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8 M-BIT SYNCHRONOUS GRAM
128K-WORD BY 32-BIT BY 2-B ANK

Description
The uPD481850 is a synchronous graphics memory (SGRAM) organized as 131,072 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 bhits 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

Wrap sequence : Sequential / Interleave
Programmable burst length (1, 2, 4, 8 and full page)
Programmable /CAS latency (2 and 3)

Power Down operation and Clock Suspend operation
Auto refresh (CBR refresh) or self refresh capability
Single 3.3 V £ 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

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

Document No.  M12052EJ4V0DS00 (4th edition) ~ The mark %* shows major revised points.
Date Published September 1997 NS
Printed in Japan

ONEC Corporation 1996
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Part Number

Synchronous GRAM

uPD48 1
NEC CMOS Application Specific Memorj —(

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
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Pin Configuration

100-pin Plastic QFP (14 x 20 mm)

HUPDA481850GF-Axx-JBT

RoNLolYo8 o890 920029 23vuwu
3003008003008 330030083000 X 00w
A>00>00>00>00>>>00>00>32000002<
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTT
OO0 O~ OIS MHOANAOOODON OULITITOMHONLHOOODDON O S OMN A
COMNMNNMNMNMMNMNMNMNMMNMNMDNSDN OO O OO OOOOOLLWLLWLLLLLWLWLWLW
DQ29 O=—+81 50«—OA7
VssQ O—— 82 49]~——O A6
DQ30 O=~—={83 48[«~—O A5
DQ31 O~—=84 47}+—0OA4
Vss O——— 85 46—C0O Vss
NC O——86 45—ONC
NC O———87 441—ONC
NC O——88 43——ONC
NC O—89 42——ONC
NC O———90 41—CONC
NC O—91 40——ONC
NC O———92 39—ONC
NC O—93 38——ONC
NC O———-94 37——ONC
NC O———95 36—ONC
Vee O——96 35——O Vcc
DQO O=—={97 34|~—0OA3
DQ1 O<——{ 98 3Bf=—C0OA2
VssQ O—— 99 O 32—O0A1L
DQ2 O=——> 100 31[«~—0A0
O A N MO OMNOOOO TANMSTLW O~ O
AN METO O~ A A A A A ededed A A NANNNNNNNNNM
OLOOLOOLOOLOOLLLOOiooiiiiiiiii
NOTWLOONOONORIP Y 22 IOV NWL NN N =0
00020002909 LANINNYSSS<CO0< >
R38R 8oo0sp8>>00d800 8 =552%a
> > >SAR>aa> Aa>0a>8QTRE 3
A0 - A9 Address inputs
AO - A8 Row address inputs
A0 - A7 Column address inputs
A9 (BA) Bank address
DQO - DQ31 Data inputs/outputs
ICS Chip select
IRAS Row address strobe
/ICAS Column address strobe
/WE . Write enable
DQMO - DQM3 : DQ mask enable
DSF : Special function enable
CKE Clock enable
CLK System clock input
Vece Supply voltage
Vss Ground
VeeQ Supply voltage for DQ
VssQ Ground for DQ
NC No connection
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Block Diagram
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Input/Output Pin Function

Pin name

Input/Output

Function

CLK

Input

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

edge.

CKE

Input

CKE determine validity of the next CLK (clock). If CKE is high, the next CLK rising
edge is valid; otherwise it is invalid. If the CLK rising edge is invalid, the internal
clock is not asserted and the 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.

ICS

Input

/CS low starts the command input cycle. When /CS is high, commands are ignored

but operations continue.

IRAS, ICAS, /WE

Input

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

DSF

Input

DSF is part of the inputs of graphics command of the uPD481850.
If DSF is inactive (Low level), uPD481850 operates as same as SDRAM.

A0 - A8

A9

Input

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

A9 is the bank address signal (BA).
A9 high selects bank B.

In command cycle, A9 low selects bank A and

DQMO - DQM3

Input

DQM controls 1/0 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.
if DQM is low but not if DQM is high.

The DQM latency for the write is zero.

Input data is written to the memory cell

DQO - DQ31

Input/Output

DQ pins have the same function as I/O pins on a conventional DRAM.

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

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

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

(Power supply)

Vce and Vss are power supply pins for internal circuits.  VecQ and VssQ are power

supply pins for the output buffers.

Preliminary Data Sheet
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2. Commands

Mode register set command Fig.1 Mode register set
command
(/Cs, IRAS, /ICAS, /IWE, DSF = Low)
ck [ 1
The uPD481850 has a mode register that defines how the device operates. CKE H
In this command, A0 through A9 are the data input pins. After power on, s TN/
the mode register set command must be executed to initialize the device. IRAS SN\ L3

The mode register can be set only when both banks are in idle state. ICAS L35
During 2 CLK (trsc) following this command, the pPDA481850 cannot IWE 3330\
accept any other commands. DSE

Refer to 6. Programming the Mode Register . A0 D Poszisees

\otetete!

A8 ;

PLOSOTOI (RRXR
Add K9 &K

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

(/CS, IRAS, IDSF = Low, /CAS, /WE = High) CLK
CKE
The uPD481850 has two banks, each with 512 rows. s
This command activates the bank selected by A9 (BA) and a row address
IRAS
selected by AO through A8.
. . , . ICAS X557
This command corresponds to a conventional DRAM’s /RAS falling. —
IWE
DSF
AQ XD R
(Bank address)
A8 XD
Add E L

Fig.3 Row address strobe and
bank activate command
with WPB enable

Bank activate command with WPB enable

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

CLK

This command is same as Bank activate command. After this command, CKE

write per bit function is available. Mask register's data is used as write ICS
mask data. IRAS 2385\

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

IWE

DSF XX
A9 %
(Bank address)
A8 XX
Add
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Precharge command Fig.4 Precharge command
CLK
(/CS, IRAS, /IWE, DSF = Low, /CAS = High)
CKE
This command begins precharge operation of the bank selected by A9 cs
(BA) and A8. When A8 is High, both banks are precharged, regardless of /RAS
A9. When A8 is Low, only the bank selected by A9 is precharged. A9 low ICAS
selects bank A and A9 high selects bank B. IWE
After this command, the uPD481850 can't accept the activate command to DSF 3335
the precharging bank during tre (precharge to activate command period). A9 D
This command can terminate the current burst operation (2, 4, 8, full page (Bankaddrig T2
burst length). T

This command corresponds to a conventional DRAM'’s RAS rising.
Refer to 10. Precharge and 11. Auto Precharge .

Write command Fig.5 Column address and
write command

(/Cs, ICAS, /IWE, DSF = Low, /RAS = High) CLK
CKE
If the mode register is in the burst write mode, this command sets the burst IcS
start address given by the column address to begin the burst write operation. IRAS
The first write data must be input with this write operation. The first write o
. : : . . ICAS 2225\
data in burst mode can input with this command with subsequent data on e
. /WE
following clocks.
DSF
A9 X
(Bank address)
Ag X
Add

Read command Fig.6 Column address and read

command
(/Cs, ICAS, DSF = Low, /RAS, /WE = High) ck [ LI 1|
CKE H
This command sets the burst start address given by the column address. IcS

Read data is available after /CAS latency requirements have been met. IRAS

/CAS
IWE 333557

DSF X

A9 23 R

(Bank address)
A8 XX

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

refresh address is generated internally.
IRAS ZZ2)\

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

KK

for a bank activate command. KRS

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

the uPD481850 cannot accept any other command. A9
(Bank address)

TRRRIIITIXT TSRS,
A8 RRRRKKRRRRRRR

Add
Self refresh entry command Fig.8 Self refresh entry
command
(/CS, IRAS, ICAS, DSF, CKE = Low, /WE = High) ck M1
CKE
After the command execution, self refresh operation continues while CKE s
remains low. When CKE goes high, the uPD481850 exits the self refresh
IRAS
mode.
During self refresh mode, refresh interval and refresh operation are ICAS
performed internally, so there is no need for external control. WE
Before executing self refresh, both banks must be precharged. DSF ZX)
A9
(Bank address)
A8

R R R RIIRII
Add RS

Fig.9 Burst stop command in

Burst stop command in full page
Full Page Mode

(/CS, IWE, 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.
Refer to 14. Read/Write Command Interval and 15. Burst Termination

XSS EEAEKERKS,
00000200000 20000 0 000 00009500
A RIS
(Bank address)

R R IR
A8 RRRRRRRRARRRRRKS

X S5 SEEEREEREEXK
K XSS K KK KKK K
Add KRB
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No operation Fig.10

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

This command is not a execution command. No operations begin or

terminate by this command.

A9
(Bank address)

Special register set command Fig.11

(/CS, IRAS, ICAS, /WE = Low, DSF = High)
The uPD481850 has two special registers for graphics commands. One
is color register and the other is mask register. In this command, AO
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 2 CLK (trsc) following this command, the pyPD481850 can not
accept any other commands.

Refer to 8. Programming the Special Register

Masked block write command Fig.12

(/CS, ICAS, /IWE = Low, /RAS, DSF = High)
This command activates 8-column block write function. In this command,
the burst length = 1.

mask data is input from DQi in this command.
Refer to 13. Block Write .

Write data comes from color register, column address

Preliminary Data Sheet

No operation

ck [ 1
CKE ~n
Ics

IRAS

ICAS

X
004

A8
Add

Special register set

command

ck [ 1
CKE v
cs T N/
IRAS 88N\
ICAS XX L3

ST
QRN

XXX
X0

[RIZR
26%%%%
KR

Add
DQi

XXX N LSS
SRS oo0nses

Masked block write
command

CLK
CKE H
ICS

KKK
KRS

IRAS

STRRR
ICAS 35\

KKK
SN

95959555

e
S KRS

XKKK
KRS

LXRRR
KKK

o% %%
T
KKK

Add
DQi

ST
X
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3. Simplified State Diagram

Self
Refresh

ws o
| | IDLE ®

Mode
Register
Set

Special
Register Set

ddM1oVv

Write/Block

WRIT/BW
SUSPEND

READ
SUSPEND

Write/Block
Write

POWER Precharge

B Qhary

— A\tOMAtiC sS€qUENCE

Manual input
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4. Truth Table

4,1 Command Truth Table

Function Symbol CKE /ICS | IRAS | ICAS | /WE | DSF Address
n-1 n A9 A8 | A7-A0

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

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

address, CA = Column address

4.2 DQM Truth Table

Function Symbol CKE DQMi
n-1 n
Data write/output enable ENBi H X
Data mask/output enable MASKIi H X H

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

Preliminary Data Sheet 13
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4.3 CKE Truth Table

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

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

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

Remark H = High level, L = Low level, x = High or Low level (Don’ t care)
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4.4 Operative Command Table !
(1/7)
Current state /CS |/RAS|/CAS| /WE | DSF| Address Command Action Notes

Idle H X X X X |x DESL Nop or Power down 2
L H H H X |x NOP Nop or Power down 2
L H H L H [x Undefined ILLEGAL
L H H L L |x BST ILLEGAL 3
L H L H H [x Undefined ILLEGAL
L H L H L |[BA, CA, 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 Bank active with WPB: Latch RA
L L H H L [BA, RA ACT Bank active: Latch RA
L L H L H [x Undefined ILLEGAL
L L H L L |BA, A8 PRE/PALL | Nop 11
L L L H H [x Undefined ILLEGAL
L L L H L [x REF/SELF | CBR refresh/Self refresh 4,12
L L L L H | Op-Code SRS Special register access
L L L L L | Op-Code MRS Mode register access 12

Bank active H X X X X |X DESL Nop
L H H H X |x NOP Nop
L H H L H [x Undefined ILLEGAL
L H H L L |x BST ILLEGAL 3
L H L H H [x Undefined ILLEGAL
L H L H L |[BA, CA, A8 | READ/READA | Begin read; Latch CA: Determine AP |5
L H L L H |BA, CA, A8 | BW/BWA Begin block write; Latch CA: Determine AP [ 5
L H L L L [BA, CA, A8 [ WRIT/WRITA | Begin write; Latch CA: Determine AP |5
L L H H H |BA, RA ACTWPB ILLEGAL 3
L L H H L |BA RA ACT ILLEGAL 3
L L H L H [x Undefined ILLEGAL
L L H L L |BA, A8 PRE/PALL | Precharge 6
L L L H H [x Undefined ILLEGAL
L L L H L [x REF/SELF | ILLEGAL
L L L L H | Op-Code SRS Special register access
L L L L L | Op-Code MRS ILLEGAL
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(217)
Current state /CS |/RAS|/CAS| /WE | DSF| Address Command Action Notes
Read H X X X X |x DESL Continue burst to end - Bank active
L H H H X |x NOP Continue burst to end - Bank active
L H H L H [x Undefined ILLEGAL
L H H L 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 X BST 1, 2, 4, 8 burst length; Nop(Continue burst
toend - Bank active)
Full page burst; Burst stop — Bank active
L H L H H [x Undefined ILLEGAL 7,8
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
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(3/7)
Current state /CS |/RAS|/CAS| /WE | DSF| Address Command Action Notes

