At il ;----( Q1-0 Q1-1 Q1-2

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)) PRE
: tRAD tRAS :

Channel { Channel 1 Channel 7

Address <Segment)( Row 0 ) Col. 0

a3 ( Banka X BankA } ;
without . : : : :
A10 PreAcwaDre .
DM i L
Hi-Zi : : 5 ' ' ' '
DQ -==458 - b deaenbecdeieaiC a7 X art X are X ars )--

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 5 6 7 8

. . trRoD . . . .

( WRIT )( PRE )

. trap tRAS
Channel Channel 1
Address <Segment>( Row 0 )

at3 ( Banka X Banka } BankA

Command( RéT )(AC"&'(R))

without
A10 Auto
Precharge
DaM L
Hi-ZE : : : ' ' ' '
DQ ===#==iemekmentoodanala- R EET ;----< 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 < RéT XACT (R)) PRE
: tR!AD tRAS :

Channel { Channel 1 Channel 3

Address <Segment>( Row O ) Col. 0
A13 ( BankA )( BankA)
without ' I I I I
A10 { Ao

DQM L

DQ ---%'jiiz----ér-----né---( D:%—O X D:%—1 X Dej,-z X D:%—S )--- ------ wé------

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)
1 2 3 4 5 6 7 8

: taco E E
: : (READ X PRE )

; N s s | s
Channel { Channel 1 : : : : : Channel 1

== e I

A13 ( BankA X BankA)

. ]
' ! Precharge

DM L m 5

EHi-Z : ~' Restore Terminatior
DQ ---':r------f---'( Q1-0 )( Qi1 )---E ------ -f------f---'---E------f---<Q1-4

CLK

Command { READ 5 ( RST XACT(R))

ooRY
g

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)

CLK

Command READ

Channel { Channel 1

ooRY

Address Col. 0

A13

A10

DQOM

2 3

( Read latency = 2, Burst length = 8 )

4 5

trReD

6

7

( RIST XAC';'(R))
\ |

tRAD

trAs

8

( WF}.T )

Channel 1

(Segrinent>< I‘:ioilv 0 )
( BankA X BalnkA>

without
Auto
Precharge

Channel 1

=)

\

' Hi-Z

3

Restore Termination

DQ

e X ar-1

Remark ACT(R) command is ACT command after RST command.
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NEC 64M-BIT VIRTUAL CHANNEL SDRAM

Write to Restore to Write Operation without Auto Precharge (Same Channel Restore)

( Burst length = 8)

Channel { Channel 1

0 1 2 3 4 5 6 7 8

r ' R A H 5 5
Command ( RIST XACT(R)) ( WRIT )( PRE )

tRiAD tras

Channel 1 Channel 1

Address { Col.0 (Segment?( Row 0 )
INEI - (Banka X Banka}
Al : : o : : : : :
o N /| | | | L)

DQOM

\E

MASK - Restore Termination :

DQ( D1j-o X D‘Ij-1 X D‘I:-2 )—H-i'gé- ------ E-------E ------ ---( D‘Ij-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

: : : : X treo X X :
Command ( RéT )(AC‘i’(R)) I (REIAD X PI;EE )

trAD : tras

Address { Col. 0 (Segment}( Row 0 )

A13 : : ( BankA X BankA) ; 5 : E
E . wxhuut . . - - '
A10 : : P e : : : : : -'-
DQM
MASK . Restore Términ ation

DQ< o1-0 X D1 X D1-2 )—H-i'-zi- ------ -t -f------ér------é ------ ;---@

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

0 1 2 3 4 5 6 7 8 9 10
SV AVWAWAVWAWAWAWAWAWAWAWAS
: tRfRD tA}"D trpPD trp :
Command { ACT : ACT : PFC : : PFC : : PFC
e
. . . . without . . without . . without
A10 . . . . Auto . . Auto . . Auto
' : ' ' Precharge : : Precharge : : Precharge
oM L
Hi-Zl
DQ =======i= == s S it mlti - -—-—————=- - - L m—————— - - -_———l= = -
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Prefetch to Restore Operation without Auto Precharge (Other Bank Restore)

