PRELIMINARY DATA SHEET

NEC/ MOS INTEGRATED CIRCUIT

1IPD481850

8M-bit Synchronous GRAM

Description

The uPD481850 is a synchronous graphics memory (SGRAM) organized as 128 K words x 32 bits x 2 banks
random access port.

This device can operate up to 100 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 QFP (14 x 20 mm).

Features
* 131,072 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 100 MHz operation frequency
* Possible to assert random column address in every cycle
¢ Dual internal banks controlled by A9 (Bank Address: BA)
* Byte control using DQMO to DQM3 signals both in read and write cycle
¢ 8-column Block Write (BW) function
* Persistent write per bit (WPB) function
* Programmable wrap sequence (Sequential/lnterleave)
* Programmable burst length (1, 2, 4, 8 and full page)
* Programmable CAS latency (1, 2, and 3)
* Power Down operation and Clock Suspend operation
* Auto refresh (CBR refresh) or self refresh capability
* Single 3.3V £ 0.3 V power supply
* LVTTL compatible inputs and outputs
* 100-pin Plastic QFP (14 x 20 mm)
* 1,024 refresh cycles/16 ms
* 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.)
uPD481850GF-A10-JBT 10 100 100-pin Plastic QFP (14 x 20 mm)
uPD481850GF-A12-JBT 12 83
uPD481850GF-A15-JBT 15 66

The information in this document is subject to change without notice.
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Part Number

Synchronous GRAM

uPD48 1
NEC CMOS Application Specific Memorj T

Device code
1: Graphics RAM

=
o

Capacity
8: 8M bits

Words organization
5: x32

Function

Package
GF: QFP

Vce
A: 3.3V+03V

Cycle time
10: 10 ns
12: 12 ns
15: 15ns
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Pin Configuration (Marking Side)

100-pin Plastic QFP (14 x 20 mm)
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Block Diagram
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1.

Input/Output Pin Function

Pin name

Input/Output

Function

CLK

CKE

CS

RAS, CAS, WE

DSF

A0 - A8

A9

DQMO - DQM3

DQO - DQ31

Input

Input

Input

Input

Input

Input

Input

Input/Output

(Power supply)

CLK is the master clock input. Other inputs signals are referenced to the CLK
rising edge.

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 uPD481850 suspends operation.

When the uPD481850 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.

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

RAS, CAS and WE have the same symbols on conventional DRAM but different
functions. For details, refer to the command table.

DSF is part of the inputs of graphics command of the yPD481850.
If DSF is inactive (Low level), yPD481850 operates as same as SDRAM.

Row Address is determined by AO - A8 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.

A8 defines the precharge mode. When A8 is high in the precharge command
cycle, both banks are precharged; when A8 is low, only the bank selected by
A9 is precharged.

When A8 high in read or write command cycle, the precharge start automati-
cally after the burst access.

A9 is the bank select signal (BA). In command cycle, A9 low selects bank A
and A9 high selects bank B.

DQM controls I/O buffers. 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.

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.

DQ pins have the same function as 1/0O 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 and Vss are power supply pins for internal circuits. VccQ and VssQ are
power supply pins for the output buffers.
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2. Commands
Mode register set command ck [ 1 L
CKE H
(CS, RAS, CAS, WE, DSF = Low) cs

The pPD481850 has a mode register that defines how the device
operates. In this command, AO through A9 are the data input pins.
After power on, the mode register set command must be executed to
initialize the device.

The mode register can be set only when both banks are in idle state.

During 20 ns (trsc) following this command, the yPD481850 cannot
accept any other commands.

Bank activate command
(CS, RAS, DSF = Low, CAS, WE = High)
The pyPD481850 has two banks, each with 512 rows.
This command activates the bank selected by A9 (BA) and a row

address selected by A0 through A8.
This command corresponds to a conventional DRAM’s RAS falling.

Bank activate command with WPB enable
(CS, RAS = Low, CAS, WE, DSF = High)
This command is same as Bank activate command. After this

command, write per bit function is available. Mask register’s data is
used as write mask data.

RAS

R —
CAS XX

XXX R
oelededs

Add

Fig. 1 Mode register set
command

ck LI 1
CKE “H

cs
RAS
CAS

SA— AN
WE 35557

DSF

A9

(Bank address)
AB XX B

Add

Fig. 2 Row address strobe and
bank active command

DSF

555N
A9
(Bank address)
PZOTOTON RRRR
A8 XXX S

Add

Fig. 3 Row address strobe and
bank active command
with WPB enable
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Precharge command ck [ LI 1
CKE H

(CS, RAS, WE, DSF = Low, CAS = High) s TN/

RAS £33

This command begins precharge operation of the bank selected by
A9 (BA) and A8. When A8 is High, both banks are precharged,

S

OS00;
oLotete N

&KL

CAS

regardless of A9. When A8 is Low, only the bank selected by A9 is WE

precharged. A9 low selects bank A and A9 high selects bank B. DSF X8\ L3558
After this command, the uPD481850 can’t accept the activate com- A9

mand to the precharging bank during tre (precharge to activate com- (Ba”kaddrisg

mand period). Thiscommand can terminate the currentburst operation (Precharge S;';cg

(2, 4, 8, full page burst length).

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

Write command

(CS, CAS, WE, 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

oY% %%
TR
202056202

operation. The first write data in burst mode can input with this DSF

command with subsequent data on following clocks. A9 D
(Bank address)

A8

Add

Fig. 5 Column address and
write command

Read command
(CS, CAS, 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. DSF

oY% %%
X
202056202

A9
(Bank address)
A8

e s
Add 3K  REES

Fig. 6 Column address and
read command



NEC 1PD481850
CBR (auto) refresh command ck [ LI 1
CKE H

(CS, RAS, CAS, DSF = Low, WE, CKE = High) cs
) . ) ) RAS
Thiscommand is a request to begin the CBR refresh operation. The -
refresh address is generated internally. CAS
Before executing CBR refresh, both banks must be precharged. WE
After this cycle, both banks will be in the idle (precharged) state and DSF

ready for a bank activate command.
During trc period (from refresh command to refresh or activate
command), the yPD481850 cannot accept any other command.

Self refresh entry command
(CS, RAS, CAS, DSF, CKE = Low, WE = High)

After the command execution, self refresh operation continues while
CKE remains low. When CKE goes high, the yPD481850 exits the self
refresh 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.

Burst stop command in full page

(CS, WE, DSF = Low, RAS, CAS = High)

This command can stop the current full page burst (BL = 256)
operation. If BL is set to 2, 4, 8, to execute this command is Nop.

10

A9
(Bank address)
A8

Add

Fig. 7 Auto

CLK

CKE

Cs

RAS

CAS

WE

DSF

(Bank addrésg)
A8

Add

CHXRAIRAIIXHKLHKKS
RN

T TILTIITIZILS
00000002000 000000000000 90009 %%
2036 26%02630%626%6 %56 %%0%%e%

refresh command

Fig. 8 Self refresh entry

command

CLK

CKE

Cs

RAS

CAS

WE

DSF

(Bank addrésg)

A8
Add

T\
RSN
e
X XGRS KSR KKK KK
R

Yere%te%!

RRIRKRIIXRILKRIKS

90%0%%%6%0%%26%4% % %% %%

Fig. 9 Burst stop command

in Full Page mode
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No operation

(CS, DSF = Low, RAS, CAS, WE = High)

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

Special register set command

(CS, RAS, CAS, WE = Low, DSF = High)

The pPD481850 has two special registers for graphics commands.
One is color register and the other is mask register. In this command,
A0 through A9 are the data input pins for the register select (color or
mask register). DQO through DQ31 are the data input pins for the Color
data or the WPB data.

During 20 ns (trsc) following this command, the uPD481850 can not
accept any other commands.

Masked block write command
(CS, CAS, WE = Low, RAS, DSF = High)
This command activates 8-column block write function. This com-

mand assumes as burst length = 1. Write data comes from color
register, column address mask datais input from DQi in this command.

CLK
CKE
cs
RAS
CAs
WE
DSF

A9
(Bank address)
A8

S—
00,000 0 0.0 0.0.0.0.0.9.9.%
Add KRR

Fig. 10 No operation

ck [ L 1L
CKE H
cs __/

R —
RAS 55N\

CAS

XXX
QRN

. SN LSS
DQi BT

Fig. 11 Mode register set
command

LR
DQi 2

Fig. 12 Mode register set
command

11
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3. Simplified State Diagram

Self
Refresh

MRS
] | IDLE

Mode
Register
Set

CBR
Refresh

Special
Register Set

ddM1OV

Write/Block

WRIT/BW
SUSPEND

READ
SUSPEND

READA
SUSPEND

| [ wrimBw |

Write/Block
Write

WRITA/BWA
SUSPEND

WRITA/BWA

POWER Precharge

B Qh?

— AUtOmMatic sequence

Manual input

12
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4. Truth Table
4.1 Command Truth Table
Function Symbol CKE Cs RAS CAS WE DSF Address
n-1 A9 A8 A7-A0
Device deselect DESL H H x x x x x x x
No operation NOP H L H H H L x x x
Burst stop in full page BST H L H H L L X X x
Read READ H L H L H L BA L CA
Read with auto precharge READA H L H L H L BA H CA
Write WRIT H L H L L L BA L CA
Write with auto precharge WRITA H L H L L L BA H CA
Masked block write BW H L H L L H BA L CA
Masked block write with auto BWA H L H L L H BA H CA
precharge
Bank activate ACT H L L H H L BA RA
Bank activate with WPB enable ACTWPB H L L H H H BA RA
Precharge select bank PRE H L L H L L BA L x
Precharge all banks PALL H L L H L L x H x
Mode register set MRS H L L L L L OP. CODE
Special register set SRS H L L L L H OP. CODE

Remark Legend:

H = High level, L = Low level, x = High or Low level (Don’t care), BA = Bank address (A9), RA =

Row address, CA = Column address

4.2 DQM Truth Table

. CKE .
Function Symbol DQMi
n_
Data write/output enable ENBI H L
Data mask/output disable MASKI H H

Remark Legend:

H = High level, L = Low level, x = High or Low level (Don’t care),i=0,1, 2,3

13
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4.3 CKE Truth Table

Current state Function Symbol N lCKE N Cs RAS CAS WE DSF  Address
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

L H L H H H X X
Self refresh Self refresh exit

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 Legend:

H = High Level, L = Low level, x = High or Low level (Don’t care)

14
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4.4 Operative Command TableNote 1

1/7)

Current state

CS RAS CAS WE DSF

Address

Command

Action

Notes

Idle

Bank active

H

x
BA, CA, A8
BA, CA, A8
BA, CA, A8
BA, RA
BA, RA

x

BA, A8

X
Op-Code
Op-Code

X

x
BA, CA, A8
BA, CA, A8
BA, CA, A8
BA, RA
BA, RA

x

BA, A8

X
Op-Code

Op-Code

DESL

NOP

Undefined

BST

Undefined

READ/READA

BW/BWA

WRIT/WRITA

ACTWPB

ACT

Undefined

PRE/PALL

Undefined

REF/SELF

SRS

MRS

DESL

NOP

Undefined

BST

Undefined

READ/READA

BW/BWA

WRIT/WRITA

ACTWPB

ACT

Undefined

PRE/PALL

Undefined

REF/SELF

SRS

MRS

Nop or Power down

Nop or Power down

ILLEGAL

ILLEGAL

ILLEGAL

ILLEGAL

ILLEGAL

ILLEGAL

Bank active with WPB: Latch RA
Bank active: Latch RA

ILLEGAL

Nop

ILLEGAL

CBR refresh/Self refresh

Special register access

Mode register access

Nop

Nop

ILLEGAL

ILLEGAL

ILLEGAL

Begin read; Latch CA: Determine AP
Begin block write: Latch CA: Determine AP
Begin write; Latch CA: Determine AP
ILLEGAL

ILLEGAL

ILLEGAL

Precharge

ILLEGAL

ILLEGAL

Special register access

ILLEGAL

11

12

15
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(2/7)
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, A8 READ/READA Term burst, new read: Determine AP 7
L H L L H BA, CA, A8 BW/BWA Term burst, Start block write: Determine AP 7,8
L H L L L BA, CA, A8 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, A8 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, A8 READ/READA Term burst, start read: Determine AP 7,8
L H L L H BA, CA, A8 BW/BWA Term burst, new block write: Determine AP 7

L H L L L BA, CA, A8 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, A8 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

16
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(3/7)
Current state CS RAS CAS WE DSF Address Command Action Notes
Read with H x DESL Continue burst to end - precharging
auto precharge L x NOP Continue burst to end - precharging

L X Undefined ILLEGAL

L x BST ILLEGAL

L x Undefined ILLEGAL

L BA, CA, A8 READ/READA ILLEGAL

L BA, CA, A8 BW/BWA ILLEGAL

L BA, CA, A8 WRIT/WRITA ILLEGAL

L BA, RA ACTWPB ILLEGAL

L BA, RA ACT ILLEGAL

L X Undefined ILLEGAL

L BA, A8 PRE/PALL ILLEGAL

L X Undefined ILLEGAL

L x REF/SELF ILLEGAL

L Op-Code SRS ILLEGAL

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

L x NOP Continue burst to end - Write recovering

with auto precharge

L X Undefined ILLEGAL

L x BST ILLEGAL

L X Undefined ILLEGAL

L BA, CA, A8 READ/READA ILLEGAL

L BA, CA, A8 BW/BWA ILLEGAL

L BA, CA, A8 WRIT/WRITA ILLEGAL

L BA, RA ACTWPB ILLEGAL

L BA, RA ACT ILLEGAL

L X Undefined ILLEGAL

L BA, A8 PRE/PALL ILLEGAL

L X Undefined ILLEGAL

L x REF/SELF ILLEGAL

L Op-Code SRS ILLEGAL

L Op-Code MRS ILLEGAL

17
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(4/7)
Current state CS RAS CAS WE DSF Address Command Action Notes
Precharging H x x x x x DESL Nop - Enter idle after tre

L H H H x x NOP Nop - Enter idle after tre

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, A8 READ/READA ILLEGAL 3

L H L L H BA, CA, A8 BW/BWA ILLEGAL 3

L H L L L BA, CA, A8 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, A8 PRE/PALL Nop - Enter idle after tre 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 treo
(tsco) L H H H x x NOP Nop - Enter bank active after treo

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, A8 READ/READA ILLEGAL 3

L H L L H BA, CA, A8 BW/BWA ILLEGAL 3

L H L L L BA, CA, A8 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, A8 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 tor
(tor) L H H H x x NOP Nop - Enter bank active after tor.
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, A8 READ/READA Begin read; Latch CA: Determine AP 8
L H L L H BA, CA, A8 BW/BWA Begin block write; Latch CA: Determine AP
L H L L L BA, CA, A8 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, A8 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 tor.
\:ri;:::r:)e L H H H x x NOP Nop - Enter precharge after tor.
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, A8 READ/READA ILLEGAL 3,8
L H L L H BA, CA, A8 BW/BWA ILLEGAL 3
L H L L L BA, CA, A8 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, A8 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

19




NEC

LPD481850

(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 BACAAS READ/READA  ILLEGAL

L L L H BACAAS BW/BWA ILLEGAL

L H L L L BA, CA, A8 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, A8 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 trsc
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, A8 READ/READA ILLEGAL

L H L L H BA, CA, A8 BW/BWA ILLEGAL

L H L L L BA, CA, A8 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, A8 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
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(7/7)
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 trsc
registe_r 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, A8 READ/READA ILLEGAL

L H L L H BA, CA, A8 BW/BWA ILLEGAL

L H L L L BA, CA, A8 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, A8 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), uPD481850 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), uPD481850 will enter Self refresh. All input
buffers except CKE will be disabled.
Illegal if trep is not satisfied.
Illegal if tras is not satisfied.
Must satisfy burst interrupt condition.
Must satisfy bus contention, bus turn around, and/or write recovery requirements.

© ® N o’

Must mask preceding data which don’t satisfy torc.

10. lllegal if trrp is not satisfied.

11. Nop to bank precharging or in idle state. May precharge bank(s) indicated by BA (and A8).
12. lllegal if any bank is not idle.

Remark Legend:
H = High level, L = Low level, x = High or Low level (Don’t care), V = Valid Data input,
BA = Bank address (A9), A8 = 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 RAS 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) H H H x x x x X S.R. Recovery 1
L H L H H X X X S.R. Recovery 1
L H L H L x x X ILLEGAL 1
L H L L X X X X ILLEGAL 1
L L X X X X X X Maintain S.R.
Self refresh H H H X X X X X Idle after trc
recovery H H L H H H x x Idle after tec
H H L H H L x x ILLEGAL
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 Begin clock suspend next cycle
H L L H H H x x Begin clock suspend next cycle
H L L H H L x x ILLEGAL
H L L H L x x X ILLEGAL
H L L L x x x x ILLEGAL
L H x x x x x x Exit clock suspend next cycle 1
L L x x x x x x Maintain clock suspend
Power down H 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 1
L L x x x x x x Maintain power down mode
Both banks idle H H H x x x x x Refer to operations in Operative Command Table
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 2
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 2
Any state other H H x x x x x x Refer to operations in Operative Command Table
:;)e:)r:léisted H L x x x x x x Begin clock suspend next cycle 3
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. CKE Low to High transition will re-enable CLK and other inputs asynchronously. A minimum setup
time must be satisfied before any command other than EXIT.
2. Power down and Self refresh can be entered only from the both banks idle state.
3. Must be legal command as defined in Operative Command Table.

Remark Legend:
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

is illegal.

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

Timing restrictions apply.

cs RAS CAS WE DSF A9(BA) A8 A7-A0 Action “FROM” StateNote 1 “TO” StateNote 2
H X X X X X X x NOP Any Any
L H H H L x x x NOP Any Any
L H H L 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 A1(I/A)0
11(1/A)0 11(1/A)0
L H L H L H H CA Read (RIWIA)L(I/A)0 RP1(I/A)0
H H CA A1(R/W)0 RP1A0
H L CA (RIWIA)L(I/A)0 R1(I/A)0
H L CA A1(R/W)0 R1A0
L H CA (RIWIA)O(I/A)L RPO(I/A)1
L H CA AO(R/W)1 RPOA1
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  (R/W/A)1(I/A)0 WP1(I/A)0
H H CA A1(R/W)0 WP1A0
H L CA (RIWIA)L(I/A)0 W1(I/A)0
H L CA A1(R/W)0 W1A0
L H CA (RIWIA)O(I/A)L WPO(I/A)1
L H CA AO(R/W)1 WPOA1
L L CA (RIWIA)O(I/A)L WO(I/A)1
L L CA AO(R/W)1 WOA1
L L H H L/H H RA Activate Row 11Any0 A1Any0
L RA I0ANny1 AOAnNy1
L L H L L x H x Precharge (R/IWIAMO(I/A)1 1011
x H x (RIWIAN)1(I/A)O 1110
H L x (RIWIAN)1(I/A)O 11(1/A)0
H L x (VA)L(RIWIAN)O I1(R/W/A/N)0
L L x (RIWIANO(I/A)L 10(1/A)1
L L x (VA)O(RIWIA/)L I0(R/W/A/N)1
L L L H L x x x Refresh 1011 1011
L 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(I/A)1
Access
Notes 1. If the uPD481850 is in a state other than above listed in the “From State” column, the command
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5.

