PRELIMINARY DATA SHEET

NEC/ MOS INTEGRATED CIRCUIT
pPD481850 for Rev.L

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

Description

The pPD481850 is a synchronous graphics memory (SGRAM) crganized 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. Alse, 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 mmj.

Features
+ 131,072 words x 32 bits x 2 banks memory
* Synchronous interface (Fully synchronous DRAM with all input signals are latched at rising edge of clock])
. Pulsed interface
: Automatic precharge and controlled precharge commands
: Ping-pong operation between the two internal memory banks
: Up to 100 MHz operation frequency
+ Possible to assert random column address in every cycle
+ Dual internal banks controlled by A9 (Bank Address: BA)
+ Byte control using DQMO to DQMS3 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 operaticn
* Auto refresh (CBR refresh) or self refresh capability
+ Single 3.3V + 0.3V power supply
* LVTTL compatible inputs and outputs
* 100-pin Plastic QFP (14 x 20 mm)
* 1,024 refresh cycles/16 ms
+ Burst terminaticn 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.)
(PD481850GF-A10-JBT 10 100 100-pin Plastic QFP {14 x 20 mm)
1PD481850GF-A12-JBT 12 a3

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

Document No.  M12052EJ4V0DS00 (4th edition) ~ The mark * shows major revised points.
Date Published September 1997 NS .
Printed in Japan ©NEC Corporation 1396
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Part Number

Synchronous GRAM

uP

NEC CMOS Applicalion Specific Memoj

i

Device code
1: Graphics RAM

Capacity
8: 8M bits

Words organization
5. x32

Function

@
M
>
°

Package
GF: QFP

Veo
A 33Vi03V

Cycle time
10: 10 ns
12: 12 ns
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Pin Configuration
100-pin Plastic QFP (14 x 20 mm)

pPD481850GF-Axx-JBT

80— DQ28
7OFH—CVecQ
78— DQ2Y
77— DQ26
76H—CVssQ
75— DQ25
74— DQ24
73H—CVecQ
72— DQ15
71— DQ14
70F—CVssQ
69— DQ13
68— DQ12
67FH—CVecQ
66— Vss
65F—C Voo
64 p=— DQ11
63— DQ10
62F—CVssQ
61— DQY
60 fJ=—= DQ8
BOF—CVecQ
58— NC
57 «—O DQM3
56 f«—C DQM1
55— CLK
54 l«—— CKE
53— DSF
52— NC
51— A8

DQ29 Ce—m 81 50— A7
VssQ O— 82 49— AB
DQ30 C=— 83 48— A5
DQ31 O=e—nf 84 47— A4
Ves O—] 85 48— Vss
NC &—{88 45—ONC
NC O——87 44—ONC
NC &——88 43—CONC
NC O—— 88 42—ONC
NC O——90 41—ONC
NC O——91 40— NC
NC o—92 39—ONC
NC &O——93 38F—ONC
NC &O—94 37F—ONC
NC O——95 38F—ONC
Veoc &O— 98 35F—O Voo
DQO C=—» 97 34— A3
DQ1 C=—={98 33— A2
VesQ O—] 99 32— A1
DQ2 Ce—- 100 31f=—COAD

DQ3 Cre— 1
VecQ O——] 2
DQ4 Ce—m 3
DQ5 C=e—1 4
VesQ O— 5
DQ6 Ce—= 6
DQ7 Ce—m 7
VecQ O—+ 8
DQ16 D=e—= g
DQ17 Oe—> 10
VssQ O—— 11
DQ18 O=—>{ 12
DQ19 O=e—={ 13
VeeQ O——+ 14
Voo O—— 15
Vss O—1 16
DQ20 Oe—=f 17
DQ21 O=—= 18
VssQ CO—— 18
DQ22 O=— 20
DQ23 Ce—=1 21
VecQ O—— 22
DQMO &—{ 23
DQM2 &—— 24
WE &0—{ 25
/CAS O—={ 26
/RAS O— 27
ICSCO——{ 28
AQ(BA) O— 29
NG O—— 30

AOD - A9 . Address inputs

AOD - A8 . Row address inputs

AD - A7 : Column address inputs
AS (BA) . Bank address
DQO-DQ31 : Datainputs/outputs
IC8 : Chip select

/RAS . 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

Vee . Supply voltage

Vss : Ground

VecQ . Supply voltage for DQ
VssQ . Ground for DQ

NG - No connection
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Block Diagram

Refresh
Counter
_~256 col. x 32 /0
AD—>= | Row Memory Cell Array  ||512
N /| Decoder Bank A Rows
A2 > /
Address H
Sense Amp. VeeQ  VesQ
Buffer ] | 3
Py
B > Column Deceder # J’
L n~| Random DQO to 31
AT 256 col. x 32 /O | /O Buffer
| \51 > 32 DQMO to 3
Memory Cell Array
Row Bank B Rows
—”|Decoder Color
=/ Register
Sense Amp. | - (32 bits)
_—————">] Column Decoder [i'— Mask
Register
{32 bits)
CLK—=
CKE —»
/CS—= Timing
/RAS —= Generator
/CAS —=
WE —»
DSF—~
Voo —
Vss—=
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1. Input/Output Pin Function

Pin name Input/Output Function
CLK I nput 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). |f 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 yPD481850 is not in burst mode and CKE is negated, the device enters
power down mode. During power down mode, CKE must remain low.

