PRELIMINARY DATA SHEET

NEC / MOS INTEGRATED CIRCUIT
uPD4811650 for Rev.K

16 M-BIT SYNCHRONOUS GRAM
256K-WORD BY 32-BIT BY 2-B ANK

Description

The pPD4811650 is a synchronous graphics memory (SGRAM) organized as 262,144 words x 32 bits x 2 banks
random access port.

This device can operate up to 125 MHz by using synchronous interface. Also, it has 8-column Block Write
function to improve capability in graphics system.

This product is packaged in 100-pin plastic TQFP (14 x 20 mm).

Features
e 262,144 words x 32 bits x 2 banks memory
« Synchronous interface (Fully synchronous DRAM with all input signals are latched at rising edge of clock)
: Pulsed interface
: Automatic precharge and controlled precharge commands
: Ping-pong operation between the two internal memory banks
: Up to 125 MHz operation frequency
* Possible to assert random column address in every cycle
¢ Dual internal banks controlled by A10 (Bank Address: BA)
« Byte control using DQMO to DQMS signals both in read and write cycle
¢ 8-column Block Write (BW) function
* Persistent write per bit (WPB) function
* Wrap sequence : Sequential / Interleave
* Programmable burst length (1, 2, 4, 8 and full page)
e Programmable /CAS latency (-A70R: 3, -A80, -A10, -A12: 2 and 3)
* Power Down operation and Clock Suspend operation
¢ Auto refresh (CBR refresh) or self refresh capability
e Single 3.3V £ 0.3V power supply
e LVTTL compatible inputs and outputs
¢ 100-pin Plastic TQFP (14 x 20 mm)
e 2,048 refresh cycles/32 ms
e Burst termination by Precharge command
« Burst termination by Burst stop command (in case of full-page burst)

Ordering Information

Part number Cycle time Clock frequency Package
ns (MIN.) MHz (MAX.)
0 UPD4811650GF-A70R-9BT 7 143 100-pin Plastic TQFP (14 x 20 mm)
uPD4811650GF-A80-9BT 8 125
uPD4811650GF-A10-9BT 10 100
uPD4811650GF-A12-9BT 12 83

The information in this document is sub ject to change w ithout not ice.

Document No.  M11811EJ9VODSO00 (9th edition) ~ The mark % shows major revised points.
Date Published  April 1998 NS CP(K) )
Printed in Japan ONEC Corporation 1996
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Part Number

Synchronous GRAM

uPD48 1
NEC CMOS Application Specific Memorj T

Device code
1: Graphics RAM

Capacity
16: 16M bits

Words organization
5: x32

Function

Package
GF: TQFP

Vce
A: 3.3V+03V

Cycle time
70R: 7 ns
80: 8ns
10: 10 ns
12: 12 ns
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Pin Configuration (Marking Side)

100-pin Plastic TQFP (14 x 20 mm)
UPDA4811650GF-Axx-9BT

3
2
1
0

62 —OVssQ

80 =—=0O DQ28
79 —0OVccQ
78 =—=0O DQ27
77 =0 DQ26
76 —OVssQ
75 «—>=0O DQ25
74 =0 DQ24
73 F——0O VcceQ
72 =0 DQ15
71 ~—ODQ14
70 —OVssQ
69 ~—>=0ODQ1
68 =—O D01
67 —O VceQ
66 —O Vss
65 —O Vcc
64 =—ODOQ1
63 =—=ODOQ1
61 =—=O DQ9
60 =—O DQ8
59 —OVceeQ
58 —ONC
57 =—ODQM3
56 «~—O DQM1
55 «—O CLK
54 «~—O CKE
53 «*—ODSF
52 —ONC
51 «—OA9

DQ29 O=—=81 50 «—OA7
VssQ O—182 49 «~—O A6
DQ30 O=——=83 48 «=—OA5
DQ31 O=—=84 47 «=—OA4
Vss O—— 85 46 —OVss
NC O—186 45 —ONC
NC O——87 44 —ONC
NC O——88 43—ONC
NC O——89 42 —ONC
NC O———-90 41 —ONC
NC O—91 40 ——ONC
NC O——92 39 F—ONC
NC O—93 38F——ONC
NC O—194 37F—ONC
NC O——95 36 —ONC
Vee O— 96 35F—OVee
DQO O=—+97 34 [«~—OA3
DQ1 O=<—98 3B—C0OA2
VssQ O— 99 O 32—0A1
DQ2 O=<——= 100 31 ~—OA0

DQ3 O~—1
VecQ O——2
DQ4 O=—=3
DQ5 O~—»4
VssQ O—15
DQ6 O~—|6
DQ7 O~—7
VeeQ O———18
DQ16 O~—{9

DQ17 O~——={ 10

VssQ O—11
DQ18 O=— 12
DQ19 O=—=13
VecQ O— 14

Vece O——15
Vss O—— 16
DQ20 O=<=— 17
DQ21 O=<—>{18
VssQ O—119
DQ22 O=——20
DQ23 O=——+|21
VecQ O——+ 22
DQMO O——{ 23
DQM2 O——{ 24

AO - A10 Address inputs

AO - A9 Row address inputs

A0 - A7 Column address inputs
A10 Bank address

DQO - DQ31 Data inputs/outputs
ICS Chip select

/IRAS Row address strobe
ICAS Column address strobe
IWE : Write enable

DQMO - DQM3 : DQ mask enable

DSF Special function enable
CKE Clock enable

CLK System clock input

Vee Supply voltage

Vss Ground

VecQ Supply voltage for DQ
VssQ Ground for DQ

NC No connection
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IWE O— 25
/ICAS O— 26
IRAS O— 27

/ICS O— 28

A10 O— 29

A8 O— 30
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Block Diagram

Refresh
Counter

A0 —

Row
Al—~ ﬁ Decoder

A2 —

Address
Buffer

256 col. x 32 1/0

-

il

A10—

Row
ﬁ Decoder

>

1

Memory Cell Array || 1,024
Bank A Rows
Sense Amp. 3 VeeQ  VssQ
Column Decoder N L ¢
Random
~— DQO to 31
256 col. x 32 1/0 j> /O Buffer
SZTT DQMO to 3
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Bank 8 Rows Color
Regis_ter
Sense Amp. 2 (32 hits)
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egister
(32 bits)

CLK —
CKE—
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DSF —=

Timing
Generator
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1. Input/Output Pin Function

Pin name Input/Output Function
CLK Input CLK is the master clock input. Other inputs signals 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 asserted and the uPD4811650 suspends operation.

When the yPD4811650 is not in burst mode and CKE is negated, the device enters
power down mode. During power down mode, CKE must remain low.

In Self refresh mode, low level on this pin is also used as part of the input command
to specify Self refresh.

ICS Input /CS low starts the command input cycle. When /CS is high, commands are ignored
but operations continue.

IRAS, ICAS, IWE Input /IRAS, ICAS and /WE have the same symbols on conventional DRAM but different
functions. For details, refer to the command table.

DSF Input DSF is part of the inputs of graphics command of the uPD4811650.
If DSF is inactive (Low level), uPD4811650 operates as same as SDRAM.

AO - A9 Input Row Address is determined by A0 - A9 at the CLK (clock) rising edge in the activate

command cycle.

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

A9 defines the precharge mode. When A9 is high in the precharge command cycle,
both banks are precharged; when A9 is low, only the bank selected by A10 is
precharged.

When A9 is high in read or write command cycle, the precharge starts automatically
after the burst access.

A10 A10 is the bank address signal (BA). In command cycle, A10 low selects bank A
and A10 high selects bank B.
DQMO - DQM3 Input DQM controls /O buffers. DQMO corresponds to the lowest byte (DQO to DQ7),

DQML1 corresponds to DQ8 to DQ15, DQM2 corresponds to DQ16 to DQ23. DQM3
corresponds to DQ24 to DQ31.

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 - DQ31 Input/Output DQ pins have the same function as I/O pins on a conventional DRAM.

These are normally 32-bit data bus and are used for inputting and outputting data.

* Function as the mask data input pins in the special register set command.
Write operations can be performed after Active command with WPB (old mask

data).
« Functions as the column selection data input pin in the block write cycle.

Vee (Power supply) Vce and Vss are power supply pins for internal circuits. VccQ and VssQ are power
Vss supply pins for the output buffers.

VeeQ

VssQ
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2. Commands

Mode register set command Fig.1 Mode register set

command
(/CS, IRAS, ICAS, /IWE, DSF = Low)
ck [ 1
The pPD4811650 has a mode register that defines how the device CKE H
operates. In this command, AO through A10 are the data input pins. After s TN/
power on, the mode register set command must be executed to initialize the IRAS 225N L35

device. SEEEN
The mode register can be set only when both banks are in idle state.
During 2 CLK (trsc) following this command, the pPD4811650 cannot
accept any other commands.

Refer to 6. Programming the Mode Register

Bank activate command Fig.2 Row address strobe and
bank activate command

(/CS, IRAS, /IDSF = Low, /CAS, /WE = High) CLK |—|_,—|_|

CKE H
The uPD4811650 has two banks, each with 1,024 rows.

This command activates the bank selected by A10 (BA) and a row address —
selected by AO through A9. a0

This command corresponds to a conventional DRAM's /RAS falling.

DSF

A0 2222

(Bank address)
A9 D

Add

Bank activate command with WPB enable Fig-3 Row add.ress strobe and
bank activate command
with WPB enable

(/CS, IRAS = Low, /CAS, /WE, /DSF = High)

cek [ L 1
This command is same as Bank activate command. After this command, CKE H
write per bit function is available. Mask register’s data is used as write mask /ICS

data. IRAS &

Refer to 12. Write/Block Write with Write Per Bit ICAS 3

Al0 X
(Bank address)
A9 ZE

Add
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Precharge command

(ICS, IRAS, IWE, DSF = Low, /CAS = High)

This command begins precharge operation of the bank selected by A10
(BA) and A9. When A9 is High, both banks are precharged, regardless of
A10. When A9 is Low, only the bank selected by A10 is precharged. A10
low selects bank A and A10 high selects bank B.

After this command, the yPD4811650 can't accept the activate command
to the precharging bank during tre (precharge to activate command period).
This command can terminate the current burst operation (2, 4, 8, full page
burst length).

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

Refer to 10. Precharge and 11. Auto Precharge .

Write command
(/CS, ICAS, IWE, DSF = Low, /RAS = High)
If the mode register is in the burst write mode, this command sets the burst

start address given by the column address to begin the burst write operation.

The first write data must be input with this write operation. The first write

data in burst mode can input with this command with subsequent data on
following clocks.

Read command

(ICS, ICAS, DSF = Low, /RAS, /WE = High)

This command sets the burst start address given by the column address.
Read data is available after /CAS latency requirements have been met.

Preliminary Data Sheet

Fig.4 Precharge command

ck [ T 1
CKE "H
IcS

(RIS
2600%6%%
LIRKXS

IRAS
ICAS

XXX AN
%N

IWE
DSF

Al0 XX

(Bank address)
A9

(Precharge select)
OSSO

Add R

Fig.5 Column address and
write command

ck [ 1
CKE “n
ICS
IRAS
/CAS

IWE

RITTN
SN

DSF

(RRIR

ALD ZEX9 K
(Bank address)

A9

Add

Fig.6 Column address and read
command

DSF
AL0 X

(Bank address)

XX
A9 KD

Add
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CBR (auto) refresh command Fig.7 CBR (auto) refresh
command
(/CS, IRAS, ICAS, DSF = Low, /WE, CKE = High) LK
M
. . . . CKE H
This command is a request to begin the CBR refresh operation. The
ICS

refresh address is generated internally.

Before executing CBR refresh, both banks must be precharged. IRAS  ZZEN
After this cycle, both banks will be in the idle (precharged) state and ready ICAS
for a bank activate command.

During trc period (from refresh command to refresh or activate command),

the uPD4811650 cannot accept any other command. A10
(Bank address)
A9

XSOOSO
Add RIS

Self refresh entry command Fig.8 Self refresh entry
command

(ICS, IRAS, ICAS, DSF, CKE = Low, /WE = High)

After the command execution, self refresh operation continues while CKE
remains low. When CKE goes high, the uPD4811650 exits the self refresh

XXX RN
SN

mode.
During self refresh mode, refresh interval and refresh operation are
performed internally, so there is no need for external control.

Before executing self refresh, both banks must be precharged.

A10
(Bank address)

A9
Add

Fig.9 Burst stop command

Burst stop command in full page -
in Full Page Mode

(/CS, /IWE, DSF = Low, /RAS, /CAS = High) ck [ 1T 1|
CKE H B
This command can stop the current full page burst (BL = 256) operation. IcS

If BL is set to 2, 4, 8, to execute this command is Nop. IRAS

Refer to 14. Read/Write Command Interval and 15. Burst Termination ICAS

X XK
R

X XN
SN

A10
(Bank address)
A9

TXIIITTXIITIIIIR
PYo [0 Jotototoieietetedototototototoiols

10 Preliminary Data Sheet



NEC uPD4811650 for Rev.K

No operation Fig.10 No operation

(/CS, DSF = Low, /RAS, /CAS, /IWE = High) ck [ 1T 1
CKE H
This command is not a execution command. No operations begin or ICS

terminate by this command. /IRAS

ICAS

o
SRS

A10
(Bank address)
A9

202920 0 020020 0 9-0-0-9-9-9
Add KRR

Special register set command Fig.11 Special register set

command

(/CS, IRAS, /ICAS, /WE = Low, DSF = High) CLK

CKE

The uPD4811650 has two special registers for graphics commands. One /CS

is color register and the other is mask register. In this command, A0 IRAS

through A10 are the data input pins for the register select (color or mask ICAS
register). DQO through DQ31 are the data input pins for the Color data or J—
IWE LEKK

the WPB data.
DSF

During 2 CLK (trsc) following this command, the uPD4811650 can not
AL0 XKD
accept any other commands. —
Refer to 8. Programming the Special Register . A9
Add

.
DQi X

Masked block write command Fig.12 Masked block write
command
(/CS, ICAS, /WE = Low, /RAS, DSF = High) CLK |—|_,—|_|
CKE H
This command activates 8-column block write function. In this command, s _\_/_

the burst length = 1. Write data comes from color register, column address

R
XXX
' %e%a%%

i S /RAS
mask data is input from DQi in this command.