24

Remark Legend:
H = High level, L = Low level, x = High or Low level (Don’t care),
BA = Bank address (A9), | = 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 (No precharge is posted)
WP = Write with auto precharge (No precharge is posted)
Any = Any State
X0Y1 = BankO is in state “X”’, Bankl = in state “Y”
(X/Y)0Z1 = Z1(X/Y)0 = BankO is in state “X” or “Y”, Bank1 is in state “Z”

Initialization

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

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

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

(3) Once the precharge is completed and the minimum tre is satisfied, the mode register can be pro-
grammed.
After the mode register set cycle, trsc (20 ns minimum) pause must be satisfied as well.

(4) Two or more CBR (Auto) refresh must be performed.
Remarks 1. The sequence of Mode register programming and Refresh above may be transposed.

2. CKE and DQM may be held high until the Precharge command is asserted to ensure data-
bus Hi-Z.
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6. Programming the Mode Register

The mode register is programmed by the Mode register set command using address bits A9 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 : A9 through A7
CAS latency: A6 through A4
Wrap type : A3

Burst length: A2 through A0

Following mode register programming, no command can be asserted before at least 20 ns (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 on page
52 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. This order is programmable
as either “Sequential” or “Interleave”. The method chosen will depend on the type of CPU in the system.

Some microprocessor cache system are optimized for sequential addressing and others for interleaved
addressing. The table on the page 27 shows the addressing sequence for each burst length using them.
Sequential mode supports bursts of 1, 2, 4 and 8, Interleave mode supports bursts of 4 and 8. Additionally,
sequential sequence supports the full page length.
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7. Mode Register
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9 7 6 5 4 3 2 1 0
0 ‘ 1 ‘ | JEDEC Standard Test Set (refresh counter test)
9 7 6 5 4 3 2 1 0
1 ‘ 0 ‘ LTMODE ‘WT‘ BL I Burst Read and Single Write
(for Write Through Cache)
9 7 6 5 4 3 2 1 0
‘ 0 ‘ | Use in future
9 7 6 5 4 3 2 1 0
X‘ 1‘V‘V‘V‘V‘V‘V‘V|VenderSpecific
V = Valid
9 7 6 5 4 3 2 1 0 x = Don't care
0 ‘ 0 ‘ LTMODE ‘WT‘ BL | Mode Register Set
Bits2-0 WT =0 WT=1
000 1 R
001 2 R
010 4 4
— Burst length 011 8 8
100 R R
101 R R
110 R R
111 Full page R
Sequential
Wrap type
PP 1 | Interleave
[
Bits6-4 | CAS latency
000 R
001 1
010 2
Latency 011 3
mode 100 R
101 R
110 R
111 R
Remark R: Reserved
Mode Register Write Timing
CLK I
CKE /
cs \ /
RAS \ /
CAS \ /
WE \ /
DSF —\_f
AO - A9 X X
Mode Register Write
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7.1 Burst Length and Sequence

[Burst of Two]

Starting Address (column
address A0, binary)

Sequential Addressing
Sequence (decimal)

Interleave Addressing
Sequence (decimal)

0 0,1
1 1,0

Not support
Not support

[Burst of Four]

Starting Address (column
address Al - A0, binary)

Sequential Addressing
Sequence (decimal)

Interleave Addressing
Sequence (decimal)

00 0,123
01 1, 2,30
10 2,3,0,1
11 3,0,1,2

0,123
1,0,3,2
2,3,0,1
3,2,1,0

[Burst of Eight]

Interleave Addressing
Sequence (decimal)

Starting Address (column Sequential Addressing

address A2 - A0, binary) Sequence (decimal)
000 0,1,23,4,56,7
001 1,2,3,4,5,6,7,0
010 2,3,4,5/6,7,0,1
011 3,4,56,7,0,1,2
100 4,5,6,7,0,1,2,3
101 56,7,0,1,2, 3,4
110 6,7,0,1,2,3,4,5
111 7,0,1,2,3,4,5,6

0,1,23,4,56,7
1,0,3,2,5,4,7,6
2,3,0,1,6,7,4,5
3,2,10,7,6,5,4
4,5,6,7,0,1,2,3
547,6,1,0,3,2
6,7,4,5/2,3,0,1
7,6,54,3,2,10

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 A9 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 : A9 through A7
Color register: A6
Mask register : A5
Reserved : A4 through A0

Following special register programming, no command can be asserted before at least 20 ns (trsc) have

elapsed.

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 DQ3L1 is stored to color register

as color data (write data).

Mask Register

Mask register is used as write mask data in Write and Block Write cycle. In Special Register set command,
if A5is “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.

Special Register

9 8 7 6 5 4 3 2 1 0
[o o] ofic|m| oo 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-Select and Precharge

Select Bank A
"Activate" command
Select Bank B
"Activate" command

Row [ A0 [ AL | A2 A3] A4 | as | a6 | a7 |nsfaof— o

(Activate command) 1

[no [ A1 [ A2 [ A3 | a4 as|as|ar]as]ao]

A8 | A9 Result

0 0 Precharge Bank A

0 1 Precharge Bank B

1 X Precharge All Banks

(Precharge command)

x : Don't care

disables Auto-Precharge

0 (End of Burst)
1 enables Auto-Precharge
co. [mo[Ar|A2]As]as]|as]| a6 ar|as] el (End of Burst)
(CAS strobes)
0 enables Read/Write
commands for Bank A
1 enables Read/Write

commands for Bank B

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

CLK _I_l CLK _I_l I_l CLK _I_l

w T\ / ws T/ ws T\ /
o 07N os 7N o 707N
WE N/ WE N/ WE N/
DSF \ // DSF \ /) DSF \ /
A8 \ / A8 \ / A8 /4 \
A9 \ / A9 /4 \ A9 . OIS
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10. Precharge

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

Soon after the precharge command is asserted, precharge operation performed and the synchronous
GRAM enters the idle state after trr is satisfied. The parameter treis 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.

It is depending on the CAS latency.

CAS latency =1 . At the same clock as the last read data.
CAS latency = 2 or 3 : One clock earlier than the last read data.

Burst length=4

» JTo |_IT1 |_IT2 |_IT3 |_IT4 |_IT5 |_IT6 |_IT7 |_|

CAS latency = 1

Command ‘ ‘ ‘
A \ o1 X 0 X

DQ 3

X
—— o ,g I
\

CAS latency =2

Command

DQ

CAS latency = 3

Command

DQ <

Q i
L D =
| Q

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L
r
|
|
|

(tras is satisfied)

In order to write all data to the memory cell correctly, the asynchronous parameter “torL* must be satisfied.
The torLminy specification defines the earliest time that a precharge command can be asserted. Minimum
number of clocks are calculated by dividing torL (vin,) 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
1 0 +topL (MIN.)
2 -1 +topL (MIN.)
3 -1 +topL (MIN.)
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11. Auto Precharge

During aread or write/block write command cycle, A8 controls whether auto precharge is selected. A8 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.

When the tras is not satisfied, the precharge does not start at above timing. And the precharge will start
when the tras is satisfied.

The clock that begins the auto precharge cycle is depend on both the CAS latency programmed into the
mode register and whether READ or WRITE/BLOCK WRITE cycle.

11.1 Read with Auto Precharge
When using auto precharge in READ cycle, knowing when the precharge starts is important because the
next activate command to the bank being precharged cannot be executed until the precharge cycle ends. Once
auto precharge has started, an activate command to the bank can be asserted after tre has been satisfied.
During READ cycle, the auto precharge begins after tras and begins on the clock that indicates the last data
word output during the burst is valid (CAS latency of 1) or one clock earlier (CAS latency of 2 or 3).

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

ax _ L LT

L .
L .
L |
L |
| |
| |
| |
| |
| |
| |
| |
| |
| |
|

|

CAS latency =1

Command

I
I
I
I
!
Auto precharge Startsl
I
I
I
I
I
I
I
!
T
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|

Hi-Z
DQ A '< QB1 >< QB2 >< QB3 >< QB4 >
CAS latency = 2 i i i i
Command i iAuto precharge starts
‘ ‘ Hi-Z
DQ < QB1 >< QB2 >< QB3 >< QB4 >

|
|
|
|
|
b
|
|
|
|
|
|
|
|
|

CAS latency = 3 |
Auto precharge starts
Command P 9

READA B

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
r
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

DQ

(tras is satisfied)

Remark READA means Read with Auto precharge
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11.2 Write with Auto Precharge
In write cycle, the toa. must be satisfied to assert the all commands to the bank being precharged. And
it is not necessary to know when the precharge starts. In block write cycle, the tea. must be satisfied to assert
the all commands to the bank being precharged. And it is not necessary to know the precharge starts.
During WRITE cycle, the auto precharge begins after tras and begins one clock after the last data word input
to the device (CAS latency of 1 or 2) or two clocks after (CAS latency of 3).

Burst length = 4
TO T1 T2 T3 T4 5 T6 T7 T8

e [ L L L L 1
S
L |
S R T .
| L |
: I
| L
| L . |
| e |
|
|

CAS latency = 1

Auto precharge starts
Command P 9

|
|
|
|
:
|
WRITA B l
:
|
O | Hi-Z
DQ penes < DBl><DBZ><DBS><DB4/ |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

1]
|
|
|
|
|
|
|
|
|
|

CAS latency = 2 |
Auto precharge starts

Command

Hi-Z

DQ e < DB1><DBZ><DB3><DB4> l

CAS latency =3

Auto precharge starts
Command P | 9

R A O OO |

| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
T -
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
n .
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

(tras is satisfied)

Remark WRITA means Write with Auto precharge
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11.3 Block Write with Auto Precharge
During BLOCK WRITE cycle, the auto precharge begins one clock after the block write command to the

device (CAS latency of 1) or two clocks after (CAS latency of 2) or three clocks after (CAS latency of 3).

CLK

CAS latency = 1

Command

DQ

CAS latency = 2

Command

DQ

CAS latency =3

Command

DQ

TO

T1 T2 T3 T4

T5

Auto precharge
starts

Hi-z

Auto precharge
starts

Hi-Z

|
|
|
|
|
|
|
|
|
|
|
|
|
|
.
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
.
|
|
|
|
|
|
|
|

starts

Auto precharge

Hi-Z

|
|
|
|
|
|
|
|
|
|
|
|
|
|
o
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
o
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
o
|
|
|
|
|
|
|
|
|
|
|
|

(tras is satisfied)

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
1 0 +1 +2
2 -1 +1 +2
3 -1 +2 +3
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12. Write/Block Write with Write Per Bit

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 (20 ns) 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 (20 ns)
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

In block write cycle, write data from color register can be written in 8 columns at one write cycle.
It is also possible to execute Block write cycle with write per bit. Column Mask by DQi is available.

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 (20 ns)
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 com-
mand to new Write/Block write command.
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Block Write Function

COLOR

REGISTER Data

DQMO =0

53000000

——DQ3—~

—X-DQ4—~

N\ Color

MASK REGISTER

DQ7 to DQO
01001011

g%mm

Column Address

QX

®
WANee\\'e

00000
0000000

[

4

—

i
© I~
o o
[apal

DQO =1

DQl=1——
DQ2=1——
DQ3=0 ——
DQ4=0 ——
DQ5=1——

O Mask Write, keep original Data

Remarks 1. iis times of 8 numeric.

2. This diagram shows only for DQO - 7. The other DQ is similar as this.

Column Mask

DQO - 7
DQ8 - 15 :
DQ16 - 23:
DQ24 - 31:

: Column Mask for DQO - 7

Column Mask for DQ8 - 15
Column Mask for DQ16 - 23
Column Mask for DQ24 - 31

Write per Bit

Mask data = Mask Register + DQMi
DQMi is prior to data of Mask Register.
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14. Read/Write Command Interval

14.1 Read to Read Command Interval

During 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 will be interrupted by another READ.

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

T5 T6 T7 T8

o | L L L] |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
Command ! ! ! !
| | | |
| | | |
| | | |
| | | |

| | | | )

I Hi-Z

DQ QB2 >< QB3 >< QB4 >- ...... boemees
|
|
|
|
|
|
|
|
|
|
|

14.2 Write to Write Command Interval

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

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
T0 Tl T2 T3 T4 T5 T6 T7 T8

ok | | L

Hi-Z

|
|
|
|
|
1
|
|
|
|
|
l
|
DQ [A— < DA1 >< DB1 >< DB2 >< DB3 >< DB4

%
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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
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
L

T6

QB2 >< QB3 >< QB4 >-

5
QB3

2 2 2
. 1 g g -
o o o
s & £ 8 - 8
mC mC mC
K K Ko}
(%)) (%)) 0
< < <
O O O
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14.4 Block Write to Write or Write/Block Write Command Interval

If tck

isless than tswc, NOP command should be issued for the cycle between BLOCK WRITE and the following WRITE

The interval between BLOCK WRITE and new BLOCK WRITE or WRITE is tewc or minimum 1 cycle.
or new BLOCK WRITE.

T8

T7

T6

T5

T4

T3

T2

T1

Command

14.5 Block Write to Read Command Interval

BLOCK WRITE command and READ command is also tewc or minimum 1 cycle. The data bus must be

Hi-Z at least one cycle prior to the first Dour.

T1 T2 T3 T4 T5 T6 T7 T8
[ I A

TO

CLK I

tswc
-

1

Command

CAS latency

DQ

=2

CAS latency

Command

DQ

=3

CAS latency

Command
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14.6 Read to Write/Block Write Command Interval

During READ cycle, Read can be interrupted by WRITE. But full page burst read can not be interrupted
by WRITE. Full page burst read can be interrupted by Burst Stop command (BST) or Precharge command
(Burst termination).

For CAS latency of 1 or 2, the READ and WRITE command interval is minimum 1 cycle. The data bus must
be Hi-Z using DQM before WRITE to avoid data conflict. And DQM must be kept being High from at least
3 clocks to 1 clock before the Write command.

CAS latency = 1,2
T1 T3 T4 T5 T6 T7 T8

CLKI_II_II_ll_II_II_l

DQ A S -< DBI >< DB2 X DB3 >< DB4 >

Burst length = 8, CAS latency = 1,2
TO T1 T2 T3 T4 T5 T6 T7 T8 T9

cw _ L L

|
|
|
|
|
|
|
|
\

CAS latency = 1

Command

/

DQM

T Hi-Z is
necessary

DQ ke emmees el oAl X QA2 X QA3 X QA4 >"1 """ < pB1 X pB2 X DB3 >C

CAS latency =2

il - ; -

oM L/ Q .
DQ < Q)%l X QA2 >< QA3 >|'4“; """ < o1 X o2 X o83 X

I I I ! ! | | |

| | | : necessary ! ‘ !
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For CAS latency of 3, the READ and WRITE command interval is [Burst length + 1] cycles. The data bus
must be Hi-Z using DQM before WRITE to avoid data conflict. And DQM must be kept being High from at least
3 clocks to 1 clock before the WRITE command.

ex.) CAS latency = 3, Burst length =4

» JO I_"I'l I_"I'Z |_F I_r I_F |_I6 I_r |_IB L

necessary

| | | | | | | | |
| | | | | | | |
Command ! Read A ! ! ! ! ! ! !
I I I I I I I I I
| | | | | |
bQM | | /| | | | | |
| | | | | | | | |
I I I I I I I
I I I I I I I I I
| | | | | L
D ! ‘ : e QAL eee pe2 X DB >C
Q r T T T Q o >< 3 |
I I I I
I I I I
| | | |
| | | |
| | | |
| I

w1 ___

T T T T
The minimum command interval = (4+1) cycle:
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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 = 1,2,3
TO T1 T2 T3 T4 T5 T6 T7

LU I T T Ny B B Y
commana - A
CASiatency=1 | 3 3 3 3 g 3 3
g e 01 X @2 X Q3 e ‘ ‘ ‘
CAS latency = 2 i i i | | | i Hiz i i
bQ r e Q1 X @2 X Q3 et f :
CAS latency = 3 i i i i i i i i Hi-Z i
Qg : : e Q1 X Q2 X Q3 preeeesreeraene :

Remark BST: Burst stop command

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 = 1,2,3
TO T1 T2 T3 T4 T5 T6 T7
CLK ! [ ! [
| |
| |
|
|
|
|
|
|
|
|
|
|
|

Command

CAS latency =1,2,3

I
DQ beeee <Ql><Q2

—_————

Remark BST: Burst stop command
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15.2 Precharge Termination

15.2.1 Precharge Termination in READ Cycle
During 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.
The DQM must be high to mask the invalid data.

When CAS latency is 1, the read data will remain valid until the precharge command is asserted.
Invalid data may appear one clock after valid data out.
The DQM may be high to mask the invalid data.

Burst length = X, CAS latency = 1
TO T1 T2 T3 T4 T5 T6 T7

CLK [ L | I I T I I
| | | | |
| |

Command i Read i
| |
| |
| |

DQM 1 |
| |
| |
| |
| |
|

N

9

| |
DD ED ED

DQ b el

When CAS latency is 2, the read data will remain valid until one clock after the precharge command. Invalid
data may appear one clock after valid data out.
The DQM may be high to mask the invalid data.

Burst length = X, CAS latency = 2

SR B s I Iy T O B B
oo /N
DQ o X @2 X e X\Q4\>*H'Z
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When CAS latency is 3, the read data will remain valid until one clock after the precharge command. Invalid
data may appear one and two clocks after valid data out.
The DQM may be high to mask the invalid data.

Burst length = X, CAS latency = 3

T0 T1 T2 T3
R L=
| | | |
| | |
| | |
Command ! ! !
| | |
1 1 1 1
| | | |
bQM 1 1 1 1
1 1 1 1
1 1 1 1
| | | |
DQ 1 T | I
1 1 1 1
1 1 1 1
| | | |

15.2.2 Precharge Termination in WRITE Cycle

During 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.

The DQM must be high to mask invalid data in.

When CAS latency is 1 or 2, the write data written prior to the precharge command will be correctly stored.
However, invalid data may be written at the same clock as the precharge command. To prevent this from
happening, DQM must be high at the same clock as the precharge command. This will mask the invalid data.

Burst length = X, CAS latency = 1,2
TO T1 T2 T3 T4 T5 T6 T7

CLK [ L L | L |
| | | |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| L
| |
| |
| |
|
|

Command

Write | Masking
/

Hi-z

|
/TN

|
|
|
|
L
|
|
|
|
|
L
|
|
|
|
|
[

|

|

| | | | | |

| | | | | : ter
| | | | | |
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When CAS latency is 3, the write data written more than one clock prior to the precharge command will
be correctly stored.

However, invalid data may be written at one clock before and the same clock as the precharge command.

To prevent this from happening, DQM must be high from one clock prior to the precharge command until
the precharge command. This will mask the invalid data.