Read with auto H X X X X |x DESL Continue burst to end - precharging
precharge L H H H X |x NOP Continue burst to end - precharging

L H H L H [x Undefined ILLEGAL

L H H L L |x BST ILLEGAL

L H L H H [x Undefined ILLEGAL

L H L H L |BA, CA, 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 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 ILLEGAL

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

L H H H X |x NOP Continue burst to end - Write

recovering with auto precharge

L H H L H [x Undefined ILLEGAL

L H H L L |x BST ILLEGAL

L H L H H [x Undefined ILLEGAL

L H L H L |BA, CA, 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 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 ILLEGAL

L L L L L | Op-Code MRS ILLEGAL
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(417)
Current state /CS |/RAS|/CAS| /WE | DSF| Address Command Action Notes
Precharging H X X X X |X DESL Nop - Enter idle after trp
L H H H X |x NOP Nop - Enter idle after trp
L H H L H [x Undefined ILLEGAL
L H H L L |x BST ILLEGAL 3
L H L H H [x Undefined ILLEGAL
L H L H L |BA, CA, 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 trp 11
L L L H H [x Undefined ILLEGAL
L L L H L [x REF/SELF | ILLEGAL
L L L L H | Op-Code SRS Special register access
L L L L L | Op-Code MRS ILLEGAL
Bank activating H X X X X |x DESL Nop - Enter bank active after trcp
(trcD) L H H H X |x NOP Nop - Enter bank active after trRcp
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 topL
(topL) L H H H X |x NOP Nop - Enter bank active after topL
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 tbpL
with auto L H H H X |x NOP Nop - Enter precharge after topPL
precharge L H H L H [x Undefined ILLEGAL
L H H L L |x BST ILLEGAL
L H L H H [x Undefined ILLEGAL
L H L H L |[BA, CA, 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
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(6/7)
Current state /CS |/RAS|/CAS| /WE | DSF| Address Command Action Notes

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

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

L H H L H [x Undefined ILLEGAL

L H H L L |x BST ILLEGAL

L H L H H [x Undefined ILLEGAL

L H L H L |BA, CA, 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
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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(717)
Current state /CS |/RAS|/CAS| /WE | DSF| Address Command Action Notes
Special mode H X X X X |x DESL Nop - Enter previous state after tRsc
register L H H H X |x NOP Nop - Enter previous state after tRsc
accessing L H H L H |x Undefined ILLEGAL
L H H L L |x BST ILLEGAL
L H L H H [x Undefined ILLEGAL
L H L H L |BA, CA, 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.
lllegal if tRCD is not satisfied.
lllegal if tRAs is not satisfied.
Must satisfy burst interrupt condition.

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

© ® N o o

Must mask preceding data which don't satisfy tppL.

10. lllegal if tRRD 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 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 |IRAS|/CAS| /WE | DSF| Address Action Notes
n-1| n

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

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

L H L H L X X |x ILLEGAL

L H L L X X X | x ILLEGAL

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

H H L H L X X | x ILLEGAL

H H L L X X X | x ILLEGAL

H L H X X X X |X ILLEGAL

H L L H H X X | x ILLEGAL

H L L H L X X | x ILLEGAL

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

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

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

H H L L L H L [x Refresh

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

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

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

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

H L L L L H L [x Self refresh 1

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

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

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

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

Notes 1. Self refresh can be entered only from the both banks idle state. Power down can be entered from the

both banks idle state or row active state.

2. Must be legal command as defined in Operative Command Table.

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

IcS | IRAS | /ICAS | /IWE | DSF |A9BA)| A8 |A7-AQ Action “FROM” State"*** “TO” State"*"®2
H 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 (RIW/A)O(I/A)L AO(I/A)1
10(1/A)1 10(I/A)1
(RIWIA)L(I/A)0 AL(I/A)0
11(I/A)0 11(1/A)0
L H L H L H H CA |Read (RIWIA)L(I/A)0 RP1(1/A)0
H H CA A1(R/W)0 RP1A0
H L CA (RIW/A)L(I/A)0 R1(I/A)0
H L CA AL(R/W)0 R1A0
L H CA (RIW/A)O(I/A)L RPO(I/A)1
L H CA AO(R/W)1 RPOA1
L L CA (RIW/A)O(I/A)L RO(I/A)1
L L CA AO(R/W)1 ROA1
L H L L L/H H H CA | Write/Block Write | (RIW/A)L(I/A)0 WP1(1/A)0
H H CA A1(R/W)0 WP1AO
H L CA (RIW/A)L(I/A)0 W1(I/A)0
H L CA AL(R/W)0 W1A0
L H CA (RIW/A)O(I/A)L WPO(I/A)1
L H CA AO(R/W)1 WPOAL
L L CA (RIW/A)O(I/A)L WO(I/A)1
L L CA AO(R/W)1 WOA1
L L H H L/H H RA Active Row 11Any0 A1Any0
L RA I0ANny1 AOAny1
L L H L L X H X Precharge (R/W/AMO(I/A)L 1011
X H X (RIW/AN)L(I/A)0 1110
H L X (RIWIANL(I/A)O0 11(1/A)0
H L X (I/A)(R/W/AINO I11(R/W/ANO
L L X (RIW/AMNO(I/A)L 10(I/A)1
L L X (IIA)O(RIW/A/N)L I0(R/W/A/M)L
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 pPD481850 is in a state other than above listed in the “From State” column, the command is illegal.

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

Timing restrictions apply.
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Remark H = High level, L = Low level, x = High or Low level (Don'’t care),
BA = Bank address (A9)
State abbreviations
I =Idle
A = Bank active
R = Read with No precharge (No precharge is posted)
W = Write with No precharge (No precharge is posted)
RP = Read with auto precharge (Precharge is posted)
WP = Write with auto precharge (Precharge is posted)
Any = Any State
X0Y1 = BankO is in state “X”, Bankl = in state “Y”
(X/Y)0Z1 = Z1(X/Y)0 = BankO is in state “X” or “Y”, Bankl is in state “Z”

5. Initialization

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

(1) 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 trRP is satisfied, the mode register can be programmed.
After the mode register set cycle, tRsc (2 CLK minimum) pause must be satisfied as well.

(4) Two or more 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 AO 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 AO

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

/CAS Latency

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

The value is determined by the frequency of the clock and the speed grade of the device. The table on page 51
shows the relationship of /CAS latency to the clock period and the speed grade of the device.

Burst Length

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

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

Wrap Type (Burst Sequence)

The wrap type specifies the order in which the burst data will be addressed. The uPD481850 supports

“Sequential mode” and “Interleave mode”.
The table on the page 27 shows the addressing sequence for each burst length.
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7. Mode Register

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

9 8 7 6 5 4 3 2 1 0

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

9 8 7 6 5 4 3 2 1 0
| ‘ 1 ‘ 0 ‘ | Use in future

9 8 7 6 5 4 3 2 1 0

[x 1] 1] v] v ]v]v]v]v]v] venderspecic
V = Valid
9 8 7 6 5 4 3 2 1 0 X = Don't care
[o] o] o | vLmobE |wr] BL | Mode Register Set
A2-0 WT=0 WT=1
000 1 1
001 2 2
010 4 4
Burst length 011 8 8
100 R R
101 R R
110 R R
111 Full page R
0 | Sequential
Wrap type 1 | Interleave
\
A6-4 /CAS latency
000 R
001 R
010 2
Latency 011 3
mode 100 R
101 R
110 R
111 R

Remark R :Reserved

Mode Register Write Timing

CLK | ]
CKEJ

Ics —\_f
IRAS —\_f
ICAS —\_f

DSF \ /
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)

0,1

0,1

1,0

1,0

[Burst of Four]

Starting Address (column address
Al - AO, binary)

Sequential Addressing Sequence
(decimal)

Interleave Addressing Sequence
(decimal)

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

[Burst of Eight]

Starting Address (column address
A2 - A0, binary)

Sequential Addressing Sequence
(decimal)

Interleave Addressing Sequence
(decimal)

000 0,1,23,4,56,7 0,1,2,3,4,5/6,7
001 1,2,3,4,5,6,7,0 1,0,3,2,54,7,6
010 2,3,4,56,7,0,1 2,3,0,1,6,7,4,5
011 3,4,5,6,7,0,1,2 3,2,1,0,7,6,5,4
100 4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
101 56,7,0,1,2,3,4 54,7,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,52,3,0,1
111 7,0,1,2,3,4,5,6 7,6,5 43,210

Full page burst is an extension of the above tables 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 AO 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 1 A9 through A7
Color register : A6
Mask register : A5
Reserved : A4 through AO

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

8.1 Color Register

Color register is used as write data in Block Write cycle. In Special Register set command, if A5 is “0” and A6 is

“1”, the color register is selected. And the data of DQO through DQ31 is stored to color register as color data (write

data).

8.2 Mask Register

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

write mask data.

8.3 Special Register

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

Bits 5 Function

Mask Register 0 Not Load
1 Load

Bits 6 Function

Color Register 0 Not Load
1 Load

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

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

Row | A0 | AL | A2 A3 | aa|as|as|ar|asfro}—+ o

(Activate command) 1

[no | A1 [ A2 A3 | aa|as| a6 a7 ]as]nel

(Precharge command) A8 | A9 Result
0 0 Precharge Bank A

0 1 Precharge Bank B
1 X Precharge All Banks

X : Don't care

disables Auto-Precharge
(End of Burst)

Co. [mo|A1|A2]A3|na|nas|ae|ar]as] el 1 ?E:glsfs Qﬁgpremame

(/CAS strobes)

enables Read/Write
commands for Bank A
enables Read/Write
commands for Bank B

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

e [ 1 e [ [ e [ 1

es N/ es N\ / es N\ /
IRAS \ /) IRAS \ // IRAS \ //
ICAS / \ ICAS /4 \\ ICAS /4 \\
IWE \ Y/ IWE \ // IWE \ //
DSF \ Y/ DSF \ // DSF \ //
o TN/ o TN/ v T\
A9 \ / A9 /4 \ A9 AN
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10. Precharge

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

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

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

/CAS latency = 2 or 3 : One clock earlier than the last read data.

Burst length=4

» JTO |_IT1 |_IT2 |_lT3 |_IT4 |_IT5 |_IT6 |_IT7 |_I

/CAS latency = 2

Command ; ; ; ; ;
DQ < él X éz X é3 X 54 >H'Z
ICAS latency = 3
Command
S S T G YD € D

(tras is satisfied)

In order to write all data to the memory cell correctly, the asynchronous parameter “torL.” must be satisfied. The
torLving 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
2 -1 +tDPL(MIN.)
3 -1 +tDPL(MIN.)
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11. Auto Precharge

During a read 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 trr has been satisfied.

During READ cycle, the auto precharge begins after tras and begins on the clock that indicates one clock earlier

the last data word output during the burst is valid.

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

CLK

/CAS latency = 2

Auto precharge starts
Command

READA B

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

DQ

ICAS latency = 3

Auto precharge starts
Command P 9

READA B

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

|

|
1

|

|

|

|

|

|

|

|

|

|

DQ

) S

|
TN C) T D

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

(tras is satisfied)
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11.2 Write with Auto Precharge

In write cycle, the toaL 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 teaL 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 2) or two clocks after (/CAS latency of 3).

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

CLK l l | l |
| | |
I I I
I I I
I I
I I
I I
I I
I I
I I
I I
I |
I

ICAS latency = 2 |
Auto precharge starts

Command

DQ bemeeas <DBl><DBZ><DBS><DB4> l

ICAS latency = 3

Auto precharge starts
Command P | 9

O O O oO. |

(tras is satisfied)
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11.3 Block Write with Auto Precharge

During BLOCK WRITE cycle, the auto precharge begins two clocks after the block write command to the device
(/CAS latency of 2) or three clocks after (/CAS latency of 3).