Refer to 13. Block Write . ICAS
IWE

DSF
Al10
A9

Add

.
DQi X
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3. Simplified State Diagram

Self
Refresh

MRS

CBR
| l IDLE Refresh

Mode
Register
Set

Special
Register Set

adMLOV

Active
Power
Down

Write/Block

WRIT/BW
SUSPEND

READ

WRIT/BW | SUSPEND

Write/Block
Write

WRITA/BWA
SUSPEND

READA
SUSPEND

WRITA/BWA

PO(\)/\'/\IER Precharge Precharge

— A\(tOMatic sequence

Manual input
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4. Truth Table

4.1 Command Truth Table

Function Symbol CKE /ICS |/RAS |/CAS | /IWE | DSF Address
n—-1 n Al10 | A9 A8 |A7-A0

Device deselect DESL H X H X X X X X X X X
No operation NOP H X L H H H L X X X X
Burst stop in full page BST H X L H H L L X X X X
Read READ H X L H L H L BA L X CA
Read with auto precharge READA| H X L H L H L BA H X CA
Write WRIT H X L H L L L BA L X CA
Write with auto precharge WRITA H X L H L L L BA H X CA
Masked block write BW H X L H L L H | BA| L x | cA
Masked block write with auto BWA H X L H L L H BA H X CA
precharge
Bank activate ACT H X L L H H L BA RA
Bank activate with WPB enable ACcTwpPB| H X L L H H H BA RA
Precharge select bank PRE H X L L H L L BA L X X
Precharge all banks PALL H X L L H L L X H X X
Mode register set MRS H X L L L L L OP.CODE
Special register set SRS H X L L L L H OP.CODE

Remark H = High level, L = Low level, x = High or Low level(Don’ t care), BA = Bank address(A10), RA = Row

address, CA = Column address

4.2 DQM Truth Table

Function Symbol CKE DQMi
n—-1 n
Data write/output enable ENBI H X
Data mask/output disable MASKi H X H

Remark H = High level, L = Low level, x = High or Low level(Don' t care), i =0,1,2,3
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4.3 CKE Truth Table

Current state Function Symbol CKE ICS | /IRAS | ICAS | /WE | DSF |Address
n—-1 n

Activating Clock suspend mode entry H L X X X X X X
Any Clock suspend L L X X X X X X
Clock suspend Clock suspend mode exit L H X X X X X X
Idle CBR refresh command REF H H L L L H L X
Idle Self refresh entry SELF H L L L L H L X
Self refresh Self refresh exit L H L H H H X X

L H H X X X X X
Idle Power down entry H L X X X X X X
Power down Power down exit L H X X X X X X

Remark H = High level, L = Low level, x = High or Low level(Don’ t care)
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4.4 Operative Command Table "°*

(1/7)
Current state /CS |/RAS|/CAS|/WE | DSF| Address Command Action Notes

Idle H X X X X |x DESL Nop or Power down 2

L H H H X |x NOP Nop or Power down 2

L H H L H |x Undefined ILLEGAL

L H H L L |x BST ILLEGAL 3

L H L H H |x Undefined ILLEGAL

L H L H L |BA, CA, A9 | READ/READA | ILLEGAL 3

L H L L H |BA, CA, A9 | BW/BWA ILLEGAL 3

L H L L L |BA,CA, A9 [WRIT/WRITA | ILLEGAL 3

L L H H H | BA RA ACTWPB Bank active with WPB: Latch RA

L L H H L |BA, RA ACT Bank active: Latch RA

L L H L H |x Undefined ILLEGAL

L L H L L |BA, A9 PRE/PALL | Nop 11

L L L H H |x Undefined ILLEGAL

L L L H L |x REF/SELF | CBR refresh/Self refresh 4,12

L L L L H | Op-Code SRS Special register access

L L L L L |Op-Code MRS Mode register access 12
Bank active H X X X X [x DESL Nop

L H H H X |x NOP Nop

L H H L H |x Undefined ILLEGAL

L H H L L |x BST ILLEGAL 3

L H L H H |x Undefined ILLEGAL

L H L H L |BA, CA, A9 | READ/READA | Begin read; Latch CA: Determine AP |5

L H L L H | BA, CA, A9 | BW/BWA Begin block write; Latch CA: Determine AP [ 5

L H L L L |BA, CA, A9 | WRIT/WRITA | Begin write; Latch CA: Determine AP |5

L L H H H | BA RA ACTWPB ILLEGAL 3

L L H H L |BA RA ACT ILLEGAL 3

L L H L H |x Undefined ILLEGAL

L L H L L |BA, A9 PRE/PALL | Precharge 6

L L L H H |x Undefined ILLEGAL

L L L H L |x REF/SELF [ ILLEGAL

L L L L H | Op-Code SRS Special register access

L L L L L |Op-Code MRS ILLEGAL
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(217)
Current state /CS |/RAS|/CAS|/WE | DSF| Address Command Action Notes
Read H X X X X [x DESL Continue burst to end - Bank active

L H H H X |x NOP Continue burst to end - Bank active
L H H L H |x Undefined ILLEGAL
L H H L L [x BST 1, 2, 4, 8 burst length; Nop(Continue

burst to end - Bank active)

Full page burst; Burst stop - Bank active
L H L H H |x Undefined ILLEGAL
L H L H L |BA, CA, A9 | READ/READA | Term burst, new read: Determine AP |7
L H L L H |BA, CA, A9 | BW/BWA Term burst, Start block write: Determine AP| 7, 8
L H L L L |BA, CA, A9 | WRIT/WRITA | Term burst, Start write: Determine AP | 7, 8
L L H H H | BA RA ACTWPB ILLEGAL 3
L L H H L |BA RA ACT ILLEGAL 3
L L H L H |x Undefined ILLEGAL
L L H L L |BA, A9 PRE/PALL | Term burst, precharge timing for reads
L L L H H |x Undefined ILLEGAL
L L L H L |x REF/SELF | ILLEGAL
L L L L H | Op-Code SRS ILLEGAL
L L L L L | Op-Code MRS ILLEGAL

Write/Block write H X X X X |x DESL Continue burst to end - Write recovering

L H H H X [x NOP Continue burst to end - Write recovering
L H H L H |x Undefined ILLEGAL
L H H L L |x BST 1, 2, 4, 8 burst length; Nop(Continue

burst to end - Bank active)

Full page burst; Burst stop - Bank active
L H L H H |x Undefined ILLEGAL
L H L H L |BA, CA, A9 | READ/READA | Term burst, start read: Determine AP |7, 8
L H L L H | BA, CA, A9 | BW/BWA Term burst, new block write: Determine AP 7
L H L L L |BA, CA, A9 | WRIT/WRITA [ Term burst, new write: Determine AP |7
L L H H H | BA RA ACTWPB ILLEGAL 3
L L H H L |BA RA ACT ILLEGAL 3
L L H L H |x Undefined ILLEGAL
L L H L L |BA, A9 PRE/PALL | Term burst, precharge timing for writes | 3, 9
L L L H H |x Undefined ILLEGAL
L L L H L |x REF/SELF [ ILLEGAL
L L L L H | Op-Code SRS ILLEGAL
L L L L L |Op-Code MRS ILLEGAL
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(3/7)
Current state /CS |/RAS|/CAS|/WE | DSF| Address Command Action Notes

Read with auto H X X X X [x DESL Continue burst to end — precharging
precharge L H H H X [x NOP Continue burst to end — precharging

L H H L H |x Undefined ILLEGAL

L H H L L |x BST ILLEGAL

L H L H H |x Undefined ILLEGAL

L H L H L |BA, CA, A9 | READ/READA | ILLEGAL

L H L L H |[|BA, CA, A9 | BW/BWA ILLEGAL

L H L L L |BA, CA, A9 [WRIT/WRITA | ILLEGAL

L L H H H | BA RA ACTWPB ILLEGAL 3

L L H H L |BA RA ACT ILLEGAL 3

L L H L H |x Undefined ILLEGAL

L L H L L |BA, A9 PRE/PALL [ILLEGAL 3

L L L H H |x Undefined ILLEGAL

L L L H L |x REF/SELF [ ILLEGAL

L L L L H | Op-Code SRS ILLEGAL

L L L L L |Op-Code MRS ILLEGAL
Write/Block write H X X X X [x DESL Continue burst to end — Write
with auto recovering with auto precharge
precharge L H H H X [x NOP Continue burst to end - Write

recovering with auto precharge

L H H L H |x Undefined ILLEGAL

L H H L L |x BST ILLEGAL

L H L H H |x Undefined ILLEGAL

L H L H L |BA, CA, A9 | READ/READA | ILLEGAL

L H L L H |BA, CA, A9 | BW/BWA ILLEGAL

L H L L L |BA,CA, A9 [WRIT/WRITA | ILLEGAL

L L H H H | BA RA ACTWPB ILLEGAL 3

L L H H L |BA RA ACT ILLEGAL 3

L L H L H |x Undefined ILLEGAL

L L H L L |BA, A9 PRE/PALL [ILLEGAL 3

L L L H H |x Undefined ILLEGAL

L L L H L |x REF/SELF [ ILLEGAL

L L L L H | Op-Code SRS ILLEGAL

L L L L L |Op-Code MRS ILLEGAL
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(417)
Current state /CS |/RAS|/CAS|/WE | DSF| Address Command Action Notes
Precharging H X X X X [x DESL Nop - Enter idle after trp
L H H H X [x NOP Nop - Enter idle after trP
L H H L H |x Undefined ILLEGAL
L H H L L |x BST ILLEGAL 3
L H L H H |x Undefined ILLEGAL
L H L H L |BA, CA, A9 | READ/READA | ILLEGAL 3
L H L L H |[|BA, CA, A9 | BW/BWA ILLEGAL 3
L H L L L |BA, CA, A9 [WRIT/WRITA | ILLEGAL 3
L L H H H | BA RA ACTWPB ILLEGAL 3
L L H H L |BA RA ACT ILLEGAL 3
L L H L H |x Undefined ILLEGAL
L L H L L |BA, A9 PRE/PALL |Nop - Enter idle after trp 11
L L L H H |x Undefined ILLEGAL
L L L H L |x REF/SELF [ ILLEGAL
L L L L H | Op-Code SRS Special register access
L L L L L |Op-Code MRS ILLEGAL
Bank activating H X X X X |x DESL Nop — Enter bank active after trco
(trcD) L H H H X [x NOP Nop - Enter bank active after trRco
L H H L H |x Undefined ILLEGAL
L H H L L |x BST ILLEGAL 3
L H L H H |x Undefined ILLEGAL
L H L H L |BA, CA, A9 | READ/READA | ILLEGAL 3
L H L L H |[|BA, CA, A9 | BW/BWA ILLEGAL 3
L H L L L |BA,CA, A9 [WRIT/WRITA | ILLEGAL 3
L L H H H | BA RA ACTWPB ILLEGAL 3,10
L L H H L [BA, RA ACT ILLEGAL 3,10
L L H L H |x Undefined ILLEGAL
L L H L L |BA, A9 PRE/PALL [ILLEGAL 3
L L L H H |x Undefined ILLEGAL
L L L H L |x REF/SELF [ ILLEGAL
L L L L H | Op-Code SRS Special register access
L L L L L |Op-Code MRS ILLEGAL
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(5/7)
Current state /CS |/RAS|/CAS|/WE | DSF| Address Command Action Notes
Write recovering H X X X X |x DESL Nop — Enter bank active after tbpL
(topL) L H H H X [x NOP Nop — Enter bank active after tbpPL
L H H L H |x Undefined ILLEGAL
L H H L L |x BST ILLEGAL 3
L H L H H |x Undefined ILLEGAL
L H L H L |BA, CA, A9 | READ/READA | Begin read; Latch CA: Determine AP |8
L H L L H | BA, CA, A9 | BW/BWA Begin block write; Latch CA: Determine AP
L H L L L |BA, CA, A9 | WRIT/WRITA | Begin write; Latch CA: Determine AP
L L H H H | BA RA ACTWPB ILLEGAL 3
L L H H L |BA RA ACT ILLEGAL 3
L L H L H |x Undefined ILLEGAL
L L H L L |BA, A9 PRE/PALL [ILLEGAL 3
L L L H H |x Undefined ILLEGAL
L L L H L |x REF/SELF [ ILLEGAL
L L L L H | Op-Code SRS Special register access
L L L L L |Op-Code MRS ILLEGAL
Write recovering H X X X X |x DESL Nop — Enter precharge after tbpL
with auto L H H H X [x NOP Nop — Enter precharge after topPL
precharge L H H L H |x Undefined ILLEGAL
L H H L L |x BST ILLEGAL
L H L H H |x Undefined ILLEGAL
L H L H L |BA, CA, A9 | READ/READA | ILLEGAL 3,8
L H L L H |[|BA, CA, A9 | BW/BWA ILLEGAL 3
L H L L L |BA,CA, A9 [WRIT/WRITA | ILLEGAL 3
L L H H H | BA RA ACTWPB ILLEGAL 3
L L H H L |BA RA ACT ILLEGAL 3
L L H L H |x Undefined ILLEGAL
L L H L L |BA, A9 PRE/PALL [ILLEGAL 3
L L L H H |x Undefined ILLEGAL
L L L H L |x REF/SELF [ ILLEGAL
L L L L H | Op-Code SRS Special register access
L L L L L |Op-Code MRS ILLEGAL
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(6/7)
Current state /CS |/RAS|/CAS|/WE | DSF| Address Command Action Notes

Refreshing H X X X X |x DESL Nop — Enter idle after trc

L H H H X [x NOP Nop - Enter idle after trc

L H H L H |x Undefined ILLEGAL

L H H L L |x BST ILLEGAL

L H L H H |x Undefined ILLEGAL

L H L H L |BA, CA, A9 | READ/READA | ILLEGAL

L H L L H |[|BA, CA, A9 | BW/BWA ILLEGAL

L H L L L |BA, CA, A9 [WRIT/WRITA | ILLEGAL

L L H H H | BA RA ACTWPB ILLEGAL

L L H H L |BA RA ACT ILLEGAL

L L H L H |x Undefined ILLEGAL

L L H L L |BA, A9 PRE/PALL [ILLEGAL

L L L H H |x Undefined ILLEGAL

L L L H L |x REF/SELF [ ILLEGAL

L L L L H | Op-Code SRS ILLEGAL

L L L L L |Op-Code MRS ILLEGAL
Mode register H X X X X |x DESL Nop — Enter idle after trRsc
accessing L H H H X [x NOP Nop - Enter idle after tRsc

L H H L H |x Undefined ILLEGAL

L H H L L |x BST ILLEGAL

L H L H H |x Undefined ILLEGAL

L H L H L |BA, CA, A9 | READ/READA | ILLEGAL

L H L L H |[|BA, CA, A9 | BW/BWA ILLEGAL

L H L L L |BA,CA, A9 [WRIT/WRITA | ILLEGAL

L L H H H | BA RA ACTWPB ILLEGAL

L L H H L |BA RA ACT ILLEGAL

L L H L H |x Undefined ILLEGAL

L L H L L |BA, A9 PRE/PALL [ILLEGAL

L L L H H |x Undefined ILLEGAL

L L L H L |x REF/SELF [ ILLEGAL

L L L L H | Op-Code SRS ILLEGAL

L L L L L |Op-Code MRS ILLEGAL

20 Preliminary Data Sheet



NEC uPD4811650 for Rev.K

(717)
Current state /CS |/RAS|/CAS|/WE | DSF| Address Command Action Notes

Special mode H X X X X [x DESL Nop — Enter previous state after trRsc
register L H H H X |x NOP Nop — Enter previous state after tRsc
accessing L H H L H |x Undefined ILLEGAL

L H H L L |x BST ILLEGAL

L H L H H |x Undefined ILLEGAL

L H L H L |BA, CA, A9 | READ/READA | ILLEGAL

L H L L H |[|BA, CA, A9 | BW/BWA ILLEGAL

L H L L L |BA, CA, A9 [WRIT/WRITA | ILLEGAL

L L H H H | BA RA ACTWPB ILLEGAL

L L H H L |BA RA ACT ILLEGAL

L L H L H |x Undefined ILLEGAL

L L H L L |BA, A9 PRE/PALL [ILLEGAL

L L L H H |x Undefined ILLEGAL

L L L H L |x REF/SELF [ ILLEGAL

L L L L H | Op-Code SRS ILLEGAL

L L L L L |Op-Code MRS ILLEGAL

Notes 1. All entries assume that CKE was active (High level) during the preceding clock cycle.
2. If both banks are idle, and CKE is inactive (Low level), uPD4811650 will enter Power down mode.
All input buffers except CKE will be disabled.
3. lllegal to bank in specified states; Function may be legal in the bank indicated by Bank Address (BA),
depending on the state of that bank.
4. If both banks are idle, and CKE is inactive (Low level), uPD4811650 will enter Self refresh.  All input
buffers except CKE will be disabled.
lllegal if tRCD is not satisfied.
lllegal if tRAs is not satisfied.
Must satisfy burst interrupt condition.

Must satisfy bus contention, bus turn around, and/or write recovery requirements.

© ©® N o o

Must mask preceding data which don't satisfy topL.

10. lllegal if tRRD is not satisfied.

11. Nop to bank precharging or in idle state. May precharge bank(s) indicated by BA (and A9).
12. lllegal if any bank is not idle.