0

CLK _/_\

Command
Channel

Address
A13

A10

%A

2

tapp

7

Yava

ACT

Row O

BankA

PFC

Channel 1

Segment 1

BankA

without

D

( RIST )(AC'}(R))
tra

-—

(Segment 1)( Row 0 )
( BankB )( BankB)

without
Auto
Precharge

DaM L

o ---iHZ

[ ——

R -

R -

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
: E tapo E E E E
— R
oowa e
wo |
: : Auto .
Ato .
. traL
DQM DL
' Hi-Z
DQ _____ I_ _____________________________________________________________ -
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Restore to Prefetch Operation without Auto precharge

0 1 2 3 4 5 6 7 8
' tmo : : 1R;S : : : : :
Command < RST )(ACT (R)) ( RST XACT (R)) PRE PFC
: : tR:AD tRIPD
: : . terom ' : : : :
s G REREEE
Address (Segment 1)( Row 0 ) (Segment 3)( Row 1 )
A13 < BankA )( BankA) ( BankB )( BankB)
without . ' without ' ' - ' without
A10 Auto . . Auto . . . Auto
Precharge ' ' Precharge ' ' ' Precharge
DOM DL
Hi-Zi , : . :
DQ----!------l---'---:------'F------u---'---|------F------:------'F------

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:iC X X :
Command < RSITA )(ACTI (R)) ( RIST XACT (R)) ACT
tRRDR

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

A13 ( BankA X BankA) 5 ( BankB X BankB) 5 5 5 5
AUtO wiﬂ;uut I : . . . .
A1O - - PreAclfLDre
paM L
"Hi-Z

e T e e L e S e e B e E Lt ETE P

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

CLK

Command

Channel

Address

A13

A10

DQM

86

READ

Channel 1

EoES

Col. 8

5

(Read latency = 2, Burst length = 8)

3 4 5 6 7 8 9 10 11 12 13
tapp : : : teaL! : . . . . .
ACT PFR ACT
I tHCE
lllegal to input any other PRL=4

(Prefetch Read Latency)

background operation.

Row 0 Col. 0 Row 1

BankA Segment BankA

Segment

-

READ will be interrupted by PFR.

( Q1-8 X Q1-9 XQ1-10 XQ1-11 )-qj---

-
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Write to Prefetch Read with Auto Precharge Operation

CLK

Command

Channel

Address

A13

A10

DOM

DQ

S.O

WRIT

Channel 1

Col. 8

“'.““-.““-. o

(Read latency = 2, Burst length = 8)

background operation.

BankA

Col. 0
Segment

Segment,

h Read Latency)

2 3 4 5 6 7 8 9 10
: tapD : . : traL: . . :
ACT PFR ACT
trc
: ' Channel 1 : .
lllegal to input any othe (Prlefetc PRL=4 .

Row 1

BankA

11 12

Ya¥s

N

D1-8

-
-~
S
o

D1-9

g
-

D1-10

-

D1-11 )

WRIT will be inter

-

ruptéd by
Hi-Z

- -}

PFR.

- -
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Prefetch to Dummy and Write to Dummy with Auto Restore Operation

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

« NNV VNN VYUY

tAiPD EtP'oD
Command (ACT) : (PFD) : (WRDA) : (WRIT) : : : {READ} : : : oo {acT

e
»

S

‘troPD

pocress o) | ) | Go) Qo) i oo
A13 (Bar:kA) (Bar:kA) ( H ) ( L ) SRR

A10
No background operation can be executed.