TO T1 T2 T3 T4 5
CLK | | |

Auto precharge

ICAS latency = 2 starts

Command

DQ b CM >

I
|
|
|
|
I
I
|
|
|
1
| Hi-Z
|
|
I
I
|
|
|

Auto precharge

ICAS latency = 3 starts

Command

DQ bmmmme- < Cc™M >

Hi-Z

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

M _____

(tras is satisfied)

Remark CM : Column Mask

In summary, the auto precharge cycle begins relative to a reference clock that indicates the last data word is valid.

In the table below, minus means clocks before the reference; plus means clocks after the reference.

/CAS latency Read Write Block Write
2 -1 +1 +2
3 -1 +2 +3
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12. Write/Block Write with Write Per Bit

12.1 Write Per Bit

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

To use WPB operation

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

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

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

In case SRS command is executed in activate state to set new WPB data, it is necessary to take trsc (2 CLK)
interval between SRS and Write/Block write command.

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

13. Block Write

13.1 Block Write

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

This cycle controls writing in 8 columns x 8 DQ = 64 bits by DQMO to DQMS3 input. Color register data is written
to the memory cell if DQM is low but not if DQM is high. DQMO corresponds to the lowest byte (DQO to DQ7),
DQM1 corresponds to DQ8 to DQ15, DQM2 corresponds to DQ16 to DQ23, DQM3 corresponds to DQ24 to DQ31.

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

To use Block write operation

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

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

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

In case new Write/Block write is executed or, it is necessary to take tswc interval from Block Write command to
new Write/Block write command.
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13.2 Column Mask

In block write cycle any column of the eight columns can be selected and writing prohibited. Determine which

column to select according to the DQi pin to which the data selected for the column is to be input. Refer to the

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

i 0 0 0 DQO/DQS8/ 1 Yes

(1st column) DQ16/DQ24 0 No

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

(2nd column) DQ17/DQ25 0 No

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

(3rd column) DQ18/DQ26 0 No

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

(4th column) DQ19/DQ27 0 No

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

(5th column) DQ20/DQ28 0 No

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

(6th column) DQ21/DQ29 0 No

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

(7th column) DQ22/DQ30 0 No

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

(8th column) DQ23/DQ31 0 No

Note Refer to 13.3 Block Write Function

Remark iis times of 8 numeric.
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13.3 Block Write Function

DQMO =0 Colu
MASK REGISTER ‘
DQ7 to DQO o o
01001011 [T
o —
o o
[alal

O Mask Write, keep original Data

Remarks 1. iis times of 8 numeric.

io‘*@Q’o
02050 %% %

VN
S

\

IR

DQ2

REIAKS ‘0’:;*
\@$&$~0"

2>
O

Column Address

<>

2. This diagram shows only for DQO - DQ7. The other DQ is similar as this.

36

Preliminary Data Sheet



NEC uPD481850 for Rev.L

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
T4 T5 T6 T7 T8

CLK

Command

DQ QA1 >< QB1 >< 0B2 >< 0B3 >< 0B4 > ......

1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L
|
|
|
|
|
|
|
|
|
|
|
|

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 command. 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

e _ | L L L L L o b
|
|
|
|
|
|

;
|
|
|
|
l
|
Command } <WRIT A X WRIT B>
|
|
|
|
|
|
|

DQ bommeen < DA1 >< DB1 >< DB2 >< DB3 >< DB4 > LHi_Z
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NEC

14.3 Write to Read Command Interval

Write command and Read command interval is also 1 cycle.

Only the write data before Read command will be written.

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

=4

Burst length

T8
|

CLK

2

Command

/CAS latency

mmmmmepe——————

°
c
<
£
£
S

@)

3

DQ

/CAS latency

DQ
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14.4 Block Write to Write or Write/Block Write Command Interval

The interval between BLOCK WRITE and new BLOCK WRITE or WRITE is tswc or minimum 1 cycle. |If tck is
less than tewc, NOP command should be issued for the cycle between BLOCK WRITE and the following WRITE or
new BLOCK WRITE.

CLK_II_II_II_II_II_II_II_II_Il

‘ tBwc

DQ - CM1>< } ><CM

| |
| |
| |
| |
| |
|
|
|
|
|
|
-
|
|
| \
,,,,,,,,,,,, T
| |
| 1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

ICAS Iatency 2

|
|
|
|
|
|
|
|
|
|
|
|
|
|
,,,,,, o ————
|
|
\

1
N

Burst Iength = 4, ICAS Iatency
| | |
| |

|
|
|
|
|
|
|
|
|
|
|
|
|
\ |
777777 === ===+
| |
| |
|
|
|
|
|
|
| \
|

commang+ ow | R
|
|
|
|

DQ

Cem X ><D;><D2><D3><D4>

; | |
| | |
| | |
| | |
14.5 Block Write to Read Command Interval

BLOCK WRITE command and READ command is also tswc or minimum 1 cycle. The data bus must be Hi-Z at

least one cycle prior to the first Dout.

TO T1 T2

T3
ot L L L1 L1 |

/CAS latency = 2

| | ! ! | | |

commars—+ Cow | CRewy

DQ ;L cM ] z % % <ot X2 X @ Xy %

/CAS latency = 3 i | \‘N i i i i i i

Command | | 1 1 j j
Q0 | @ X ez X e X et )
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14.6 Read to Write/Block Write Command Interval

During READ cycle, Read can be interrupted by WRITE/BLOCK WRITE.
The READ and WRITE/BLOCK WRITE command interval is mimimum 1 cycle. There is a restriction to avoid
data conflict. The Data bus must be Hi-Z using DQM before WRITE/BLOCK WRITE.

Burst length = 4
T1 T2 T4 T5 T6 T7 T8

TO T3
oo [ L e e

|
|
|
|
|
|
|
|
|
|
[l
|
|
|
|
hl
|
|
|
|

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

Burst length = 8
TO T1 T2 T3 T4 T5 T6 T7 T8 T9

w A A e
ICAS latency =2 | ! ! ! ! i i i i i
Command i i i i i i i i
SERSEERE S N

o e @ X @ X o X o2 X )X
j | | ! ! i necessary i i i
/CAS latency = 3 i i i i i i i i i i
— & @
U S S S /e N N U S
NN

o0 et QX o X o X o X
! ! ! ‘ | | necessary | | !
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15. Burst Termination

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

15.1 Burst Stop Command in Full Page

Burst Stop command is operated only in case full page burst mode. During the other burst mode, Burst Stop
command is NOP.
During full page burst read cycle, when the burst stop command is asserted, the burst read data are terminated

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

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

T0 T1 T2 3 T4 T5 6 7
=US  T n T e p T  BY
| | | | | | | | |
| | | | | | | | |
| | | | | | |
cOmmand | - | | - | | | |
| @ | | E | | | |
| | | | | | | | |
| | | | | | | | |
ICAS latency = 2 | | | | | | | Hi-Z | |
| | | | -, | |
DQ r t 1 X Q2 X Q3 et : :
| | | T T | | |
| | | | | | | | |
/CAS latency =3 | | | | 1 1 1 | Hi-z |
| | | | | = |
R e QL X Q2 X Q3 et
| | | | | | | |
| | | | | | | |

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

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

Command

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

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

| | | |

|

|

ICAS latency = 2, 3

oo o1 X 02 X 03 X 01 St

———— e

Preliminary Data Sheet 41



NEC uPD481850 for Rev.L

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.
When the precharge command is asserted, tras must be satisfied.

The same bank can be activated again after tre from the precharge command.

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

Burst length = X, /CAS latency = 2

CLK [ L1 L | | L L | ! [ I
conma 3
SRR SRS S N N N S S A
DQ o X @2 X e X Q4 P H'Z

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

Burst length = X, /CAS latency = 3

TS s e Y Y e e Y e Y Y Y O
YR ST S N N SN NN S SR R
DQ et X @2 X @3 X @ty HIZ
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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 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 = 2
TO T1 T2 T3 T4 T5 T6 T7

Write | Masking
\

CLKlIllllllllll!l!l
M

I
I I I I I }

l l l l l tee
| | | | T

When /CAS latency is 3, 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 = 3
TO T1 T2 T3 T4 T5 T6 T7 T8

TS e N s e Ty Y Yy Ny Y
I I I I I I ! ! I I
I I I I ! ! I
i : i i i | | | : i
I I I I I ! ! I I
DQM l l l l L/ \__ 1 l l
i i i i i Write‘ Masking i i i i
I | | | | }Hi_zl I I
DQ e D1 X b2 X b8 X D4 D5 Yeweert { ! ]
I T T T ! ! I I
I I I I I I ! ! I I
L
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16. Electrical Specifications

« All voltages are referenced to Vss (GND).

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

Absolute Maximum Ratings

Parameter Symbol Condition Rating Unit
Voltage on power supply pin relative to GND Vcc -1.0to +4.6 Y,
Voltage on input pin relative to GND VT -1.0to +4.6 \%
Short circuit output current lo 50 mA
Power dissipation Pbp 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 Vce 3.0 3.3 3.6 \%
High level input voltage VIH 2.0 Vee+0.3 \%
Low level input voltage ViL -0.3 +0.8 \%
Operating ambient temperature TA 0 70 °C

Capacitance (T A=25°C, f =1 MHz)

Parameter Symbol Test condition MIN. TYP. MAX. Unit
Input capacitance Cii AO - A9 2 4 pF
Ci2 CLK, CKE, /CS, IRAS, /CAS, 2 4
/WE, DSF, DQMO - DQM3
Data input/output capacitance Cio DQO - DQ31 2 5 pF
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DC Characteristics (Recommended Operating Conditions unless otherwise noted)

Parameter Symbol Test condition MIN. [ MAX.| Unit | Notes
Operating current lcct | Burst length=1 -A10 105 | mA 1
trc = trcviny, lo= 0 MA -Al2 90
Precharge standby current | lcc2P | CKE < Viymax), tck=15ns 7 mA
in power down mode lcc2PS | CKE < Vitvax), tek =0 6
Precharge standby current | lccaN | CKE = ViHuiny, tek =15ns, /CS = ViHMming,
in non power down mode Input signals are changed one time 36 mA
during 30 ns.
lccaNS | CKE = ViHMiny, tck = 00 29
Input signals are stable.
Active standby current in lccsP [ CKE < Viiwax), tek =15 ns 7 mA
power down mode lccsPS [ CKE < ViLax), tck = oo 6
Active standby current in lccaN | CKE =Vinming, tck =15ns, /CS = ViHminy,
non power down mode Input signals are changed one time 36 mA
during 30 ns.
lccaNS | CKE = ViHMiny, tck = 00 29
Input signals are stable.
Operating current lcca | tek = teking ICAS latency = 2 | -A10 155 | mA 2
(Burst mode) lo= 0mA -Al2 130
ICAS latency = 3 | -A10 200
-A12 170
Refresh current lccs | tre = treqming -A10 85 | mA 3
-Al12 80
Self refresh current lccs | CKE <0.2V 6 mA
Operating current lcc7 | tek 2 tekming, lo= 0 MA,
. 250 | mA
(Block Write Mode) /CAS cycle = 20 ns
Input leakage current iy [Vi=0to 3.6V, All other pins not under
-5.0 | +5.0 | pA
test=0V
Output leakage current low | Dour is disabled, Vo=01t0 3.6 V -5.0| +5.0 | pA
High level output voltage Voh |lo=—2.0mA 2.4 \%
Low level output voltage VoL |lo=+2.0mA 0.4 \Y,

Notes 1.

Icc1 depends on output loading and cycle rates. Specified values are obtained with the output open. In

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

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

AC Characteristics Test Conditions

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

and VL.

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

* An access time is measured at 1.4 V.

46
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Input

Output

20V
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20V
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Synchronous Characteristics

Parameter Symbol -A10 -A12 Unit | Note
MIN. MAX. MIN. MAX.

Clock cycle time ICAS latency = 3 teks 10 (100 MHz) 12 (83MHz) ns

ICAS latency = 2 teke 15 (66 MHz) 18 (55 MHz) ns
Access time from CLK ICAS latency = 3 tacs 9 11 ns 1

ICAS latency = 2 tace 12 15 ns 1
CLK high level width tew 35 4 ns
CLK low level width teL 3.5 4 ns
Data-out hold time ton 4 4 ns 1
Data-out low-impedance time tz 0 0 ns
Data-out high-impedance time ICAS latency = 3 tHz3 4 8 4 8 ns

ICAS latency = 2 tHz2 4 11 4 11 ns
Data-in setup time tos 3 35 ns
Data-in hold time toH 1 15 ns
Address setup time tas 3 35 ns
Address hold time taH 1 15 ns
CKE setup time teks 3 35 ns
CKE hold time tekH 1 15 ns
CKE setup time (Power down exit) tekse 3 35 ns
Command (/CS, /IRAS, /CAS, /IWE, DSF, DQM) tems 3 35 ns
setup time
Command (/CS, /RAS, /ICAS, /WE, DSF, DQM) temH 1 15 ns
hold time

Note 1. Loading capacitance is 30 pF.
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Asynchronous Characteristics

Parameter Symbol -A10 -A12 Unit | Note
MIN. MAX. MIN. MAX.