Remark H = High level, L = Low level, x = High or Low level (Don't care), V = Valid Data input,
BA = Bank address (A10), A9 = Precharge select, RA = Row address, CA = Column address,
Term = Terminate, AP = Auto precharge, NOP = No operation,

ILLEGAL = Device operation and/or data-integrity are not guaranteed
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4,5 Command Truth Table for CKE

Current state CKE /CS [/IRAS|/CAS|/WE | DSF | Address Action Notes
n-1| n

Self refresh H X X X X X X [x INVALID, CLK(n—1) would exit S.R.
(S.R) L H H X X X X |x S.R. Recovery

L H L H H X X |x S.R. Recovery

L H L H L X X |X ILLEGAL

L H L L X X X [x ILLEGAL

L L X X X X X |x Maintain S.R.
Self refresh H H H X X X X |x Idle after trRc
recovery H H L H H X X [x Idle after trc

H H L H L X X [x ILLEGAL

H H L L X X X |X ILLEGAL

H L H X X X X [x ILLEGAL

H L L H H X X |X ILLEGAL

H L L H X X [x ILLEGAL

H L L L X X X |X ILLEGAL
Power down H X X X X X X [x INVALID, CLK(n—1) would exit P.D.
(P.D.) L H X X X X X |x EXIT P.D. - Idle

L L X X X X X [x Maintain power down mode
Both banks H H H X X X X |x Refer to operations in Operative Command Table
idle H H L H X X X [x Refer to operations in Operative Command Table

H H L L H X X |x Refer to operations in Operative Command Table

H H L L L H L |x Refresh

H H L L L L X | Op-Code | Refer to operations in Operative Command Table

H L H X X X X [x Refer to operations in Operative Command Table

H L L H X X X |x Refer to operations in Operative Command Table

H L L L H X X [x Refer to operations in Operative Command Table

H L L L L H L |x Self refresh 1

H L L L L L X | Op-Code | Refer to operations in Operative Command Table

L X X X X X X |x Power down 1
Row active H X X X X X X [x Refer to operations in Operative Command Table

L X X X X X X |x Power down 2
Any state other| H H X X X X X [x Refer to operations in Operative Command Table
than listed H L X X X X X [x Begin clock suspend next cycle 2
above L H X X X X X [x Exit clock suspend next cycle

L L X X X X X |x Maintain clock suspend

Notes 1. Self refresh can be entered only from the both banks idle state. Power down can be entered from the
both banks idle state or row active state.
2. Must be legal command as defined in Operative Command Table.

Remark H =High level, L = Low level, x = High or Low level (Don’t care)
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4.6 Command Truth Table for Two Banks Operation

/CS | IRAS | ICAS | /WE | DSF |a10(BA)| A9 [A8-AO Action “FROM’State"*®* | “TO"State™"**
H X X X X X X X NOP Any Any
H H L X X X NOP Any Any
L H L X X x |BST (RIWIA)O(I/A)L AO(I/A)1
10(I/A)1 10(I/A)1
(RIWIA)L(I/A)0 AL(I/A)0
11(I/A)0 11(I/A)0
L H L H L H H CA |Read (RIW/A)L(I/A)O RP1(I/A)0
H H CA AL(R/W)0 RP1A0
H L CA (RIW/AYL(I/A)O R1(I/A)0
H L CA AL(R/W)0 R1A0
L H CA (RIWIA)O(I/A)L RPO(I/A)1
L H CA AO(R/W)1 RPOAL
L L CA (RIWIA)O(I/A)L RO(I/A)1
L L CA AO(R/W)1 ROA1
L H L L L/H H H CA | Write/Block Write | (RIW/A)1(I/A)0 WP1(I/A)0
H H CA AL(R/W)0 WP1A0
H L CA (RIW/AYL(I/A)O W1(I/A)0
H L CA AL(R/W)0 W1A0
L H CA (RIW/A)O(I/A)1 WPO(I/A)1
L H CA AO(R/W)1 WPOAL
L L CA (RIWIA)O(I/A)L WO(I/A)1
L L CA AO(R/W)1 WOAL
L L H H L/H H RA Active Row 11Any0 AlAny0
L RA 10Any1 AOANy1
L L H L L X H x | Precharge (RIW/ANO(I/A)L 1011
X H X (RIW/AN)L(I/A)O 1110
H L X (RIW/AN)L(I/A)O 11(I/A)0
H L X (VA)Y(RIWIAINO I1(R/W/AI)O
L L X (RIWIANO(I/A)L 10(I/A)1
L L X (TAYO(RIW/AN)L I0(R/W/A/N)1
L L L H L X X X Refresh 1011 1011
L L L L Op-Code Mode Register 1011 1011
Access
L L L L H | Op-Code Special Register [ (I/A)0(I/A)1 (I/A)0(1/A)1
Access
Notes 1. If the yPD4811650 is in a state other than above listed in the “FROM” State column, the command is illegal.

2.

The states listed under “TO” might not be entered on the next clock cycle.

Timing restrictions apply.
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Remark H = High level, L = Low level, x = High or Low level (Don’t care),
BA = Bank address (A10)
State abbreviations
| =Idle
A = Bank active
R = Read with No precharge (No precharge is posted)
W = Write with No precharge (No precharge is posted)
RP = Read with auto precharge (Precharge is posted)
WP = Write with auto precharge (Precharge is posted)
Any = Any State
X0Y1 = BankO is in state “X”, Bank1l = in state “Y”
(X/Y)0Z1 = Z1(X/Y)0 = BankO is in state “X” or “Y”, Bankl is in state “Z”

5. Initialization

The synchronous GRAM is initialized in the power-on sequence according to the following.

(1) Apply power and start clock. Attempt to maintain CKE = “H”, DQM = “H", and NOP or DESL condition at the

inputs.

(2) Maintain stable power, stable clock, CKE = “H”, DQM = “H", and NOP or DESL condition for a minimum of 100 s.

(3) Issue precharge commands for all banks of the device.

(4) Issue a mode register set command to initialize the mode register.

(5) Issue two or more auto refresh commands.

The device is now in the IDLE state and is ready for normal operation.

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

2. The data bus is guaranteed to be high impedance after waiting a minimum of 100 us (Refer to step (2)
above). Itis recommended to maintain CKE and DQM high until the Precharge command is issued.
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6. Programming the Mode Register

The mode register is programmed by the Mode register set command using address bits A10 through A0 as data

inputs. The register retains data until it is reprogrammed or the device loses power.

The mode register has four fields;

Options : A10 through A7
/CAS latency : A6 through A4
Wrap type : A3

Burst length  : A2 through AO

Following mode register programming, no command can be asserted before at least 2 CLK (trsc) have elapsed.

/CAS Latency

/CAS latency is the most critical of the parameters being set. It tells the device how many clocks must elapse
before the data will be available.

The value is determined by the frequency of the clock and the speed grade of the device. The table in 16.2

Relationship between Frequency and Latency  shows the relationship of /CAS latency to the clock period and the

speed grade of the device.

Burst Length

Burst Length is the number of words that will be output or input in a read or write cycle. After a read burst is
completed, the output bus will become Hi-Z.

The burst length is programmable as 1, 2, 4, 8 or full page (256 columns).

Wrap Type (Burst Sequence)

The wrap type specifies the order in which the burst data will be addressed. The uPD4811650 supports

“Sequential mode” and “Interleave mode”.
The table in 7.1 Burst Length and Sequence shows the addressing sequence for each burst length.
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7. Mode Register

10 9 8 7 6 5 4 3 2 1 0

| 0 ‘ 0 ‘ 0 ‘ 1 ‘ | JEDEC Standard Test Set (refresh counter test)

10 9 8 7 6 5 4 3 2 1 0

[o] 2] 0] o] vmobE |wr] BL |  Burst Read and Single Write
(for Write Through Cache)

10 9 8 7 6 5 4 3 2 1 0

| ‘ ‘ 1 ‘ 0 ‘ | Use in future

10 9 8 7 6 5 4 3 2 1 0

[ x | x 2l a]v]v]v]v]v]v]v]| venderspecic

V = Valid

10 9 8 7 6 5 4 3 2 1 0 x = Don't care

Lo |

o
o
o

LTMODE ‘ WT ‘ BL | Mode Register Set

A2-0 WT =0
000
001
010
— Burst length 011
100
101
110 R

111 Full page

g
3
1]

D (D|o|d[N|F

V|0 || |0|H|N|F

0 | Sequential
1 | Interleave

\
A6-4 ICAS latency
000 R
001
010
Latency 011
mode 100
101
110
111

Wrap type

D|D|D|D|w|N D

Remark R :Reserved

Mode Register Write Timing

CLK | L
CKEJ

Ics —\_f
IRAS —\_f
ICAS —\_f

DSF \ /
A0 - A10 X X

Mode Register Write
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7.1 Burst Length and Sequence

[Burst of Two]

Starting Address (column address
AO, binary)

Sequential Addressing Sequence
(decimal)

Interleave Addressing Sequence
(decimal)

0,1

0,1

1,0

1,0

[Burst of Four]

Starting Address (column address
A1l - AO, binary)

Sequential Addressing Sequence
(decimal)

Interleave Addressing Sequence
(decimal)

00 0,123 0,123
01 1,230 1,032
10 2,301 2,301
11 3,0,1,2 3,2,1,0

[Burst of Eight]

Starting Address (column address

Sequential Addressing Sequence

Interleave Addressing Sequence

A2 - AO, binary) (decimal) (decimal)
000 0,1,23,45,6,7 0,1,2,3,4,56,7
001 1,2,3,4,5/6,7,0 1,0,3,2,5/4,7,6
010 2,3,4,56,7,0,1 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 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 56,7,0,1,2,3,4 547,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,52,3,0,1
111 7,0,1,2,3,4,5,6 7,6,5/4,3,2,1,0

Full page burst is an extension of the above tables of Sequential Addressing with the length being 256.
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8. Programming the Special Register

The special register is programming by the Special register set command using address bits A10 through A0 and
data bits DQO through DQ31. The color and mask register retain data until it is reprogrammed or the device losed
power.

The special register has four fields;

Reserved : A10 through A7
Color register : A6

Mask register : A5

Reserved : Ad through AO

Following special register programming, no command can be asserted before at least 2 CLK (trsc) have elapsed.

8.1 Color Register

Color register is used as write data in Block Write cycle. In Special Register set command, if A5 is “0” and A6 is
“1", the color register is selected. And the data of DQO through DQ31 is stored to color register as color data (write
data).

8.2 Mask Register

Mask register is used as write mask data in Write and Block Write cycle. In Special Register set command, if A5
is “1” and A6 is “0”, the mask register is selected. And the data of DQO through DQ31 is stored to mask register as
write mask data.

8.3 Special Register

0 9 8 7 6 5 4 3 2 1 0
[0l o]lo]ofiwc|/m|o[o]o]o] o]

Bits 5 Function

Mask Register 0 Not Load
1 Load

Bits 6 Function

Color Register 0 Not Load
1 Load

Remark If LC and LM are both high (1), data of Mask and Color register will be unknown.
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9. Address Bits of Bank Address and Precharge

Select Bank A
"Activate" command

Select Bank B
"Activate" command

Row [0 | AL | A2 | A3 | A4|as| a6 A7 | a8 | a0 a0}~ o

(Activate command) 1

[A0 | a1 [ A2 [ A3 | a4 | a5 | as| a7 ] as| a0 fawo]

(Precharge command) A9 | A10 | Result
0 0 Precharge Bank A

0 1 Precharge Bank B
1 X Precharge All Banks

X : Don't care

disables Auto-Precharge
(End of Burst)

co [ a T [ [ o [ [ oo |+ | oo™

(/CAS strobes)

enables Read/Write
commands for Bank A

enables Read/Write
commands for Bank B

Precharge for Bank A Precharge for Bank B Precharge for All Banks

e [ [ e [1 [ e [ [

s TN /T s TN/ s TN\
IRAS \ /) IRAS \ /) IRAS \ /)
ICAS /4 \ ICAS / \ ICAS / \
we T\ / we T\ / we T\ /
DSF \ /) DSF \ /) DSF \ /)
o T\ / o T\ / v T\
A10 \ / A0 /4 \ A10 WL
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10. Precharge

The precharge command can be asserted anytime after trasvin,) is satisfied.

Soon after the precharge command is asserted, precharge operation performed and the synchronous GRAM
enters the idle state after tre is satisfied. The parameter trr is the time required to perform the precharge.

The earliest timing in a read cycle that a precharge command can be asserted without losing any data in the burst
is as follows.

/CAS latency = 2 : One clock earlier than the last read data.

ICAS latency = 3 : Two clocks earlier than the last read data.

Burst length=4

» JTO |_IT1 |_IT2 |_IT3 I_IT4 |_IT5 |_IT6 |_IT7 |_|

/CAS latency = 2

Command ; ; ; ; ;
P T > 2 D D
/CAS latency = 3
Command 1 1 1 1 ; ; ;
S S N . T D D D

(tras is satisfied)

In order to write all data to the memory cell correctly, the asynchronous parameter “torL”, “tsrL” must be satisfied.
The torLviny, tBPLMIN) Specification define the earliest time that a precharge command can be asserted. Minimum
number of clocks are calculated by dividing topL (viNy), terLivin, with clock cycle time.

In summary, the precharge command can be asserted relative to reference clock that indicates the last data word

is valid. In the following table, minus means clocks before the reference; plus means time after the reference.

/CAS latency Read Write Block Write
2 -1 +tDPL(MIN.) +tBPL(MIN.)
3 -2 +tDPL(MIN.) +tBPL(MIN.)
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11. Auto Precharge

During a read or write/block write command cycle, A9 controls whether auto precharge is selected. A9 high in the
read or write/block write command (Read with Auto precharge command or Write with Auto precharge
command/Block Write with Auto precharge command), auto precharge is selected and begins after the burst access
automatically.

The tras must be satisfied with a read with auto precharge or a write/ block write with auto precharge operation. In
addition, the next activate command to the bank being precharged cannot be executed until the precharge cycle
ends.

In read cycle, once auto precharge has started, an activate command to the bank can be issued after tre has been
satisfied.

In write cycle, the toaL, teaL must be satisfied to issue the next activate command to the bank being precharged.

The timing that begins the auto precharge cycle depends on both the /CAS latency programmed into the mode

register and whether read or write/block write cycle.

11.1 Read with Auto Precharge
During a read cycle, the auto precharge begins one clock earlier (/CAS latency of 2) or two clocks earlier (/CAS
latency of 3) the last data word output.

Burst length = 4
TO Tl T2 T3 T4 T5 T6 T7 T8

CLK

/CAS latency = 2

Auto precharge starts
Command

READA B

|
|
|
|
|
1
|
|
|
|
|
|
|
|
|

DQ

/CAS latency = 3 !
Auto precharge starts
Command P 9

READA B

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
r
|
|
|
|
|
|
|
|
|
|
|
|
|
1 |
|
|
|

DQ

e S

|
ol X X e X >

73 < QB1 >< QB2 >< QB3 >< QB4 >H'Z --------

|
|
|
|
|
1
|
|
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |
| | | | |

(tras is satisfied)
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NEC

11.2 Write with Auto Precharge

During a write cycle, the auto precharge begins one clock after the last data word input to the device (/CAS latency

of 2 or 3).

=4

Burst length

T8

T7

T6

T5

T4

T3

T2

Tl

TO

CLK

N N
T T
o £
g @
@ (0]
5 =2
\\\\\\\ m‘l\\\\\\\\\\\\‘m\l\\\\\\\\\\\\\\
(8]
:
o
o \/ m \/
=)
““““ < sl < sl
o [a]

(42} (42}
\\\\\\\\\\\\\ ['s T [ s s T A
[a)] o
N [V}
\\\\\\\\\\\\\ o ----— 1 m b ___
o [a)]

[a0] [an]
< — < —
\\\\\\\ e I T
o a o [a]
T V4 T V4
2 2
G 8 T8
£ o >, E o
>
g E o g £ a
L O L O
s s
)] 7))
< <
Q Q

(tras is satisfied)
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11.3 Block Write with Auto Precharge
During a block write cycle, the auto precharge begins after tewc of the last data word input to the device (/CAS
latency of 2 or 3).