Channel (Dummy)

--[]-N L
%
2

No foreground operation can be executed.

paM L

. toaL

Hi-Z

DQ ——:—— E o e

g

DD-1 XDD—Z)

1
™

M r?
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Prefetch to Dummy and Write to Dummy with Auto Restore Operation

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

= NANANNNNNNNNLT

tapp | trcp

Command (ACT) : (PFD) : (WRDA) : (WRIT) : : : ‘READ : : : : o lacT

EtRCl:-’DE : ol : : :

o &)
s o)) ) @) ) o)
mefed G () O

A10
No balckgr.ound operation can be executed.

s
»

Channel (Dummy)

No foregréund opération can be executed.

DOM L

B TV,
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Prefetch to Dummy, Write to Dummy and Write to Dummy with Auto Restore Operation

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

e« NNV

taPD : trcp

Command (ACT) : (PFD) : (WRD) © {wroa)

. itecep | : : : : L : :
Channel : : : : oy : | | | o

s
~

ACT

Address éow 0)

 [segment
: 1
A13 (Bank& (BankA)

&
.. s T~
g

A10

=]
-1 T T = |-- B

No baékgr'oun'd operétion can be executed.

No foregrdund opération éan be éxecuted.

DOM L

0Q - k-b-r b onba-(o0o} -t {001} - (oo oo for for - - 2= 4 {ceof et Y ez Y azs) -
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Pair Prefetch Operation

CLK

Command

Channel

Address

A13

A10

DOM

i

READ
Channel 1

Col. 8

tapD

ACT

BankA

Illeéal 1o input channel
prefetch channel)

(2nd

( Read latency = 2, Burst length = 4 )

10

va

11

IF;P

12

=

5 6 7 9

tPé:D : :

' ' trrp '
READ READ

: trPcD .

Channel 7,

T
3| o
M

Segment 1

BankA

without
Auto
Precharge

Channel 7,

Col. 0

Channel 6

Col. 0

ACT

Row 1

BankA

S

( Q1-8 X Q1-9 XQ1-10 XQ1-11

'( Q7-0 X Q71 X Q7-2 X Q6-0 X Q6-1
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Pair Prefetch Operation with Auto Precharge

CLK

Command

Channel

Address
A13

A10

DOM

92

READ

Channel 1

Col. 8

ACT

BankA

( Read latency = 2, Burst length = 4 )

12

g

ACT

Segment 2

(2nd prefetch channel)

Col. 0

Col. 0

3 4 5 6 7 9 10 11
tapo tpco . . . .
. ' . ' trrco :
PPFA READ READ
trpa
lllegal to input channel 9

BankA

Row 1

BankA

( CZN-S X CZJ1—9 X oj1-1o§X 021-11 )

(XX
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Pair Prefetch to Pair Prefetch Operation

CLK

Command

Channel

Address

A13

A10

DOM

READ

Channel 1

Col. 8

3

tapD

5

trcD

ACT

BankA

READ

( Read latency = 2, Burst length = 4 )

9

va

10

Channel 7,

T
' “ %

Illegal 1o input channel
(2nd prefetch channel)

Segment 1

BankA

without
Auto
Precharge

Channel 7,

Col. 0

Channel 3

Segment 3,

BankA

without
Auto
Precharge

nY
T

11

Va

12

va

-

- -

( Qi-8 X Q19 Xo1-1o Xo1-11 )-ﬁ---

- -
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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
: tapp treo : : : : trp :
Command { READ ACT PPF WRIT PRE ACT
E E . E "tepe E
: lllegal to input channel :
. : (2nd prefetch channel) : '
oo |
: : . without \i :
Ao | | CLE)
o NN

e
S
o
o g
g
e
o
e
oy

D7-0 (D7—1 ) D7-2 D7-3 (D7—4— ) D7-5 D7-6

Prefetch Termination

e
r

Wz : : —\
DQ"':'I'""j'-'<QG—8XQG—QXQG—10>—-:—--
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Auto Refresh Operation

0

]
CLK _/_\\_/_\ . . .
Command 5 PALL 5 REF : E : : ACT
Address -
i

D N A

4 9 10 11 12
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Self Refresh Operation (Entry and Exit)