REF to REF/ACT command period tre 100 120 ns
ACT to PRE command period trAS 70 120,000 84 120,000 ns
PRE to ACT command period trp 30 36 ns
Delay time ACT to READ/WRITE command trep 30 36 ns
ACT(0) to ACT(1) command period trrRD 20 24 ns
Data-in to PRE command period ICAS latency = 3 topL3 10 12 ns

/CAS latency = 2 topL2 15 18 ns
Data-in to ACT(REF) command ICAS latency = 3 toas | 2CLK +30 2CLK +36 ns
period (Auto precharge) ICAS latency =2 | toaz [ 1CLK+30 1CLK +36 ns
Block write cycle time tewc 20 24 ns
Block write data-in to PRE ICAS latency = 3 teres | 1CLK +20 1CLK+24 ns
command period ICAS latency = 2 tepL2 30 36 ns
Block write data-in Active (REF) ICAS latency = 3 teacs | 2CLK+40 2CLK +48 ns
command period (Auto precharge) ICAS latency = 2 teaz | 1CLK+40 1CLK +48 ns
Mode register set cycle time trsc 2 2 CLK
Transition time tr 1 30 1 30 ns
Refresh time trReF 16 16 ms
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16.1

AC Parameters for Read/Write Cycles

CLK

CKE
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/IRAS

/CAS

DSF

A9
(BA)
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AC Parameters for Read Timing

(Burst length = 2, /CAS latency = 2)
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16.2 Relationship between Frequency and Latency

Speed version -A10 -A12

Clock cycle time [ns] 10 15 12 18
Frequency [MHz] 100 66 83 55
/CAS latency 3 2 3 2
[treo] 3 2 3 2
/RAS latency 6 4 6 4
(/CAS latency + [treo])

[tre] 10 7 10 7
[tras] 7 5 7 5
[tero] 3 2 3 2
[tre] 3 2 3 2
[torL] 1 1 1 1
[toad] 5 3 5 3
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/CS Function

16.3
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Auto Precharge after Write Burst (1/2)
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16.4.5 Full Page Mode Cycle
Full Page READ Cycle (1/2) (/CAS latency = 2)
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Full Page READ Cycle (2/2) (/CAS latency

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

I I I I I I I I
I I I I I I I I
! ! ! ! ! ! ! ! ((
| | | | | | | | )7
CKE ' H | | | | | | |
I I I I I I I I
| | | | | | | |
| | | | | | | |
| | . | . . (C
I I I I I I
/ C S | | | | |
I I I
I I I I
| | | |
|
X KKK KRREKAEY X K SEREEEREREREEEIREEEEREREREEEEISIERREKL PLLREQELEK LKL
IRAS 8K e s \ RIS
detetototototetetete’ toteSeletetetototototeletetetetetetete 0 e o e ot 2e 2020 0 o o o o o e e teeeY KRR

|
PR R RIRIR

OO OITITI TSSOSO TITITATITITITAS
ICAS R SRRILIKIRN ORI R IRRRIRIRIIIRELRLILRS RS
SERRLRRERELRIEER) SERRSIRRERIEERN LRLRRLRILRALRILRIEERHELRILRIRSERIEERIELIEEK RRLRLRLRLRRILS

T
|
| |
XXX K KK KL LK XKLL KKK KK
000002000 000000000620 %0 %0 00 00 00000000002 %
00000002000 %0200 %020 %6%%6 %0 %2620 % %% %%

R IRRIIIILTS
IWE ‘:::::::::::::::::::::::::::0000’0’:’0000000000000’000’: 5 XXX
S IERIIERAIIKXSIIIKRS X
T
I I I
! | ! |
R ITRIIIRY IR IRTLTR) [RRIIITIZIITR
DSF ST [T
o SILEN eSS esatasatetotetess, RRRRLLLIIEI
0% RN Sodetetoteletetetoletetetototetos) AR
[ [
I | I
; ;
00 o R IRRIIILTY R ERRRRTLs
A9 R R | Ry I s
(BA) 303008 3088 | RN | NRKRRIIIKK:
T T T T T U T
I I I I I I I ! I !
| ! ! | | ! | ! | | ! !
0020 R Y N L L L S OO 0 % % % PSOSOSSISISASARISRARSRSA. BSSSS XSSOSR 00020202000 2 2 e P a0 0002020202000 e 000 2 Y e 0 a0 00000202000 2 T a0 a0 S SOSSSSSSISOISSN
B0 RRIIIIIIKRKIKK 0000080909 RS800S00 S0 S80S0 RIIIIIIRKKIKKIN I 0
A8 J I RIRSIIIIKKELII, 3 D S I RAIIISIIEIKIIIRKIEIIKN |
RIS ) B RN
T T T T T N
| | | | | !
! | | ! !
RIS RRRRT R TIREKS IR OO OO OO OISO O O SOOI OO OISO OISO OISO OISO OISO | RIS
ADD RAa REsisssssdiesdl Cha Jesssssd R R e R
[RRIRRREEIIEEEIIEEN KSR RIS ) RXRRIIIELIEN R S IREIERRESIRREIIRIEIRKIN fRRREEILIEE
1 T T U T T T T 7 T T T T T T T T T T T T T T 1
I I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I I
DQM | L | | | | | | | | | | | | | | | | | | | | | |
I I I I I I I I I I I I I I I I I I I I I I I
0-3 ! ! ! ! ! ! ! ! (1 ! ! ! ! ! ! ! ! ! ! ! ! ! |
T T T T T T T T )T T T T T T T T T T T T T T i
I I I I I I I I I I I I I I I I I I I I I I
I I | I I L L L L L L L L L L L L L I | I I
| I | I I |

IAa—2)QAa—1X QAa YQAa+1X QBa YoBa+1)QBa+2)QBa+3)QBar4)QBat5) - -t = == nknnmm e nnn s
f

Read
Command
Activate Read Activate for Bank B
Command Command Command Burst cannot Precharge Activate
for Bank A for Bank A for Bank B end in Full Burst stop Command Command
Page mode Command for Bank B . for Bank B
RP

J3AN

1'A8Y 10} 098T8YAdM




198yS ereq Areulwiaid

€9

Full Page WRITE Cycle (1/2) (/CAS latency = 2)

TO Tl T2 T3 T4 TS5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21

I I I I I I I I I I i
I I I I I I I I I I I
! ! ! ! ! ( ! ! ! ! ! |
T T T T T ) T T T T T
CKE I I I I I I I I I I I
I I I I I I I I I I I
I I I I I I I I I I I
I I I I I I I I I I I
| I | I I ( I I I I I J
I I I I I ) I I I I I
ICS I I I I I I I I I I I
I I I I I I I I I
[ I [ I I [ I I I I [ I I
I I I I I I I I I I I I I
. , | . . Iy . . . . . . , ,
RIIee, s N A S A e et s A o S 3o’ B SIS
IRAS N BTN TR s
| dotefedes MY ots%e2ototototetetotototototototetet ] tetetotototetetototosets?, | dotototetetototetetetotototetotototetetototetetetototetetotototetotots?’ | Ratototetetetototetotototetetotototetatototetetototes
T T T LA T T T T T T T
! I ! I I I ! I ! I I I I
| | ! ! ! P | | | ! ! | | ! ! | | |
fRRRZS R TRRTIRRLIN (TTRTTTZXLTIN OO OISO O O IO SOOI R R R TRRTTILLLTTXT
ICAS L R R | SIS | ! LR IR
\ RS ! \SLKERILRRLLLRRRRKN) JREIEEELLLRIRRRAY | R RRRRRIRRIRIELLLIRRRIRIIIA] ! ! ! SO eSesesesesesstotototototototetototetetetetesesesess;
T T 1A T f T T T T T T T 1
! ! | | | | ! | | | | | ! ! ! | | | |
} ! ! ! /el | } ! ! ! | | } } ! | | | ]
; 7 s ;
R OSSIIIRRRX XL [XXLILIIIIIXKN R R SRR R R IRIRIIIRRRKKRIRN R IR KRR
I I RN TLLLLLRIRRRRKIRKN ! R R RRRIIRIHIIIIIIIKY ! ! ! KRR RIIIIIIIKRKKRKS
IWE | I oo P e asasesesesssssssssssseos N BRI LRIIIIIIIIIIIIEEIN | | I R IIIEKKRAXAIIIN
T I T d ; ; T T ; ; T T T I ; f i
I I I I I I I I I I I I I I I I
I I I | ! | | | I I ! I | | ! |
! ! ! KRR KRR KRR KRR KRR KKK RK KRR KRR KRR R KKK ! ! XRRR ! SR EEEEREREE L IIEKEIEIERLIEIL
DSF | | B N R NI
| | & | fXSRRLRRRLRLILIRLIRELILRRRLRILRLRLILIELIRLIELIR, | | [RRRLRLRLN | RRRIRIRRRLREELRIERLIERLIRLIIKS
T T ; ; f T ; ; ; f ; T T ; T f ; ; |
| | I I I | I I I I I | | I | I I I I
9 ! | ! | | ! ! ! ! | | ! ! ! ! | ! | ! ! |
A [N | | ¢ 7 | | |
BN T sy ! KRR REIIIIIIRKKRKISS
dostesesaton! RO KIRREIKREIIKKS K R IREIRAIRKK o e ot osesesatotesetotototetatotes
RRRSSRXN RIS RIRSIEIRKE] 0 SRR R RSRREIRREIIIRERK
(BA) LRLXRRRKK) } Ag%%g%%%y | RBIILLLLRLLKRY KHISSEIEELLKY | R R RIIIRIIIIIIRIRLLLRIIKKY | ‘%%%gg%%i | KRR RRRIRHIRIIIRKE
T | 1 | 1 T LA 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
! . ! . ! ! ! ! . | | ! ! ! ! | | . ! ! | |
O IIIIK R %2 R R S I NS 004002
A8 e A W s R
20520200t e0 et TetatotoReteSatoteteteteds / R LR RSN | KRR R RS RREIRES
T T 1 1 1 LA T 1 1 1 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
! ! ! ! ! | ] ! ! ! ! ! ! ! ! ! | | ! |
SRR T R T (TR OO O OO OO OO OISO OO IO E OISO IO OISO OISO R RIS LLIKS,
ADD B CAa B RBa e s, CBa J s aassassssassssiid RBb B SR siesss
JRRRRRRKEN KRRIXZR) RIS JRRLRIEEEIN K RIS fRRRRRIIREEIERIESIIRIK
T T T I T T LA T T T T T T T T T T T T T T 1
I I I I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I I
D(?hﬂ I | I | I I I I | I I I I I I | I | I I I
I I I | I I I I I I I I I I I I I I I I I I
0-3 | | | | | | ((_| | | | | | | | | | | | | | | |
T T T T T T )T T T T T T T T T T T T T T T T 1
I I I I I I I I I I I I I I I I I I I I I I
I ! ! . ! ! o ! ! ! ! ! ! ! I I I I I I I I
I | I I | | I I I
DQ -----{DAa YpAa+1)DAa+2XDAa—2)\DAa-1 SDAa XpAa+1X DBa YDBa+1LYDBa+2)XDBa+3YDBatafDBa+5) == 5= == -mmmmmmm ool
Write Precharge
Command Command
Activate Write Activate for Bank B for Bank B
Command Command Command Burst cannot Activate
for Bank A for Bank A for Bank B end in Full Burst stop Command
Page mode Command tre for Bank B

J3AN

1'A8Y 10} 098T8YAdM




9

198yS ereq Areulwiaid

CLK

CKE

ICS

/IRAS

ICAS

DSF

A9
(BA)

A8

Full Page WRITE Cycle (2/2) (/CAS latency = 3)

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

Xt -————

§
A e R e CRILLRIN R R R R R RRRRR O e T R s ey’
% e’ RN R R R R R R
R Ratetetotetete, R B R RIRRILKY R RIS
T ¥ T

o%% X K KKK ELRLX
e
0002026069626 % %% % %0%:%:%%:
T
|
|

— — K>

I

!