TO T1 T2 T3 T4 TS5
CLK | |

Auto precharge

| | | |

| | | |

| | | |

| | | |

| | | |

ICAS latency = 2 ! | starts | |

Command i i i i i

| | | | |

I | ! ! ! !

; } 1 .\ Hi-Z

DQ :‘ ------ CM | | | |

| | | | |

| | tBWC(MII‘\L) : : :
-~

| | ‘ | | |

| | | | | |

| | | ! | |

! ! | Auto precharge | 1

ICAS latency = 3 ! ! ! starts | |

| I ! !

| ‘ | | |

! | | Hi-Z

DQ beeeeas CM ' T |

| | |

| | |

tewc(ming | |

| |

| |

| |

| |

| |

| |

| |

(tras is satisfied)

Remark CM : Column Mask

In summary, the auto precharge cycle begins relative to a reference clock that indicates the last data word is valid.
In the table below, minus means clocks before the reference; plus means clocks after the reference.

/CAS latency Read Write Block Write
2 -1 +1 +tBWC(MIN.)
3 -2 +1 +{BWC(MIN.)
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12. Write/Block Write with Write Per Bit

12.1 Write Per Bit
The write per bit function writes data using the write mask data only in the required DQi pins. It writes when the
write mask data is “1” and prohibits writing when the data is “0” (Refer to 8.2 Mask Register ).

To use WPB operation

(1) Execute Special register set command and set WPB data (32 bits) to mask register.

(2) Execute Bank Activate with WPB enable command (ACTWPB) after trsc (2 CLK) period from Special register
set command (SRS).

(3) Execute Write/Block write command after treo period from ACTWPB.

In case SRS command is executed in activate state to set new WPB data, it is necessary to take trsc (2 CLK)

interval between SRS and Write/Block write command.

Remark Mask data = Mask register’s data (WPB) + DQMi
DQMi is prior to Mask register’s data (WPB)

13. Block Write

13.1 Block Write

This cycle writes the color register data in 256 bits (8 columns x 32 1/0s) memory cell in one cycle. The memory
cell range in which data can be written in one block write cycle is eight continuous columns on one row address.

This cycle controls writing in 8 columns x 8 DQ = 64 bits by DQMO0 to DQM3 input.  Color register data is written to
the memory cell if DQM is low but not if DQM is high. DQMO corresponds to the lowest byte (DQO to DQ7), DQM1
corresponds to DQ8 to DQ15, DQM2 corresponds to DQ16 to DQ23, DQM3 corresponds to DQ24 to DQ31.

Any column of the eight columns can be selected and writing prohibited. Determine whether to write or prohibit
writing according to the data selected for column (Refer to 13.2 Column Mask ).

To use Block write operation

(1) Execute Special register set command and set color data (32 bits) to color register.

(2) Execute Bank Activate (ACT) or Bank Activate with WPB enable command (ACTWPB) after trsc (2 CLK) period
from SRS.

(3) Execute Block write command after treo period from ACT or ACTWPB.

In case new Write/Block write is executed or, it is necessary to take tewc interval from Block Write command to

new Write/Block write command.
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13.2 Column Mask
In block write cycle any column of the eight columns can be selected and writing prohibited. Determine which
column to select according to the DQi pin to which the data selected for the column is to be input. Refer to the table

below.
Column address """ Column address and corresponding DQ pin Column select data Writing
A2 Al A0 DQi (DQi)

i 0 0 0 DQO/DQS8/ 1 Yes

(1st column) DQ16/DQ24 0 No

i+1 0 0 1 DQ1/DQY/ 1 Yes

(2nd column) DQ17/DQ25 0 No

i+2 0 1 0 DQ2/DQ10/ 1 Yes

(3rd column) DQ18/DQ26 0 No

i+3 0 1 1 DQ3/DQ11/ 1 Yes

(4th column) DQ19/DQ27 0 No

i+4 1 0 0 DQ4/DQ12/ 1 Yes

(5th column) DQ20/DQ28 0 No

i+5 1 0 1 DQ5/DQ13/ 1 Yes

(6th column) DQ21/DQ29 0 No

i+6 1 1 0 DQ6/DQ14/ 1 Yes

(7th column) DQ22/DQ30 0 No

i+7 1 1 1 DQ7/DQ15/ 1 Yes

(8th column) DQ23/DQ31 0 No

Note Referto 13.3 Block Write Function

Remark iis times of 8 numeric.
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13.3 Block Write Function

Column Address

% (N
S DQO —~(XXK)

3

- X DQ2—~
COLOR 7C0|0r7D 3=
REGISTER Data Q

- X DQ4—~

o008 %%

DQMO =0

MASK REGISTER

DQ7 to DQO
01001011

Remarks 1.

DQO =1
DQl=1—

O Mask Write, keep original Data

i is times of 8 numeric.

oo~

Y

DQ3=0 ——

Column Address Mask

o
1

DQS5 = 1

<
o
[a)

14

DQ6
DQ7

2. This diagram shows only for DQO - DQ7. The other DQ is similar as this.
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14. Read/Write Command Interval

14.1 Read to Read Command Interval

During a read cycle, when new Read command is asserted, it will be effective after /CAS latency, even if the
previous Read operation does not completed. Read command will be interrupted by another Read command.

The interval between the commands is minimum 1 cycle. Each Read command can be asserted in every clock

without any restriction.

Burst length = 4, /CAS latency = 2

TO T1 T2 T3 T4 T5 T6 7 T8

l l l l l l l l l

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | | | |

| | | | | | |

| | | | | | |
Command l l l l l l l

| | | | | | |

| | ‘ | | | | |

| | | | | | |

| | | | | | | | |

I I I 1 Hi-Z2

DQ - 1 - < QA1 >< QB1 >< QB2 >< QB3 >< QB4 >— ------ bavasens

| | | |

l l l l l l l l l

l — l l l l l l

| | | | | | | |

I lcycle | I I I I | |

l l l l l l l l

| | | | | | | |

| | | | | | | |

14.2 Write to Write Command Interval

During a write cycle, when new Write command is asserted, the previous burst will terminate and the new burst will
begin with a new Write command. Write command will be interrupted by another Write command.

The interval between the commands is minimum 1 cycle. Each Write command can be asserted in every clock

without any restriction.

Burst length = 4, /CAS latency = 2

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Command

Hi-Z

DQ iy < DAl >< DB1 >< DB2 >< DB3 >< DB4 >

et K
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NEC

14.3 Write to Read Command Interval

Write command and Read command interval is also 1 cycle.

Only the write data before Read command will be written.

The data bus must be Hi-Z at least one cycle prior to the first Dour.

=4

Burst length

T8

T7

T6

T5

T4

T3

T2

T1

TO

CLK

=2

ICAS latency

mmmmmepem————

< QB1 >< QB2 >< QB3 >< QB4 >

\\\\\\\\\\\\\\\\\\

e]
c
£

o
5 )
o

3

Command

ICAS latency

DQ
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14.4 Block Write to Write or Write/Block Write Command Interval
The interval between Block write command and new Block write command or Write command is tewc or minimum
1 cycle. If tck is less than tswc, NOP command should be issued for the cycle between Block write command and

the following Write command or new Block write command.

TO T1 T2 T3 T4 T5 T6 T7 T8
CLK
! ! tBwc I I I I |
| I 1 | | | | |
| | | | | | |
Command | ‘ | 1 /CAS latency = 2 | ‘
G G osmemez
j j j j j j j
| | | | | | |
l ‘ N | Hi-Z | 1 l
DQ T""'<CM1>< ><CM2/ I I I I I
| | | | | | | | |
S S S I S
l l tewc j l l l l l
| | | | | | |
| | | |
command | < BW > | CWRIT > | Burstlength =4, /CAS latency =2 |
l l l l l l l
| | | | | | |
| | | | | | |
| | |
DQ ! CM D1 D2 D3 D4 ! !
o Cem XX X o2 X o3 X o4y
j j j j j
| | | | |
| | | | |

14.5 Block Write to Read Command Interval
Block write command and Read command is also tswc or minimum 1 cycle. The data bus must be Hi-Z at least
one cycle prior to the first Dour.

0 T1 T2 T3 T4 TS5 T6 T7 T8

T
ck | L L | ! |

/CAS latency = 2

|
1 1 1
| | |
| | |
3 3 3
| I | |
comans oy | (o> |
| T |
l | HiFZ Bz l
pQ bk CM j ] b1 X2 X3 X Q4 y !
| | | T T T |
| | | | | |
ICAS latency = 3 | | | | | |
| | | | | |
Command | | | 1 1 1
1 1 1 1 1 1
| | | | |
| | | | | |
} . } | | | |
DQ b :
| |
| |
| |
| |
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14.6 Read to Write/Block Write Command Interval

During a read cycle, Read command can be interrupted by Write/Block write command.

The Read and Write/Block write command interval is minimum 1 cycle. There is a restriction to avoid data
conflict. The data bus must be Hi-Z using DQM before Write/Block write command.

Burst length = 4
TO T1 T2 T3 T4 T5 T6 T7 T8

o _ L L L

|
|
|
Command |
| \
!
DQM | | \
}
|
|
|

R 8 -
X
2
X

R E -
%

Read command can be interrupted by Write/Block write command. DQM must be High at least 3 clocks prior to
the Write command.

Burst length = 8
TO T1 T2 T3 T4 T5 T6 T7 T8 T9
ck | L1 L 4 4 0 4 4 4 4 L—

|
ICAS latency = 2 |

| | | | | | |
| | | | | | |
| | | | | | | |
Command i i i i i i i
| | | | | [l | |
oov L IO
| | | | | | ! | 1 |
| | | | | | | | | |
DQ ‘r : e Q1 X Q2 X Q3 presenien-{ DL p2 X D3
: 1 : ‘ ! . HiZis ! ! !
i i i i i i nec?ssary i i i
ICAS latency = 3 i i i i | | i | | |
Conmand o .
| ‘ | | ‘ ‘ f | | |
DQM | | ‘ 4 i i N i l i
T T | |
O x N
| | | | !
DQ ! ! L L Q1 weepanaa- D1 D2 D3
R T T e G €D C) &
| | | | | | necessary | | |
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15. Burst Termination

Burst termination is to terminate a burst operation other than using a read or write command.

15.1 Burst Stop Command in Full Page

Burst Stop command is operated only in case full page burst mode. During the other burst mode, Burst Stop
command is NOP.

During full page burst read cycle, when the burst stop command is asserted, the burst read data are terminated

and the data bus goes to high-impedance after the /CAS latency from the burst stop command.

Burst length = Full page, /CAS latency = 2, 3

TO T1 T2 T3 T4 T5 T6 T7

ST o T e T e B B B B e B B
| | | | | | | | |
| | | | | | | | |
| | | | | | |
Command | - | | ‘ | | | |
| @ | | @ | | | |
| | | | | | | | |
| | | | | | | | |
ICAS latency =2 | | | | | | | Hiz | |
| | | | - | |
DQ - r Q1 X Q2 X Q3 et : :
| | | | | |
| | | \ \ | | | |
ICAS latency =3 | | | | | | | | Hi-z |
| | | | | - |
DQ e ; Q1 X Q2 X Q3 prrosteerneee

| | | | | | | |

| | | | | | | |

During full page burst write cycle, when the burst stop command is asserted, the burst read data are terminated
and data bus goes to high-impedance at the same clock with the burst stop command.

Burst length = Full page, /CAS latency = 2, 3
TO T1 T2 T3 T4 T5 T6 T7

CLK [ L1 1 L1 1 L4 L[
3 3 3 3 3 3 3
| | | | |
1 1 1 1 1
| | | | |
| | | | |

ICAS latency = 2, 3 i | | | i
|
|
|
|
|

oo o X o2 X 03 X 0a Dot

Command

Hi-Z

[
|
|
|
|
|
|
|
|
|
|
|
|
|
4
|
|
|
|
|
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15.2 Precharge Termination

15.2.1 Precharge Termination in Read Cycle
During a read cycle, the burst read operation is terminated by a precharge command.
When the precharge command is asserted, the burst read operation is terminated and precharge starts.
The same bank can be activated again after tre from the precharge command.

To issue a precharge command, tras must be satisfied.

When /CAS latency is 2, the read data will remain valid until one clock after the precharge command.

Burst length = X, /CAS latency = 2

TO T1 T2 T3 T4 T5 T6 T7
CLK [ L 0 0 L I
j j j j j j ! j j
| | | | | |
commans ey ey oy
A R D A N A
| | | | = |
R s B D G D D D e
L T i
| | | | | | |
| | | | | | |

(tras is satisfied)

When /CAS latency is 3, the read data will remain valid until two clocks after the precharge command.

Burst length = X, /CAS latency = 3

Y eI e Y e e 0 s O
3 | 3 | ‘ ‘ ‘ ‘ CHiz

I e E S D D D ) e :
| | | | | | e i |

(tras is satisfied)
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15.2.2 Precharge Termination in Write cycle
During a write cycle, the burst write operation is terminated by a precharge command.
When the precharge command is asserted, the burst write operation is terminated and precharge starts.
The same bank can be activated again after tre from the precharge command.
To issue a precharge command, tras must be satisfied.

When /CAS latency is 2, the write data written prior to the precharge command will be correctly stored. However,

the data written at the same clock as the precharge command will not be stored.

Burst length = X, /CAS latency = 2

Command

| | | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
|

|

| | | |
| | | |
| |

| |

| |

| |

| |

| |

| |

| |

. J

|

|

|

|

|

|

(tras is satisfied)

When /CAS latency is 3, the write data written prior to the precharge command will be correctly stored. However,

the data written at the same clock as the precharge command will not be stored.

Burst length = X, /CAS latency = 3

CLK [ L L I 11 14
| | | I | ! ! ‘ ! \
| | | | ! ! | \ : ‘
! i | | | | |

Command i i i i PRE i i i
| : | | ! Invalid | 1 | |
w w ! ‘ ‘ ' Hiz | ‘ ‘

P RED €D € €D E Sum S —
I T T T " j | |
| e
| ! ‘

(tras is satisfied)
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16. 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

device operation is achieved.

Absolute Maximum Ratings

before proper

Parameter Symbol Condition Rating Unit
Voltage on power supply pin relative to GND [Vcc, VecQ -1.0to +4.6 Y,
Voltage on input pin relative to GND VT -1.0to +4.6 \%
Short circuit output current lo 50 mA
Power dissipation PD 1 W%
Operating ambient temperature TA 0to +70 °C
Storage temperature Tstg -55 to +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 (-A70R) Vce, VeeQ 3.4 35 3.6 \Y
Supply voltage (-A80, -Al0, -A12) Vcce, VeeQ 3.0 3.3 3.6 \Y
High level input voltage VIH 2.0 Vee+0.3 Y
Low level input voltage ViL -0.3 +0.8 \%
Operating ambient temperature TA 0 70 °C
Capacitance (T A =25°C, f = 1 MHz)
Parameter Symbol Test condition MIN. TYP. MAX. Unit
Input capacitance Cin AO - A10 2 6 pF
Ci2 CLK, CKE, /CS, IRAS, /CAS, 2 6
/WE, DSF, DQMO - DQM3
Data input/output capacitance Cio DQO - DQ31 2 7 pF
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O DC Characteristics (Recommended Operating Conditions unless otherwise noted)

Parameter Symbol Test condition MIN. | MAX.| Unit |Notes
Operating current lcc: | Burst length=1 -A70R 230 | mA 1
tras = trasviINy, trRP = trP(MIN), lo = O MA -A80 220
-A10 205
-A12 180
Precharge standby current | lcc2P | CKE < Viimax), tek =15ns 4 mA
in power down mode lcc2PS | CKE £ ViLax), teck = 00 3
Precharge standby current | lccaN [ CKE 2 ViHing, tck =15 ns, /CS = ViHin, 36 mA
in non power down mode Input signals are changed one time during 30 ns.
lccaNS | CKE = ViHMiNy, tek = 22

Input signals are stable.