Burst length = X, CAS latency = 3
TO T1 T2 T3 T4 T5 T6 T7 T8

ww LML ririr
I I I I I I ! ! I I
I I I I | I |
commane 1
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 /Write \ l l i i
| | | | Masking 1 1 | |
| | | | A L | |

I i- I
DQ e D1 X 02 X b8 X D5 X D6 et ! ) ]
I T T T T T ! ! I I
| | | | |
| | | | |
I i I
| | |

| | | | |
l l l l l tee
| | | | |
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16. Electrical Specifications (Preliminary)
« All voltage are referenced to Vss (GND).

After power up, wait more than 100 ys and then, execute Power on sequence and Auto Refresh before proper
device operation is achieved.

Absolute Maximum Ratings

Parameter Symbol Condition Rating Unit
Voltage on power supply pin relative to GND \%s -1.0 to +4.6 \%
Voltage on input pin relative to GND Vee, VecQ -1.0 to +4.6 \%
Short circuit output current lo 50 mA
Power dissipation Po 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 Vee 3.0 3.3 3.6 \%
High level input voltage ViH 2.0 Vee + 0.3 \%
Low level input voltage Vi -0.3 +0.8 \%
Operating ambient temperature Ta 0 70 °C

Capacitance (Ta=25°C, f=1MHz)

Parameter Symbol Condition MIN. TYP. MAX. Unit

Input capacitance Cin A0 to A9 2 4 pF
Ci2 CLK, CKE, CS, RAS, CAS, WE, DSF, 2 4 pF
DQM

Data input/output capacitance Cio DQO to DQ31 2 5 pF
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DC Characteristics 1 (Recommended Operating Conditions unless otherwise noted)

Parameter Symbol Test condition Grade MAX. Unit Notes

Operating current lcc1 Burst length=1 -10 105

trAs = trRAS (MIN))

-12 90 mA 1

trp = trP (MIN)

lo=0mA -15 85
Precharge standby current  lcc2P CKE < ViL(max) tek=15ns 7 A
. m
in Power down mode lcc2PS  CKE < Vi uax) tex=e 6
Precharge standby current CKE = ViH (miny teck=15ns 36
in Non power down mode lcc2N CS = ViHMin)
Input signals are changed one time during 30ns. mA
leccaNS CKE = ViH MmN, tck=00 22
Input signals are stable.
Active standby current in  lccsP CKE < ViL(max) tek=15ns 7 A
m
Power down mode lccsPS  CKE < Vi uax) tex=e 6
Active standby current CKE = ViH (miny teck=15ns 36
in Non power down mode lccsN CS = ViHMin)
Input signals are changed one time during 30 ns. mA
lccaNS CKE = Vi MmN, tck=00 22

Input signals are stable.

Operating current leca tek 2 tek (N CAS latency = 1 -10 210
(Burst mode) lo=0mA 12 180
-15 165

CAS latency = 2 -10 280

-12 235 mA 2

-15 220

CAS latency = 3 -10 365

-12 310

-15 285

Refresh current lces tre = tre (MIN) -10 85

-12 80 mA 3

-15 75
Self refresh Current lccs CKE < 0.2V 6 mA
Operating Current leer tek 2 tek (viny, lo = 0 MA, 250 mA

(Block Write Mode) CAS cycle =20 ns

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 tckin.).

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

3. lccs is measured on condition that addresses are changed only one time during tckin.).
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DC Characteristics 2 (Recommended Operating Conditions unless otherwise noted)
Parameter Symbol Test condition MIN. TYP. MAX. Unit
Input leakage current liw Vi=0 to 3.6V, all other pins not -1.0 +1.0 UA
under test =0V
Output leakage current low Dour is disabled, Vo=0 to 3.6V -1.0 +1.0 UA
High level output voltage VoH lo=—2mA 2.4 \%
Low level output voltage VoL lo=+2mA 0.4 \%
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AC Characteristics (Recommended Operating Conditions unless otherwise noted)

Test Conditions

* AC measurements assume tr=1ns.

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

e Iftr is longer than 1 ns, reference level for measuring timing of input signals is Vix (vin) and ViL (MaAx.).

¢ An access time is measured at 1.4V.

tek

teo
20V [
CLK 1.4V

0.8V ~ommoeeee —_

tsetup | tHold |

20V
Input 1.4V - > <
08V

tac
toH
Output 14V 1.4V
!
Synchronous Characteristics (1/72)
-10 -12 -15
Parameter Symbol Unit Note
MIN. MAX. MIN. MAX. MIN. MAX.

CAS latency=3 teks 10 (100MHz) 12 (83MHz) 15 (66MHz) ns
Clock cycle time CAS latency=2 teke 15 (66MHz) 18 (55MHz) 19.5 (50MHz) ns

CAS latency=1 teka 30 (33MHz) 36 (28MHz) 39 (25MHz) ns

CAS latency=3 tacs 9 11 14 ns 1
Access time from CLK CAS latency=2 tace 12 15 16.5 ns 1

CAS latency=1 tacy 27 33 36 ns 1
CLK high level width ten 3.5 4 5 ns
CLK low level width teL 35 4 5 ns
Data-out hold time ton 4 4 4 ns
Data-out low-impedance time tz 0 0 0 ns
Data-out high-impedance time CAS latency = 3 thzs 4 8 4 8 4 10 ns

CAS latency = 2 thHz2 4 11 4 11 4 11 ns

CAS latency = 1 thHz1 4 27 4 27 4 27 ns
Data-in setup time tos 3 3.5 3.5 ns
Data-in hold time toH 1 15 15 ns
Address setup time tas 3 3.5 3.5 ns
Address hold time tan 1 15 15 ns
CKE setup time teks 3 3.5 3.5 ns
CKE hold time tekH 1 15 15 ns
CKE setup time (Power down exit) teksp 3 3.5 3.5 ns

Note 1. Loading capacitance is 30 pF.
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Synchronous Characteristics (2/2)
-10 -12 -15
Parameter Symbol Unit Note
MIN.  MAX. MIN. MAX. MIN. MAX.
Command (CS, RAS, CAS, WE, DSF, DQM) tems 3 35 35 ns
setup time
Command (CS, RAS, CAS, WE, DSF, DQM) temH 1 15 15 ns
hold time
Asynchronous Characteristics
-10 -12 -15
Parameter Symbol Unit Note
MIN. MAX. MIN.  MAX. MIN. MAX.
REF to REF/ACT Command period tre 100 120 130 ns
ACT to PRE Command period tras 70 120,000 84 120,000 90 120,000 ns
PRE to ACT Command period trp 30 36 39 ns
Delay time ACT to READ/WRITE Command trep 30 36 39 ns
ACT(0) to ACT(1) Command period trrRD 30 36 39 ns
Data-in to PRE CAS latency=3 topLs 1CLK+10 1CLK+12 1CLK+15 ns
Command period  cag jatency=2 tort 15 18 195 ns
CAS latency=1 topL1 15 18 19.5 ns
Data-in to ACT (REF) CAS latency=3 toacs 2CLK+30 2CLK+36 2CLK+45 ns
Command period  cag jatency=2 toaz  1CLK+30 1CLK+36 1CLK+39 ns
(Auto precharge)
CAS latency=1 toaL1 1CLK+30 1CLK+36 1CLK+39 ns
Block write cycle time tewe 20 24 30 ns
Block write data-in  CAS latency=3 terLs 1CLK+20 1CLK+24 1CLK+30 ns
to PRE Command  cAS latency=2 terL2 30 36 39 ns
period
CAS latency=1 tepL1 30 36 36 ns
Block write data-in  CAS latency=3 teaLs 2CLK+40 2CLK+48 2CLK+60 ns
Active (REF)
- CAS latency=2 teaL2 1CLK+40 1CLK+48 1CLK+52 ns
Command Period
(Auto Precharge) CAS latency=1 teaL1 1CLK+40 1CLK+48 1CLK+52 ns
Mode register set cycle time trsc 20 20 20 ns
Transition time tr 1 30 1 30 1 30 ns
Refresh time trer 16 16 16 ms
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16.2 Relationship between Frequency and Latency

Speed version -10 -12 -15

Clock cycle time [ns] 10 15 30 12 18 36 15 19.5 39
Frequency [MHz] 100 66 33 83 55 28 66 50 25
CAS latency 3 2 1 3 2 1 3 2 1
[trep] 3 2 1 3 2 1 3 2 1
RAS latency 6 4 2 6 4 2 6 4 2
(CAS latency + [trep])

[tre] 10 7 4 10 7 4 10 7 4
[tras] 7 5 3 7 5 3 7 5 3
[trro] 3 2 1 3 2 1 3 2 1
[tre] 3 2 1 3 2 1 3 2 1
[torL] 2 1 1 2 1 1 2 1 1
[toaL] 5 3 2 5 3 2 5 3 2

52



LPD481850

NEC

V jueg o}
puewiwio)
abreydaid

|

V yueg Joy V yueg Joy V yueg Joy
puewwo) puewwo) puewWwo)
1M peay 21BNy

k | !

SvO

Svd

A0

7HN._.ioN._.imﬂ._.iwﬁ_.imH._.ioﬁ._.imﬂhiﬁﬁhimﬁhiwﬁhiﬁﬂ.ioﬁrim._.iw._.iP_.io._.im._.iv._.im._.im._.iﬂ._.io._.i

(€ = Aouare| SYD ‘v = Y1Bua| 1sing ZHIN 00T 1€) (93eJ WNWIUIW Je PalIasse aq 01 spaau [eubis SO AjuQ) uonoung SO
uonoungd SO €97

53



LPD481850

NEC

- >

oM oM )
Aressadau si
Aressadau si Aressadau si Aressaodau si puewiwo)
puBWILLIO) puewwo) pueWIWO)  puewWWO) 18S  obireydeid
aleAndy ysaiey ysauay 1915169y 9poN  syueq ||V
I I I I ] | I I I I I I I ” mﬁﬂ I 0a
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 ¢ ZH I
| | | | | | | | | | I I | | | £-0
[ [ [ [ [ [ [ [ [ [ [ 1 Kressaoau si [aas] YbIH
I I I I I I I I I I I I . : o noa
! ! ! ! ! ! ! ! ! ! ! ! ! L (( I
T T T T T T T T T T T T T D)) [
I I I I I I I I I I I I I
L L L L L L L L L L L L
R R R R R R R R O R IR LL LR RRRRKNY
R R R R R R RIILLRIILLRRKILLRAAN
B O e O I IIREILRIIIKS
KRR R R R R R R RRIRIIILLRAILLKRK aav
T
I
|
Z>
(55
(X5
255
XXX 8v
T
| I I I I I I I I I I I I I
L | ] | L L L | ] | L L | | ] 1 A<mv
5 3K SRXS RIS %3 D e A es R RIS
f3KXS X5 S < R ILLRIILLRRLLLRRS IR RIILRILLRIK RIERRILLRRILLRILS
R o089 3XXXS <X 0 R IIERRIRIIIIIIRKKS eSS esesstatosotodetotetetedetetes
2o RRRRLEE bes R R KRR Detetetetetetetetetototototototote! 6V
T T T T T T T T T T T T T T T
| | | | | | | | | | | | | | !
| I I L L L | ! I I I L ! L |
T 0000 RS TR Ry T R SRR R L LXK T
I I 4sa
| KR RRRRLILRERIRIRLRLILLE ] | SRR RIS |
| f T T T T T | T T T T T f I
| I I I I | I I I I I I I
I ! ! ! ] I ! I ! ! ] ] | ! I
I RIXKS 0K 35 I L R ORI RRRRRRRIIIIIKS I
LRSS SRS 89008 R RIS
f35 5% oetetetetes R RRERRIIRIIIIILLKN
W RLL 55 W B S IIIIIKIIERIRIKN | am
| T T T T 1 1 | T T 1 ] 1 T |
| I I I I I I | I I I I I I |
| L L Il L L L . Il Il Il L L L .
I R RIS LRLKKKS I KRR R RRIIIIIIIIIILLLRLLLRRRIRKIIIIIES |
I I s )
. R RS \ KRR R | ==
i ] T T T ] T ] T T T T ] T
I I , I I I I I I , I I I I I I ,
| L ! | | | | | | ! ] | | L . | !
T RRRRRRR TTZRRR K> TR RRRRRRRS R R TLL LT TR ZRRRS
SRR [ R R IIILLKLS B 0 e e natstatstetsssossss” A v sosos ! Svd
SSRREIKIKS | oot 0tet0te 0% 20 %00 % 2ot tetetetetotetetotetetoletetetels | Ot etetetetotetetetetetotetotetotetetetetetotetotototetototetotototetetetotetetetotetotetets!, I XX I I ove
f - I - - - - - - I - - - - - - I I I
I I I I I I I 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 I 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 e
r T I T T T T T T I 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 I I I I I I I I I I | I |
I I I I I Aressadau ale sajoko ysaljal g I I I I I I I e e—— I Aressadau si [ana] ybiH
I I I I I I I I I I I (supQg)osy I ; : =)o)
| | | | | | | | | | | | | | | | | ; | | | (¢ |
f T T T T T T T T T T T T T T T T T T T T D)) T
I I I I I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | | | | | |

Tcl 0ocL 6TL 8Tl LT1 9TL STL V1L €Tl 47" 111 0Tl 61 8L L1 9l Gl vl €l cl TL oL

ysaljay 01Ny pue 8susnbas uo Jamod
uonezijeniup T'v9T
sa|oAD oiseg 9T



LPD481850

- >

dy)
puewwo) Aressaoau §|
pIfeA si 18S puewiwo)
puewwo) 1915169y abreyoaid
81eAnoY 8pon syueg ||V
B T e L oa

$9.0. 00,0 0.0.0.0.0.0.0.0.0 000 0,090 9 0% 19 0,099, % .00 0,00 0 09,9 09,9 0000000000000 009 0 0:9,0.0.9.0.0.9.0,
R R oS SIIEIES
XXX SO0 0000000, WO OO0 000000000 00.0.000.0.900.0.00.0.000.000000 00000000000 00.0.00.0.9.9.9,

505K

KKK KK o9 X KRR X X
0000000000000 % %% X SEEEEEREKREREEEEEEEEREEEREEEEEEEK SRS LRKEELLELLELL
o $90009:0,0.9.9.0.9.9.0, X KKK KKK KKK ES S EERE 5K K KK XSG KKK E SSRGS KK KKK <) 9%
e O e e KoK R

X RRRLLRRHRLLLRILLRRHELRLLHLLLRILLLRHLLLLRILLRIILLLRAILLLRAILLRKS
R R RN

0000000000090 %0 009 %0.9:%%% 0000000 0e0e 000000000 Y 000 0e 000000000 %009 %00%a%%%

NEC

I
| | | | I 1 Z-IH
I I I I I I I
Il L L L L L L m o
T T I T T T T I
I I I I I I I I
L L L L
EERESBIEIEEEE aav
R ERRILRRIILLILRRRIILRR
T T
I I
| |
CREE !
XXX | 8V
LKL I
T T I
I I I
. !
SOOI, T R R RS L LT LTL LT T RRR
£z Ry, (va
00088 | RRIIIKIRIISIEIRKKRAELES (34
| 1 | 1 1
I I | I I
. ] . ! .
| SRRZT | RRRRRRRRRILLLLS
O s Asd
| toteLetetetel?, | NERRRRRKRKK,
| T | | T
| I | I I
L L L
R 5% C Y R RRRRETTITS
% B T T | ORZ am
58 LXK | RS TR véeSodoisistodstotetedotodatels =
I I
I I
T | OO
2 BT IXIIXT,
, R awo
S0LRLEN | | fSELRRRILRRIILLRR SV
I "
I I
| |
T T
| | Svd
I I
I I
! !
T T
I I SO
I I =
I I
I I
I I
I I
I I E)le}
. .
[ [
I I

L1 91 <1 vi €l ¢l TL oL

(z = Aauare] SvD ‘v = yibus) 1sing) Ja1sibay apoN
19S Ja1s1bay 9poIN 29T

55



LPD481850

NEC

o) o¥)

dy)

Aressaodau JI

puewwo) puewwo) puewwo)d
peay 91eAOY ysaujal 490 ysauajal 4490 abreyoald
| I I I I I | | | | O
| | | | | | | | | |
| | | | | | | | | |
| | | | | | | | | |
T T T T T T ] ] ] 1 ] -0
| I I I I I | | | |
| | | | | | | | | | I OD
| | | | | | | | | |
| | | | | | | | | |
L Il Il L | L L | L Il
<K 000,000 X RKERKK X KKK KSRGS KK RS KSRGS RIS KK KSR EEAK K KSR K KK % X
B B S ARSI aav
QOO GOV 0 000000000 0.0.9.0.0.00.9.9.9.9.0.9.0.0.0.0.9.0.0.0.9.9.9.0.0.9.0.9.9.9.9.0.0.9.0.0.9.9.9.9.0.9.9.0.9.9.9.9.0.0.9.0.9.9.0.9.9.0.9.0.9.9.0.0.9.0.9.0.0.0.0.0.0.0.9.0.0.9.0.9.0.0.0.9.0.9.0.9.9.0.9.9.9.9.9.9.4
| | | | | | | | | | | |
| | | | | | | | | | | | | |
L |
XK KRR IR IR HKIK I KRR IHKIRK R KKK AKX IR IR K KKK IHKRIKRK I KKK KK KRR HKIRK KKK IRKIK R IR IR R IRKIK KRR |
R BRI R R TIIIES s N 8v
KSR KEK KKK KKK KK KKK KX IR XK X K X XK X XK KEKRE KKK KK KKK KKK XK X XX XK XK X XX X XX XXX XX % 0009005000000, |
| 1 |
| | |
: FOX KKK KK KKK KKK KKK KKK KK KKK XXX X X XX X XX X XX XXX XXX X X X XX X XX XK XXX XXX XXX XXX XX XXX XX X XK XXX XXX XXX KK XXX XXX XK XXX XXX X KX XXX KK X KK XXX XK X XK R A<mv
e s SSooas o s oSt oo 6v
10092000, 0.0.0 0,000 00,0 00,0009 000 000 0909 0000 090,009 000 000 0090090000099 00,0 000,000 0090090000 0.9.0 0909000 000000 0000000 0000000000 (O 000,000,
T i i i i i i T i i i i i T T
| | | | | | | | | | | | | | |
L L Il L L L L L | L L Il L L L
KKK KIS SRR | KSR KK KKK KR XK KKK KKK KKK IR KKK KSR KKK KKK KKK KKK K KX | % X XSGR KK KKK KKK KKK KK KKK KGR KKK RIS RK KKK KK RS | |
I et I e s sonsessusonsess A | 4sa
R RRREREREEKELEEY | X RRRRLRERLIRLRLRLRLRLILKLY | KRR | |
| | | | | | | | | | | | | | |
| | | | | | | | | | | | | | |
| | | L
KX X KRXXRKIKIK K KKK KX KX IX X HX XXX X XXX XXX KX IXK X XXX X XXX XXX X XN RICKGKIKIK KKK K KRR R I XX XXX XK XXX XXX X R XXX XXX XXX XXX XX XXX XN XK
I NI s N R st am
| 069092 0:0:9: 0,090,009 0 09,0 0 0.0 090 0.90.0.0.0.9.0.0.9.0.0.90:0.0.9.0 099 009,009,009, | 2600200020 0000 00 000 s 0 0a0 s 000 s 000 00 0e 0u 0 0 e 0 0 0 0 0 09 0.0 0000000202020 20200 %0, | | «MOWOMQNOMO =
| 1 | I T T T | 1 | I T 1 | | | T
| | | | | | | | | | | | | | | | |
| prerere——————— r—— e oe—— e |
IR IIIICRICRRRAHK S KIS SEHHHHKK: KRS IR CXXIKHKIK RIS CHHIKKK, XX
ety " RSB IR et N S\
OO O0020202020 30202020 0202028 | ROLRXIRIIIARIIIIRII IR ROLRIIIIARK QAXARLIARR QARLIIRILIIARARIIRILIIRRIIARRICIICIARRRKIIKIX K 029292929, | —_—
| |
| |
| |
R ERRRLLEIZI " "
s , SE
R0L0202020°0°020°0202020°0°0°0°0°0°0°0°0, 769000299405 | | - =
1 |
| |
| |
,
! SO
|
|
|
|
! E)le}
|
|
|

Tcl 0cl 6TL 8TL LTL 9Tl STl YTl €TL 470 1Tl 0Tl 61 8L L1 91

<1

vi €L cl TL oL

(z = Aouare| SVD) Usalay HED
8J0AD ysauey €91



NEC

LPD481850

Self Refresh (entry and exit)

T18 T19 T20 T21

T17

T8 T9 T10 T11 T12

T7

T1 T2 T3 T4

TO

[ XX
olotete!
255
osee!
(S
shobetet NN
K&
KKS
oS
(XX X
N A~ -
N
RRR
R
RS
25
R3S
KKK
RS
QKK
LSS
2R
RXSS
09098
R3S
LK
&

N4 L
— N4 0
O O ®)

N\
02020,

SRR
SN
958

CHKHKAK
RS
LR

35
X5
oS
KRR

%
KKK
pRe%e%e%!