R T TR

S
R RRRRRRRIREELLRRLLIRRIRRIIAY

|

T O OISO ITITITITITITI,
R IR
QKRR
T T

23S
5
355

X RKKKKS
5357
S

%%
R :0:0’0‘0‘0’0
AAAAAAAAA Se%e%

%
0%

KRR RIHHIIXRIILLIRIHLRRIIXKK

3R RRRIIIIIIIIIIILLLLLLRIKIIID

R IEIILLRLLLRLIRIIRIIIIIIXK
XL RIIRIIIIIHN

I

I

I

I

I

I

I

I

I

I

I

! | P | |

T

R EIRRIK L AIRIIIIRKXN)

! N IILLLLLLLRLRRRKINID
W I m R RRRRIIIIIIIIIIIIEN

| L T

I I

I

\ .

I

|

T

I

!

[

I

I

I

I

.

>

0000000002000 000000 000 %0 0099554 %
RS SRSSSSSs
R

-
oo

9.0 0.0.0,
)
T

I
I
I
I
|
T T U
I I I
! ! I
BT XTIBIIN I
eSS atatetototo eSS esesetatotels, |
pRoseoteletetetel [ Sololels
T T
! |
L
[
I
I
I
I

S

555
K5
KK
2K
o
2%
QLS
RS
SRR
S
2%
2%
255
5%
RS
KK
RS
XS
RS
2
2%
QK
35
2K
RS
2%
2558
oS
255
oot
35
K%
2%
S
2R
[ o20%%!
RS
KK
RS
XS
RS
5%
2%
3RS
RS
QKK
RS
2%
2555
oS
255
Jl $%%%e!
35
KK
2K
o
Sasoess
5

!
L5
1000000000008,
25050090999,
FRRRRILRRN

1000000 000 e 000 a0 00t a0 s 0a 0 0a 0 0 0 0 0 00 s 00 Va0 0 O O 0 00 0.0
KRR IR
Ko SSSEGEAEEEREEEREEEEEEELEEEEEEREEIEEREEGKEEIEEKY
e et tetetetetotetotototetetotete etotetotetotetotetotetototetetetetetetete
T T

.
)
B RAa ] RBa B s
f R R £ B R R
T T T L4 T T T T T T T T U
I I I

T
I
| | |
KSR
NS EERRES KKK KL K REEKEKKKKS
W RO RRRLRRILLRIKLRKS
r T T T
I I I

| |
PR XXX XRKKKKRKKAER
e
X KKK KKK
T

1

AT
RS

RRREXIE,
oot etsretetatetatotetetetel
JCKKAKK Q5K
s tatetetstototetetototetetetotote!
XKLL
T T 1
I I I I
! | |

%
%
X
bo%e!
S9%!
9%

!

%
RS
893!
9%

!
S
oo

!

| | |
L | | |
RRSSEEKKEKY \SKKL X KRRCKRELIRELLRIIIKLE LI IR K RIKKA
0000000000 % % %5%0% SN, KR XK EEEREREERSAELLERRRRRY
CAa Essssd RBa 5

|

|
RCCSKRK XK I X XHX X XXX
RAG KERIREIEIS
XK~ 9 0.0.0.0.9°0 X

R % C RIS LTTLL LT LA R RRITITXLBTLL

<X XX o % IR RIIIR RIS IIILLIIXLRIIELLRIILL KK R RRIILRIIRIINNNKS

X $XRRIXR L RRELRRHILIRRAILLRY % S X RRLLLRRAILLRRILLRRLLLRIELLLRRAILLLHIILLRIILLRHLLLLRAILLRIKLRKAA J000RRERRAILLRIAILLLRRLS

0% RREIIXA R B A R R R IR K IEIIIIIRRKKIIIIIIIRRKKL. RBID  RRRKRRIIIRKKKLLIII

KRRERIRRKLLRR RRRXRRRK KXRRRKKRS £ XRIERRXXRRKKRS
T 7

1 1 T 1 1 1 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
L | | | | | | | | | | | | | | | | |
I ! ! ! ! I ! ! ! I ! ! ! ! I ! ! !
I T T I T | T T T I T T T T I T T T
| I I | I I I I I | I I I I | I I I

| | L | L | | | L | | | | | | | |

%5 2
9% % o5 o5 o5 2% %%
BSOSO R R RIS LRIELIKE LRI LK)  Sedetetedetetede
T T T T i T T
I I
I I
I I
| |
| |
T T
I I
! I
I

_'j['?i_____;_____!___( DAa XDAa+1XDAa+2XDAa+3 \DAa_lx DAa XDAa+1X DBa XDBa+1XDBa+2XDBa+3XDBa+4)--‘------------f------‘-----‘------‘------f------
| T T

Write Precharge
Command Command )
Activate Write Activate Burst cannot  for Bank B for Bank B Activate
Command Command Command end in Full Command
for Bank A for Bank A for Bank B Page mode Burst stop e for Bank B
Command

J3AN

1'A8Y 10} 098T8YAdM




NEC

uPD481850 for Rev.L

—
N
T
o
N
T
(o))
—
[
[e0]
—
T
N~
—
T
(o]
—
T
n
—
-
<
—
-
(90}
—
T
N
—
T
—
N —
1 —
> ol
(8]
c
£ 2
mw ol
<
Q o
- o
=
L
) 0
M, 2
N
I N~
e [l
£
[@)]
c
()
o 2
0
>
M
Q
o
[y
—
N
N
—
= B2
0
35
m
= ™
o [
C
K=l
Q +=
9 2 o
O €
=
S L
= —
£g F
.m MM
s ©
° 5 o
TI
(] mw F
o
SO
S
o O
S
o
©
<
(o]
—

CLK

OGIAIRIAIKIK

a

%

%%,
oot

35

<55
2958
9.9

090%0%%%
S
dotelotels

o
o

o%
R
K

SERRKKK:
GLRRE
KRR

R
S
X

%

<

RS
KRS
%%
=3
09503
3RS

%
<X,
<
2’
<

o
&
3
2%
o

o

%o’

o%

X
%
%%
%

S
35
2R

%!

X
%%
&9

&
o
58
%%
%

o
35
fo%%!
I
I
e
558
02900008

%5
<%
35

KX
We%e
[
55
25
25
g0sed

.
K
‘0

0%

%
Ko
L

K&
5%
3\

RN

X2
%%
o
69 %
XL

XX
052
Q8K

RRX
9K
o%%%

X
55
%

CKSIKKR
RS
0000 e % %%
0%6%6%a% % %!
|
!
T
oSe%
%
0%
"

%
o%
QL

0!
I
|
ST
s
2R
0 0a%%%

L5
LK

%
5%

09
&

o%
£
0%

5
f25

0SS
SR

o
do%es

f

22

&

K

0%,
%%,
XX
$XX
R

%5
255
Desede

%%
KX
LXK

f

XN
)
RN

<
o

S9%0%08
0’0’
a0

o5
%S
XXX
X

0
o2

09000% 0%
O00IXRKRR
i2e2etetelotetotets

X

%%
2o
L

s

X
\S
X

2o

L

LXK
LRI

TS
X
R

f

L
5

O

A

020 %0 % %%4%%
0002020005 %
IR,
R RRRERRRRRD

%
o2

BB
0RXRRKS
3RS
SR

o%
0%

09096%%
202620202

%3
o%es
%%

L

%

2%
e,
o

9
<
%
)
QN
)

%
<R
o
TOT0%
XX
peteded

|

|

<K
X
XXX

T

|

|
S
%%

5
":‘
LK

%
":‘
LXK

3%
2958
S
2
RS
89

o
o
Q>

I

!
0SS
GRS
SBEERK

T

I

!
DI
RRRRXNKS
5BEIEEL

%5
5
%02
L5
00
o202

&

5
£

<)

N
2

%

2
X
35
0,
0

X\
%,
X

-~
35
355

5%
0900s
K8

s
5

o
oot

0%
1500
%%
oot

X
X8
SRR
K
%
oo

%
o202

o

%3
355
%!
3
&
o205

%
%
%%

X X,
0o
X5

o
=
%3

2%
<K
XXX
%%
o
<
0398
&
T
I
!
0
S
S
55
p0sed

2%
&
<5
%2

%%
%
0%

S0,
0K
RS
o%e%!

35S

X%
T
35
3%
S

XX
%

%
o2eS

5%
o3e8
%5
bkl
%4
%
35
5

0%
553
XK
XX
35
25
XX
S
225
5
355
oo

—
0598
o
oS
T
I
I
%3
%3
00

25
R
2%
$96%"
I
35
%5
o
98
e
3
fRIKS

%%

o%%

o%
G

5
o
0

S

£
o

=
o2’

K

K

£

CKE

ICS

I
|

=

SO,

$RK

258

fRK
£33
%%

R RTTITTIS
RSKILLRKES,
LRRLRRLILRIKE
oo tatetetetetetese!
FERILRARLLIEEIK

{

%%
S

7

)
!

A% o8
] B
o305 Soeteh

o %%
RS
XK
SRR

T3
o
KRS
—
ooe

TS

333

Sosotots
TS
3K
095
9%

—

&

X5
%
&
X5
%9

%

&
K5
o9l

ool Stk
sl
- — kXXX %0

<%
%
XS
&

16%0%%
s I
X5 0]

*
f5
3
X

CRKL
<R
38
a%a%s

%
29583
09
o9

o
5
<
25
a%a9

%%
X
XX
29a%!

o
5
<
35
a9l

%
&S

%
5

%S
o9l

R ITIIIR
bootesess
Sassteses
2R

%
bl

>~

o%
o%

KX 09050
R B
KKK

&

2

e 5

r

o I
%9090 <

[~ KRR 4

o
s
300

f

%%

£

5 73
e [RXR
| B

%%
3RS
ooges
255
o9a%!

TR
095029
0SS

XXX
030302
]
P P X]

0%
$%8S
29588
%
3%
53
00

=
&
355

%
K8
3RS

&

—
&
X5

%%

Do

3RS

o9l

*
b0
58

950
s
35K
%

X
XS
2%a%

KX fadete!
KK XX

%%
2R
XK
35
a%a%!

vi%
29
%
ol

%
2%
55
0

RIS
botetetes
Sassteses
RS

%
&S

o~

o%
o%

- R

(22 90%%5%
S

I %e%% Rogete!
RS 50503

X
s
Padal

5%

&

Sgo%s
%
X
55
o

£

2%

35
X5
%
%
{5

XRXXKS
RS
35555555)
LR

%
029
55
58

%
<

%%
55
K355
X

£
2

72 <2

FX (235
] RS
RS 050

- — kX sdote%es
XS )
XS 2%
oS o%ese%e
XS XX
o305 <5055
19505eS 5008
s o%esese
o3 XS

- — RIS 50553
oSS 030508

R 0555
S So%ste%s
5055 F205)
XX <5003
XS o%ese%s
oK 0503
5900588 <5050

| _ kS 050555
055 20

%
33
0SS
a%a

—

35
oS

25
S
%3

5
%5

o9l

%

I
2R
35S
QRS

X
!