Active standby current in lccsP | CKE < Viymax), teck =15ns 5 mA
power down mode lccsPS | CKE < ViLmax), tck = oo 4
Active standby current in lccsN [ CKE 2 ViHming, tek =15 ns, /CS 2 ViHMin, 50 mA
non power down mode Input signals are changed one time during 30 ns.
lccaNS | CKE 2= ViHMiNy, tek = o 25
Input signals are stable.
Operating current lcca | tek = tekming, ICAS latency = 2 | -A80 220 | mA 2
(Burst mode) lo=0mA -A10 200
-A12 170
ICAS latency = 3 [-A70R 345
-A80 300
-A10 250
-Al12 210
Refresh current lccs | tre 2 treming -A70R 190 [ mA 3
-A80 180
-Al10 170
-A12 150
Self refresh current lccs |CKE<0.2V 2 mA
Operating current lec? | tek = tekming, lo= 0 mA, -A7T0R 290 | MA
(Block Write Mode) tBwc > tBwc(MIN,) -A80 250
-A10 210
-A12 180
Input leakage current Iy | Vi=0to 3.6V, all other pins not under test =0 V -5.0 | +5.0 | A
Output leakage current low [ Dour is disabled, Vo=0to 3.6V -5.0 | +5.0 | LA
High level output voltage Vor [lo=-2.0mA 2.4 \%
Low level output voltage VoL |lo=+2.0mA 0.4 \Y

Notes 1. Icc1 depends on output loading and cycle rates. Specified values are obtained with the output open. In
addition to this, Icc1 is measured on condition that addresses are changed only one time during tckmin,).

2. lcca depends on output loading and cycle rates. Specified values are obtained with the output open. In
addition to this, Icc4 is measured on condition that addresses are changed only one time during tckMmin.).

3. lccs is measured on condition that addresses are changed only one time during tckin.).
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AC Characteristics (Recommended Operating Conditions unless otherwise noted)

AC Characteristics Test Conditions

* AC measurements assume tr=1ns.
* Reference level for measuring timing of input signals is 1.4 V. Transition times are measured between ViH

and VL.

« If tr is longer than 1 ns, reference level for measuring timing of input signals is ViHminy and Vicgvax).

¢ An access time is measured at 1.4 V.

46
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0 Synchronous Characteristics

Parameter Symbol -A70R -A80 -A10 -A12 Unit | Note
MIN. [ MAX. [ MIN. | MAX. | MIN. [ MAX. | MIN. | MAX.

Clock cycle time ICAS latency =3| tcks 7 |@a3mHz)l 8 |@2sMHZ)[ 10 |@oomHz)| 12 | @®3MHz) | ns

ICAS latency =2| tck2 — — 12 |@®3MHz)| 13 |[@77MHz)| 15 |[(®67MHZ)| ns
Access time from CLK ICAS latency =3| tacs 6.0 6.5 7.5 8 ns 1

ICAS latency =2| tac2 — — 9 10 11 ns 1
CLK high level width tcw 3 3 35 4 ns
CLK low level width tet 3 3 35 4 ns
Data-out hold time tow 25 25 3 3 ns 1
Data-out low-impedance time tz 0 0 0 0 ns
Data-out high-impedance time [/CAS latency=3| tHzs 25 6.0 25 6.5 3 7.5 3 8 ns

ICAS latency = 2| tHz2 — — 2.5 9 3 10 3 11 ns
Data-in setup time tos 25 25 25 3 ns
Data-in hold time toH 1 1 1 15 ns
Address setup time tas 25 25 25 3 ns
Address hold time taH 1 1 1 15 ns
CKE setup time teks 25 25 25 3 ns
CKE hold time tekn 1 1 1 15 ns
CKE setup time (Power down exit) teksp 25 25 25 3 ns
Command (/CS, /RAS, /ICAS, /IWE, DSF, DQM) | tcms 25 25 25 3 ns
setup time
Command (/CS, /RAS, /ICAS, /IWE, DSF, DQM) | tcwn 1 1 1 15 ns
hold time

Note 1. Loading capacitance is 30 pF.
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O  Asynchronous Characteristics

Parameter Symbol -A70R -A80 -A10 -A12 Unit | Note
MIN. [ MAX. [ MIN. | MAX. | MIN. [ MAX. | MIN. | MAX.

REF to REF/ACT command period tre 70 72 78 90 ns
ACT to PRE command period trAs 48 [120,000f 48 (120,000 50 |120,000f 60 |120,000( ns
PRE to ACT command period trP 21 24 26 30 ns
Delay time ACT to READ/WRITE command trcD 21 24 24 30 ns
ACT(0) to ACT(1) command period trRD 21 24 30 36 ns
Data-in to PRE command period |/CAS latency = 3| topLs 7 8 10 12 ns

ICAS latency = 2| topL2 — — 12 13 15 ns
Data-in to ACT(REF) command |/CAS latency = 3| tpaLs |1CLK+21 1CLK+24 1CLK+26] 1CLK+30] ns
period (Auto precharge) ICAS latency =2| toaz | — —  |1cLk+24 1CLK+26 1CLK+30 ns
Block write cycle time tawc 14 16 20 24 ns
Block write data-in to PRE command period tepL 14 16 20 24 ns
Block write data-in Active (REF) command teAL 35 40 46 54 ns
period (Auto precharge)
Mode register set cycle time trsc 2 2 2 2 CLK
Transition time tr 0.5 30 0.5 30 1 30 1 30 ns
Refresh time trReF 32 32 32 32 ms

48 Preliminary Data Sheet
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16.1 AC Parameters for Read/Write Cycles
AC Parameters for Read Timing (Burst length = 2, /CAS latency = 2)
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NEC uPD4811650 for Rev.K

O 16.2 Relationship between Frequency and Latency

Speed version -A70R -A80 -A10 -A12
Clock cycle time [ns] 7 — 8 12 10 13 12 15
Frequency [MHz] 143 — 125 83 100 77 83 67
ICAS latency 3 — 3 2 3 2 3 2
[trep] 3 — 3 2 3 2 3 2
/RAS latency 6 — 6 4 6 4 6 4

(/CAS latency + [trep])

[tre] 10 — 9 6 8 6 8 6
[tras] 7 — 6 4 5 4 5 4
[trrD] 3 — 3 2 3 3 3 3
[tre] 3 — 3 2 3 2 3 2
[topL] 1 — 1 1 1 1 1 1
[toad] 4 — 4 3 4 3 4 3
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NEC

uPD4811650 for Rev.K

/CS Function

16.3

:3)

4, ICAS latency

(at 100 MHz Burst length

/CS function (Only /CS signal needs to be asserted at minimum rate)
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16.4.3 Refresh Cycle
CBR Refresh (/CAS latency = 2)
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Full Page WRITE Cycle (2/2) (/CAS latency = 3)
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16.4.6 Precharge Termination Cycle
PRE (Precharge) Termination of Burst (1/2)  (Burst length = 2, 4, 8, Full, /CAS latency = 2)
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PRE (Precharge) Termination of Burst (2/2)  (Burst length = 2, 4, 8, Full, /CAS latency = 3)
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Clock Suspension during Burst Read (using CKE Function) (1/2)

16.4.7 Clock Suspension
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Clock Suspension during Burst Read (using CKE Function) (2/2) (Burst length = 4, /CAS latency = 3)
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Clock Suspension during Burst Write (using CKE Function) (1/2) (Burst length = 4, /CAS latency = 2)
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16.4.8 Power Down Mode

Power Down Mode and Clock Suspension  (Burst length = 4, /CAS latency = 2)
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16.4.9 Other Cycles
Byte Read/Write Operation (By DQM) (Burst length = 4, /CAS latency = 2)
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for Bank B for Bank B not Read not Read Write Command  not Write not Read
for Bank B Byte of DQO - 7
not Write

Remark The timings of DQM2, DQM3, and the corresponding DQ16 - 23, DQ24 - 31 are om

itted.

Byte of
DQO-7
not Read
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16.5 Graphics Cycles
Special Register Set (Burst length = 4, /CAS latency = 2)
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R R R R R R R R R, TR
DQM RS RN B R R R R R R R R R R R R SRS
0-3 Dot tetetetetetetetetototetetetetetetetetetotetotetotetotedols’, KO3RS R R R SRR R R R R ERIKLLRL
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T 1

I 1

v I i 1

I I I I I I y HI-Z I I I I I I I 1

DQ Sy S (e o gy
|

! T !

All Banks Special Activate
Precharge Register Set Command
Command Command is valid
If necessary
trP

Remark Special Register Set command is able to input at idle state or row active state.
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S/

CLK

CKE

ICS

/IRAS

ICAS

IWE

DSF

A10
(BA)

A9

Random Row Write with WPB (Ping-pong banks) (1/2)  (Burst length = 8, /CAS latency = 2)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21

[ [
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. | .
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T
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3
%%
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%%
25— — ]
%5
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KK
35
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5K
S
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25
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X
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QKK
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2%
255
2
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H %9%%!
2
2%
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35
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5%
255
B 1%9%%¢
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KK
e

T

B aassss]

00020020 %0 %0 %6 % 20202 % %%
T

KL
T

|

| .
XX EEEEKEK KR LK XKLL KK RKXKS KRSRSSRRIREEEKEEKEERRRRRE
SRR LLLLLLLLLR LRSS 00000002000 %020 %0 %20 %000 %% %0 % %0 %6 %%

RA N CA o R SR R R RRRRRS XX CAb RRRLLRRS
JORRRILLRS e e oo e o teretotatevesetetots K ORI S RIIKILRIKKIKS,
8 L0000 L O OB KSR R RRLRRRLRARLLRIIELLRRIILLRIIELRRIALLR JRRRRRIRLRRIIILRRIIL
T

L

D o%

--------/--{DAa1 { DAa2 { DAa3 X DAa4 X DAa5 X DAa6 X DAa7 X DA X DBa1 X DBa2 X DBa3 X DBa4 X DBas X DBa6 X DBa7 X DBa8 )-- - - - DAb2 X DAb3 X DAb4
4 4 4 4 4

t

Activate Write Activate Write Activate Precharge
Command Command Command Command Command Command
with WPB for Bank A for Bank B for Bank B for Bank A for Bank B
for Bank A WPB is enable. WPB is disable. Write
Precharge Command
Command for Bank A
treD for Bank A tor. WPB is disable.
toPL trpP -
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Random Row Write with WPB (Ping-pong banks) (2/2)  (Burst length = 8, /CAS latency = 3)
TO T1 T2 T3 T4 T5 T6 T7 T8 T9 | T10 | T11 | T12 | T13 | T14 | Ti5 | Ti6 | T17 | T18 | T19 | T20 | T21
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|
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R
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IcAS B s N I s N A I N = A
: RXRRRRRLRLILIES | A e N e 2 02 0202020202005 : RERLIRRRKLRLKRLRK | fRRRRRKKY : RRRLLRRLKAS : \SRRIERRIERIIKRRIRN | QLIRS :
1 1 H 1 1 1 1 1 1 H 1 1 1 1 H
! | | ! | | | | ! | | ! | ! | | ! | | ! | !
! I | ! ! ! ! | ! ! | ! ! ! | | ! ! ! ! | !
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| T T T T T T T | T T T | T T 1
I I I I I I I I I I I I I I I
! | ! I ! | ! | I I ! I I I I
! CSERERERREKIKIKIIERIRRN ! KR K IRRRRRIR IR K IIRIIKIEIRRR XK I IR ! ! ! ! ! !
DSF I N N | | | | |
| ERRIKLLIELLIERD | 2eSeteetete et etoteteteoteteteteototetedo e otetete o oo tetede) | | | 2 | | |
| T T T T T T T T T T T I T | [l [l 1
| | | | | | | | | | | | | | | |
| | | | | | | | I | | I | | | | | | | | |
TS
7 \ f
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| T | T T T T | T T | T | T T | T T |
| I | I I I I | I | I | I I | I I |
. ! ! | | | ! | . ! | ! | | ! . | | |
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1 1
| | |
! ! ! |
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<J KX L0000 20 00 e 0 00 % 06 %0 20 %0 %0 20 % 20 %020 %0 20202650220 %26 5:5e% 100 %000 %0 %0 %0 % %2620 % %%%! X RILEIRICRIICR KR IR KK IR KR KRR AKIKAS 020052020 %%6% % %% %Y 00 %000 00 %0 20 %0 00 % 0% 2% %6 %6 2 %%
T ) T T ) T T ) T
| | | |
| | | |
| | | |
| | | |
! ! ! !
[l [l [l [l
| | | |
| L . .

)
XX
255
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0%

2
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S
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o

| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
| L | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | |
[l | [l [l [l [l ] I [l [l [l [l [l [l [l [l I |
| | | | | | | | | | | | | | | | | |
| I L L L L L L L I L L L L L L L

DQ  ---------i-------~(DAal X DAa2 X DAa3 X DAa4 X DAa5 X DAa6 X DAa7 X DAag X DBa1 X DBa2 { DBa3 X DBa4 X DBas X DBa6 X DBa7 { DBag X DAb1 X DAb2 X DAb3

! T T T T T T T

Activate Write Command Activate Write Command  Precharge Activate Write Command  Precharge
Command for Bank A Command for Bank B Command Command for Bank A Command
with WPB WPB is enable. for Bank B WPB is disable. for Bank A for Bank A WPB is disable. for Bank B
for Bank A

trcD topL trp torL

J3AN

M'ASY 10} 0S9TT8YAd!