XK
SO 000
S5
5

XX

3R>

o5
%
S

XK

%,
QRN

p
X
<

90
%%
$%%
SRR

v
Q%wn R
Sl toteds 25

SRRRSSELLS

o
S

35
20 5
K RS
et <5
%) RS
Y™~ IS
2] RS
] So%e%
090058, 55
9 [3S,
XX RS

=

%

XK
55
QL

X XXX

sosvase! I 156s¢
0%000 R 1000
X XXX 9%
sso0s I 200

XX
%55
ole
X

[
£
LS

£

O

b

K&
\s

%

<)

T
$920%
35

<KX,
9%
o200

S
ISR

<A KX
o1 W’s%%
\ ":.‘

<7

v
%)
%
2
29%,
2N

o
S9%98
XK

%%
S
S

SRR
SRR

o5
%

3
.0

0%
XXX
035

z
o
o%
%

TN

33
5305
K

%%
oS
de%es

T

0305,

XL
S
STttt

3
XS
&5

SRR K
SRS
LR
T

o5
5
X

XX
XK

XX
-

o%

o%
%
%
%%
o%
%

CRRRS

R
oreetes

KRR

%
S
K

%% %
XXRRKKS
IS

5
o

oS

090%%%%
%
0%

%

0595009

o o%
RIS
S IIRRRRIIIS
GRS

XX
%S

o%

Activate
Command

Next clock
enable

o
o
S
<
[
o
w =
O X
= Ll
=
[
[%2]
< —
3 o2
2S¢
LEOCS
0 2 IS
[} SR
%) (&)
)
%85
47@0@
ZG%
(&)
o
S
e
7]
L
%
=W
=
()
n
<
7]
2>
D B
e
— QO
H [}
H n
&
=1

Precharge
Command
if necessary

57




LPD481850

NEC

g yueg Jo} Le1s V Yueg 10} Le1s
abreydalid ony abreydaid ony
abeyoaid oiny
g ueg Joy yum
abreydald oY puelwon pUBLIWIOD peay
yum 91eAndY g3ueg
puewiwo) peay
d ueg

g yueg Jo} Le1s
abreyodalid oy
abieyoaid oiny

UnM abreyoaid oiny abreydsaid ony
pueWIWO) peay UM puewiwio) peay 1NOYIM puelIWIo) peay
V jueg g>ueg Vv jueg
g >jueg 1o} d ueg 10} V ueg 10}
pueWIWO) pueWwWO) puBWIWO)D
a1eAOY 91BAIOY a1eAnoy

| !
E@mgmox 2agd X 1480 - - - - - ( vaad X eqad X zagd X 1ag0 X ravd X eavd X zavd X Tavo X vead X eead X zead X Tead X vevd X gevd X zevd X Tevd -

20 % %0 %% 5%
e %%
0000“0“0

$9.0.0.0.0.0.0.0.0.9.0.0.9.9,
e
V00000000 00.0.0.0.0.0.0.0.0.9.0.9,

R R IRRRS:
RREILLIELLL,

0000205050202 %% % % %%

X e RNy,
OO
R R RRRELRLILLALIEL

X%
2RISR,
I
|

I I I I
I i I I |
R RIS TIXTTZN ! ! SRR ! R R IITLTIN ! T
s N Rl qay o N | evy
B O 000 2003020202020 202020 02020 20202, | | SO0 0L00002020 2050502030503 | 00002020020 2030202020302020 202020205030, | |
f [ [ [ 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 | |
R R RLEIIIIIRILRLLLRIKN ! ! ! ! RS %5 ! ! ! !
R ERRIERIIIRKIEIKKIIKN Sogeses boses
SR IRREIRREIKIIIRLI) I I I I I RIS 2055 I I I I
00 IRRRIRRIHII | | | \ | | X% 50300IERLLXN | | | |
f T T T T T ; T I T T T T T I I
I I I I I I I I I I I I I I I I I
| ! | ! ! ! ! ! | ! ! ! ! ! | ! ! ! ! ! ! !
SO0 [ R T 1 NIRRT 1 T R ITIERTTIITI | T RIS | [
RIS | R s s I s I s A LR !
S a st te et ettt at oottt et ot teeey | | KRR | RS | | st at ot et ot teetatotey, | | R | |
I T T T I I T T T I T I I T T T I I [ T I I
I | | | I I ! ! I | I I | | | I I | | I I
| ) I L | | ! ) ) | | | | | | |
IIIIRRRRLKKS I I R IIRRRRRIIKII I I I 305 I I [ RRRLLIIIRRIRLLR I I
S RRIIRKIIRKKS 0EREIIRKIEIRKIIRIIN % JRRRKE
S ERREIREIIKS SIS ERIRREIIS %55 a%etste%es Sato%s,
B stateteosness ! S EIIEIIIIEN ! ! ! 553 ! LRI | !
I I I I I I I I
I I I I I I I I
I I I I
I I I I
I I I I

B e S S SN INTNY R R R ITETRIRL, %%, e s S eI R
g o\ Sy L S\ S TS N\ R L]
RIS | CRRARIERIEERKKKY | RRRIIRIEEEIIEIEED | e O 00 0020502020202 | SRR

] I T T | | | ] T T |
! I I I ! ! I I I ! ! I I I ! ! I I
! L L L W ! Il L L W W L L L W ! L L
SOOI OO I ITITIIITITIIZIIR T R RRTRRTTIZTIN LTI T R RRTITRRTZZN
BRI TR , s N B s N R
BRRRRIIRILLNK OIS, ! | g RRRILERRILLILLRKN | ! RN ! | KCIERRLLRILILLRK,
- I - - - I
I I I I I I
| | | | | |

Tcl 0cl 6TL 8TL LT1 9TL STl vTL €TL ¢TL 1Tl

0TL 61 8L L1 91 Sl vl €L (48 TL

0L

(T = Aouare| SYO ‘v = YiBus) 1sung) (€/T) 1sing peay Jaye abieydald omny

8V

6V

1sd

SVO

Svd

A0

abureyssid 01Ny YUM 890 49T



LPD481850

NEC

abreyoald oiny abreyoald ony
yum Yyum

g >ueg Joj Leis V Jueg Joj He1s g >ueg Jioj ue1s
PUBLIWO] PB3Y 55 u0a14 01N PUBLUIOD PBRY 51000+ o1n oBIeU9BI 01N
Vv jueg os1d oy asueg yos.d oIy yosid oiny
abreyoalid ony
UNM UM puewiwo) peay
YV ueg 1o} g ueg 1o} puewiwio) peay g ueg
puewwo) puewwo) YV uegd
9)eANdY 91eAndY

! !

abreydalid oy abreydaid ony

INOYUM puURILIOD peay

~{ 2ov0 X Tovd X vagd X £aad X zagd X 1agd X ravd X eavd X zavd X Tavo X vead X cead X zead X 1ead X revo X evo X zevd X Tewd === === === z==== ==

T S R TIIY RRRRKARRT O Y
R R RRIIIIILLKA PR s
LRI LRXKRARKN RIS

IO IIIITLTXTXTIN TSR0, R T IILTLIXTZIEXTTIN
B AR R R N o s
BRI RLILLRRIRHIIIN KRRRRKS ORI | L RLLRLLRRRRIIIIIIIIKN

RERIRIHN fXXXK KOS RRAIRIAXIIALRIAXRIHAXIHKS
BI3355N L3355 R SREIIRSIEEEEELLILIEN
R 222020200 KRR

090% %0000
KRELS
KK
bote%els
X

% o202 020%0%0 50202020222 /|
ey
RGIIIKLIIRIIIIKKKKS

[

I

L

00000 %0 0020 00000000000 0% 20 20 00 00 00 00000000805 %
I
QRRIIILRIIILRLRIRLLRIIIKKS 030

| | |

I L I
%% %% %% 0% % % %% 000000 20 e 0 000 00 20 % %%
096%%% CRKKERRN X X KKK REEEEKKKL
000"0“0“0“0 000’000000“0“0“0 0900056200 % %0 %0 % %% %

KRS8 R SOSSSKA

JRILLLRN [N 3RXS
3K LSRN [N o RRRIIRRSS

0000000 20205000 %00 %%. K XK RKKXKXN 000000000t e 0 0 0 0%

[l
|
I
o5 0000050202220 %% %0 % %% %%

RRRLRRREILRKEK:

KRB
\EERRE)
XXX

IR
R EIIIIRKKKLKESS
R

0 %
s
IR

B

00 50 TTTEZT) Zs TTITLITT
T ) SRR CRTRRRTI
Sodetotetotele! S | | Sodetetetedoted | Ottt tetstatetetotets,

Tcl 0cl 6T1 8Tl LT1 9T1L STL vTL €TL Tl 171 0Tl 61 8L L1 9l

(z = Aouare| SYO ‘v = Y1Bus) 1sung) (€/2) 1sing peay Jaye abieydald omny

puewwio) aleAldy

SvO

Svd

A0

59



LPD481850

NEC

8>jueg Jo} g »ueg Joj Lels
puewiwo] S1eAndY ableyossid ony abueyoalid ony abieyoald oy
V Jueg YNM puewiwo) peay INOYIM puelIWIO) peay
abreyoaid oiny 10} 1e1s abreydalid oiny g yueg V Jueg
YUM puewiwod peay abreyoald YUM puewiwio) peay g>jueg oy
g>ueg omny V Yjueg pUBLIWOD v queg Joy

j areAndy puewwo) a1eAnRdY

I
” ”
| |
| 1 | €-0
” ”
I I

F-——— -

1 1
I I
! !
| |
| |
I I
I I
I I
L L
IR,

e 00 0,000 000 009 0 0999 000,000, %% 010.0.0.0. 000,000 0 009 009 000 0,000 00,
SRR i (Ll o {eva X2 aav
00000000000000000000} SO0 00.9.9.9, D000 09,0099, D00 0.0.9.0.0.9.0.0.0.0.9.9.9.9, DN 00.9.0.9,

S

T
I
L
5] ay foooonooooonon0“0nonononononononononononunononow,
%

%

o %

o

LY — —
%%

TR TIN R RRTIRRLDIRTN RERRZRRS
3SIAIEIEIKN IIEIIIIRRLRIIIN ROIRRRRKE

o oSt satotetesesatotesesetatoress, SRR S930505e%e? OSIRRLEIRKIEIIKK CORRKISIKKS e
S ORREIREIIIILLEN SIERREIRRESS IR IRREIRREIRREIIRES SRR NOSIIRRISIRRES v 8V
RRRIRIIEEEEILRLLK POoRstetetatatetetesten LRRRRIRRIRIEIEEEELLLRLIRRKN 50RIRLLRLLRRIRRAKS RXRRIEIEEEL %

I
5N

%

%63

RRKLEILKLLRKK
SRR
XQEKILELLAKLLLYY
9000RRAXKKY

T
I
|
RIS,

I I I I
I I I I
I I I T
I I I I
I I I I
" " " " I "
I I I I I I
I | I I | |
| T | | T T
I I I I I I
| I | | I I
T I T T I I
I I I I I I
| | | | | |
TR T S RIIIRL: R IRI, T REIIIRIIITLTR T T T R T
QIEIEIEIKK, | CoSosetetetetetetotetetetotete! oo esetetotetetetetetotetotetotetotetotetetetet | oo e e tetetetotetetetotetotetotetotetotetotete | O Soteetoetetotoetetetete | | QIREKIRLE | 4sd
SRR RXXXIIIIERXKK] KRR R RREIIRRIRILLLLIRRKS RRRLLKEES RRRKLLLIS
SR | KRR LK RREIRRILLLKKKS | NSRRI R RRLRKKRKKL] | FIIIIILIIIININY, | | SSRRRRLIKKKLKL |
I I I I I I
I I I I I I I I I I
I I I I I I
I JIRLRLLLLRRRRRKN fRIIRLRLLLRLRLRRRRRIKR | RN I I I R IR I
| SRR R . . , B e N am
. RRRRRRRREEED R0 RRRRRK) . GIIIRRIIIXLIIIN | . . ZERLRRRRN) . A
I I I I I I
I I I I I I
. L L . L . | . |
RIREE: R EIIIIRL,
| RIS | RIS | | | | % SV
| SRRHRRRKLKS | RRRILHRRLHRLRIRLKHKS | X | X ==
I I ! I I I I
I I W I I I I
I I I I
R RRRRRIRI
SEKKILIIIIIN I I I I svy
QLRI | | I |
I I I I I I I I
I I I I | | | |
I I I I
I I I I I [Se)
| | | | I il
r T T T
I I I I
I I I I
I I I I
| | | | YD
| | | |
T T T T
I I I I
| | | |

TcL 0cL 6T1 8Tl LT1 9TL STL vTL €11 (448 TTL 0Tl 61 81 L1 9l Sl vi €L ¢l TL oL

(€ = Aouare| SYO ‘v = Y1Bua) 1sung) (€/€) 1sing peay Jaye abieydaid oIny

60



LPD481850

NEC

ableydsald oy
yum
puBWIWO)D SN
v jueg

g>ueq Joj Ueis
abreyosalid olny

V Yueg Joj Uels
abreyoaid oiny

abieyoald oy

ym
v ojueg 10} u:mEEow 1M
puewwo) a>ued
21eANOY

-

g >ueg Joj ueis
abieydald oiny

abieysalid oy

afreydaid oy
UUM pUBLUWO) SXIM

abreydaid ony
INOYIM pueILIOD SIUAN

yum g jueg v Yjueg
g yueg o} PUBLLLOD S3IM d>ueg 1o} V Xjueg 10}
pUBLILLOD Vv jueg puewIWOD pUBLIWOD
a1BANOY a1eANOY a1eANdY

'

!
vQ ) ----------{vaga X eaga X za

moxﬁgmongxmﬁoxma

| |

<oXS<oX%mo Xmmm_o Xmmmo Xﬁmm_onm<oX geva Xmﬁa Xﬁgn_v. “mrrar
71
|

v M ov

IS
R RRIIIIRIRIKKKS
GRRRERK

QLLKAKKL < EEREIHKIIN
SRR IXLIIIKN
eSososoistetotstototolototetetetetetetes,

qay M avo
|

SR sistateless 55
T
I I

|
K SOSSEXEEEEEEEIREEEEEEGEEAEIREEIEEEEEN 1900000000000 % %0y K RKRKK 2900 %
D R SN eeresstssssessest (e [= 1 IS
L22RRRIRIIIIRIRIIRIILIIRIILIRI RN 02000000000 OO0,

1500 9%%
RZ%
K3

23

RS

XXX XXX XX
T

0% %%
0202000 %%
XX KRKL
R

|

L
100000000 00 0 00
00020200020 00%0%:%
QKKK
RIS

/

T

I

|
R R R
R RIILRRILLRIILLLRS
R I IIIKLIINKISS
SRR KIS

IR0
dasessete?