%%
3RS
KRS
255
2K,

%
0l

i

KK
K2

KK
2R

i
%

< St
< B
RRX [
I
oo Stk

%
5%
o
o2

%
L5
9o%

&

5%5%
00030

£
K

£

Preliminary Data Sheet

|
|
|
|
Read
Command
for Bank A

Bank A

Precharge Command Activate

|

Bank A

Read
Command
for Bank A

Bank A

9

|

Precharge Command Activate

Write l\claskin
Bank A

Write
Command

for Bank A

Activate
Command
for Bank A

Command

PRE Command

Command

PRE Command

Termination

Termination

trAS

trP

trAS

trP

topL

trcD

trAS

65



99

198yS ereq Areulwiaid

PRE (Precharge) Termination of Burst (2/2)

CLK

CKE

ICS

IRAS

ICAS

DSF

A9
(BA)

A8

TO T1 T2 T3 T4 T5 T6 T7 T8

(Burst length = 2, 4, 8, Full, /CAS latency = 3)

T10 Ti1 T12 T13 T14 T15 T16 T17 T18

J3AN

R RRRIILLRII £

L55LRRIILLRIIII £S5
f3RR5S S ERRIILLRRIEILLRN KX
R RIIRKRIKY RIXRIBERXD £<IRIRKIIBIKKKINRY LS
R XXIRRRY LRI (X

%

X

0% %

%%
otoros
So3e%%
055
o

TSI
RS
%
o%

K%
090!
K3

RIS
000205
85Y
0%
QRS

R ITT]
00000000 %% %0 %025 %

000000 %0 %0 00000 % %%t
IR

KX

RS

%

S

o

S

%S

et

290909 o
19a%% ‘Q‘
- — K

%

S

o

S

R

2

<% QLKL RRRIIRIIIKL:

LR RILRLLK S RRERILRILILLAK)
259503 CRILXN) S seseteteteseretetesetesess,

X XX 039593, fRRRRRISEIRRREKN

RN SEEEES
0000020000000 % % % %e %% 2090 % % %% 0% %%
SN LSRN s oy L2
B R RRRRRRRKK NN KRR L
f f T 7 f
| | |
! ! | | !
PR RREGSRRKIKKKAKAE RCERKKXN fR KRR R KK IKKR R LKA KX
K RRRRRIILIRD fR3RRRRN fERREEEEELIIILXKN e
I ESSSSIEN SIS £
K SRIRRIRIARRXKIRRX RN 1626262622 %%% B R ESREEREEIEKERA 5%

X RRKKXN
$RRIXRN

[
|
|
|
|
|

RN | BRI
|
.
]
|
|
|

2RXXY

| RN

|
|
|
|
| | |
I
R TR TN
55 | 300000
I
I
]
I
I
I
I

o5 1% %%
096%%%% X X X %%
SERREERILRLRIERRLRRLK
7 f ¥

I I I

| |
R R R R RRRIIICRRRRRIK,
02020002020 %% %% o

|
|
|
|
I
o % ! ~
R | 29%
I
I
]
I
I
I
I

3 A 3 RRRZRLRRLZRRN

L RRIERIIIIILLIIIIRIRRIIKKN £ CRIIBIRIRIIXN
IEEIRNKILKRIKLLKKEN IS eteteteteteteteteteds,
RRRRRLRILRILRAILRLLRRLRILRK RRLRILRILRILRLRAN

e e e T et RIS
3R RIRIRIIRIRIRRRIIELIRIELHRKIIRRKY fRRRIRIRIELRLIIRRKEL
K23 RRRILIERIERRIIIRRIELILIKLHLIRAN f3RRIRRIRIRKIELRKRY
KRR LRRARLRILIEEREIRIELD

%
QRHXHHIAIRK
< < QRRXHXRHIRRR
KK IKIRRR
LR

RIS

RS, KL IR
00000000000 %000 2026 %000 %000 %000 %% o90%%'
X KR KKK KK KR KKK o5 X RKKKN
X RREKIKK KKK KK KKK KX L X KRKKKX KX\
I 2205000202020 2020%0%,

R

CRRRRIRIIRTs OO0 IO OISO OO P OISO
L I
RREIIIRKKKKELS KR RRRRSIERKXIIEIIKK:

LKL SRR
J S0RRRIS
s CRAXXXN

I

I

I

| JRILLLLRRLRRK
2R RRKS

| 5

T

I

XK K XICHKICIE IR X LK XK K IR XY
RS IIEIIIEIIEIIEIIIEIN RAC
X KKK IR K X HK XXX IR I XXX XX IR IR XX XXX R XX

> OO

o%%%
XXX

I I I I I I
I I I I I I
I I I I I I
| L | | | | ‘ | |
! ! ! ! ! !
T T T T T T
I I I I I I
I I I L L I

Write Vasking
i-Z
- -- -- ---(DAalXDAaZX )-----------------------------------------------(QAleQAbZXQAb3XQAb4>-- --
.T W:ite T
Activate Command Read
Command for Bank A Command
for Bank A for Bank A
Bank A Bank A Bank A Bank A
PRE Command Precharge Command Activate PRE Command Precharge Command Activate
Termination Command Termination Command
trcD torL trrP trAS tre
trAs

KKK %
gﬂ&aﬁﬂﬁ&pqpo%& CURRKKL

1'A8Y 10} 098T8YAdM




198yS ereq Areulwiaid

2 e
S R
8K KK
RRK RS
3 XX 3555
E sttt 35
0 Sotetes 5
< RRKS X5
S 9S9s%s S
o 5 X
35 258K
%S XK S
3 SoSess%s 3588
% T LR
%S R KX
3 XX %%
%S 35S %S
2 s
< QKK b3}
X XXX 3K
%5 XXX oo
%5 PRI — XK
S 308K S
3 XXX 3
%5 ] 5%
o R <555
< XRR 555
%S 3 %S
25 RRR] %%
o oo <%
3 XX 505
% 505585 29083
% 9000, 000!
% RRXS K5
58K S
oy 9035KS 5655
% 35505 55
0 QS8 ho%e!
%S HRRRRL- — S
2SS 35
%S SoS9ss%s basesets
% 90909, KK
%S XK RRXR
dotetel K
%S S9s9s%s tote%es
%S 3S RS
95959 255K
0 Sote%e% botoses
S do3e%e% bote%
o5 CRRY= — PRI
% 95505 X5
0 d95o%e% 200!
< 3K o3l
2SS S
%S 5 %S
35 KK %
oS 095!
S XX
9
% XX %5
0 290
%S XXX oS
9 bote%e!
2SS
%S 35S
%5 oSosel
Soteses
S b3l
58K
% R
S Sosesoss I
0 d95o%e%
S 9s9s%s 5
% SoS9Se%s 55
0 Sotetes 55
% 385 2900
oy 50305 3RS
%S 35S %S
%5 XXX 5%
R 0%%%0q MR )o%*
S 38K
358K
o5 930K
0 Sotetes
0% S 9098
% 530S 3K
% 55K 25
58 33505 555
S dote%e% boteses
< SRRY™ T IR
% 955K 555
0 Sotetes hote%
% otoreos! %
%S 9s9s%s basodsts
0 29090, S
3K 2SS
o 3658 035855
% 95959 258K
g8 RRA™ ~ KK
%S R %5
0 d95o%e% bo%e!
S S9s9ss%s
%S GRS
%5 ] oS
RS 9
S 3585 KX
%S S9s9s%s %5
%S 35S
%S ofoten 0%
RS %S
% 5055 %5
% XX 298
35 Sotetes 55
0% 3 2939
% XX 3RS
%S 35S %S
0 ototess 55
%S 20505054 [N o%o%e!
3 XXX XX
2SS 9%
%S 308 RS
%5 XK RS
RS RS
< 3R 2SS
%S Soses%s 30
% KKK R
008 IR %e%% K
OS8S S
< S9soio%s 35S
%S 0SS 35S
2K 35S
o 35505 56585
S d95o%e% 5555
S S9S9s%s 5K
%S SoSese%s S
35 KK 5K
RS %
% L s
35— — TRRXKY- — KR
% REKS S
s o
258K S
%S Sosos%s bososs
o 35505 2930588
35 35K 35
dotetel 35S
< 38K 0%l
% 2 2
0 botete% 55
< d9So%e% o2
% oo 2%
0 2909, S
9599 3
o2 SRS S5
XS do3e%e% 9%
% REX &5
34— — FRK
%S R 29098
%S XK o
2SS S
% REX] 2
35 Sotete 55
o XX 2930
% oosete! 2%
% S 2%
o3¢ RS botods
X RS 5%
% KK K5
<5 35S <
< XK R
o P XX
58S S
% o202 S
XS ssosos I

19

16.4.7 Clock Suspension
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Clock Suspension during Burst Read (using CKE Function) (1/2) (Burst length = 4, /CAS latency = 2)
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Clock Suspension during Burst Read (using CKE Function) (2/2) (Burst length = 4, /CAS latency = 3)
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Clock Suspension during Burst Write (using CKE Function) (1/2)
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16.4.8 Power Down Mode
Power Down Mode and Clock Suspension  (Burst length = 4, /CAS latency = 2)
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16.4.9 Other Cycles
Byte Read/Write Operation (By DQM) (Burst length = 4, /CAS latency = 2)
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Remark The timings of DQM2, DQM3, and the corresponding DQ16 - 23, DQ24 - 31 are omitted.
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Random Row Write with WPB (Ping-pong banks) (2/2)
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L,

Block Write (page at same bank) (/CAS latency = 3)
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/ | B N e N e I I N
CAS ! ! RN | JRIEKEILN | REIIEEIKKK ! RRIORIKREIIKKKS] ! RSIRESSIEEEIEIGIEIN | KK
| N o X o o o o o o o X X X | Ko o o o o ol o O X XN KX X
Y f Y Y
! ! | ! | ! | | ! | | ! | | ! |
! ! | ! | ! | | ! ! | ! | | !
! ! F33RRRRRIRA ! F33TRTRRRRN ! ST ! BRI T RIRRIRLRIRILRITELTIRD !
AWE ‘ s N s N s NI s A s N
| I QORKKXBN 1 JRORKKIKEEN 1 JILKKKIIKIKXNKIKIN 1 JRREEEKKLIKELEKKK] | e
T T f T f T T Y Y I Y Y T
| | | | | | | | | ! | | ! |
| | | | | | I | | | | | |
T T T T | T T
R RRRRRRY R R R R KR RRRLRAS RIS
DSF | s | s e
I I KRR I I L RIS I Fo2etetotetetetototetetototetetotete? !
I I I I T Y Y I I
I I | I I I | | I | | I |
| | | | | | | | ! | | ! |
T T T T T R R T T 5%
A9 | | | | T oot otote e totatetetetotototetetots | |
K SEIRLLLLLLLLRRRRRS
(BA) [ [ [ [ TR E000rS e taritaternrirerariteterss [ [
I I I I I I I
I I I I I I I
I I ! I ! I I | I I
I8, [RTTTTITIZR) TR IILLILLLS
SRLLLLLLLN ! ! SRLLRLICN ! ! ! L RERRLRRRRRRRRKHKK !
A8 s NI s N s N | W |
ToSedetetetototetototeteete2ee 0 e NI Sototototeteeeteees NMINY o 0oetetoto ot etetee NN ! | LXK !
T T T T T T
| | | | | | | | | | | | | | | | | | | | |
I I | | ! | ! | | | | | |
TTRIZZR LR RTITZRIZIRZZZR ETTZZRZ FTTIZI TR R L LTTIITTLLL T LTI LLL LTI TSI LLLTN SIS0,
SEEREL) RSEREERERRERIERIILD  detetetotetotets [RSELEN ot o et o tete e tete e tetetetetetetetotetetotetototetotetetotetetotetetotetetotetote Zotetelotetetotetotetetetete et %
ADD 555 ) S 35 R ey RS
RS RRRRRRRRRRRRRKNA KRR KRR R R R R R R R R R KRR RIS

(TSI
20000000099
Potetetetetete,

Pod

! ! ! ! f

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

for Bank B
trco tswc tewc tewc tepL trr treco
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Block Write (page at same bank) changing color and mask data

TO T1 T2 T3 T4 T5 T6 T7

(/CAS latency = 3)