N
EC
uPD
4
811650 fo
r Re
v.K

o
. _
. J--
[e¢]
1 | K
] L
T ) v“”oono
| R
| K]
\ vnooooo B
\ s
s o
7 | . ~ oo
\\ ;0 ] 00000
| | \ o Booe
T | | 00%%. 3
\\ « | 00000& N =
_ X3 -- o 1
_ XD - uooooo‘ = |
P! - 0000& = .
00N000 _ 5857 0“0000 "00“00
00000“ 00&00 { 0000“0 v%ooon
6 = oooooo ] oooooo. voo%oo |
| \ g 000000 g X » %00000 -
T \\ . B 000%0 00?% - %0080
. 5 £ R : 5 1
_ 00000 000000 | _ RRXX % > '0 \\
3 5 - |
ote%e 05ese | . \\
T] B! KRR hogeoess O . | k
— _ e S5 oo - \\C s
T ) o __ nnouno “nnon“ %oo“n. B 5% m S
| - st R s 8 2 sf 2
_ &L 5 _ S - . 3
) - ST ] ) 0 3 = I} o
3 2l - . &
_ | _ XXX 555 ] 9058 \\0%
e KS5S 55 . .
\\ ; ) on%“” oonoon. o 0N$N“ - - e 8 )
.n““ 4 o . (S8 555 ] - 2L o2
“oon : | 3 s nnoono B o -
m ‘ ."“. g ,. 1 | S 5 5 so
- 1 onnoon - — %nooom 0% -—- 5 s . |
| oono g - \ o Sl XL =
\\ 0000 000000@ 000000 D 000000 - 0%
. 5 B 30000 s oo - 5%
. 000000@ | 000000 00“00 o e - 00000
oo eSS S S m - - K
| 0000000 0“0000@ 000000 - — 00000“ 1 00000
— 00%e% Rateset (S R - b ooo%
\\ | o S %03 000000 - 00000
| : | - 355 s @ |- R S
| ""“" | - o . 5 E
__ & 00000& | 000000 000000 0000 | |
_ ofotes L 55 SRR 5 | 00
| | noonoom nnoouo | _ uoonno LK. K _B&
| \o\ 00000 | . et 5 20K Q k=]
— - - RXRK fododele 00000 — 0KRN XXX L c m
| | ) - oo ooooo Sasoto XXX ] [as]
.,.» 1 55 S5 - S5 SESE
‘ a& J . 3882 o - 0% 5 =<
B «. = 5 oo o T 5 < EZ &
o o“ooon SR 4-- X nooon 5 _ R > B
l \ uonn»o nnon“n . 5 55 555 08
T \\ 0nooon | S 55 -1- n%on R XK =)
__ 000000 000000 voooooo \ B 000000 | 00000
\\ 0000“0 00000“ voooooo - &L 000000 - 800!
- i | voooooo < - 000000 __ KR
S35 (5% - | .. | “x"
- = RS L — oo, - o 55005
9 . 2 RS Jssosss - (0% %%
T \\ o RS voooooo % X - 000000 RS
\ 00000 \\ : v%oooo 000%0 | 80000 X o
\\ 000000 - R oo - 5 s oo o
\\ oooooo . - S [R5 oo —-— RS &
L p..v | - 53 e S - 555
_ KRR vnooono S5 7 "00»%“ “%ouo I %Nno
_ KL &00000 - 000000 %00000 00%00 | e
| ‘\ . K ] 5550 R0 - 00508 30 (o)) =
\ J 0 . - &00000 — XX X |2 om
| | ) - o 0000 S0t 050058 ]
| 4 | »000 . ) voooooo S8y o2030%e - c X
| oco, \\ | . 5 S SO0 - o290 £ 5
‘\ g ) : 55 .ooooon 5 -- o0 SES
) g ~ 55 _BX o - 3 gEX®
I o <% 1 5255 - | )
~ _ K R -1- Kol oo 555 o8
T 553 S
B ooo% RR KSSS -1~ X Sotese - - - R
[ .un.,u | = > - . 5
] o £33 - | ,... ‘l m.““
| - s oooooon 2% -- Rz
| | \ 0 70000 1 000000 XX - - - 00000
| \\ \ » o 0000. XXX - ° 7] 505
I __ | ___ KRS uo“non“ - u%nno . : a ouuoo L
| wq \\ on . i LK ol S 0320 &
> - I - - S 03000. ooo%n - s |
&) - 000000. _ MOQONQA ] -
| B Nnnonn <% ] > “nnnno 7 N“NNN B m A = Q
m 5 g B N 5355 S 2 - £0
a T | 2l s __ P L% R O
| \\ - 555 L _ XX oo =<
0 - 55 (55 - &S = -
L ownoww 00“000 - — | vuoouoo - L o -—- 5] %
< - 00000 vooooo \\ »0\00 | 0
| - RS - - — 2
| | 5 voooooo - - oo - o =
= < __ KL & 000 w\ | 0
\ | . o0 2
- K5 . [
T \\\ , \\ . unoono oM 3
__ > — LKL =] 250 o -
— o — & 0’00 00’ M
] oo - - y KR -
X -- X __ o Il - O
[ -— 000000 - - 0“0000 i OQOQN - \\ e C
| oooooo &%Noo \ oooooo XXX 2R = = =
a 3 000000 vooo%o . 00000 3y fosote% = [a1] o
| T | ] K05 __ 55” KL% - uooooo i
- 0% -] -000000 K . 00000 0%00 | |
\\ - ssosos R _ KK KR
[} XS 0see s ) ] n
) 0“0000 w000000 L 700000 % - & 000000 -= < @
IS - K55 S RS R -- o -- S
\ v000000 R3S 000004 - S - om
a | o s (5 -- - — O =
S | = 700000 - — 000000. o0 - m
2 o ) ~ x| . 5 m
© [ 4-- , - 3 R noonx - unonnu - B %
e | wo . '» on“%m B o2 ol S
_ X | _ < oo%no. %ooou .
o) S - e s I -
] SRS _ s 000 t - : \\ C
D. .ooooo - | = 100 T = o =
— 000000 000”0 - onooo 0“03 - - S t |
~ - 00N000 | 000000 __ S 00000 6 5 r |
m ) n“on“n | nnnonu a5 - s o =<
‘= - 00N00N QO“N% 5 “oonno %0 - KL u%nuo - > 8
= 553 553 B - ..,w“ ;
o | _
NQOQ“O 0“000“ 00“000 | 00“000 o - o 5
4 R XK 1% 3 - ooooo m e
S = - K55 s 8 i w | f
| oo\\\o% 5 S
| \\ ,nooooo 5 S XS - P o] 2]
o -- &3 o o K K5 N s 3r= <
L Yokt KR - 8 000! - M
_ % K oo, \ - O C
T - oo LS o, S - : e
| »’k | - X o800 = = = =
\\ . B bo%e%s . Po%%0% IS g0 a8
| | - o0 oo XK R S ]
\ ) - S S5 588 1oooo =2 =<
| | L = Lo%0es Sl S} [=
| \\ . | 0o D0tese - O 8
o««o \\ . 2 R toseoes - 3 5}
.““«. b .,. - 53 S T 33 S @
000 04 g 000 000 QXK = ol o 5
| NW“N MM“NNO B \OOWQ N“WM“ [~ Nmmnoom mwmm @ Re)
3 o o - XX RS 55
C %“ou g ) 20 nnoono - oo
in} XXX, \ ] | |
RXX \ ! |
X 008 - - e E .
O e N P | .
s . ; - B
m | \\ : 000“0
| . g 1290, D
SRR C
@ (%)) i O |
/ ) 8% .m
A 9 0N000
C \\ 1 N%"N
=< 2 | ‘o%o
\\ S %n“o £
2 N oo £ :
LL 1 oooo» V i
0 I 3% i
a o= T 55 15
: | XK ) E
| Jooesee .
| Soso%st ; r
: 3RS ]
9 XX )
A D 150393
ADn =
o7
Q.
o o
[a)]

Preli
limi
ina
ry Data Sh
eet
77



8.

199yS ereq Areuiwiaid

Block Write (page at same bank) changing color and mask data

(/CAS latency = 3)
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Random Column Read (page with same bank) (2/2)  (Burst length = 4, /CAS latency = 3)
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Random Column Write (page with same bank) (1/2)

(Burst length = 4, /CAS latency = 2)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21
I I I I I I I I I I I I I I I I I I I I I I i
I I I I I I I I I I I I I I I I I I I I I I I
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! |
T T T T T T T T T T T T T T T T T T T T T T I
CKE | H | | | | | | | | | | | | | | | | | | | | | |
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
I I ! ! ! I I ! ! ! I I ! I ! ! ! ! |
[ I [ I [ [ [ I I [ [ [ I [ I [ I [ [ [ [ |
ICS I I I I I I I I I I I I I I I / I \ I / I I I I I
I I I I I I I I I ! I ! I I I I I
I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I
| L L L L L L L L Il L | I Il L L L L L J
I f [ 7 T\ I I T\
Y N I s | | gy R iy
EEERIRN LR | detetotetetetetetetetetotototeteds’, | | \RRRRRRERIEERARRKEELEEIN | ! |  Fefetetetotetotototototetetetetotototototetetetetototototototote oot
| | | | ! ! ! | | ! |
| I | I I I | I | I I I | | I | I I I I I
. | | | | | | | | | | | . . | | | | | | |
R TR oz [ TR TR T T IIITTT XTI,
ICAS 1 s N B I I N s s
R RRIIIIRREIELIRRRLLELEN R R IRRRLLK saootstete! B RIS I IIRRRIEKERK,
| IISIIIIIIIIIIIINIIIIIINI % SIS IIISIISIIIIIIL SIS, | K | 9a%a%Y I SSSINIIINSLIISINISIIIIIISIIIIIIIIN NN
I I I I I I I
| I | I I I | I | I I I | I | I | I I I I I
| | | | | | | | | | | | | | |
! I I I I ! I
e ———— ey
IWE ‘ B s N s N - s N ‘ e e
! ! L5 IIRLLLLLLLRLLRRRRLRK L RREESKN L RRLLLLLLLLRRRRRRK ! ! ! f R RRRRRIIEIKEKIES,
: T | T T T | T | T T T | : | T
I | I | | | I | I | I I I !
1 1 B IR EIALEN 1 LK 1 1 1 1
DSF | I o s ssessstets NI vcvsssssososos N | | |
EERRRRELELLIIRREELLLN A,
I I I I I
I I I I I
Al0 I I I I I
(BA) I I I I I
I I I I I
; | ; ; | | | ; | ; | | | | |
| | | | | | | | | |
TN | TSR | eceeoere | TSR | rezereten | OO OO OO OO oorerezezetes
A9 SSIEN | RESCEECCCCEEEEEIEEIN 1 IR 1 IS R 1| R R RIS
XRRXXK [ 0505 sssssssssatesototosoretetesetetstotosososes NI LRXRXRRXR [ Soossissesssssesssotstosoretosesetetstotetosoro W rSostosesesese, | R IRRIRIIIRKRLK
B8 B ILIIELLLR JRIRLLEN R RIS foetototetete) LR R IIEREELLLLK
! T T T ! T ! T T T ! T
I I I I I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | | | | | |
Y \*
ADD CBa Bssssaanaassssssssssl CBb Josssnsl CBC Basssssssaanassssmssssssssssssssssisssiil RBA Josssnad CBU Josssmsssnaassssassssssssssssssssssss
K55I fRRBEIEEN K5 RRRRRRIISILSEILLLLLN LRI LIRS
T T T T T T T U T U T T T T T T T 1 T T T T 1
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
DQM I I I I I I I I I I I I I I I I I I I I I I I
L I I I I I I I I I I I I I I I I I I I I I
0-3 | | | | | | | | | | | | | | | | | | | | | | |
T T T T T T T T T T T T T T T T T T T T T T |
I I I I I I I I I I I I I I I I I I I I I I I
I I I ! ! ! ! ! ! ! ! ! ! I I I I ! ! ! ! I I
I

DQ -

T

Activate
Command
for Bank B

--«pBa1 Y DBa2 Y DBas X DBa4 X DEb1 Y DBL2 X DBC1 X DBC2 X DBC3 X DBCA )- - == === 2 === =2 == -
! T T ! T

Write Write Write Precharge
Command Command Command Command
for Bank B for Bank B for Bank B for Bank B

trP

Activate
Command
for Bank B

---(D?leDBdZXDBd3XDBd4>—

Write
Command
for Bank B

R ——

J3AN

M'ASY 10} 0S9TT8YAd!




NEC
uPD4811650 for Rev.K

— @ @
N
T
& ‘l
T = \ \\\
o a
9 Al o by e |
[ (RS 55 = I |
5 2% 5 cQ
St 0ot s k
000000 00000 | %00000 : m
050K oo I R = :
; 000000 00000 ,0000000 | _ 000000 o ®©
5 555 < XS oo
3 s I 55X B
[ Pt XS s S = :
- 2 wnuo“nn nuo»nnu “nuonn 28
5 s el %% Sototeds =
S e = w
~ 3355 R e~ S i
9 %02 XX 5 =
— X 55 = %
S (XS 00000. 53 :
_| & 00000@ 000000 - — —
& 5 &
g 55 S35
\\\\\ % RS
‘Cl oAb | .m
%< g :
=] 0o 3 L |
: RS s : m
> i < x| 0
S 553 % >
s0es I 53 B3 33 :
oo B0 oo 555 s :
R QL —KXXX 58 % :
S 5% e 6%0% L
10 oS oo 50 el RS 555 E
0000& 535 [RGKKL S Sodels
- S it
0000@ 5 o 20%e% QKL - —
1 :
- ] B SRXX K8 =
ossiet XSS s 55 2 C
< (X5 L oo B = :
— toloy XS 3q | =
% fo%e%eds s =i
T 55 532 K~
5 X5 oo I
L s |
\\\\\\ . e] =
« , c
™ o, dl |
3% o
o s m
= o < > g0
XX — 55 5 :
3 3 B 090 %% 53 :
55 sl KL oS00 7 X
505 S ™ oo 5 = E
5 b 000000 | _ | Q5 00000 KKK ©
u 1 N = B 0@
Po%e%ee 020 ole%s 2% g K :
_I - 2 5% R X~ | KL 1 g
QL otes QIR 358 i -
“ 88
i 03¢ %% N :
5 S - Sasoess QL Stotods do%e%e?
KL 29 oo s 3 : .
& 3 2 ) - . »
- : S % — — KX XX
| _. 53 <)
R4 — 6%6% e%6% L a0 =
y = 5 3353 205 o KRS 4--4 8
C - . S5 S K KX 1]
o XKL "o o 55 5 -
n : QN%% s 00000 - 2R Sototeds KL
% % XX KKK S 5 -
I3 3 B 2 Bal 2B 3]
% P s B ““““““i““.»
< st — 588 0o %% 5 2. :
ool _RRXR Solete% o 53 - |
%) 8 oo 555 5 - - =
< KL 0o S~ 8K 5553 o -
(@) o & K SO0 X~ 55 o
/ _I ) : s oo 555 — 0o >
3 % nonno 0“0%0 N nonown N
- - , %% K& =
5 b, S nowonn 112
B X 00000 8
__ oo hl KL °
Porolopgadp d
=] ~ 1 C X n
g K 18 a
c 55 4 1 :
e | XX & :
Q@ B e o : :
— ~ s - D :
o | 209088
[ [ - 0305 = £
r L - k&
=1 S & o : 4
m 1 o |
~ RXRX mE =
“““ S 5 :
= © B , D d
- PR : : B m
P P o | - o]
N | _ 0%t 5 % - o m
: & (5% X I I X
N st - - 2588 55 “ | m
o555 (035 553 = = B n
- .- 55 Do XL [a) o ®©
5 - o o RS R [SN]
k T - e 5 s I s >
00 - i 555 toveoo I 3582 (O
[= BRS S5 00%0%8 5 S - : d
@ s Re%eoes sieiele! 555 = - o g
3 S ail S -
3 5355 B s o RS 090000 0
3] KKK 1oote% he%e%e! I <5 55 o -
< .. ==
g ~ S sl k] 55 A
2000203 1680%e% [RGEKX 55 5 -
) i oo KL LRRK L - (92]
%] N . 93%% 8583 38K RRK] KK - ©
2959 oo o 558 o i - :
85 o . 2555 555 S = :
£ S B B e - :
: 3 S (s w0“0000 0“000 - — “00000 0“0000
= [ ] o Fologoss ssosess I XX 55 3]
___ et 950505 ]| S
- : 2 S (KXEg — N
e - _ b 0.’0’ "0‘. -
w \\\\\ K& nnonn“ B %
o KX
1 N,
o ~ n | .m
T PN \ a
e 5 - T3 > S m
XXX 5 B l
| r > § (@] -— £
= oled 58 5 | :
= 25059 3 i | :
059 Sosesos [XKKL 3358 e : t
RS XS S} - 0% = - :
- - 2 R R %S ©
= B B o o T
c KKK ool XXX = o -
LSKKL 030080 0% SRR oo 232 N
IS 02038 oo 28 8 53 :
- 5 s 0% 0% = 9O
% [ 3 : : Q
3 B B n _mf
L < B %% 55 : .
$) o 2 B s -
[ 2 o Sosetess esoosss I KR8 55 i
X5 [ s 5] -
b !00000 00000 000000 B 555 |
IS __ % 2L 55 =
_ & e 55 2% - .
IEIPBIS - 0000 0000 -
\ 555 XX _
.m ~ ; (5% _ :
F e
9 = | -
& > B URE m
52 33 14 o ! m
15050953 5 B .l . m
5L Sy = - B :
- 2 e o c
- = R 5005 O H O
N2 oo 2% Rato%es 2883 5
- - s 29 I 1 m
L E . “n“no nonnnn - nonnon ononnn — 1 ]
% 2 : 1 0 |
3 % 3 o) 2l B S . 5
O < %) s I K353 B :
< 24 < e 355 C
L3 O w w —~ - . A
e =
% o |
Q S |
<4 2 8 3
2 & g i
2 8s 8
o [a)