\S
X2
o%

R EITIITTTXIXLIXLIIZZIL REERIRRIRT

XXX XA % XK, X XK ESKK KR KR LKL
000002000000 000 000 000000 00000000 %% 0% % 0%/ 00000000000 900009, %% X CEEIE SR
000000000 000 0 0 0 00 00000 000 0.0 KXY 000000000000, 09,0, 00000000 000 0 0 0 0 0 0 0.0 %%
62520000 0 0 0 0 00 O 0O O OO 000 0000 y NS KGR K RS IK IR IKRIK KK KKK
/ s R 83000] RIS e 3255]

L

|
|
| X
|
|

00020 %000 00005
RIS
ey
a9 9a I IIININY

<RI IGIIK IR IKLRREIRER
SIS
0002626202662 %020 % %% %% %%

RRLEKEKKKL
CRRRRKK
SRR

TclL 0cl 6TL

8TL

LTL 9Tl STl vTL €11 (448

TT1

0TL 61 8L L1 91 Gl

€L

vi ¢l TL oL

(T = Aouare| SYO ‘v = Y1Bua) 1sung) (€/T) 1sing 81N Jaye abieydald oIny

oa

€-0
noa

aav

SVvO

Svd

A0

61



LPD481850

NEC

d Yueg 10} Jels V Xueg 10} Jels d uegd I0j Lels
abreydaid ony oBieUoalg oIy abreyosaid ony oBeuoalg oIy abreydsaid oiny oBieuoalg oIy
yum yum yum abreydaid ony abreydaid ony
puewwo) 1M puewwo) 1M puewwo) 1M YA pUBLLLLIOD S1LAA INOYIIM pUBILLOD 1A
v Jjueg V Yueg Jo} g>jueg g>ueg Joy Vv yjueg g>ueg g>jueg 1o} V Yueg
purWIWOD purWIWOD puBWIWOD v ueg Joy
a1eAoY a1eAoY 91eAIOY pueWIWO) 31BANIY

| | |
E<omo<o XNBB Xﬂ&o XEm_oXmgmoXNn_m_n_x Smov- --,-- .AE<QX2<DXSEXSEXEE Xmmmo Xmmm_n_ Xﬁmmo Xv@qox mm<o XNSB XHEB v.
” ”

oa

I
T T T U T U | 1 1 1 1 1 1 1
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 -0
I I I I I I I I I I I I I I I I I
I I I I I I I I | I | I | I I I I woa
I I I I 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 Il L L L L L L L L L L
RRRRLLRE e, R RRRRIRRS RREIILLRLLLRLS, 35 RSIRRKS
R385 L3355 R ] e aav
R o000 BRI R IR 2020202020228
i T | T T T T T T
I I I I I I I I I
L
< EEEAEKIKIKIIEIRIELKAKA NQCEELHEHKKN ! KR RREEEEIEIEIERERELELAL e S ST ITITITITITITOR S <
RIS s, L3555 BRI, IR 5 8v
O ERRRRRISEIELELN | LR SRR LR RRRREEEEIRRRRIIN IIKERK
i T T T
I I I I I
! L L L L A<mv
2RI % ROIRRRKEKS
e s
Seeteletets L NS 6V
i T T
I I I
L Il
SERIERE, % [ O e O S I IIINNNY e S S e es”
QLRI o2 | SIS oot et et teteteteotetetetotetotetetetotelv 4sd
SRIBIILKKE RRIK oo tototetetetetotetetetote oo e e et ata et tetatatetetototete?’
OaVaV IO IIIIII NI IIIIN Y, | OSSP 0aOu IO OIS YOOI II IO I NIIIIII NI NI
T I T T T
2RRR
ZRLRRRR
IM
R —
SERIEIRL: I IIIRZ, SRR
ST SRR Sss ) Svo
RIS RRRRRRRISLELLELLE, NSRS ==
RTIZL]
3555555559 Svy
KRR ===

TcL 0clL 6TL 8T1 LTL 9T1L STL 142" €11 Tl TTL 0Tl 61 8L L1 91 Sl vl €L (48 TL

0oL

(z = Aouare| SYO ‘v = Y1Bua) 1sung) (€/2) 1sing 81\ Jaye abieydald oIny

62



V Yueg 10} Jels

abreyosaid ony abureyoaid oiny

UM

d Jueg 10} uels
afreydaid ony

abreyosaid ony
YUM puewiwioD a1l

63

abreydsaid ony
INOYUM puRILIOD 3IIAN

LPD481850

NEC

puewiwo) SN abreyoald oy dueg V Mued
g>ueg g Yueg 1o} yum d Yued o}
puewiwo) puUBLIWOYD SN puewwo) V Yueg Joy
31eANOY v ueg 31eANoY puBLLIWIO) 91BAIDY

| | | |
,--.AEm_oXmgm_n_xmgm_oXEmov.--,-----------.,--AEEXSEXNQEXSEX%moXmmmoX%moXﬁmmova<n_Xmm<oXNm<oXHm<av.--,---------------- oa

i i | =
" T T T T | | | T T T T T T T T T T T | | | Z _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 1 | €-0
I I I I I I | I I I I I I I | I I I I I I I
| I I I I I I | I I I I I I I I I I I I I I I woa
| I I I I I I I I I I I I I I I I 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 L L Il Il L L L L L L L
R R R R R R % IR X RIRRIIRIE
e esotos qad K ESSOIIIIIEN 0 R RRBSS Bvd aav

RN
T
I

o FRHERI
KRR LRRRAK,
T I *
I I I

S
3
T
I
L

5
55

T
I

| L
L]

BRI KK XK AKX K XXX RN < NSRS K KKK XN JOCOCKIKICICIR KRR K ICICHKIKAKK I ARSI KKK KSR ERKKX
I %5 { A8 R es ) f RN s (SIS s (K 8v
T 0003020202020 20 20202020 202020 %, XX SOOI OGO OO OO0 \0000000000000000000000000 | 09090%0%%0.%% % oSO CGEREKR
| |

! I I
| RSSO
fRERIITIKS, ! R EEITIN KRR 2 (va)
e s ]
SO0, X | 2202020202020 202020200 20202022, NSRRI RIIIIAKN ®<
| ! |
| |

<
- — K%

19. 0000 000 090 00,0 0 0.9.0.0.9.0.0.9.0.9 XK KKK K5 1.0 00,0, 0.0.0.0.9.0 09,0 090999 / | XK KK KKK KKK NS 000090000 009 0 00 0099,
R B \ERER5 L] ! RIS 4sd
0 0000000000958 0000000000000 0000500500908 | 0%0%%%%% <J Yo% 9% <y
|

0%

00 %%
[l

|

L

I
L
RIS,
KRR

R RRIIRRS SRR fRRRRRRIIIILLLLLL RORRRIRILLLLLLLRS, SRR KRRRRRRRRIIIIIILLN
o 25 GRS, B RRRRRIIIIKKLS e e e tetetetetotote! ISR RRRRIIIIKIIILEIEN
2% SRR oo o ta st tetetetetetetotet v retotatetetototetetetotote! S otasetetetotetes K RRRRIRIIKILLLN
9L SIKRRRILL JRRRRRILRRIILLRRRE \RIERRIKILLIEEE 33IKKKIXN REERHIRLLRRIILLRIE

ORI R T e O OO e ooy’ R R R RRIIIIIN R R R IRERR
SRR LI | SR | \ERAiRN RN Svo
\ ERRRRREILELLLLN LR RRRRRRREEEEELEEEK]S \ RRRRRRRRREELELLK, \ EERRIRZRRREEN \ RRRRRRRBEIELLLLN ===
1 T T T T T T T T T T 1 T
I ! I I I I I ! I I I ! I I ! I I
L ! L Il L L L ! L L L ! L L ! L L
I I I I
OO R R RTRLRIRT T ZS 2S SRS OOT IO T IRIITLK RIS
IS R s RTBILT TERRIIRN | [T R sv
QIR ! I RLEILKKY \IRERRRLRIKILRIILLRRIILLN ! ORILREILRIKILRIIEN ! SISKEIKIKKKNS | Ottt e tatetotatetosete? 2Ve
I I I I
| | | |

TcL 0clL 6T1 8TL LTL 9T1L ST1 VTl €TL Tl TTL 0Tl 61 8L L1 91 Sl Vi €L (48 TL oL

(€ = Aouare| SYO ‘v = Y1Bua) 1sung) (€/€) 1sing 81N Jaye abieydald oIny



LPD481850

NEC

dy)
g jueg oy puUBLIWOD mﬂoﬂ_%%w_ v Sjueg 10}
puelIWOD dois ising Ind ul p puewwo)
jouued 1SIng
91eANdY peay
g>ueg o} g Yueg Joj g yueg o} V Mueg Jo}
puewwo) puewwo) puewwo) puewwo)
abeyodald peay 91eAnoY 91eAdY

k k ‘ | |

im0 +REON9+RAONG +REOK-+RBOKE +EAOK e +REOKT+RE0K 2O XI+evOX VO XT-evOXz-evO\Wz+evOXT+evOX BYO »-------no-o- O

| | | | | | | 1741
| | | | | | T T T T T T T T T T T T T T T | | I
| | | | | | | | | | | | | | | | | | ( | | | | |
| | | | | | | | | | | | | | | | | | | | | | |
i T T T | T ] T T T T T T T | T T D)) T T | | - T €-0
| | | | I | | | | | | | I | | | | | | |
| | | | | I | I I I | | | | | | | | I | | | I noa
| | | | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | |
! L L L L | L L L L L L L L Il L L L L
KRR KRR 6.0 %% 9% 9.%% X KRG IK IR IR XK 19009:0% XX 00 000000
SR R R SN s aav
CRRRRIEREEELE CRRRKK R g QKRR QIR
|
|
L
XSS K XSS KKK KK X X 5K KKK 5SS KKK XK K58 555K KSR KK 58 K 5858555 S KK S K XK K 58K 5555 KKK X XK KKK K XK KRR KK
R IR R R R R R RS R R SR R RIS 8V
KKK KRR KKK KKK K XX KGR EK KKK KK KKK XK XK XK XK XK XX XK XK XK X X X XK X X XK XK KK X KK XK XK X KK X KK X K K K KK X KK XK KK KK KK KK KK XK K K
X RKKK XX X KRS KKK KK X KKK KR KK X KKK KK KR XXX K KK KKK XY
e RIS RIS R 4sa
SO 0.0.0,0.0.0.0.0 190 00. 0,090, 0,0.0.0.0.9. 0.0 (000 0: 0. 00,000, 09000 0.0,0.0.0, 19.0:0.0. 00,0 000
(9a9a%a%a%% 190909806060 %% 009090940500 0090909000495 X Y 9092992 9a%6%a%%%" 9a%a0a%%$ 06%0%%%
e e
IS RARRES am
X XSE KKK IEKEEEEK KL 00562005049 -
R R R R TR % R T 1 IR SOOI
O IR SRS SVO
RARLRRRILRIELRIRRILRILRLRRLLILRILRLLRIELRIELIEERIEERIRLR QKRR _—
KKK X XXX KK XXX
RS SRR RS Sy
KKK KX 19009009500 XX $950.0.9,0.0.9.0, 0,99 -

Tcl 0clL 6TL 8Tl LTL 9TL STL vTL €Tl 47" 111 0Tl 61 81 L1 91 Gl vL €l ¢l TL oL

(T = Aouare| Sv9) (/1) 81940 Av3y abed |In4
8]0AD apoN abed [IN4 §1'9T



LUPD481850

NEC

- >

1 puewwo) apow abed
m_:v_m”_mm_Euuov. dois 1sing lIn4 ul pus g >uegq 1oy} V Yueg Jo} V Yueg oy}
n&m>_8<o Jouued ISINg puUBLIWO) pUBLIWIOD puUBLLWIO)
’ g >ueg Joy v Yueg Joy 91eANdY peay 91eANdY
puelIWOD puewwo)
abreyoald peay

H | ‘

memmmmpm o m s oo oo - - (020X G +REOK Y +REONE +REONC +RAOKT+EADX 28O XT+evOX Bvd XT-evOKZ-evO\\e+evOT+evO BYO h--ms---mmrn--

I
| | | | T T T T T T T T |
I I I I | | I I I I I I I
! | | ! ! ! ! ! ! ! ! | |
T T T T | | T T T T T T T -0
| | | | | | | | | | | | |
| | | | | | | | | | | | I noa
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 L L Il |
o 2 %S aav
RIS SIS I 8V
CRREII SoSssstess SRR RRRRIIIIIRRRRIIIESS
(ve)
6V

RIIRIRL T IITTS IR °
QRILLRILS, KRRILRRKIRUELIKIKIES, RRILLIKS
O IIR, R o e R R ] RS 4sa
RRKILLIKKKL et NI IINIIIIIIIIINNILILIIINIII NI, %a0a%a%a% %%
T T T

TR O TTZXIN
SRR O RRRIIIIEIED
R AR s SRREEN
Reteteteteletetotetetetetotetetete ot

L3355
KLRKES

R RIS TR LTI TIRY R R RRI IR RXIIRLILRL IRITIRR R R R IIRRT IR L IRL] R IERTITTR (R R RRTIIRLS
SN B 00009 oo arases00000 S5
R RIRIIIIKRKILRISS S RRRIRIIIKRKKKSY \ S SERIRIRIKY SRR Sv2o
Dalototetetatoletetatototetetototes IR RIS Sotetetetetoletetotototetetototesetad KRR -
T
I
! |
RIS
5555 Svy
R 2vVa

TclL ocl 6TL 8T1 LTL 9Tl STl vTL €11 (448 TTL 0Tl 61 81 L1 91 Sl vi €l ¢l TL 0L

(z = Aouare| Sv9) (g/2) 819AD vy abed |In4

65



LPD481850

NEC

d¥)
g >ueg Jo} g>ueg Jo} puewwod apow abed
puewiwo)d puewwo) dois 1sing |IN4 U1 pua g yueg Jo} V Yueg Jo} V Yueg Jo}
91eANdY abieyoaid j0UURD 1SINg puewiwio)d puewwod puewiwo)
g Yueg o} 91eANdY peay 91eANdY
puewwo)
peay

H ‘

------,--------------Amtmm_OXv+mmoXm+mm_oxN+mm_oxﬂ+mm_ox egd Xﬁt&ox evd xﬂlgoXngov@gof H+m<ox evd v.--,--------------------------------- da

| |
| | | | T T T T T T T T T T | |
| | | | | | | | | | | | | | | | |
| ! ! ! ! ! ! ! ! ! ! L (C ! ! ! ! !
I I T I I T I I I I I )Y I I I I 1 T €-0
| | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | _\/_OD
| | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | |
L L L L L L L Il L L L L L Il L / L L L L L L
0000000000090, 0.% RSOGO E GGG E GGG KRGS EE K GGG GG KGOS E GGG E KGR KIS E G E KK G KKK GIGIXIIAIIIIKHIRH £ 0% KSR KRS RCRIIRIHIHKKKKKRRLIKNAS
R A R e B D A SRS sesssss (LA aav
ORARIIKK KKK SOOI 0009099099099 0.9 0.9.9.0.9.9.0.9.0.0.9.0.9.9.0.9.9.0.9.9.0.9.0.09.099.0.9.0.0.9.09.9.0.9.0.0.9.0.0.9.9.9.9.0.9.9, OO0 0.9.9, XA XY RERRIRRIIRARKIRKIRKIN
| ] ] ] ] | ] ] ] ] ] | ] ] ] ] [l [l |
| | | | | | | | | | | | | | | | | | |
L L L L L L L L L L Il Il L L / b L L L Il L L L L
X SREAEKEIREKEKS N SRSESEEEEREEISEEEEKS XSS EREEKLEIEIEII I I ICK KR XK I I I IKK XXX K XXX I I I IKK X IR K K I IK KKK I IKIX K KKK KK KK IKRX KX XA X REXGEEEEEIEKS k¢ SOSEXEEIGEEEAEEEAEREAEIGAEEAEEAEREAEEIEKEKY
SIS, ATY RIS R R R Y RIS B 8V
096%0% % %% % %% % %% 9020202000020 2 0 0 2% | 20 %0 %0 %0 0000000000000 %0 0 %0 %000 00 0000000020000 %0 %0 00 0000 0000000000260 00 %0 %0 00 00 %000 0006202000020 %0 20 00 % 00 0000 0e0:2:%% JRERERECHIEERRLLLIIIERN FOCRIRRHKIRHICRRIRIIIRIIITRKIIRIIRHK KRN

T
I
)
SR
fotoses

. el
RREKRLLRIIIIRKKN B R IR R LIRS R IIIRRXRKRLLLRN CREZRRRRRK (5 SRIN fRRIRRRKKS] KRR vd
R RN R S RS BRI ) SR SR (va)
 2atoleleteletetetetetetetotototed) dototetetetetetetetetetotototetetete. dotototetetetetetetetes SRR LR pReteTetetetetetototetetetey 6v
T

R IRRRRRRRRKKS
R LR S
T T T
I I I
. ;

L I I I

OO OIS OT T ITITITITY R S S LRI K IR ARIRRITTRS R RIRIRKA ORI
Ry I 15
RXRIKK: KK RRIRIRIRIRILRLELRELILIERIRIERIRIRIRIRIRE RCHRHLRRIRIR QRIS KKK

T

I

Il
RS
SeSosose%s

I
!
]
I
I
I
I
! L
XRRRIBE KRR X5 R IR RIS JRRRIBBBIIIII (5 RRRRRRIIBIBIN 5 R RIIIIRRLLLL
RRITLRILR LK 09S 3R IR IR IRKS RRIERIKLRILRIRN RIKILRILIIIRRIILIRAIKR) 3% SO ocesesetetesosetesetes.
RERIERILLK fXRI S5 S RIRILILIANLI LSSRILIXLILIAKR CRRILRILKS KRS QIRRHLRIELRIELRIRY
SRRIIKEIIEN LRIKIRKIEREL " o tetetetetetetetetetetotetotetotetetetetetetotetetetotetotetotetotetotetotes  Se%etetetete%e %0200 Sote % 0% SIRIKIKIEIEL [X5L SRSLIRIKLIKIILKLLIN M‘\S
] 1 T T | I 1 T T T T 1 T T T 1 I
| | | | | | | | | | | | | | | |
L L L L | L L L L Il Il L J L L
QLHICRKHIRHKHKKN PORHXHKICHKHIRKIHKIRHK KK G2 IRRHKIIKHK KKK IRKIHK K HKIIHKIK IR K IKRKHK IR IIHKICKHK AKX A ROKICIRKIIKHK KKK RRHXH K IKIRLRRAIK XY K IQRRKICIHHKIHKIHKICRKIIAN
W s I e G svo
RRIRERARKKK LXRHRRRAIRRIRALRALKN . KRRRRHLRIRRILRIERRIELIERREERIEERIRRLEEKRKS] | KERIKRRRKS IRRRXREES 3 | RSLRIERIERARARKR
i T T T | 1 ] T T T | 1 ] T T | ] ]
| | | | | |
L L L | |
|
% LR RRERRRRIK XL [Z
&5 DR SN LS | Svy
RS | K QRERKRRKHRIKRIRK < | KKK | = —
I I I I
| | | |
I
! )
T
I
|
I
! o
T
|
|

TZl 0cL 6TL 8Tl LT1 9Tl STL vTL €Tl Tl TTl 0TL 61 8l L1 9l Gl vl €l ¢l TL oL

(g = Aouare| Sv9) (g/€) 819AD vy abed |In4

66



LPD481850

NEC

-

dy)

g ueg o}
puewiwo)
a1eAndy
g>ueq Joj
puewiwo)
abreyoaid

'

puewiwo)
dois 1sing
g>ueq Joy
puewiwo)
S

!

apow abed v sjueg 10}
in4 utpus puewiwio)
j0UURD 1SINg SIIM
g >ueq o} V Jjueg Joj
puewiwio) puewiwo)
a1eAnoy a1enoy

‘ '

- Ao+mm_oXm+mm_n_Xwém_oxmém_oXN%m_n_X?mmox

eqq XT«&oX eva Xz,,af m+m<n_xm+m,<oxﬁ+m<ox

RIS
R
0&&&333&&&3&%»‘

1

I

!

T

I

I

I

I

L
R X
S8 5
22020202

R
88
s

1%e%
%

— K&
%
%

L kXK
KL

%S
| _ KRS
2%

XKL

000 %0 %0%%

X KKRKK 9% XK %

<X XSRS GC GGG
SRS

XRSRSRESAREKEERL
LIRS
Sotede
0% %%

XS
wmmmr B%05059%8
0000000005 % %

KKK

RS

KRS
OSEIIIR

9098
XK

$IIXRRHRS
NI

JRRRXN
G

GERREEIRRKN

5BBIXLXN

%S
S
555

S

%%

R RRIRERRRILRRISILLRIRELRRRALLR

IRRRILRRIILRRIRIE

SRS

300X LITTLLLITITLLLIILL STTLLLILTLLIZILLTRLLILZTLILITTLLTZELLLLTLLLITZTL LK%
L RRRLILRAILLLHAILLRKAIL, X5 X
X RREELRHIILLRRILRRRLS

2e% L L e%
X X KRG REK KK KRR EREEESEEEREE RS KK R EREREEEEKK KL 9%
o 0000000“0“0“0“000000000000000000000000"0“0“0“0000000000000000000000000000“0“0“0“0“0“0“0“‘. X

QIR

SRR
ORI
Ssesssessrssesesssetotetetole!