0 1 2 3 4 5 6 ( 96 97 98 99 100 101 (T\ 108 109

w N ANAAR, VA

: : : \ : : : : : : : : r : : ()8
CKE 5 S 5 5 5 )) 5 5 5 )

' : : : : : «( : : : : : .
el 5 5 5 5 5 5 5 . thor ))
' ' ' ' ' ' ' ' ' ' ' ((

Command : {PalL) : (REF) : : : : : : : : o {acT

Address; : :
t t

Self refresh entry Self refresh exit
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15. Package Drawing

54PIN PLASTIC TSOP (Il (400mil)

N
+

detail of lead end

3
S

—E
H
— G | J
| |
imininimininininininininininininininininininininininiw; ‘ _________ I
A -Le] i
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 3t 3°ri.

$54G5-80-9JF
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[MEMO]
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NOTES FOR CMOS DEVICES

@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note: Strong electric field, when exposed to a MOS device, can cause destruction
of the gate oxide and ultimately degrade the device operation. Steps must
be taken to stop generation of static electricity as much as possible, and
quickly dissipate it once, when it has occurred. Environmental control must
be adequate. When it is dry, humidifier should be used. It is recommended
to avoid using insulators that easily build static electricity. Semiconductor
devices must be stored and transported in an anti-static container, static
shielding bag or conductive material. All test and measurement tools
including work bench and floor should be grounded. The operator should
be grounded using wrist strap. Semiconductor devices must not be touched
with bare hands. Similar precautions need to be taken for PW boards with
semiconductor devices on it.

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note: No connection for CMOS device inputs can be cause of malfunction. If no
connection is provided to the input pins, it is possible that an internal input
level may be generated due to noise, etc., hence causing malfunction. CMOS
device behave differently than Bipolar or NMOS devices. Input levels of
CMOS devices must be fixed high or low by using a pull-up or pull-down
circuitry. Each unused pin should be connected to Voo or GND with a
resistor, if it is considered to have a possibility of being an output pin. All
handling related to the unused pins must be judged device by device and
related specifications governing the devices.

@ STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note: Power-on does not necessarily define initial status of MOS device. Produc-
tion process of MOS does not define the initial operation status of the
device. Immediately after the power source is turned ON, the devices with
reset function have not yet been initialized. Hence, power-on does not
guarantee out-pin levels, 1/0O settings or contents of registers. Device is not
initialized until the reset signal is received. Reset operation must be
executed imme-diately after power-on for devices having reset function.
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[MEMO]

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corporation. NEC Corporation assumes no responsibility for any errors which may appear in this
document.

NEC Corporation does not assume any liability for infringement of patents, copyrights or other intellectual
property rights of third parties by or arising from use of a device described herein or any other liability arising
from use of such device. No license, either express, implied or otherwise, is granted under any patents,
copyrights or other intellectual property rights of NEC Corporation or others.

While NEC Corporation has been making continuous effort to enhance the reliability of its semiconductor devices,
the possibility of defects cannot be eliminated entirely. To minimize risks of damage or injury to persons or
property arising from a defect in an NEC semiconductor device, customers must incorporate sufficient safety
measures in its design, such as redundancy, fire-containment, and anti-failure features.

NEC devices are classified into the following three quality grades:

"Standard", "Special", and "Specific". The Specific quality grade applies only to devices developed based on
a customer designated "quality assurance program" for a specific application. The recommended applications
of a device depend on its quality grade, as indicated below. Customers must check the quality grade of each
device before using it in a particular application.

Standard: Computers, office equipment, communications equipment, test and measurement equipment,
audio and visual equipment, home electronic appliances, machine tools, personal electronic
equipment and industrial robots

Special: Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support)

Specific: Aircrafts, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems or medical equipment for life support, etc.

The quality grade of NEC devices is "Standard" unless otherwise specified in NEC's Data Sheets or Data Books.
If customers intend to use NEC devices for applications other than those specified for Standard quality grade,
they should contact an NEC sales representative in advance.

Anti-radioactive design is not implemented in this product.
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