82
Prelimi
nary Data
Sheet



N
EC
uP
D4
811650 f
or
Re
v
K

—
N
—
o
I
. _
__ .
_ ooo
9 s
1_ %%QA
T | 0000&
_ %2
R
_ oo.
_ .
| 000@
\ 0%
\ o
oo “Noonm
I “u“uu . wmw“
| 0nn%nu o %95 oonnoon e
\ »oooua B - ..noozo s
7 \\ %%A ooooo@ - .&80“0 “080%
l | | 00000& ,0000000 00000@
T \ | 00000@ S 2% “00000@ ‘
\\ | %%%A - B o%on%. S
_ 1 oooo& oo - ooooooA R3S
\ \\ - B %ooooq s
| | %%A . %%oo. SRS e
\ \\ | - ooon& oo oooono
6 | | | ,9000000 5 o 000“00 000000
1 \ | ?00“00 | .0000000 000000
T | \\ \ . S 5
\ \ | . \\ o202 = XL
_ ] - 229 _ 85058 . -
KX ooooo 1 .
_ A - - - & wonuoon ONNNQ“
o | _ 00800 o X .onooo“o 000000 \
5 \ | 000000 | . .0000000 000000 _
= = no%no o - R u%ono \
— - - oo X - wooonoo o )
] - 5 - - S5 . s - | ¢
| 1 “%.on 7] nzon 1 &5 \ on.%n b
_ 00000 00000 S - - LK 000000
\\ | - S5 %8‘. - g (S <
< 1 7 uoo%o %%o - %oouo -- wooooo = (o3
| : %oouo ooono 80000 > - oooono _
_ - 00000 Sato% 000000 5% - (20058 -
| | \ 3 o oo - - X 1 & 1
| | NNOONN | NQOQN NOOONN | “000“ - o __ 1
_ 00%00 ooono 000000 %ono m !
__ | _ 00300 552 - 02000 sy u«o««o C .
| \ | . - . SR 5% - s L
l | %oooo = %32 o20%%s | ooonoo > - 1
\ : - S 555 55 0K R -- A
F - -- S5 - | .““N.“ |
_ ] no%no B N#o»o - 38 “ooono N nooono \\ 8
- oooooo SR %8% 5 oooooo oooooo [3¥]
I - = S5 555 = oo 1 nnunnn | | | MB
— 1 7] no%uo 3L 7 uzo“o $05%5%s i no%wo a : "
: - N G 0o0tes s RS - > ™
| | | oo%oo i 0800 oooooo 5 oooooo ooooo - (V] c
_ - R - 5 08 - - $05%5% S - - oooooo - x c
\ ‘ . B 555 g Boos 5 - %%no - ™~ IS <
: 000000 00000 000000 00000 000000 000000 1= m
| | %%oo ooooo i 33% o%no oooooo 0033 < Q
— -- - 9K 58 - S5 38 - - S R B o8
_ B8 $0505% S G B 35 - ] <]
s - - 55 3 55 53 5 52 -- < S
| : nooono ) ooonu nooo“o - - $0505% nooono - »ooono 4-
\ . - B 55 s Booos%! —= S - ©
: \ - 55 00008 XK ogose % oooooo 1=
\ ‘ - o oo0%e%s S oo <
0 \ \\ - B S 38 L — 0K s L
2 | - . 55 XS - SR RS - o
= 3 __ oty 0%000 0%00 onnoon oonnoo \ :
_ T \ \\ oo%o i 55 oo 03000 = 00080 -
_ | | NNOQQ“ . NQQQN 000000 - 0"000“ - n
> - - o k% nooono | w%ono \\a
C | \ fo - soooo oooo% <
n \ | \\ | 55 RS B
9 \\ | 00000 ) 000000 000000 - (o4
e \ o, - - oooooo %oooo - >
m T | \ “uuo.% { : n“nonn 5 ownnou -
| \ \\ nunnm + 358 - n%u"n e
) -- -1 ooon& AL - o nooono a
< - - %&%A R . g |
e} - - 0000& - ool 5% 12 000000 - (@4
C | ‘\ ;oox .&000% | 0000% _
T \ \ i ,.oo%% [aa) 00 - >
< _ - - % sl R , |
_ \ \\ %o%oo \ | , \ 3
ooy . | 1= _
I 0% . % \ M
>~ -- - B Q
h \ \ : | ) >
= - - - -- 55 - )
[&)] - -- - - ooonoo [ "00&0 | 2
n | \ I - K&K -
] - \00«%3 -- - KK w%"no a
@ -- - - .nnoo““ . \\ o | A w.mB
s © -- 7] uooon% . B : | | |
%] - - 000000@ \ | \ X V k
—_ B - 000000@ \ \\ \ .U m
U \\ \ %oooo.. \ | | | = 3] c
B QW“QWMU 030‘« -7 - 12 < m %
\ wnnonnn \\\ nAUn\ O =
10 . - B ‘ VA |
_I | ) J "N“onnn TR P
o - - - s B & | | 8
~ — — % - ,00000 | v00000 | |
— - > - K& vo“uoo a
| \\ g \ : 00000 | m
\ g \ e _
S M \\ | NNNONN wl h K 0»"““ KR WM () o
k | \\ ooonoo I 02000 - K 000004. o)) he] 24
_ - 0% o8 - 0000 \ 00000 \ ..l
n | | 000000 1 00000 - - - 95 - N~ 2= m
© - 03000 00000 _ E 00800 18 c S
| : Nooooo 00000 «%«o - “0300 o ko] K= X
| i 00000 00000 - 00000 —1- 0030 - [S} €
| | \ 000000 0300 - 00000 - 000000 - (o4 ] c < o) [
> - 555 s 555 . (% -- >< 5 G g5 @
c - -- sl 053 sl %5 K - SEG g8 o
0 | \‘ - B B XK - 00000 _ —— © @ O =
oo oo - % %5 KX oS - © e ©
(X - %oooo o629 %32 58 ] ® o
_ : - S %8% R 2 < m o o E=
| | i . - B 55 i B2 S o 38
£ o - 555 3 5 - | .., 1 VA .m
o ~ - -- Nooo“o L — 000% nooono 5 ooonw nooono B “oooum -
\ ‘ . | - 5882 - 38 S - K. - [T}
e - ouunou nu%n 555 h n»non o“nnon \ ouuuon i
a : 1 - S 553 Sl 55 ST 0 02¢
[} (5 - 7 NQ%NQ 0000“ N nooono 00000 \ “000“0 Nooono : | aa
| | \\ - 58 0L oS s % - > > ~
| | - i 55 s 5 5 S oooooo - = ==
\ | o%ono ) - S - 5K 555 - - oooouo - < 31
W | | - 5K SR R S5 X - < I ]
\ 00%0 - 0%000 o29o% 03000 R G o o
O | | 00000 00000 | 00000 00000 000000 000000 m
04 - - nooowo 58 - oooono 38 - - S5 no%no \ Q Cr
(= -- 85 s 55 55 =< 8
m . - S -
O \ | !%nn | nooou no%uo ] no%n nooono - “n%w“ -- ™
| | \ . s S 53 S e i1
n \ | , ooono | oooo% 03059 ooooo %oooo [as]
\ \\ - i 5 XX - SR KR5S L —
o] T - o0 S8 oo - SR R - (0]
Dn \\ »Y %%% oo oooooo oooooo - >
| - % 0000 0000 —
| % o K% ]
\ 000000 i 3% 000000 — 00000 - N
| 6000 | 00000 000000 - 000000 -
_ e20% XX o on»n.n %
\ 00000 i 0000 0000 |
_ < 6% = 00000 : 00
_ 9558 - 000000 000000 - = (04
| 550 n»noon o \\ £
| %oooo I 00080 -
_ 000000 N 000000 | 1
__ K55 | »o%no :
= 000000 :
% 5 i
&
XK |
- 1
L 1
1
1
1
i 1
_— i y
_ " - E m
- 8 2
_ Q
1 % m ; m
' i : |
1 : : A
1 ) r C
1 ) /
1
1
1
i s i
1 5 ¥ |
1 i |
3] g |
1 < 5 a |
nw m
=
o

16
.6
2

C

ycle
S wi
with Pin
g_
pon
gB
a

) nks

CKE

Pr
elimi
ina
ry Data S
he
et
83



® Random Row Read (Ping-pong banks) (2/2) (Burst length = 8, /CAS latency = 3)
I I I I I I I I I I I I I I I I I I I |
I I I I I I I I I I I I I I I I I I I I
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! |
[ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ I
I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I
| I I I I | I I | I | I I | I I | |
I I I I I I I I I I I I I I I I I I I |
I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I
| I I I I | I I | I | I I | I I | I | I
I I I I I I I I I I I I I I I I I I I I
. , . . . | , , . . | . , | . . . . |
L IIIIIIIKN ! RIS | | R EABIIILELIN ! Nttt oot ! !
R IRIKKKIKEIN RIS RRIIIBILLLIGLLEKKN Rt ter e tetetotetetetetete
! RS RIXRIIRRRIIIIHIIIEIIIILLLIRIN | IR ! ! £ RRRRRRRRRIIRII | LRERRRRKRIIIRRINK] ! !
! 1 1 ! 1 1 ‘ ‘ ! 1 1 ! 1 ! 1 1 ! 1 1 !
- ! ! \ | ! ! ! | | \ ! ! | | ! \
" SOOI T IS TITITITITS, R R R I OO ORI, e A R IR T EEREREEIEIIIIIN
< ICAS B NI I NI s AR I N
[¢) : XL SRREERKN | RRRRLILIRRRRRLLRLRILRLIRILILRLRLKKS : RRRIRLRHIRLIRKLKKY | LRRRIRLKY : KRR f : NSRRI |
= T v T T T T T v T T T T v
3 ! | | ! | | | | ! | ! | ! | | ! | | !
=. ! ! | ! | ! | ! ! ! | ; | | ! ! ! !
> j %5 %5 j K RIS j j QIRRILRRIIIKXKS KRS LK j
! ! R RG] ! ! ! OIRRILLRIL ! \RRIKERREILIKEKS !
3 | | O e e s o e et s tatetatetotatetotetetotete?. | | | et teteteteteted | RERIERIIKKIKES |
I I ; T ? i I I ? ; f I ; T I
I I I I I I I I I I I I
O I I ! | ! | I I ! I I I
o ‘ ‘ SR, ‘ ‘ e, ‘ ‘ ‘
5 | W W\ | |
o] | | LRRREILRRAERIELIRRLRRIELRRY | [ Sodololeteletetet NI | |
T T T T T f T T T T T T
9] | | I I I I | | I | | |
g A10 I ! ! | | ! I I | I I !
| T IRRIKS TR YOOI OTOTI IO IITITITITOO | | SO A | RIS |
o I e A < N LR Y 1 Gy
— (BA) | RIS | RS RRRRN) . | KRR | KRR i RGGRRSIK] |
| | ! ! ! | | | | ! |
I I I I I I I
. I . I I . I
I I I I
I I I I
. . . .
I I I I
I I I I

|
|
| | ! |
s 3 PSSO
00020000 000 00 0 00000, SSRGS G EEEEEEEIEECGECAESK AN 56%% <K SRGEEAECKESKEN K CSK555A
A9 RBa XSIEsssiissis) R R RIS %5 2355 RBb XRessssssssssnd LS ,@
LXK XXX XXX XX X XY e 00 0 00 020 002020 02020202020 202020202028, XXX .09, K OCKRKIKIRIKKIRIKRKN LXK XXX X XY |
T T T T T T T T T U T T T 1
| | | | | | | | | | | | ! |
| | | | | | | | | | | | | | ! |
KX KKK KKK KKK KKK KR KN KKK KK KX KKK KKK KKK KKK KKK KKK XY XX KKK KEE K KKK KX KKK KKK KKK KKK XS XK X SR EKKIKKRKAY KOS KGR EEK LK KK
ADD RBa Kk CBa J s s s s s s ssss s RISl RBh B
O ORSSARESAS R IKIG IR KKK K 5 X KSRGS RIS KKK K <SRN % o% 76202020 %6%0%6 0000262 %020 %0 005 %6%:2:%%

S
A 550 RRRILRRIIRLIRILLRIIILLRIIILLLKN

T T T T

I I

I I

I I

I I

| |

T T

I I

I !

S 0998
R RIIK]
RRRRRLLRIILRRIE CBb
7
I
I
I
I
|
T
I
L

| | | 1 | | i | i | | | | | | |
| | | | | | | | | | | | | | | |
DQM oL l | | | | l | | | | | | | |
0-3 : : : : : : : : : : : : : : : :
| | | | | | | 1 | | | | | | | |
| | | I | | | L L L L L L L
DQ me e Lo {(QBal X QBa2 X QBa3 X QBad X QBas X QBas X QBa7 X QBas X QAal X QAa2 X QAa3 X QAa4 X QAas X QAab X QAa7 X QAas
Activate Read Activate Read Precharge Activate Read Precharge
Command Command Command Command Command Command Command Command
for Bank B for Bank B for Bank A for Bank A for Bank B for Bank B for Bank B for Bank A

treD

/CAS latency

trP

J3AN

M'ASY 10} 0S9TT8YAd!