9%IIXLLLRIKRKIKN

I

L
S RRRLLRRRRS
RRRRREIIBINS

R R R R IR
SRR

SIS, SIS
RILLRRIIKS, S IIIIIIKN

5

f55

30NN
fOSRERRLLESIEIRELELEILLRLL
0002000002020 00 % % % % 0 20 %%
oS usatetete:

XSRS PEISSKESIKGKEIEKKE
KKK KK < KRGS E IR ISR
1920099, 0,000\ ,0,0.9.0.0.9:0.0.9:0.0.0.9,
e YRS

IR,
I RRIRRRILLRRS
T
I

9%

BRI
Sotatetotoiotess
RRKREESS

0000020002000 00 %020 20 %0 20 00 00000000805 %
R

Botatetol oo teseses

%0%%%%6%%%%

KRIRLLLELRAKIL
02050 %0200620%%%
Satatetototoretes

%!
X

o

J5RIIL

3555
RS

S0

N OSSR ECEECEIE GGG 000000000 0 0e 0 000 00 0000 0s 00 0 0 0 0 0 08
NG KKK KK XKL XK XK XK KKK XX XK KKK XK KX XX X X o

%
%

3R

R90%e
5
%

GICICHKIKIIIIKIK AKX PLKITIIKIK AKX KKK XY
R R BB AS]
< RO s N eotagatatetetetetedeteteontese’

SRSREEEE L5

S RIIIL X II
R s
R RIS

19090500500,
SN
RRRRIRIK

5

R RRRRRIRIIIIBIIIEIEKS JRRRXRRRRRIBI
RRIRRRIIIIIIIILLKS GRS

R IR IR
R0 R RKRRINH]

IR
oSS a ot ot setatotesetatoteteds!
SO r oS tatoteretatatotesetatototes
GXRRRRRISIIIIELLLK

RRRRRRRN

SRR
KILKIKEIN
RILLRIIILLN

o
0"

0SSR
AR
£ e IR

%%

RS o% 00020 %%%

\SQEREIREEKERKL CREREILLLKEAIEEA K

S S RE GGG KR K LKL LELKEKL
«0000“0“0"0“00000 1%6%%% 00“0“ %% 00000000000. X

090562652 %0%%%

T,
)
QRAILLLIKIEAREILRRY JRRIELIRLILRIELELY

R ERRRTS
RIS
S0RRRILRRIILR

K
0o %%
0%

2
2

X
Sotetotete!
KL,

X TEIIIIKS
RRKIEIIEIK
ORRXKS

o
090
0,

K
oo

XSGR EICK KRG K KRGS EEICE KK ICERK KRN
R A IIIELTIEN
09000 009:0,0.0.0.0.0.0.0.9:9.9.% KKK II KR K ICRKICI K II K IR IR K XN

%

K X XK K XXX XK XK KK KKK KX XX XK XXX XK RKK KRR XK KR
B R AR
R ERREELRIKLLLRILLRILLLIN YILLXHLLLRHIILLRRL]

Tcl

0cl

6T1

8T1

LT1

9Tl

STl

vTL €TL 470 1Tl 0Tl 61 8L

L1

9l Sl VL el cl TL oL

(T = Aouare| Sv9) (/1) 819AD FLIdM abed [In4

4sd

SVO

Svd

A0

67



LPD481850

NEC

aueg oy puUBLIWOD
pueWwLWO) dois 1sung
91Oy
g ueg Joy
purwIwo)
abreydaid

apow abed
[In4 ur pus g >ueg 1o} V Yueg Joj V Jueg Jo}
jouued 1sing puewiwio) puelwIWOD puewwo)
g yueg Joj 91eANOY AN aleAoy
puewiwo)
M

|

e e TR EEE (FL-1e) (RETeTS) R (e e 40 Xr+evay m<mmeAH|m<oXN|m<oXN+m<oxﬁ+m<ox eva )

| I | |
| | | | | | | | 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

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 1 (C ! ! ! !

] T T T T T T | T T T T T T T 1)) T T T T -0
I I I I I I I | I I I I I I I I I I | I

| | | | | | | | | | | | | | | | | | | | A OD
I I I I I I I | I I I I I I I I I I | I

I I I I I I I I I I I I I I I I I I | I

| Il L L L L Il L L L L L L L L Lo b L L | Il

nn“un“un“N“un“unN""wnn“N“N»“nn“N“u»“nnnn““n“nnnnnnnn“n“m agy O e S RS g SRR ego ““n“nnnn 3555 AR onnnun“nn“noo eay Wnnwn»“unwu»"n“nu aav
RN I LRI LKL, eSeototelelelete)

o
< SEIREEEIQEELEIIKKELILLL R %e%%
KGRI IR IR RIIKLIEIEELELIKLKLELRIKKK
R R R RIS
T
I

X XSRS EEE SIS RKKX A XRE XK 55E KRS ERE K ERE L KK SR 55K 585K 5K K58 K58 55885555855 K KKK 5K KX RS SR KSR XK RSO EE K EXE SRS
R SIS RSB A A SIS SIIIIIALIEILIIIII. PHY IR0 evd 8v
0020 0202020202030 2020202020 203020202038, KSR LG AR IR KKK KKK KK KKK XX X XK KK KK XK KKK KK KR XK X XK XK XK KKK XX 00000 90%0%9090%%90 %500 %" 203022 IRILRKIRIIELRIRLHKN

! L L L L L L L L L L L L L L
I IRLRRARLN L R I REIIRILKN ] R IILERIRLLIXN (va)
RIS h S I RRRIIIIIKIILEN R R IIRRRRIAN
RIS IR RN RO AL
S RRILIIIIIILIKIELIKLEN 0202050202000 20 %0 te%0te S0 tetetetetetetetetetetetetotetotetotetotetotetotetete e dotetetetotetetetod) R ) TRRIIIIILLIAILL LN 6Y

0000000 000 % % %0 %0 %0 00 00 00 00000000000 % % % % %% R SSRRERSREREREEEREERRERRRESEEEEEEERRRRE XRRSEELERELEEKR KRSRREEIEELEERRRRRKRY (0000000050 %% 0205002 % % %Y
SRR RIS R R S R R Ry s e 450
2RI RIIILRIILLKS K2R RIIILIIL I LKL RIS KSR R RS Y

|
L
0000000000026 %6 %0 %0 2 00 0000008

|
L
1% %%
KL

T

I I

I |

I T

I I

| I

T I

I I I

! ! !

T T T

I I I

I I I

I I I

I I I

I I L | I

JIIIRRK % ) L R R R R IR RISy T RRRRRRRRRRRLLSY (5 2RI I I

30IRLLIKIIIIIRKIKLLN R0 IIIIIXKAIIIIIIIIXKKKIK RIIIXKLILIIN K CRRIIIIKKN
R RIILLIIIIRRKIKN R SRR IIIIRKKK] eSS esesatetete ! 3IKRKK

T s asssototod " R RRRIIIRIL KL RIIIIIIIIIIIIEK S " ERXRRIIIBEE 90LXXLR ! " am

I I I I

I I I I

7 I TR e I .

KRR LI RKHR CRHRRKKIXN CRKRLELR BRI REEREEEREIEEEL REGREREERKILLILIKLY

R BRI R s AN oo s\ S s ” ” SY2
fotoolololetetetetetetototototototetetetetototototototod LORRREREE Y oSoSoSe2e2etotototolototetetetetotototototototototetetotototototototototesetetes’ teSetetetetedetedototototele ] Setetetetototototototeseeses . | ==

I I I

I ! | I

| ' I Y,
RIS TN TL TSI TLTZTS R IRRIRRRIS] RIS

s | R SRR IRSIILIINES | AR Svd
KRS, ! IR ARELIIIIEKKRAKLLIIIIK LXREBIIIIKRKL) b ! | R A

I I I

| | |

; ;
! ! SO
I I 2

I I

I I

I I

I I
! ! DO

T T

I I

| |

TclL 0ocl 6TL 8TL LTL 9Tl STl vTL €11 (448 TTL

0Tl 61 8L Ll 91 Sl vL €l ¢l TL 0L

(2 = Aouare| Sv9) (g£/2) 819AD F11dM abed [In4

68



LUPD481850

NEC

puewWIWO)
d¥)
g sjueg 1oy dois 1sing
puewwo)
91eAINOY d yueg 1o}
puewiwo)
abieyoaid

apow abed g>jueg Ioy V yueq Joy V Jueg Joy
n4 ur pus puewwo) puewwo) puewwo)
g yueg Joy jouUeRd 1SINg 31.AIOY SIIM 21BNy
puewwo)
1M

k \

m s oo oo oo - {pregae+eAANC+EAXT+REAY 2B XT+evaX Bvd XT-eva\(e+evaz+evafI+eval Bva -------n---mssz--s OQ

CRRRRKR
RS
deSetetes

0006000000000 0000 9000990

oS

%% 2e%
355 35
%% o%6%%
RRRRRRRREEEIEEEEE

K S8XEREEIREAEIEEEEIREAEICE GG
B R IR
RRIRRRILRRRRLRRRILRRIEEK

evy % 8V

SRR
RIS
S 090.9.9.9.
| [ [l
| | |
L L L L
00000000, 00 0,000,000, 0.0.9.0.0.9, 3% 0909000 %09: 0. 0.0, 0,0, 0 0 0.0 000 0.0.9.0:%
KT RIS 5
RRIRRLRIERIELRILLRE, QRRILRIRRILIKL: L
I | |
|

0%
%
[
|

%
%%
[
|

o

SIS

3%
SRRIAIKRNEL,

5
%%

¥

3 —

3
- — kX
X 00

3 SRR IIRIE B e O e O OISOy S

S %0 %020 0 %0t e %0 %2050 % %650 %Y, OOt eteteteteteetetetetetetetotetotetotetototetoteteteteote?, QRILKRLIKE, RIELIKEA K

oo a st etotetetetetototeds oo oot a e ot a et totototetetetototeds RN YLK

GaVaIa I OIININaIaIa0sY SIS IIIIIIIIIII NI IS IIIIII NN, A INIIIIIIIIIIIIIIIIINs [ IIIIINS
T

[

|

L
%% %%
RRLS:

I
L
RIS
R
R RIIRRKKKIIIIIR
oooetetotetetetetetetetetetotetototototototet
T
I

00000
KK
S

$RIRIERIIRELLIELIKN

ociilii oil
9% 3R
2950588 Sosogetet X
RRLRIIIIXIIILL RS eSS esesssssasasstotetotototetotetetetet
RIS OO sesesesasoresetosetetotetetetetetesese’
IR R

[

I

Il

X%
QLR

000%050%6%%%

SIRKKKKS

SRR
S Soorasatensy o
\CKKKS
SRR
T

030%6%0%6% %%
R85
RS

M 4sa

4444444444 XIS XSRS &
O a e eSS asasatotolotetesey’ RSRRXLLRIIBBIKRKILRIII

200IIKKS

o% o%
% <K KKK +9%
e20eoleletolotoleletotoiolelelololels

£

TR

SREXRRRKK
GEIIRRKKK

doteSetetotetetetetetes

PSR RK KX XX
RIS Svy
930.0.0.0°0.0.0°0.9°0.0. = =

T
I
I
I
I
|
T
I
!
T
I
I
I
I
I

R RIGKIIAIIIRLRD I
I
L
|
I
I
I
I
I
I
'
I
I
I
I
|

Tcl 0cL 6TL 8Tl LT1 9Tl STL VTl €Tl 47" TT1

0Tl 61 8l L1 9l Gl

A0

vl €l cl TL oL

(€ = Aouare| Sv9) (g/€) a19AD F1IdM abed [In4

69



LPD481850

NEC

dy)

puewiwo) aleANdy
Vv ueg
v jueg Joy
puewwiod
1M

puewwo) abieyosald
YV Aueg

dd) 1da)
uoneuIwIa |

PUBWIWOD JHd
puelWwIWO) 9NNy
v djueg
V Yueg Jo}
puewiwo)
peay

!

puewwo) abireydsaid
YV jueg

uoneuILId |
puewwo) 34d

-~
aoy)

v sjueg 1oy
puewiwo)
I
v Yjueg 10}
puewwiod
31eAIdY

!

ZH

) ) S e ¢

<n_xmm<oxﬁm<ov.----------------.

!
Qmo<oxmo<oxﬁo<ov}-,.-----,-----.,--.Amg,qoxmg

! T

x%ﬁx%ﬁx%

| Bupisein 1M |
|

T

I

I

I

I

Il
RIS
RIS
GEBIRKK:

R
XX
%

33
ORI
2RI

KL
RIS
RRRLRRELREILELLE:

XY — — — — |- — ]
X
%

K
i %

SRR IKIIEERIIK I IR KK NSRRI IKIIEREREIKK R SREEEIEIEAERERERKIKKKA X XXX IKIKRRKR R KKK IRIKIRRR KKK KKRELKIER XXX KK KKN <EELALLKRL,
SRR NI, AV P55 RERRRIIIIIILIIIIIBIIILIIN, BV R
2IRRIERIRIRARIIRKIRIIKIKAK XRRIERLIRIIRIRIRARKIXRKS & QRIRRIRIKAKS KO3RS QRHRRRAKS

1 T T 1 I T T T T I T
| | | | | |
L L L L L Il
RIS CHRRRKRS CRRLIRIKR QISRIRIRRRRIIKKS
R RS 8] R, B
Leloletelotelelotelelolele o020 0% J %etelotelelo2elo 020202020 020
T 1

T

I

.

]
5558]

QRRK
RS

K SIQLLERKL
0000 %0 %00
«0“0“00000

2R
T

[

|

L
050%%%

RRKKIKRKA RCOSCSRELKILERL K REEIGKELEIILELREIKLELEIKKL
RIS NI IR KIS
opototetete” RCRRIIBEES KRR IIIIRRIRIIIIIIKRKKS
KRR KR RIKRIRLRIRS 1090909 2a9a9%%a%Y

B R RRILLEEIILILEIKIKLKLKY]
IIKILIIIIIIKKKY

b9%S

RRK
BOSsosoetetesesetetes 20005009

[ofetotetete e otetete o totete e to oo’

1 00%0 e 0% % %

"o
KKK

XRX)
RRRLRRRIRKRIIEN
CRRRRRIRIIIIIXN

50090589ELRXKAX

T

I

|
LRRXKS
RXIXXRKS

50588588

9%
XRKSS

35585 IS

%
5
0%
[555%

% 6%%

XX KEAEELKEEELKL:

XSS KKK IKRK KKK
SIS

XK

oososssstoteds

%5
RIS

KX X
Qoeleletedoleleds!
|

R RRTTZZLITZTTTN
BRIRSIRIEIIIIEELLRRRRKN

TclL ocl 6TL 8T1 LTL 9Tl STL

vTL

€Tl

[4%0 111 0Tl 61 81 L1 91

Gl i

€L ¢l TL oL

(T = Aouare| SO ‘IINd ‘8 ‘v ‘¢ = yibus| 1sung) (g/T) 1sing jJo uoneulwua] (sbreyssid) 34d
9]9AD uoneulwia] abireyosald 99T

8V

6V

1sd

SVO

Svd

A0



LPD481850

sva)

v sjueg 1oy
puewwo)
peay

k

91eADY purwWWO) dbieydald

Svy) dy) 1da) aoy)
uoneuIwIg | uoneulwa ]
puelwIWO) Jyd ~ PUBWWOD pueBWIWOD J4d
91eANOY puewwo) abireyosaid
vories v iueg 1o Ve voled vuegiop v ojueg oy
puBwWIWO) puBwWOo) puewwo)
peay I 91BANOY

| » T
| Bu{se|N 1A |
|

90
K0S
RIRRES Q55
ORI
pReTeTeseteetetetetetetetetets

RIS
R RS
Rototetetetetetetetetetototototetetese

| | T T T |
I I I I I I
| | | | | |
T T T T T T T 1 T €-0
I I I \ I / I I I I I
I I I | I I I I I noa
I I I T I I I I I
I I I I I I I I I
Il L L L L L L L L L
FEsaa] ava EEESEEEEEssssssiai evo X evy ¥ aav
RIRRZRRLRY R RLIRLLRY LRI

35
deteeses

I

I

000 oononounnoooooooo
QRRLRRRELERRRK

S e e 000
ERRILLI
0005 %% %% %%

\SS5855K85Y
0000 $%%%’

R
3%

S99
LS y
RS J

OO TITITITITITITNN
RRERRLRIIRRIRIIKS

KKK
ISR
NGRS

R RTZRD O R R R R R ST ZR
et eesens et % e esess (VA 8V
Sototetototeleds & RRECHRELIRELERILEIIIIEIIEEREE
I

00020 %000 00 000000 e %Y
X KKK RELEREEKEKL
0% &3*‘0 R

XK

XX — —

R RRRIIIRAIK]
R IRKKKILS

RRRRRLLLRRILLR]

s R IRLRLLLLRS 3RS
KRRILLLSS N R SIS
XXX KRR RRRIRRIIIIBIIIIIILLLK XS

IR NIRRT
IOt eteteteteteteteteoes
CRRRIIKS
R

%

%

KX

% 096%%%

%

XX XX
\SERRREEIRRRELLRLLS
‘olededoiodeioiedeloletotolety

£
8
508

0020 %0 %0 00 00 0000200 e e e % %%
oot tutatatetototoesy

SRR KRR ITTXZLKg XTI
R R RIS 5588858 4sa
REXKK, KXHXRRHRLILRLLAILRLIRLILHKLKS RCHRRRKS

SR
R
SRR

SRR

XS
%

n“noo%ooo
XA
fRKKIR

%
090%0%2%%:
o2e%%
)

X

NEC

LTL 9Tl

€11 il TTL 0Tl

e
SRLLLN R RIS
CRRILK IR
SRAILLLN KK 2SR
3R RIERRILRRIILLRES ME
T T T T T T |
I I I I I I I |
I I I I I I |
RTIRIIR, S O O oS Ie e IRBRII
RIS j s A oot N SV0
CRIREE, | deteSeteetetetelototetetedootetetetotods | RKIRRILLN _——
| T T | | | T T 1 | ] |
| I I | | I | I I I | I |
L L | L L Il L |
T SOTOTOTITNTOTITITITIITOTII T SO0 T S ERRTLRR RIRTS
R | LR , s N s A svy
! RSREHRRRERLRIRRRN | ! 0ot ! QGG RIIEEEIK I RIRRRRK | 9020000050005 ! -
I - I I - I
I I I I I I
| | | | | |

61 81 L1 91 Sl vl €L (48 TL oL

(z = Aouare| SO ‘IINd ‘8 ‘v ‘¢ = yibus) 1sung) (g/2) 1sing jJo uoneulwua] (sbireyssid) 34d