T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19

I I I I I I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | | | | | | |
T T T T T T T T T T T T T T T T T T T T T
CKE | H | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | |
I I I I I I I I I I I I I I I I I I I I I
| | | | | | | | | | | | | | | | | | | | |
. | . . | . | . | . | . | . | . . | . . |
I I I I I I I I I I I I I I I I I I I I I
/CS | | | | | | | | | | | | | | | | | | | | |
I I I I I I I I I I I I
| | | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | | | |
I I I I I
XSSOSR KR LKLY R<OCCIRHKHHICRN fOX KK KKK \* L0000, 2000000000000 XSGR KKK NSRRGSR L KKK 000000000 200 0 0 0 0 0 000008,
RAS S | AR | K\ £ B\ £ S ) £
KRR | Y2202 202020202020% KRR | IR 2220202022022, | Coletetetototolete?, | R RGN
1 | 1 1 | 1 | 1 | 1 | 1 | | 1 1 | 1 T |
| | | | | I I I I I I
| ! | | } ! } | } | } ! } ! } | ! ! | ! !
2 G EREEEAEEELKLIILEAKHKLLAN O OTITITITeS, 1000 o3 CRIREEAN fOSXRGEREAIRIRAN f KL KIEILEILHKILKL NG EEEIEREEALIIELKLKRKLKKS
| N SIRIKRLILLIELIELIKIKEIN | | LRIERELELN | 02050250 %%%0% | 22020% 2050t 2e %0 | L3RZRILRLRN | L RERRIRIEIEKEIKK | Lo e ot o te et tetetetete tetotedeted |
ICAS I RGKIIIIRRRRRRRRLLLLGN | I RRRRRIIILILN 1 JRIRLRRRES I CRRIIIEN 1 JOILLRILREEN | JRRREEILLLLRAIIIILLLLKY I N K IIEIRRKY I
AAAAAA | | S0 a 0t YRR IIIIIIIIIN 9a%a%a%Y ot FIIIIIIINNN I SOSRRRRRRRN SSIIIIIIII, SIIIIIIIIIIINIIINNY | | R IIINIIIIII I |
| | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | |
< ! REIIREEIEILLIRN ! fXGRQRLAIRZAR ! ! QKKK ! o SRAEIERLAN ! RRREELAIILELN ! KK IRLIIRLIIRAKN ! L IIREIEIIRRHIRIRIIKL T
JWE [ SIRIISIIIIIIIIIN 1 LN 1 RS [ SN 1 LI 1 LI 1 RLLLLLKKSKSEEEEEN 1 RRRIRL888e] |
| SRRILELRLLIREIN 1 RLIRLILKIILEN 1 RRRLRLRELIK | LRI 1 RRIKIKIEEN 1 ERRLRILREILEN | JRIGIIEIIILIILIILLA 1 fRILRLRELIELEIELLILLK] |
| T T T i 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
| | | | | | | | | | | | | | | | | | |
| T esessaesssscesssscsosstorss M vocoostoossssssssscess A sy AN ossessscsss A LR LRI | R LLLLRSS |
DSF ! O oo oot asososesesesr AN voeSeSoto%eseSeotor A CRRKKK ! XXX ! ! KRR L RRREIRLIIRKIIN ! XRRSIIRKLIRKRILIKN |
I | Wete2ete2etetetetetotototetototetes | LY I SeSetetetetetetets/ I KRR I I 2222020002’ I O EIEIEEELIEL [ ototetetetetetetetotototetetetetetetetese W
I I I I I I I T T T T T T
I I I I I I I I I | | | | | | I I |
A9 L | | L | | | ! | L 1 ! | | | | |
| QR IRICIIRIRIHIIRKY | KQSSEKEREEAIR | ey A KSRGEEKEKKN | | | K EIGREIRARIARI I | CRHRRKL Al
0000000000000 0,000, 9,000 RSSKKKEAKLKSL XK KKKAKKY \CKEREEEKGKR X K KSGEEK GGG 1900090 %00.9:9:% $9%%
I ¢ sssssssssststatetsass AR vscsesetiossssssioss NI cosetnissssniosssss AN ssssssissssssos o N ! ! s sssssssssssstetete A s issessssssssssssssss AN
(BA) | IS IIIIIIIIIIIIINY, | \NSIUIRLN XXRXXXXXXXS | \SXXXXXXXN | | SOSIISILII IO IO | SSISIISIIIIIIIIIIINS |
I I [ I [ I I I I
! I ! ! I | I ! I } I ! I I I ! ! I
| | | | | | | | | | ! | | | |
IRITTTTTTTTTIN TITITTIIN TN OTTTTTTTIN TSI TN e R TTTITSTITTTTN
IR I JSIRRRRRN I JRRLLEIEEED I e, I T, I fRRRLLLLEN I LRI I RRRRIEELEIEIK
A8 SISIISIIIKIIIIN 1 IS 1 RN 1 XK 1 RSN 1 O 1 R 1 K]
OO0 00 020°020202020°0%0, | JX S KKK KR | 16202626555 % % % %% | 200000 00000049, | 200 000000000, | XX KKK KX | XX KKK KKK KK KK KKK | PRSI K KKK KKK KK
1 1 1 1 1 1 1 1 1 1 1
| | | | | | | |
I | | | | | | | | | | | | | | I I I
| | | | | | | | | | |
X RGL KA KL K IKIK XN XXX RK LK XXX RIKLEAXA fRCEARIKRKK XX RKIKLIKAXN IR K RAERKAN X XA ICKRILIKIIELIKIKL KKK I ICRKIIKRK I IR I IKIK KKK KKK <)
S RRIRRRIRRLLL FRSCHELLEEN Soolotetetetetes Siseteteteteranl Sistoetotetetes LRIKEN R RIRRRILLLLS
ADD £33 RS SRRRRRRRs R3s5550) 55550 EEssss) RE5e5553) s ss s S SRR R RIS S)
et LoteteloleteZolotetele 0tete %o’ Fofetetetetete \Yoleteteleteole RS RLXROEEK \oteteSelotets 20Tele0te e 0 00 0 0200 e 0 e e e 0 00 e 0 0 e e 0 e e e e 0 et 0 e de e o e e e
T T T T T TS IS TITITITITIIIIIOIOIIINIIND, Rz O, TTXIIRN JRIZE OO OO OO OO OO OO OO IIIIIIIIIIIO OO NIIIIIIIIIOOD:
DQ B RIS A) RIS (5555555) 55550 GRs3535555) e o
2 R RRRRK] KSSIRRRRK 0SS oY, RS S0 RRRLRRRSIEE LI LLRRRRRRRLLILEELLK
Activate Block Write Special Register  Block Write Special Register  Block Write Block Write Precharge Activate
Command for Bank B Write Command  for Bank B Write Command for Bank B for Bank B Command Command
for Bank B (Mask data) (Color data) for Bank B for Bank B
with WPB
treD tawc trsc (2 CLK) tewc trsc (2 CLK) tawc tepL trp
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6.

16.6  Application Cycles
16.6.1 Page Cycles with Same Bank
Random Column Read (page with same bank) (1/2)  (Burst length = 4, /CAS latency = 2)

TO T1 T2 T3 T4 TS5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21

I I I I I I I I I |
I I I I I I I I I I
! ! ! ! ! ! ! ! ! I
T T T T T T T T T |
CKE I I I I I I I I I I
I I I I I I 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 I I I L L L L |
I I I I I I I I I I |
ICS I I I I I I I I I I I
I I L I L I I I I I
| | I I | | | I | I I I I I
I I I I I I I I I I I I I I
| . . . . | | , . . . . , |
% RIS fRRRRRRRS RERRRRKS R LLLLLLLRRR
IRAS | | s A | LR R SRS
. | XS | . L RRR | R RIS
T T T T T T 1
! ! I ! ! ! I ! I I I I I
! | ! | ! ! ! | ! ! | | |
e A "SRRI, R RATRRTRIIETIN O S O A ST o T oo T \ARIRI) R R SR RIIIKS
ICAS S8 1 REKEQY 1 LI | R RIS | I oo NI o000 e st
RS ! R | R SateSoleoletntetetetatotetototototetes ! SoSoolelnletetetatatotolotolaledetetetetetolols’] ! ! CoSoososoteted NI oS sesetetosotototolototosetesesotototololotosetesesetstototototototess
T T T T T T T T T T T T T 1
| ! | ! | | | ! ! | | | ! ! ! | | | | |
! ! | ! | ! ! ! | ! ! ! ! } ! ! ! ! | | |
T T T T A T T
SRRRLS R SRR RRRLRY 3% SRR RIRIIIIIILILLLRERD K RS RIRILRLIKKS
2RI | | OO s s e et etetetetotototetetetetey’ | | G RRRRRIIIIIEKLIELED | | | R IRIRRRIIIIKEKS
KKK R RRIKYS O IRRIIIIIIKELIKKKEN KRR EIRRIRRIIIKIKEKE
IWE $KK] I I R IERRK RIS I I RRIIEKKIIARAIIIIRK) | I I KRR KK RIHXIRII
| | T T T | | T T T T | | T T 1 T 1
I I I I I I I I I I I I I I | I I I I
I | I ! I I ! ! ! I I I | ! | ! |
| PCRRIKIKR | KCKIIIIXIK I | | X GIKARRKIIAIIIKIKII KX | | | fGRKERKIRICGIIIRIIAIIAKHKICIIKIHIHK IR IR IR
DSF I LSS 1 fESSSIISEIESIIIISEN [ s ssss s N [ et e eeee9s00
| LRIIZLRERD | JRRRLLRRLLRIELIRLLRRAELL | | ZRRILLRLLRRRLLIRIEKLN | | | RIS
T f T T T 7 T T T T T T T 1 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 N s N e N s N ‘ B
> §
(BA) SIBLIZBN | £RORRIRRR L RREEEEEEELEZEIIIIZIEIZEN | (5K L REEREEESEIEILZISEIZIIEIN | 1 I e e oot
| ! | ! | | ! ! | | | ! ! ! | | | | |
I I I I I I I
| | | | | | | | | |
I I I I I
OIS VA ¥ 425% 25K < f GG HKIERKHIIERR IR RC KX LRGSR LXK LIKIXRECK R RKHKCK KKK
A8 SRR | % %3 X | I s N L IS
LIRS 02 A X 3% 020 A A RRRRLRRRLRLRLILRRILILIRIN A A LR RIRRRRRRIRRRRRIIKRLRRLIIRKIIRLHKRLKK
T T T T T T T T T 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
I I I I I
! ! | ! ! ! | | ! ! ! ! ! | I
T RRRRRRT] KRRy S OISOy XY KRR R RTLLZLLTLTLK T OO OO OO IITIIIIINIII:
ADD S50 RAa RS CAa JSSEEsesisssiassstiatt CAb RS CAC Jsssssrsssseasassatssssss s
SRLGERELLRRRN JRIXRRRRKN KR SRRRRIREIIRLLLLLLLRRRKRD RRRRIIIIN K5050RRLLRRRRRRIIIEBIEE R RRRRRRRIIIIERLRLRRRRIIS
1 1 1 1 1 1 1 1 1 1 1 T T T T T T T 1
I I I I I I I | I I I I I I I I I I I
I I I I I I I I I I I I I I I I I I I
DQM I I I I I I I | I I I I I I I I I I I
L I I I I I | I I I I I I I I I I I
0-3 ! ! ! ! ! ! ! I I I I ! ! ! ! ! ! ! |
T T T T T T T | T T T T T T T T T T |
I I I I I I I | I I I I I I I I I I I
I I I I I L L L L L L L L L I L L L
I | I | | | I
DQ  -m--bee- ----=tmm--i---{QAal X QAaz X QAa3 X QAad X QAb1 X QAb2 X QAct X QA2 X QAC3 X QAcd )= === -~ --------{QAd1 {QAd2 X QAd3
Activate Read Read Read Precharge Activate Read
Command Command Command Command Command Command Command
for Bank A for Bank A for Bank A for Bank A for Bank A for Bank A for Bank A

trP
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CLK

CKE

/CS

IRAS

/CAS

IWE

DSF

A9
(BA)

A8

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

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

[
|
L
[
|
|
|
|
L
|
|
|
|
|
o

o

X SREEEEEERERRRREEIEELELEEKLY
R ST
RG0SR ARAXAIIIK
T T
I I
!

%
%
oot
RS
25
5SS
s
RIS
RS
S
25
S
%%
RS
%!
LSS
RS
S
25
R3S
2%
K%
R
%%
%%
S5
XK
OSS
%%
5
%%
K
205
09098
939088
2
KK
0998
%!
S9%s INNNEDENE SN Ep
oodods
2K
%%
2%
RIS
RS
S
255
RS
%%
0998
25
LSS
2R
Jl iototets
25
R3S
2%
K%
R
o
2
ne

FETTTT

fILRE

LGN
SRR

7

000050200000 00 0% 00990905 KRS EEESKKKK KLY
SN RIS
LRI o2 D000 0.9.9.9.0.99,
T T T T T T
I I I I I I I I !
| | | | | | | | !
XK K LK XK EERSEKKEREEXLEKKKY A SSEREREEE LR R LK XK $%%% o% X KKK
B33 00 R0 RORRRRRRRRRRIIN
RRLIERRERIREERIRRIIRLIRRIRLRRIKK ARRIRRRERIARKRIRY XK odeeteded)
T T T T T T T !
| | | | | | | !
! ! ! | ! ! ! | !
X RSSRECERKCEKKS X XXX E KKK KKK RKS
SR 35558
ofetetetetetetetetete?’ pfetototototetetetetete

\*
K SOSEEEEGEESK GGG EICKELEECAEKEEN
RN
X X X KK KRS EEEEREKQQEKEKK KK
KSR RILRLIRIKELIKLIKELIKEIN
T T
I
|

o3¢

000K
oSS esetatetototoloses

B RGN
R o ORI
[2230R R IRRRIRIICI IR RIIRIIIRRICIRRIIIKN
T ;