N
EC
uPD
4
811650 f
or R
ev
K

—
I
T
o
N
T
%
%%%“ o
— oonu%u wo“n%n :
— 0“30» .vn%ono |
38& ..02000 i
Sl X w..... i
. B 33 _
oo nooouu i “00“000 R
| 000%‘ ,v%oo% i voooooo 9% K -
oooooA .&0000 - voooo% -
[ ] 225 wn%u» nuo»
3y - 3553 s -
oo e R a1
— wnnonnu - woun»n vn"nnnn \
~ _ 0»000 vOO 0000 .0000000 ;
\ 00 %0000 {2552 00008 - —
\ | vooo%o B XL 000000 —
__ R ) 0%%0 |
| /oo | %oooo -
© - % \ onu%» \ 4
= _ _ Q N »ooono b
o 0T _~ - ”“N““N \ ADn
\‘ \\ 000000 o
\ \\ %on% \
\ \\ 0%000 :
Ty) < _ w\ onnoon | 3
l | | ) s 4L
| | \ oS <
[l ”0000 5 B \\ N%Qno \ D
0000“ 000&4 | B 000N00 -—
| | 0000 : \ 0000 - X
00000 g \ - Noe%e% _
3588 7 nooono . \\ | | 2
< 8 G < 1 T , |
1_ - 5 L — % - Q
_| noooo 000000 - 00000 - < <
00000 000000 00000 <% 7 -= O B [a)
X 000000 00000 n 000000 - _
o G KL% - S0 -- R - >
noooo B oooooo ooooo n %oooo R - 2 -
- o 58 S X - RS - —
m n“u“n n“”u““ - “u"m "“"“% - R - "“w““ 42
0 000 \\00 - \000 000 <
- KR e R 00K hoSe%ets AL (3358
. = o0tess oozoo oooooo oooooo 5 [a)
o%oo . ! %S (8 = 50! 8 -
00n00 i onoooo - ) 000000 000000 - 000000 000000 __ ~N o
N“QONO \ “00““0 onnoo N“%NN Noonno “nnonn Noonwo - Q = <
2 oooo - L8 Sy KR ] R - ! © L
— o il £0o? K - 00000s SRS & ( . | |
. - | X G RS R KRS < = =]
| . 555 5 sl ' = o> 5 8
be%e% o XX S 0% %% % B : | : | |
| - 5] 55 e B 5 -- _ SEG S5
1 . B 555 K55 SR 1 13 85 8 8
% B 000 00\\ 000 00 ) 000 I
1 | - 38 00%0es Jsssooss SR 0055 o =]
| x - 25 55 ST 2 S&
1 | % %o\\ o KRR -
l i - 5 B3 R . >
wooon 53 9% 000000 000000 000000 -
O \\ . - LS S 000000 - - ~ o
- SE 5% s - . p
) — - o s oooo% Sasoted 000000 ; D
T w - & 00000 0000 < 000 %% -
_ \\ .,o %o%o 0380 oooo% - [a]
_ 000000 - 0000N0 QOONOQ :
y A - B onnoon -- >
) __ o o - |
m 9 | i o I 55 48
= [ - - 02005 Noonoo :
© % ) g D
- - — .00“"000 : : 0“0000“ : X
)] - .n.o.“. A : :
A \\ wownnou i .vuu«o“ﬁ | < - — n
O i - vuooono N vooonoo P ;
[ - & 5 A B
Q : 1 D
y | ; %0“00“ B }
8 1 . \ T - >
I - < . k
S = - - ks £ |
S 555 5 {
o) -I 1 KEsS B D | :
n | | 000000 B > = IS
m > 118 SE 5
% © - - ks k- A‘os
r \\\ | ‘k« . SRy [a) 08
> - | .c%oo% - %“000 - «
3 - B - 2. 2
\ | .0000000 ] v%boo —
_ .%o%o ] ,o \\
| ’ w%n%o i ; | 2
_ roooooo : a |
T [ ,..n“n 5 M M
N -- Q wooonoo o D | P
U_ \\\ \\wnmmnnm § o >< g2 < =
< 55 2 T ww"mwmmw“ i | :
m | “NNONO ] O“NNO i e N"ON““ [ad] ) c m % £ %
000000 00000 %««% 5 000000 : D ...l | .I m
n 0000 000 o s S KRS - = e o S m
| = s XK R oo S E 50 _— > £S5
0000” - 000000 00000 000000 KR G : \ | _.|
o 3 000000 00000 000000 T3S el X — [ee) I © e
: “.““. 55 .“"“.““& M s Ea
n _I - 9% lsosss nooono XL > Jas] < (@) =
O - nn“onn 53 % nnnonu = R el a L g
| . 5 8K -~ nzono R B > - > =)
. | SR R S RS R XL -- S
wu - s S S XL 5y RS - ™~
! - S 53 = S 2 o B
.I 00 0 - : : o —KX o 0% o%
P . nnonnu S n“..nu (3% oo uno»“u 5 a &3 oM
- S Sl XS KR | _ Eoote RS - > c =X
| S RS - b LS S5 KRR - > = E
2 58 e K& S5 118 3E 5
| 0 00 : e 0% B 00000 oteds - — L > — —
= — 2K S il K 30 _ oo0tes 00000 _ 05 ] ® 2]
| | onnou - s nnoonu & o nn.n“u < 388
z i 53 5 S o S 5
\\ | 000 000\\ R 0000 - 0% 000 -
| . \ - 5L _ 050585 K 00000 XK -
m | - 55 R 5 118
o - ] S o - n“oonu | \a
= = - 5% B o ) nn&n = . A
o l‘ ,5 | S sl S ] 3
| \\ onooo B Nooono 000N00 N onoonn "00“00 -- >
| /000 000000 000000 XXX 00000 |
c -- K 5 LS sl - i 4
[¢] - 000000 - - 000000 Sasoted N 000000 ;
| - B 203005 LS <
@ - e 000000 000000 00003
_ _ &L 000000 = 0000N0 ooonoo i D
__ | _ oooo% ] 0] oooooo \
_ - 8 Q] o%ooo :
L __ &KX Mooooo 000000 |
\\ - | : 5] 0 - - ™
\ voooo \ 000000 - 00003 |@
\ vow%ou ! = 000000 <
_ %00000 - KL 00“000
L %00000 n«%«o { | 000000 \\ D
voooo [} 000000 - 00000 -
%00000 - .0000000 . 0&000 :
vow’%n .0000000 \ »0 |
555 S ] I
.%0%00 ] voooooo - 3] ©
. (555 < <
_ X KX e |
_ < sl (2 - D
| , .%o%o . 858 -
) »w»o% | .onooooo > - >
> - & o - )
3% — XX -
v004 \ : 5 <t L 2 - —
000 \ 0000000 _ 000000 -]
| | - R G o
N S oo - A
X 0. ‘. A
J ooon% i D | n
w - 5 a T .n ;
026%% B W n
2 | . ] ma
< LL \\ M | \T. O B
m | “ o8
ST R _
< g l .
o 1
= | ed
2 - nA D
3 a ; |
< go Anm | |
o 0
ac )
: L
g

Pre
limi
ina
ry Data Sh
eet
85



N

EC
uPD

4
811650 f
or R

ev

K

S
= -~
8
= ]
o
—
- __ ] \\
[o0] - mm
— - \\
T — — 1> -0~
.-kuoQ - -
,.000000 —-— -
fatoiels -
N~ ,v“%n% 0\&«« -= \
— woooo% B vo“o% - — \\
[ - - -- 800% - 00000
| 1 & %S P -- %5
- o3 s wowuomn -- XS - -
-~ s S > - 0 \
— X pX 000 5% _ s X \
© _ & e X5 K2 R oo%0%s -
e | K S600% = 35S - S \
- - .00000 - Jolstols - 0
T - — »o,ooou voo%“o ooo%o
1 - &L S5 5 Sy
-- «%««0 - X K355 L — .0000000 e -
- = i B i
i & - R 3 -
=) - Sasose onﬁ%u LXK - .“oonno B 35 | _ ®
— I 0000 0000 | _ 0000 — 0% & — ] 00000 12
— X K o K _ Q%K 35 )
= _ _ KRR (%% e _ oo 55 0o
|  sdosss S R - L KRR < e
- = 0K 000000 5 1 4! 000000 - a - S = o
— 00000 | 000000 00000 | _ - 000000 —— < S
-- R - 000 R - S - > < i~
- K& 555 X - < - 3] =]
< -- X 55K 200 5 1- | 19 5]
= - o .&& BE: m - Ed
1 - 555 o vnzono 7 < < Ss
- - 0505089 voooooo = 000000 O L — [a)
- _ sl 93055 — ] Boos! - o
_ _ 3 wooooo oooooo - Lo
2] H1- L oS5 700000 000000 | >l
0 B . | B (= 2
i - -- o - ke S £ 12 I
-1 5 oo = "nonnno unuonn -N“o»nn 2|~ c<
__ - o - vonooon | _ ooonoo "00“000 L _ a IS ~
- o0 - 000000 _ RS - ooooo %0000 — =
— 005088 - 000000 ™ — 6% oooooo 000000 - X o 7
o~ - 0 8 e -- %4 SR vooooo -1 © (&) ] &
X 5 E—_— 55 ] ““w" - - o - ."u.““ I P o0 =
~ - — ] 5 000000 - 00000 - LXK ’00“00 @ Q -
- 00000 000000 00000 — &00000 = o
__ oonoo 0“000u 000“0 | - :0000 | _ [a) —
- 00%s = 000000 0505088 - | £ 0o - >
— T ) un“N ] NQ“N““ “nnou o < 2 T
= . -1- < S 552 -~ o5 22 |
= -] -4 nooono R s < o
_ - e 5 ‘000"0 RN o
-= - X - “00000 - — oouooc -~ (@]
—_ - —— 005050 - voooo% - 000000 -—
™ ] - L& voooooo 000000 - >
o = R &L :000 00000 0% |-
- ~ = %000 X i e - ©
1l — — -- -- - von%ou B - K |
o - - -= ] voooowo 000000 oonooo o 02
> |- 3% - vnooooo 00N000 onooon = - =
Q -— 00040 | fo%a%e%s | _ ooooo 35K _ Ia) = c <
- - - ] - 352 i 00000 e o290 _ S
= - ] K - to3ese oo KR - > x
- S0 o9 - XX XX 0000 — k=]
2 o -- 5 <% - < n“oonu 5 nznuo | 5 <
© — - onooow - — %00000 - — ,000000 -] 000000 I < 1S ©
= = - - oo - 588 - oo RS m
g 1 &K ‘000“0 - 0o 000“00 m Q
0 - - & 55 5 - < e a 08
< - -- v000000 - — .0000000 - 000000 - L
) & i - 352 - >
< o - X - & woon%o 0u«¢ou« 1 RS - <
—— o L — .ooooooo - — 00800 -= oooooo | ®
= - - - KR - 0003 - 000000 %Nooo
o) .  oosss -- L& oo < 58 Q
__ ouooo <75 - & 000000 B 7 000000 - =)
| - sl ZRX - — 000000 - 00000 00000 -
| __ 5 - 000000 _ 000000 | 000000 %oooo _
< 1- S5 B s - o 553 553 - oS &
= N~ -— 80“0 oonooo | “umou -I- oooooo | _ “%oo o3 __ ) &
5] - - B 5] 3 . = 13 g
3 B2 5 55 5 < ) @ |~ S
2 ol -- = < SEE
_ 0'000 R oS00 .000000 > _ o ] £
17} - L RIS 582 ..szoo P E = ~ 8 S
= © - < nooono - 20X .90“000“ - 0000” I - S E [}
3 = - - -- S _ B s s oM 8 I8 a
m - - ooowoo XK .0000000 000000 7 m
= -- -- =~ 5 e oo 25 ol a) o8
- 3y .003000 000000 - - 000000 __ 5
-- -- K B 3358 KRR N S - > =
q- - 09+ o S “»oonn o - °
— [Te) __ <2 - | 0“00“ 000“00 | _ VQ“QQQ _ — c
a P - B - B 5 K 18 g
N 1 | ““NN“‘ s e NNON“N - O“N"NN W“NON“ B a) -— £ a
~ -- sy RS - 58 _BX 553 -—- E<
— - 38 - 20 —— eSS 000000 02000 _ o [= a
1 o 000000 o _ 55 o20%e% 50000 - O < o
L = - 53 552 33 - sl o5 E a 8
[ - -- X o I 00 - - 0 - KX | =
c - - %0 S5 - 5L R K2 K Q5
B JSe%o%s 00000 o0 -- 2 dadelele < =
© - X X 0% X 7% - -0000 B = o
o - 008 029005 SNl %oooo _ %0000 _ a o
o sy 000000 o _ 000000 - < s - =
- 0% - oooooo R - 000000 R 1 e -
= 1- XK 00300 R 000000 N3 _|
™ — 0000 <2 XL 0% 0% o SR o n _ _ N~
c - % X XA X KR 00000 -
~ — - ooooo 00002 - o390 X505 -] 58 - © 1 ©
8 - B 55 B S5 RS @ <
o -1 1 00000 “%0% XK 0“0000 nooono 2R
& -- S R “%&w el 33 x| S
-= 0% 2R - %% 0000 o KL 0% [ %6% o -
c g 558 KX 588 000000 00000 R 2 -
= - oS0s%e 2% 3% 3 o0se%e 000000 RIXE TR -
o N __ S .un..u | n..“u S L _ .“n..n nn."“. _ s _ Q
o _ 00000 000000 | 00000 000000 — 000000 000000 L 000
~ | ] SR 000000 00000 000000 000000 oooooo 000000 < ] o
o __ ro0%es 555 S S e Bo! sl a - 285 )
2 -~ = 353 = 5 K33 BB 55 --- < 5 8%
- XX % X B 5% o K o% % X XX - =
= . _ e 555 S 1 13 3= 8
= _ - 00:0 L — o9 R ] 000000 000000 -] 000000 | © < €
2 - - = | 353 K53 353 555 < S @
— - Y XX L X |
e - - < S5 58 %a%& s o 5
- - 0% — ] 00000 00000 - 0000 0% < —— =
_ _ 0 % KK 0505008 00R.
- KR 000000 XK 00000 00000 _ ]
- - %% 00300 0K 000000 000000 =
€ e - T S 5 5% . B 3
[ — - - ,oooo ] ogese 00000 - 00000 1
S -4 1 - & "n.n“u o “u.u <
- | ouﬂotﬂ -+ S QO“QQM | _ N000N0 000"00 - — o)
c - _ KR - . -] ..o.oo %.ooo -
I - E S5 —= oo S 0K - >L
- 000 5 - & S S -
x T - 000000 XK uw%n - < R L — ooooo - — [52]
_ _ 00000 00000 - — 3 - o%e20% | 535 g
- b3 o0gs%e % o = XL 555850 [0}
_ 0% K X 000 KX _ L 000 XL
]} 1 00000 00000 0000 _ &L 000 % <
—— X% 00000 0000 ;\0030 - & 0000 |
_ 20K %00 5 | (IR - "ol q o)
0000 = 00000 000 _ .900000 - ;0000 _
-- 0% - SRR KR J isieees - K -
- o 5 3% o05e%s %00000 - X _ X
- o 000000 XX .0000000 &00«00 ] 1T o~
) , x%‘.% @&JXQ s -
v - SRS - K% RS i sissss o
_ 000000 00000 e vooooo - < <
3 - 7 S Jossiee 135098 T orl
O - ooates I ooooooo voooooo | _ 000000 — =)
w - R -] 558 oo - SRS __
_ oW X5 0% 18%%% 00000 - X ©
v  — 2t .000000 %000 000 X R -
_ 9 00000 00000 oo | S . — — c
N b XL - 100 % < 0% — %00 -
(] - .0000000 — ] voooooo 000000 n %00000 | © @
o _ %0000 000000 000000 00000
% o b ' = gl £ S
= 2] = %“ooon - 0oonoo Vooooo € N
< —— K& oouoon -onuo»n ~ o [=
> - S S s 38
%) | 0000 _ [> KK o
= - ,ooooo i B P
< - 029 wNON“"O = 5
L 112 wn.nn“ = =
L E RS
M < <
cl”
s U P
o = — |l
<C m 55 T m
S RN ! e
M.Jn [a) - 1 - m m <C
©
ADn S o : W m M
o4 < O m
[a) ' S —
o C
(a) <

86
Pre
limi
iminary 5
ata
Sh
eet



199yS ereq Areuiwiaid

.8

16.6.3 READ and WRITE Cycles
READ and WRITE (1/2) (Burst length = 4, /CAS latency = 2)
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:Write Iat‘encyzq /——\ i

Write Masking |
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T T T

Activate Read Write
Command Command Command
for Bank A for Bank A for Bank A

Hi-Z at the end of wrap function

0-clock latency

Read
Command
for Bank A

2-clock latency
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16.6.4 Full Page Random Cycles
Full Page Random Column Read (Burst length = Full Page, /CAS latency = 2)
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NEC uPD4811650 for Rev.K

17. Package Drawing

100 PIN PLASTIC TQFP (14 x20)

detail of lead end
—S
P

I
RJ L
U
r —Q
NOTES ITEM MILLIMETERS INCHES
1. Controlling dimension — millimeter. +0.009
= __ A 23.2+0.2 0.91375'603
2. Each lead centerline is located within 0.10 mm of
its true position (T.P.) at maximum material condition. B 20.0£0.2 0.787+3:992
c 14.0+0.2 0.551+0.008
D 17.2+0.2 0.677+0.008
F 0.825 0.032
G 0.575 0.023
+0.002
H 0.32+0.06 0.013%5-50%
[ 0.10 0.004
J 0.65(T.P.) 0.026
K 1.6+0.15 0.063+0.006
L 0.8 0.031
+0.002
M 0.17+0.05 0.0077 3505
N 0.10 0.004
P 1.0 0.039
Q 0.1+0.05 0.004+0.002
R 3°*5. 378
+0.30 +0.013
s 1.10 005 0.043_5002
T 0.25 0.010
+0.007
u 0.88+0.15 0.03575°006

S100GF-65-9BT
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18. Recommended Soldering Conditions

Please consult with our sales offices for soldering conditions of the uPD4811650.

Type of Surface Mount Device

uUPD4811650GF-9BT : 100-pin Plastic TQFP (14 x 20 mm)
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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.

(2 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 V DD 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, I/O 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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