71



LPD481850

NEC

dy) Swy)] dy) 1day aoy)
puewwo) uoieulus L pueWILWOD uoneulws L
a1BAIOY puewiwo) abreyoalg  PUELULIOD Jdd aeAnoY puewwon abieyoaly ~ PUEWWOD 3yd
V 3jueg Vv ueg Vv ueg Vv ueg

v jueg 1oy
puewwio)
peay

AWM

=

- e {EVO X 2ZavO X TAVO J- - - - == - - -

@y

}

BupiseN a1IMm

A

v yjueg Ioj
Vv yueg 10} puewiwo)
puewWOo) a1eANOY

I

!
IR
RRRIRILIEIIRIKIKLS

R R R IR R R SRR IR, R R R RIRIRIS

R RIS DN O O e O S s e e vee? avo SRSAERRRY I BYD) FEIISEES YR

RRSRASX SRR SRRIXR e RS SRR SR SRR e R IRRRKN O RRRRRIRA N M
RN R LI LRRRRREEKK, \

o% 000 % %09 %%
0000000000006 00 0002026 %0 20 20 00 0 0 20 000 00 0 %% % o%0%% o o
30 IIIIERKKR AR RRRIIIN
T T
I I

3T R S 3 BT T 22X ] IR 3 ST ZTXXXTTITTEZIN
ORI 0000% st ssos s ssossstesasssosossttatasorosssst (RO L AU I S000oseessoseooontasassssoss) sttt e ssssssess RS
RSotetololoiotetetetetetetototooiorottesetotesesotololss KRR I EEEIKIREEIIEEEKKK SRRRRRRIESEY oot ste ot otetetetatetetesetetesotsretotototototototetes’;
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
! L | | | | ] L L | ] | L |
D saasese! Do aroreses RN RRRIRRKKKS ORI R RIRRRRKRKES
KRIIIKKKS] oo atat et esatetess Sooresetatetetesatote! SRRRKS] G RCRRSIRKEIRKS
IIRKKKKY KRR KRR KIIRKKS RXSIRKKS RRRSIRRIEEIXS
oo res s totesetatotef IS QKIS I Re3s305533555 sy @

[
|
I
QLR

T I IIIRAKRKS T ATy BB R3S
R e 3355 Ry Ry RS
R RIS N KRS peosetetetetotetetets?,  Sooteteteteteteteteteteteotode

eI e
RKERRLLRLRRRRKIKK

002020 2020302020202 te %0t %000
RSLELEERIRIRKKLS

T
I

L L
3R s RRRIRRRIE RIS
pogesesesatores GE0RRREIRKS JRRRIRKKEIKS aSotetetatetetesatotetesesatose’
GRS SRR St tastetesetetel st asatetetotetetesesey
505K 900IRLRLLLIXR RRRRIIIIIIILKK: RRRRRRRRKIIIIEEK]

o2

RRRRILRRS
RRRRLLRRS
SRIIEKK
RRRRIRLE

0%

[

|

I
000&‘00&&&“

CRAIRHXIRIAN QL RILIAILIRAXKRN f K IERIKIIL KX RHIRIK KXY R SREERELIKLIIERHRAXN KR LIIRHRAIRHK KRR HRK R KL RILEKKLRN
S SSEIBLIEIIN SIS ILEEEN 88T RSSESSSEEIEISEN SIS NS
oSetetetetetetolotololetetetetetetetototototetetete oSetetetetetetetotototototon hR KKK RRRRREREEEERRKR SRR detatototstetetetedetetetotolel

|
, ,
X XK KKK KX XK KKK KX XK KKK KK KKK KK XKY XSS K KKK KKK KK KKK XA X KKK SL0505030503070° OSSOSO KKK K KX X X XK KX KKK
s Ry R R s R R R
B RS Ko RIIIRKIILKKS oSS ssesasaselosesetototoloss’ J3RRIIRRRIKKKRKA] 000000000t0 2000200030’

X X XXX XK XK KX KK RXKS
]
202 % %%y

Tcl 0cl 6TL 8TL LT1 9Tl STl VTl €TL 470 TT1 0TL 61 8l L1 9l Gl

vl €l cl TL oL

(€ = Aouare| SYO ‘IINd ‘8 ‘v ‘¢ = y1bus 1sung) (g/€) 1sing jJo uoneulwua] (sbireyssid) 34d

0
noa

aav

SVO

Svd

E)lel

A1

72



LPD481850

NEC

v Yueg Joy

puewwo)
peay
1sINq JO pua e
(4o uinm) V Yueg Jo}
Z-lH d3AdN3dsNs a3aaN3adsns a3aaN3adsns puewwiod
MO010-€ M0010-¢ MO010T 91eANdY

k k | H

------,-----------------------,------,--------------A §<ox mm<ox Nm<oxz<0v.--,---------------------

I
T I I
I I I
I I I
T T T
I I |

I I I
I I I
I I I

T

I

!

|

|

I

I

I

Il
000000000 0a0 0 0a 0 0 00 0 0%
GRSRRIRRRIKE
%% 00020 %00 0 0e 0 00 %%
Ssssssssssresststosetetetatetel

I

I

!

T

I

I

I

I

L
2R
XK

| |

I I I

I I I

! ! !

] ] ]

| | |

I I I

I I I

I I I

Il L Il
0000000000000 %0 %0 %0 20 00 00 00000 X SRSRSREERELREREREEEIEIRELEELREREERRRIELL
R R SIS
e atatesotosesss 0 IIIEXKKKK NS

SO0 09 9.9.9.9.9.9.9.9.9.0.9.9.0.9.9.9.9.9.9,
[ [
| |
L

35
RS
Potetetetetetetetee!

RIS
DO es st setosatotototels

1 1 1
I I I
! ! !
T T T
I I I
I I I
I I I
I I I
L Il L
B SOOI
ojosatetotetetets SXRXRK
pfetetetetetototototeletetetetetetetototete

KX
20 0%
kY -]
faSote%s
Q’
XX
L — kXS
090
%v

R R R R R R R R R R R R R O T,
B S SRR N s
R R R R R R R R R R R RIS QRIRLRRRILRRLRR
i 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
! L L L Il L L L L L L L L L L L L L L L L
RS R IIRIKS
R R R R O R R G RRRRIIBIEIEKIKS
R R R R S R R oot stototetotototetetetetes
3000 R RIRIIIIIIILLXLXKKKS: R RIKRRRRIRKIS % 00300 R RIRIIIIIIIIAIEIKLKK ] e aaseds

T

I

.

S RRRILLRIILLRRILLK: R RRRILLRILLRRRLLLRIILLRRS
T T
I I
. .

|
L
%

I
.
RRKLRLL

[

| |

I I
XSS EEE LKL LGSR KKK KL X X K KRR REK GG IKK KKK
0“0“00 K 0205052050220 % %% % %% N LRI

I EIRRIGRIRIRIRIHIRIRIRIKIRIIAIAIHKRIRIAIHKIRIRHIRLIRIIRHXIRRIKHKRICIIRICHIRIRICHKIRRRAXIRK <KL
R B R R R R R R R R R R R S R
SO0 L0202020 2020020020030 %000 RRRIRRREIRIRRIERARERRIRARRIRIRRIRIRIRERIERRRRIRRRIREIERRILIRIRIRARRIERARRIEIIKIHERIRIRIERIRIRAXRRRIRKIEIRKRK QR

T T

I I

L L L
X RRERREREREEERERERERERRRERRRREREEEREREERRERRRERREEEEEREERERRERREREREEEEREERERRREEEIEEEERERERERRERRRSEEEEERERRRRRREREEEEERRELELRRR o)
%oooo%oooooNo00oonoon0oooo0oooo%%oooo%oooo%%oo%%o&oo%o»nooo“w'nn%: 00 o0 o000 098K KIS

X RRSRKRERKL
XS KL R IEEEERS KK KK R KKK KR KK KKK % 19 %% KKK
<R ERERRESRREEEEEEREREEEEEE K EERRREIK KL KX XX o% o 000%0%0%0%%%
X SRS ELEKEKLREEREEIEKEEEEEK SRS LE L KLEKL XX XXX XSS E KK LR KKK KK EEE KKK KR KK LK X RKRE KK KRN XRKREL
s e s T e s oo S

XX

S
o

XX

T
I
L
R RRRIIRAIXICTRRL
5030000IRLLLLLLRRKKS

e e O e e O e O e eI To%e} RS IIR RIS IR
@:EExEXEExXxbxXXKb%&&&€ﬁ%&b&bX3X&3xX33x%%%%%%m&WN&MMMKKW%%&WW&MMmKWW%Q&MW&MWmm&mWMMMMmmW3x%XX&M%%%&MMN&MMMMW&&&%&? S M%MMWQQ
R R IR RIERIRIEERRK CRRRKS

|
L
X KKK KK R
RXRRRKS

Tl 0cL 6TL 8TL LTL 9TL STL VIl €TL (4% TTL 0TL 61 8l L1 91 Sl vl €l ¢l Tl 0L

(T = Aouare| SYO ‘v = Yibus) 1sung) (€/1) (Uonoung 3XD Buisn) peay 1sing BulNp uolsuadsns 320[)

8V

(va)
6vY

1sa

SVO

Svd

A0

Co_mcwaij MI30|D LV 9T

73



LPD481850

NEC

1sinq JO pus Je

(4o uim)
ZH vjueg io}  vjueg oy
a3an3dsns a3an3dsns a3an3dsns PUBLULIOD PUBLULLIOD
M0010-€ 300102 00T T peay a1eAloY

H | k H F

mm<ox

S S 00 0%0S IR B 40,
s e
R R I IR

T T

I I

.

- — RS

| |

L I
%00 %% X REERSEEEREERERERREEEREELEEREEEREIREE LKL
X X KR EEEEEE KKK EREEEEEK KK KRGS KK LKL
0000000000000000000000000000“0“0000000000 QLK 0002020000622 % % %% 0%

7 s
SRR % R R R R R R IR IIIIIRKKN] LRRRRLLKS
3 00 R R R R IR RIS %) (LRIILLLKS
S I IIIRIELLEEKK R R 3 R R RIRRIR ARG [l ‘oletstotetetete!
R R R R R S R ORI RIILRIILRILLRALKK] § RXXRRXXRE

o5

096%%%

B S SS90 920] 00T ITK%
G e S
R R R R KKK

R

X
[
|
I

|

|

,

X XK R RK KKK
R

R IR R R R IR R REIRERIREIR IR RERIREIREIREIR R R R IR SRR IR ERERREIEIREIRERREREIRELIREIRLRRLRLELIR KL
s s
XRARICRIR KX AR XA IR IR AKX AKX AR IR IRII KX AKIIICRIRIH KR AIRICRIRIIAKX AKX RIR IR IHX KX AR IRIRIRIRIR I IR IR IRIK XK AKX IR IR IR IRIIRIR IR IRIR XX K XR IR IR IR IR AR IR IR IR IR KX KX K 020 % %% %%

I
]
00 R IR RLLLLLIIIIIIIIILK

T
I
L
0

T
I
L
s setutetototes

QI HKARHRIRIKILHIKHKRS CRRARHAXKKS < 3CIAIRIARIHAKIAXKS <3 IRIAIRIARIARIIAXICHAXIRHIKIHLIHIIHARICHKIIHKIHIHRXN JRIXIHKS

R O O O R IILRIIRIIRIKILLRIKN JRRILIRLR
R 90 RIIIEIIRIRRKKISEIIS 3R R RRRRRIIIIIKS 2 GOSN fRIIRCRKKK:
R, R Sl SeTetotes IR

%5
IS RIS
0000000000 00t e e e to s ettt et tu oot ottt tetetotototototototetetetetetotototototetotetetetotototots
T T
I I

[
I
L
R
2000

X X KKK KRR KK XK ARK I K IK X  XK XK  XEKK  E X K K XC X C XX aE X X KX X K X  X X a 5X0 K X X X X X 50 X X X X X X X K 5 X X 5 5 X 0 X X X X XX 3 50 0 5 X XK XK X 0 KX o KK X X X KK KKK KKK KKK EOCICHK X KA
RIS
<X KRG K KR KKK XK KKK KK R K I XXX XX XX XX XX XX XX XK XK XK XX XK KX XK X XK K XK XK KK X KX XK XK XX X X K XK KK KK XK KX KK KK KK X KK X SO0

X REREEEERREEEELRRRRRRIREEL
0 ERIIIIIKRKKKKS

I I

| |
R R R S SRR SRR eSO
G R S O R I S R IESIIREIIXEIIRREIESS % %
e S 0 S 80 8 0 S R R IR K IEIIIIRKKK RS GICKK
R R 0 R 0 R R R R R RIIRIIIIIIIRLLXLLL R

/ T\

/
5 A O o I A I

Tcl 0cl 6TL 8TL JANR 9Tl STl vTL €TL 451 1Tl 0Tl 61 8L L1 9l Sl vL €L cl TL oL

(z = Aouare| SYO ‘v = Y1Bua) 1sung) (€/2) (Uonoung 3XD Buisn) peay 1sing BulNp uolsuadsns 320[)

SVO

Svd

A0

74



LPD481850

NEC

1sinq JO pus 1e

(1o uim)
Z1H v lueg 1oy v ueg Joy
| a3aanadsns Q3aN3dsns Q3aNadsns pUBWILOD pUBWILIOD
MD0T0-€ ¥00T192 YD010-T peay arennoy

| | k | k

------------------------------A %<ox mm<ox Nm<oxﬁm<0v.------------------------------------------ da

I

I

!

|

|

I

I

I

L
CGIRIIKARRAIKN
QIRIRRIHKKIK
Doasaseseseteteseces (IR °)
KRR VO

X REIGIKIICIKIEIK KKK IK KK XK 19:%%% 090900099, 0,9.9, X KKK KKK 920999
SRS RS X evd XSREE aav
0 RIIIXIRXX K 3 IIXIIRRXKS 233X $ORXXNS
| | |

|

QSRR IR IR R HRRK KRR IR IR XKICRK IR IR KX XX, KKK IR IR IR K IR K KRR KRR KK IR AKX KKK K IR IRX KK KKK KK of XPCKKHKIIK KRR KKK K HK AN 5020303050702,
RS I ) BT gy

RRLRIRILRELIRLRLILILIRIRLLIIRLRLILILRLIELILIRRLIRLLRLRIKL RRRERRRRRRHRRRIRRIIRRIRHRLIRRRRILRIRLIELRILRKIRRILRRKHLK " \RRERLRLRIRLRKKKLY RIS
i 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
—t L T ————
st e rsesses [ EIIIIIIII 1 R85 (ve)
3 R R R R R R R 0RO IRRRIIIIIIIRRKKLKS KRS 3] IRXKK:

R R e R e R R R ! R RRREEEE] ! KRR 6V
i T T T 1 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
! !
R R R TR HERRTTRTTTITIILS B R R RIS FI I XX R R TR\ ERERRR TR
Sy I s
I IIIIIIKIKKIILS, KIS RIILRKIIS: oo et oot e et tetetetedr ! O IRRILLLS ! 3sd
PIIIIISIINIIIISIIIIIINIIIIIIIIIINIIIIIISIIIIILIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIISIIIIIIIIIIIIIIIIIII SIS IS IS I I IS SIS I S IIIIIIINIIIIIIIIS | Pa9a9a9a0aa I IIIINYe |
T T T T T T T T T T T I T T T T T T I T T I 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
OO OO OO OO OO OO OO IO IIIIIII IO OO TIIIITIIINI NI OO TOIIIIIIIII NI OO OIIIIIIIIIIII OO OTOIIIIIIIIIII NI TOOTIITITIIIIII PN R RRRRRRIRY
s NI s N am
R R 530 O O 5300 55000 RIS | LRREEEILLLLLLRRRRAN | =M
i 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
0% %% % %% 0% % %% % %% X 0% %% % %% OSSR 0% %% %% XSRS 0% % % %% %% %% %% 22000 0 0 0 0" S O O e e %%

SRRKS S TR SIS RRRR SRR, X% SRR ST SRR SR SRR
R R R R O 0 RO SRRRRRIIRIIS ! RRIEEKS: ! [\vse)
00 S0 e R R R 0 S R e S0 R R 0 R SRR R IIRRKKKKIS ! fatetess; !

WIS SIS OISO IIIIII I NI IS IIIIIIIIIIIII IS IIII IS I OIS I IS OIS IOIIIOIIIIIIIIIIIIIII O IIIIIIIIIIII OIS I IS I I I I IS IIIIII O IIIIIIIII OIS OIS IS I I IO I IS99 9.9:$ | QL . e
i T T T T T T | I 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 T
TRRRR R R R RRR 235 2 2 R RRRIRIRLS 25 2 2R
R IR KK JSRRIRKIRE R
R S R SRR REIIIIRRIKIIEII oosotetetotels 3 IR REIIIIIRRIRLS ! opototetetetete¥, ! Svd
RS RIS EIIRRRK G, RRRRRRRISIEIEGLEEELS, | QS ! SAA)
I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I | |
I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | | | | I | SO
f 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 | I I I I I I I
I I I I I I T T T I T T I T I I I I I I I
| | | | | | | | | | | | | | | | | | | | | M
I | | | | | I I I | I I | I | | | | | | |
i T T T T T I I I I I I 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
| | | | | | | | | | | | | | | | | | |

Tl 0cl 6TL 8T1 LT1 9Tl STL YTl €11 1L TTL 0TL 61 81 L1 91 Sl vl €l (48 TL 0L

(€ = Aouare| SYO ‘v = YiBua) 1sung) (g/¢) (Uonoung 3XD Buisn) peay 1sing BulNp uolsuadsns 320[)

75



LPD481850

NEC

g ueg Joy
puewwo)
AWM
VY Mueg 1o}
a3Ian3dsns a3an3dsns Q3AN3dSNS | puewwo)d
¥0010-€ %00710C NO0TOT a1eANdY

| |

G0 00000
S
XXX XXX

2%

XK K KKK LERKERKRL SRR K KKK KSR K RE K RE KK REEIELRSEKAIEK LY 000000 0e e 0 0 00 0a 00 % 0% %
R R R R O R RIS
2RREXR 23R RRIIILRILLLLILLLRIRLLRIILRRRILLIIHILLRIIILRIIILLRIIILLKNS

XXX <X 00009099, XXX XXX X I X XXX R X XX XXX X i

B e T s R
O O R 5 IR RRRIIIIIILK KXXRLRRKS
3 S S SIS RO

CRLIKLLKL
020000025
fatolololetes

| | | | | | |
L | ] L | ] L L
XSS E K RE R EEEEEESEERE KR KRGS E KK LG K KRR SESEEER KK KKK KKK KRGS KK KRGS RE L KKK
R SRS sy

R R S S RS IRRRRIIIEIIIRRIRIIIISS
T
I

R R R R R IIIRE, SRR TIRT 3 R RIS 9

o RS 2RI 35 RIS

XX RRRLRRRRRRRIIEE 095959 IR 3 R R R RIS

“N“n“nnnunnnooo%o 000000000000000%00000000000000000000000000000000000000onon0N00000000000Nonoo0000000000000000000000&%00%%0no%o0000000000000000000000000%000000000000%00%%ouon%%o0000N%%%%%%oﬂ%&oﬂ%%%%%00000&0“0“0“00%0000%0000%%000000000o%ow%%%%%oo%%o000000000000000000000%
T

55

< I I KK RKRKIRX KKK RKHK R RHK KRR RXHKK K IKIIRELRKLR KL LIRIK K RHI R K RK KK XK XXX KK KI KK
KK ooonunnnnn%%oo%ooooo%“o 0%000000“0%% KRKELKEK, RIS CRRRRRRHIIRKHIRIAKHKAK K
,,,,,,, $0a%0 a0 00ttt Ta et a YTttt At AN Yttt Yt It NI NI IOt IIIIIIIIIIII I NI NI IINIIIIIIIIIIIINININIIINIIIIIIIIIIIIIIIINIIININIIIIIISIIIIINIIININININIY

I I I I I I I I I I I I I I I I I I I I
OO OO O S SOOI OO OO IIIIIIIININNN OO ITIIIIIIINNIIN OO ITITIIIIIIIII IO OIIIIIIIIIIPINI IOl T TLRZRRRS > TR,
R IR !
e
R R R R e R RS |
T T T T T T T T T T T T T T T |

I

I
I
4444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444444 I
%% SIS ISR RIS SRR IR LRSI IRIIRAKERSSRREK 0% %% %% 0%
000 O 30500 R O O R O R R 0 I RLRRRIHIIIIIILILRIKS |
0 S S R R I O S R R R R R R R R S R S IR
0 S0 S S S0 S R e S S S S0 R SRR REIIIIKRK KKK |
0a%a% 0V YaTaIa ANV IAIAIAIA NI NN SIS IS NN SIS INI NI IS IS I NN LIS INNIIIIIIINIINILIINIINIIIIIIINNINILIINIINIIIIIIIINIIILIIIININIII SIS NI LIS ININIIIIIINNNI LIS IS NN IS SIS INNSS |
T T T T T T T T T T T T T T T

o%o%

200000
s
LR

| |
I L
X QRELEKL

I I I

L Il L Il

TR XXX LTI IIIXLTX L LI ITXL XKLL T T BT SITITTTTTX LTI XL EIIING B %5
e S R S R 0 S e R SRR RAIIIIIIIKKK: X
3 S S RS REIRAREIIRIEIKIES OREIIKK 355

o%
|
|
|
|
|
T
|
|
|
|
|
[l
|
!