%
ool

REHIRREKIRK,

oososesstetetetetetetetel
205000098

QRARRRAIIRKE:

o208
3
%
%
o
5%
9%
oot
5
%5
%
o
X2

T
|
l

o

%00 X X XXX R) X SKK KKK KR IKIXIRKIIX XXX XX XX X XXX XXX XXX XXX XXX XXX XXX X XX
LREREREEEIIEIN SRS IEIEEIIEN N
[ ISR PSRRI ISR EK K AN PSS SSRGS RIS IS IS K I IEK KKK KN

| !
RREIIRIIRREKN

!
RTRITZITL TN

o4 % )
fR35% QLN XK
Sl vesetetetetetetotetetetets, RGLRIKIIRRILLN

%S
0002000 009 0%
RRRIERLILLRRS
T
I

&

X\
JRRRIIXLRRILLRRILN
T T

I
I
I
|
|
I
|
T
I
|
|
I I
| | I
R I
I
|
1
I
I
I
5
} R ESLRRRILLRIXLLRRK
| T T
I
.

|
|
|
|
|
|
|
|
|
|
T
|
|
|
oo !
1
|
|
|
|
L
|
|
|
|
|
L
|
|

I
! | ! |
R R IR IIIN R R R IR IIIN R R R R R R R R R R R IR R R RIRRIIRN
R ss B R R EEIIITN RS S SESS T N R I
RCKRRREIRKLLEEEN f R RERLILLILLIELLIEEN R ARLEELILILILLLILIEE LRI \KRIILRIELELILEEK
T T T T T T T T T T i T T
I I I I I I I I I I I I }
| | ! ! | | ! ! | | | ! I ! !
OO T OO R R RS R R R ] R
ORI R RRIIIILRLKS XK K3 R SRR R IRRRRR
R 900 R R I RRRIIIIIKEKSS et a s 002020
CADb fodededele CAc B S O S0 IERRRIIIIIIRRKKKS RAa  ostotatotetetetetetetetetetesesy CAa%

0% %%

T T T

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

Precharge Command

T T T

Activate Command Read Command

for Bank A for Bank A for Bank A

trP
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18

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

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

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

C K E | H | | | | | | | | | | | |
I I I I I I I I I I I I I
| | | | | | | | | | | | |
| | | | | | | | | | | | |
T T T T T I T T T T T T |

/CS I 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 I s, REEEE S
9% %% o2 % %% KQSREREERREREIREEIRREERIREEIRRERELERREKIRELIRL
Letoletetele? oleletele 1Eofetoteletototetototeto ot o ot 0 ot 0 ot o e 2u o e o ettt

TR I IRRRRTLIIL CERRERZTT] T %
2R s %3

RKEHKRAK,
QRIS

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

| | | |

X RKKKA | T !

IRAS :::::::::::::::’3 ! 005 ! KRR RRRRRIRKILIRILLLLLK !
SEKEKKEN ! | oottt at oot satatoteterstatoron )

1 | 1

I I I

| | |

| | |

I I I

| | |

| | |

I I I

| | |

| | |

I I I

| | |

| | |

I I I

| | |

| | |

I I I

I
I
|
I
|
T
I
I
/CAS : ‘2‘&3‘2’2052:2’ B R R X HRAIRRIIRK
b
| RXKKKKS IR
T T T | T T T T T 1
I I I | I I I I I I
| | | | | | | | | | |
[ RRRRRRLZRLLZLZLILIZ [RRIZRR O O O S S e I IIIIIIIIN
IWE SRR s N oo tons
e IIRRRRRKK JRRXXLLEN LR IRRRRIILLLLS | fR R KELEIKK
T T T T T I T T T T T T 1
I I I I I | I I
| | | | | | | | | | | | | | |
2%0%%%%%%% %% 2% %9999 9.9.9 9 9.9 05%%% %% U Y /0% %% % %0220 2 000 0 009 0990%0%%%% U Y % % % % %% U Y /29 0.0 9 0 0000 e et N P ®e % %% %% % %% %0 % e 0 Vet %
T S : R
DSF GIRIKKKN Sototeseses:) | o S a ot Sotesesasoresoteoseds
QORI 3a9.9," OO0 0000000099008
|
| I I I
| | | |
A9 LT RRRR ] 2 SISO
JIKEIKS KKK JSKIKEK
R IR
SRS | KRR IR
EKEEIEY K R REIRRIRKS
(BA) [a%etetetetetes, | R KL
I
I I I I I I
| | | | | |
fRRERKAXN | QR RRRIRIIARHAIIIHRIAXIANIRH RIS
A8 e NI e
Cololelelelelele IR
SOOI OO, KGR R RIS KRR KRR SRR
SRR eletelete Sotetetotetetetotetetetotetetetotete e otetete%s \ K50 RIERIKLIIKILILE,
RRRRRLL IRRXRLLLLR e RRRRRIILLLLLLIRN BRRRRRKS R R LLLLIIIIIRIRIIILK
2% LXK LXEERELEIIIRRRLLLLLLEEEN [RRRRRRK R RRRRRRLLELLILIRRRRK
I I I | I I I I I I I I I I I I I | I I I
I I | | | | I I I I I I I I | | | | | | |
DQM I I I | I I I I I I I I I I I I I | I I I
I I I | I I I I I I I I I I I I I | I I I
0-3 | L | | | | | | | | | | | | | | | | | | | | |
1 1 1 1 1 1 T T T T T T T T T 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 I I | | | | | | | | | | I I I I | | | |

DQ  ==-<-----t---=---{DBal X DBa2 X DBa3 X DBa4 { DBOL X DBO2 X DBcL X DBC2 X DBC3 X DBe4 )= == == = = 4= = - === - === === { DB1 X DBd2 { DBA3 X DBd4 }- = ==~ - - -
T T T T T T T

Activate Write Write Write Precharge Activate Write
Command Command Command Command Command Command Command
for Bank B for Bank B for Bank B for Bank B for Bank B for Bank B for Bank B
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Random Column Write (page with same bank) (2/2)  (Burst length = 4, /CAS latency = 3)
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16.6.2 Cycles with Ping-pong Banks
Random Row Read (Ping-pong banks) (1/2)  (Burst length = 8, /CAS latency = 2)
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Random Row Read (Ping-pong banks) (2/2) (Burst length = 8, /CAS latency = 3)
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Random Row Write (Ping-pong banks) (2/2)
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(Burst length = 8, /CAS latency = 3)

T9 T10 T11 T12 T13

T14 T15 T16

T17 T18 T19 T20 T21

[
|
L
[
|
|
|
|
L
|
|
|
|
|
o5

B R RO S RILLRIILKN SRR RIRILRS RIRRILL B RERRRLLRRIN
S SRR85355] R R RIS ] R R REIIIIIIIN
20202202020 2020 0 202020205, KRG 0202020020200 20202028 \Totetetetetetel LRI
1 1 1

I I
! |

OSSOSO OTITITITOTITOTOS,

RS IILIILRLRIKN

vat

R R RIRTIR
RIS
RHIEXRRRKLLRARS]

T

I
!
RSEERGEEREEIEEEI IR IRIRELSREIEIELELKIIRKKKS NSQSEIEICREELEIGLLIKIKI
K R ERRREEREEEREKERERERERREK KK 0020200020000 00 0000 %2 % %ot
R ) By )
\a9%2%% %% KRICICIARIRIIIK AR IRICOCRIICRKARKIKII IR KKK KA RCLIRICOLLAKIKICOCALARIIN
1 1 1 1 1 1
I I I I I I
| ) ! ! ) ]
R 000000 0 00000002020 %020 302020020 2020%02¢7
fatese! B S REIIRIRKKS]
o%e% RS IREEEIREEIIIEEEIICKELEIREELIIKIKS
558 L0000 IRIIIIIIIIKS]

OS82 0002020202020 %0%
< SRREEERERELEELLY
0000000000000

CRAALLLL

XIS

P

KRG RAICHRIRHRIRRIIKIACHKIAICHK XXX XARI X fKHERAKI
RS S SR RREET IO £33
R IR SIRRREEN 2R
T T T T T T
I I I I I I
| ! | | | | | ! !
R RRRTLLZRN R R R LR (RN R RRRLLZRT 2 SISO,
LSRIIREIIKIKIN f KK SRSIKIKKN L IIRIILKIKKN fRRKIGLRXILIKIKLN
R R AR o) SERBTILRRTTIN £ 5%
LRRRILLLRIGLLRRIKLN £ RRERRRIRLLRILRRILLRRIILLRIKK] RIRRILLRY 2R £ RS

0902000200905
CRRIILRRIRIILLKS
T

CRRKLEEZ
T

1

I

! | !
2020000000 000000 00 %0 %0 2000 0000000000 00000 % %0 %0 20 0000005008,
RIS Qatetoloseses

O NN %%,

D000 0 000 OO 00008, X KKK XN

RAG RKEESEEIIEIEEEN oo eSS esasatatototototes:
KoEIIRIIRILLIKK

KRR EKR
R REEIIIIRRIKRLLES])
R R R RRIRKRLRRRKKS
1 1

!
ROSKHRIIIDRKRIKIKIKKN
A EIIIIIIEEN

o
JRRRRIEKIS
T

o%
%%
X KKK KRR
020 %0 %000 %058,
fSRRELEIIELN X RN
T

X
T

RAb

!
PRRRQSELEEELEELKLN
RN

RIS ;:’:’:’O:i::%
SREILLKIKN LREIIL
R R
T

IRRLRIKELLEN
T

|
|
|
|
|
|
|
I
|
|
T
|
|
A |
RN |
|
]
|
I
|
|
!
|
|
|
|
|
|
|

2%

5%

9%

%

o5

KRR

L

T T T
| | | | | | | |
L ! | L | L ! |
X STOTOTOTITOTITITTITITOTITO%S, X X5 EEKREGEEEK K KR KKK KRR X KN fLSSSEREIREEEAEGER K X KK KR K KKK KKK KKK KL LK LEKEKKRKEKEA
X RAa XESSsssssssiok CAa KESESsssssantasssiasasassssl RBa Rasssssssissslid CBa. KisssoassassssssslsssassndassssX RAD
< 00000000006 % % % % %6%% KPSOKERAIRRAKIEIISI I IR KR RKRK XXX X XX X XK 1002000060002 % %% %% 000 000000000600 000 %0 0 0e %0 0000000606006 00 %6 % % % %% %%
T T T
|
|
|
|
|
[l
|
L

I
! ! |
(N CAD YRR
\XRIKRIEIRIERES \GRRRIIRRRLRLIELRELLIKE,
1 T T
I
I
I
I
|
T
I
!

(DAalX DAa2XDAa3XDAa4X DAa5XDAa6XDAa7XDAa8X DBalXDBaZXDBaSX DBa4X DBaSX DBa6XDBa7X DBaSX DAle DAb2XDAb3

! T

Activate Write Command
Command for Bank A
for Bank A

treo

T

Activate
Command
for Bank B

T T

Write Command  Precharge
for Bank B Command
for Bank A

torL

trP

T

Activate
Command
for Bank A

T T

Write Command  Precharge
for Bank A Command
for Bank B

torL

J3AN

1'A8Y 10} 098T8YAdM




198yS ereq Areulwiaid

18

16.6.3 READ and WRITE Cycles
READ and WRITE (1/2) (Burst length = 4, /CAS latency = 2)
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READ and WRITE (2/2) (Burst length = 4, /CAS latency = 3)
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17. Package Drawing

100PIN PLASTIC QFP (14 x 20)
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NOTE ITEM MILLIMETERS  INCHES

Each lead centerline is located within 0.13 mm (0.005 inch) of A 23.2+0.2 0.913+0.009
its true position (T.P.) at maximum material condition. —0.008
+0.009
B 20.0+0.2 0'787—0.008
+0.009
c 14.0£0.2 0.551*3-999
D 17.2%0.2 0.677+0.008

F 0.825 0.032

G 0.575 0.023
H 0321998 0.013£0.003

I 0.13 0.005
3 0.65 (T.P.)  0.026 (T.P.)
K 1.6+0.2 0.063+0.008
+0.009
L 0.8+0.2 0'031—0.008
M 017998 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 347 31
s 3.0 MAX. 0.119 MAX.

S100GF-65-JBT

Preliminary Data Sheet 91



NEC uPD481850 for Rev.L

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)
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NOTES FOR CMOS DEVICES

(D PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

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

(2 HANDLING OF UNUSED INPUT PINS FOR CMOS

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

(3 STATUS BEFORE INITIALIZATION OF MOS DEVICES

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

Preliminary Data Sheet 93



NEC uPD481850 for Rev.L

[MEMO]

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

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

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

NEC devices are classified into the following three quality grades:

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

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

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

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

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

Anti-radioactive design is not implemented in this product.
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