———----—-- - - XXX -

o5
|
|
|
|
|
T
|
|
|
|
|
[l
|
!

TcL 0cL 6T1 8Tl LT1 9TL STL vTL €Tl Tl TTL 0TL 61 81 L1 91 ql vl €l ¢l TL oL

(T = Aouare| SYO ‘v = Yibual 1sung) (€/T) (Uonoung 3y Buisn) 81 1sing BulNp uoisuadsns >20[)

8V

6v

1sd

SVO

Svd

A10

76



LPD481850

NEC

a3anN3dsns a3anN3dsns a3anN3dsns
M0010-€ ploloniei4 MO010-T
k F H V Yueg 1oy V Jueg 1oy}
puewwo) puewwo)
S 1AV

ST
R
SRR,

S

%
onnnuno%%o Wno Nnnn < 35 ooonooooooooooo nn (33558
odoteteteds & 0020 & See ‘efe2e2ee%s
I T T T T T T T I T T T T
I

%

%S CRS %
SSososesss 35555855
pfetetetetolotototetetetetetetetotototet
T
I

R R R R R R R R R R R R IR IR,
R R R R R R R R R R R RS R R RS
R R R R R R R R R R RIS

L
X SRR EEREERERRRRREEEEERERERERRERRREREEEREEEERREIEIEAEK LI
000 030900 a0 390909 IIIIIIKIIIIIIIKKS

Il
B S R R R R N S S R BN o5
S S I S RIS 3
KRG IEEREELEIICKELLKILLL KRR R RIS EREEEEI AEGEEE GGG R IE R ES R EEIIEEREGEEIIEEEICEELERELLKY 020
R R R R0 R R R R R NS
i T T T T T [ T T T T T T T T T T T f
I I I I I I I | I I I I I I I
| L I . I L L I L ] Il | | L L | . | |
SRR, <RI EEREEEL ISR KIKLELELIELELIIKL 020 % 020 %% %% X 0002000 00002000 %% % %0 % % % %% 0%0%0%5%%°
s SR
X RRIICIAR AR IR AR IKICICKARKIRICK KR IKIIRK KX CICRARICICICARARIRICOKARKARICIK IR AKIICK R AR AKARICICK IR R IKICK IR AKX 000,099 CRRICKKN KR IRICICRARIRICOIKARIIIK AKX XXX XA

T
I
1 1
RS EREREREEE RIS REREREERREEEEEEERERRRERRRREEISEREEERERRIRIELK LKL
R R R RIS oooo%ooonoo&ooooo%oooo:0%%%:0 0 R RRRIIIIIKKKKKS
[
I

%%

T
I
L |
R IRIIRIIIKKKKKKS oo
R RIIIIIKIERIII noooo

25 RIS

X5 RRRRKS XS R RRIRRRLLY

o 2R 35 oS o O I RIIRIRILRIIKS
S R O R R R RIS

,
,
, , , , , , , , , ,
<X XX KKK KR KRR IR XKIIK R K I KKK K ICHK XK IR XK XXX X I KK XK IR K XK KR K
KSR SIS K SGEE KRG E GGG SRS E KGR E GGG E G EE K KKK IS E KGOS E KK GGG GGG E IR KKK

R KK X KKK K R %% KKK <RI SIS IK K I I AIKARK KK R XK X RKK XXX XX KR X XK XK IR X XK XK XK IR I KKK XX RIS KRR XK XK X XK XK XX XK XK KRR KK XK X XX X
< OSSEK KK KKK REEEEEEEKE KKK KK KK KKK REEEE KSRGS KKK KK KRG KR KKK KKK KK KK XSG KKK KGRI KKK KSRGS K KK RS KKK KR K K KK GKKKK A

e S e oSy

%%
oS0

350595
faede

<RI RIS IKIRR ISR IR SELIELREIEILLL
R R LIRS

[
X
55

020 % %000 %%
£2535388

Tcl 0clL 6TL 8TL LTL 9T1L STL VTl €11 493 TTL 0Tl 61 8L L1 91 Sl vl €L (48 TL oL

(z = Aouare| SO ‘v = Yibual 1sung) (€/2) (Uonoung 3y Buisn) 81 1sing BulNp uolsuadsns >20[)

SvO

Svd

A0

77



N
E
C
U
D48
1
8
5
0

S
— ¢ _ _ _
) il = - S
! - - ««0
- - .0’000 B
«,0’0 -
&) B B 0««0
- - - o«,"
F|Lﬁ _ _ -] oo»
[} ::«00
= B B ««»
- - «»»
° _ - «.0‘0 B
0 - - S - -
<t - - - »«o N
o - -] R «0«
O = »00 [
B ~ »»o ‘,0’
- - o.&’ oo»»
- - o»» L »«» r
< «0» _ ofo -
! 0 - - - 5 - i -
: — - 7 ] ::::::
£ ~ - - 0««0 o
= - »«« % <
h «‘0’ - 0%
)] - - B ’»«o ««
c - - - - 0«.’ - «»»
—| 0«« - ‘,0’00
] N - - B ««0 «»0
- — - | 7] 0‘0’0 ‘,0’0
= [l B - 0% o«» «»0
- - ,0’ «‘0’ »»0
»«0 - ‘o’,b
= - - “00 B »»’ »o»
5 _ 0»0 _ - ..... - 0‘0’0
- - "”‘: ««0 - ooo«
a ) - - - :::::0 n 0‘0’0 »«0
Ev? ':| 1 1 | sfgis ii?:z ggi
Q - -~ i -
_ | 00009. — ».» - 00000
e o - - - - 55 ) - o:‘* - 5
= 9 - - : - §§§§§ 5 55
5 - B - ""” :.‘:222 22223
- ””" %% ««» B 0‘.0’
=] - - ”"" % B ofo - «o«
o - 5 0"”’ - R - 5% - «0« »«.’
5] - - -- % :::::: - :0’0» - :»»o - »»«
< e - : 55 : 5 5
_ _ 0% 35
»wo 2 ooo %5
L - 55 "”' 0050 s o«» «0‘0’
o B ::’: :::::: ::0»0 B o .:.‘o’ L ....::
W s - 2 gztzzz - - - 5
X "0“ "”’ 0«0 »00 = »«» - o«»
- - - ’0“’ ”0" N :0:,0’ :.0‘« «»» 0‘0’0
2 - 7 ] 2:::: ::::: oo«» «»» f» <
- - «00.0 »«« »«» 0,0’
3 «oo» «0» »»« %K
[o)] - - ::::: ::::: .‘*’00 B «0«0 0«,0’ 5 oS
£ - _ »,o‘ «»0 ::::: _ :::::: _ :::::: _
7] _ - - - :0::: ::::: «.o‘ o««o _ »»o: -
3 = - : B 3 55
= = N n 0% ::::: ...» ««.0 »»«
- - 2 2
_ _ o»» | |
«0« o»» »o S 25 _
= B - «0» - ««0 - »««
— ‘&.. 00000 «.0’ «»» -
- - ‘o’oo 0«00 - «‘."
© g X »»0 o«oo «»«
= "”’ «»0 0«» .o’«o
= - 3::2: oj «»o »»00
- o»» _ _ -
‘o’oo o«» »0.0 -
@ 0 = F
= 5 5 S5
(@] oo ««0 o»» »,0’
»» 000» »«o -
' »«0 B 0»00 »0.0 -
= 0,0’0 - .o’«o - »»o X%
s o»» .‘0’00 - o»» - oo»
=} o,o’ »»» o»» S o»»
© 000 0«,0’ «0« »00 «0»
oo«« «‘0’ »» «ooo
o«.‘ »«0 ‘o’o .‘0’00
c »»0 »0.0 = »»o »«:
.g [ §§§3 - Eigit w §§§ 3?:3
™ XX »«» o»» o«oo
C »0 »‘." »»0 0«»
o = 5 S
o »»» - ‘0’0 00»0
? o 5 5
- }’«0 ..‘0’
S S 5
= 0‘0’ B 0»00
o _ _ ::»:: - .::::
- :’::00 - :««
— ’»» o«.’
o oo«o
,0’0
ogoss
‘0’ »0
”’.,, 5 »00 Z
B »:0.0 0,0’ %
- - 00%8es - % 0«0 &3
a 3 _ 53 o o3
“::: ’«0« %S X
% :«‘0’ %%
= o»o» 55
o‘o’o % %03
»0» %
B i ‘.0’» o»o
_ - - ‘,‘,o’ o»»
»»
3 8 u
| B »«« 4
- - 5 N 32:::: Q g
- ::::0 - 0»,0’ pry u
«0» 0««0
»»o 000,0‘
‘0’« »»» S
»»«
| 050
- »»o
7 ««o N
0»0
o‘o«
»«
:«»
o.o’o
B \«o -
X - o
35 - K n
4o -
00» -
0»0 1
»oo -
»««
»«« -
5 - -— o
»«»
323:2: : o) w
jo« -
joo zZ
X i}
< & a
%S
»«o
5 -— < o
5 i
% 000 a
? d I_LJZ
- o
-
8 o
g g C
8 ]
~§
- o
— -
=
>
=
< £ E
5] I
O
é

X
-]
O
L
4
(@]
F
(@]
(9]
‘<
o
(9]
‘<
O
L
E
é
[o)]
<'5:*
[20)
[oe]
<
[a)
[a)
<
s
Q
[a) ™
o
o
[a)]

78



LPD481850

NEC

AGANVLS 394VHO3dd

1X3 SpoN
umoq Jamod

A
U3 apoN pu3
umoq Jamod
F ASeN %2010
puewiwio)
ableyoaid

ueis
ASeN %3010

mm<oxmm<oxz<0v.---.,-----------------,-----------------------,---

AGANVLS JAILOV

X3 apoN Anu3 spoiN
umoq Jamod umoq Jamod
V yueg Joj V yueg Jo}
puewwo) puewwod
peay S1eANDY

' '

I
I
!
]
|
I
I
I
L
00000200006 % %%
e tetete

000000000000 e 0e 0 s 00 0 00 0 0 9 0.0 0 KKK KL 100000 000,000,
XSS LR KKK LKL 0000 %0 %0 %%

X SRS IK AR IR KR KX 0900000 200: 0. 09,00, 0,00
s aane00es

00000000000 000000000 e %0 20 % e % 0o
o5

T
I
|
|
|
I
I
I
L
3RXS R RRRRRRRRS SRRRILLS
R R S RRIRRIIIIKS
0 IR IRIIIIIHIIIILRIKK

X ISR EEE KSRGS E KR K EEEK KKK EER KLY o%

R R RIILLIRRILRRRKES
SO sesesssessssesesssetotetototeteteteteteteses
RILRRIIXLRIE
2RIRRRIIRRRIIS

%

|
QIRRIRIIXIAIKK)
QIIRIIERIIRIELEN
Sosasesess (A
KL K VO

I

I

|

T

I

I

I

I

L
SRRRLS
o (SRLRRS
255 KRR

R R R R LR R KIEEKN
K ELRIHILLRRILLRRAILLRIHILLLRILLLRAILLRIHILLRRILLRIRAILRKA]
n”%x%%%&@%x%%%?&dQﬁb3&&d&%&%&d&&(&ﬁk&d&&&%&&&@

R RRRRARREIRRLLRRLLIEILKEKE

X REKRL
[
|

R R R TR
R RRIIRIIIRIIIKKEIRKK:
R REIIIIRRRRIIIIIIRKKKS
NSRRI

SR
$9.0.0,0,0.0.0.0.0.0:0.0.0.0.0.0.0 009,005
R EERIAILRRIKRLLRRRLLRS

0009

TR TR SRR
S RS8
IRRRRRKY

QR RIRIIEIEAIIKI IR RRILIIK KK I I
R s5s5 )
RERRRERRRIEERLRLRKREIIRRRAAERRRAKKY

XX
[
|

I
L Il
2% 33353895

T R
SRRRRXS 3 IRRIIKRIRIS e ssaes! KSR
GRS R KR e S R REIERSIIRIRRKES oSssesssstotesey A oo e ot e Sa oot tatotevesasotoses
Sooresasatotesetetotes Q55 IR RS RIIIIIRRES SO Stesesatotetesetatotoset 28] KSR IREIRREIREIIRKKS
SRXXRRRIINS 3 RILLRLLRIRKIIK A RIRLLRLLLRIRHIRIIIIIS CXRBIIXKKKS 0] I R RRILLRLLIIRRRIRHIIIIIKS
i T T T T T T T T T T T I T T T T
I I I I I I I I I I I I ! I I I I
| L L ) ) ) L ! ) ) L I ! I I L I
SRR IR B I 00 %4208 R RIS IS B O 49200
85 BRSBTS s I o e S e
dotes R RS RS RIS R RoteResey’ I R
i T

X XS E KKK RLERKKEEEK KKK KL KL RRLKKKKKL

9%

3RS

oo r oS satoteresatototesesatoteses
SRR
RRRERRRRIIIES

RN
oot otesesesatotesetel)
XK

I
|
o5 XS EE KKK KL R REEEEKEEKE KK LK KL RKKKEA
BN
£ RIRRIERRIERIIERIRIIRIILIIKIIILIRAIKN

fRIE
00 0000 0%
fRIQRAREIIRL
I

OO S OO OO IO IIITIN OISO R LLRRRTS LR
R 83 R RS
200G RSRIRREIRRERIIIEIEEIIKIE,
i T 1 | T 1 T T | T
I I I I I I I I I I
| Il L L L L Il L L L
IR RRIIRRE 3% IR R SRR 3%
I 3000 ISR B IBIIIIISS,
R R A 000020 20020 02020 002002020 0020

00000000

R X%
R RIS
RIRIIRIIRE

0%

XXX

RRRK R
RS
22 ofe2etee’,

I
Il
R IR
DR RRRRTTRT
oototetetetetetotototetetetete

e/ 5XRK
S35 GRRKS
% SRR

%

S —

KR

T

I

L
R
Sesesesstatototose

SRR o5 X X KKK KKK KKKKKH X X KKK KKK XL R XKEKEREIKEEE KL LK LKKEKKE
] s
ZRERISERRARRKS QRRRILIIERIRRARRIEK RIS SIERRARRIELIEERIELRIRRIELIIELIIE

KKK % 0%
XK KSKKRKK
R0

%

K%

QK
oS %%

ERRRRRLR

SoS0tatetosoeses

RRRRRIIIIIBIIIILN

o RGBTSR, KK

R RIRRIIKRIKIIELIAILIAIKIRKIK IIRIRINKS
RN s R IEIKRRS NG
QRN QIIAIRRRIEELIERIRIKIRIRAIERS KRR

%
R

S —

Tl 0cl 6TL 8TL LT1 9Tl

SRRIKS SERRIINN
RIBIIRK // \\ // 3RKKN
SRR GRS

STl vTL €TL ¢TL 111

61 8L

91 Sl V1 €L 48 TL 0L

(z = Aouare| SYO ‘v = Y1Bua| 1sung) uoISUBdSNS 320]) PuB PO\ UMOQ J8MOd
9POIAN UMO(Q 1sMO0d 89T

A0

79



NEC

LPD481850

16.4.9 Other Cycles
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17. Package Drawing

100PIN PLASTIC QFP (14 x 20)

A
B
AR AR R AR AR AR AR
% % detail of lead end
= B s ) oA
+
== == cC D . 7(
== == =
= o = B
7F - '
G»E Jwgrrs ﬁ
NOTE ITEM MILLIMETERS  INCHES

Each lead centerline is located within

0.13 mm (0.005 inch) of

its true position (T.P.) at maximum material condition.

+0.009

A 23.2+0.2 0.91375'508

+0.009

B 20.0+0.2 0.7877 5008

+0.009

C 14.0£0.2 0.55175'508

D 17.2+0.2 0.677+0.008
F 0.825 0.032
G 0.575 0.023

+0.08

H 0.327597 0.013+0.003
| 0.13 0.005

J 0.65 (T.P.) 0.026 (T.P.)

K 1.6+0.2 0.063+0.008

+0.009

L 0.8+0.2 0.03175'508

+0.06

M 0.1775°05 0.007+0.002
N 0.10 0.004
P 2.7 0.106

Q 0.125+0.075 0.005+0.003
o+7° o+7°
R 3° 30 3° 30

S 3.0 MAX. 0.119 MAX.

S100GF-65-JBT
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18. Recommended Soldering Conditions
Please consult with our sales offices for soldering conditions of the yPD481850.

Type of Surface Mount Device

UPD481850GF-JBT: 100-pin Plastic QFP (14 x 20 mm)

114



NEC

LPD481850

NOTES FOR CMOS DEVICES

(L 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 toolsincluding
work bench and floor should be grounded. The operator should be grounded
using wrist strap. Semiconductor devices must not be touched with bare
hands. Similar precautions need to be taken for PW boards with semiconductor
devices on it.

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note: No connection for CMOS device inputs can be cause of malfunction. If no

connection is provided to the input pins, it is possible that an internal input
level may be generated due to noise, etc., hence causing malfunction. CMOS
device behave differently than Bipolar or NMOS devices. Input levels of CMOS
devices must be fixed high or low by using a pull-up or pull-down circuitry. Each
unused pin should be connected to Vopo or GND with aresistor, if itis 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. Production

process of MOS does not define the initial operation status of the device.
Immediately after the power source is turned ON, the devices with reset
function have not yet been initialized. Hence, power-on does not guarantee
out-pin levels, 1/0 settings or contents of registers. Device is not initialized
until the reset signal is received. Reset operation must be executed immedi-
ately 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, customer 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 in “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 NEC Sales Representative in advance.
Anti-radioactive design is not implemented in this product.
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