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

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

/RAS, /CAS, WE I nput /RAS, /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.

AC- A8 Input Row Address is determined by AQ - 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 A9 is the bank address signal (BA). In command cycle, A9 low selects bank A and
A9 high selects bank B.
DQMO - DOM3 Input DQM controls I/Q buffers. DQMO corresponds to the lowest byte (DQO to DQ7),

DQM1 correspends to DQ8 to DQ15, DQM2 corresponds to DQ16 to DQ23. DAM3
corresponds to DQ24 to DQ31.

In read mede, DQM controls the output buffers like a conventional /OE pin.

DQM high and DQM low turn the output buffers off and on, respectively.

The DQM latency for the read is two clocks.

In write mode, DQM controls the word mask.  Input data is written to the memory cell
if DQM is low but not if DQM is high.

The DQM latency for the write is zero.

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

These are normally 32-bit data bus and are used for inputting and outputting data.
* Function as the mask data input pins in the special register set command.

Wiite 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.

Voo {Power supply) Vee and Vss are power supply pins for internal circuits.  VeeQ and VssQ are power
Vss supply pins for the output buffers.

VocQ

Vs=Q
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2. Commands

Mode register set command Fig1 Mode register set
command
(/CS, /RAS, /CAS, /WE, DSF = Lowj)
CLK | | | | |
CKE “H

The uPD481850 has a mode register that defines how the device operates.

In this command, AO through A9 are the data input pins. After power on, /C8
the mode register set command must be executed to initialize the device. /RAS
The mode register can be set only when both banks are in idle state. /CAS
During 2 CLK (trsc) following this command, the pPD481850 cannot /WE

accept any other commands. DSE

Refer to 6. Programming the Mode Register. AQ

AB

Add X5
Bank activate command Fig.2 Row address strobe and
bank activate command
(/CS, /RAS, /DSF = Low, /CAS, /WE = High) ok ML 1
CKE ~H
The yPD481850 has two banks, each with 512 rows. e
This command activates the bank selected by A9 (BA) and a row address
RAS DN LT
selected by AO through A8.
This command corresponds to a conventional DRAM's /RAS falling. icas BT ONEE
we ZBF e
DsF ZEN_ %
A9 e
{Bank address)

A8

= T
Add ? dvisiel

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

Bank activate command with WPB enable

(/CS, /RAS = 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 C8
mask data. /RAS

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

WE

DSF

A9

{Bank address)
As

Add

8 Preliminary Data Sheet
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Precharge command

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

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

selects bank A and A9 high selects bank B.

After this command, the pPD481850 can't accept the activate command to
the precharging bank during trp (precharge to activate command period).

This command can terminate the current burst operation (2, 4, 8, full page

burst length).

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

Write command

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

If the mode register is in the burst write mode, this command sets the burst

start address given by the column address to begin the burst write operation.
The first write data must be input with this write operation. The first write

data in burst mode can input with this command with subsequent data on

following clocks.

Read command

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

This command sets the burst start address given by the column address.

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

Preliminary Data Sheet

Fig4 Precharge command

ck ML L1
CKE @
s T N_/S
RAS TN LT
cAs T Gk

DSF ZEEN L%

A X K
{Bank address)
A8 e
Precharge select
a

Add

Fig.5 Column address and
write command

CLK
CKE
/C8
/RAS
/{CAS ;
/WE
DSF

A8
(Bank address}
AR &

Add X0

e,

Fig.6 Column address and read

command

ok LT 11
CKE ~w
s~ N_/
RAs T N

A9
{Bank address)

wom— T
AB &) s

Add
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CBR (auto) refresh command
(/CS, /RAS, /CAS, DSF = Low, /WE, CKE = High)
This command is a request to begin the CBR refresh operation.

refresh address is generated internally.
Before executing CBR refresh, both banks must be precharged.

After this cycle, both banks will be in the idle {precharged) state and ready

for a bank activate command.

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

the uPD481850 cannct accept any other command.

Self refresh entry command

(/CS8, /RAS, /CAS, DSF, CKE = Low, /WE = High)

After the command execution, self refresh operation continues while CKE
remains low. When CKE goes high, the pPD481850 exits the self refresh

mode.

During self refresh mode, refresh interval and refresh operation are

performed internally, so there is no need for external control.

Before executing self refresh, both banks must be precharged.

Burst stop command in full page

(/C8, /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.

10 Preliminary Data Sheet
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Fig.7 CBR (auto) refresh
command

CLK I I I I I

CKE

/C8

/RAS

/CAS

/WE

DSF

(Bank addregs)
A8

Add

H

9 BRESERERORER

SRR
RIS

Fig.8 Self refresh entry
command

CLK | I I I |

CKE

/C8

/RAS

/CAS

/WE

DSF

(Bank addreAsg

A8
Add

BRIy
RS,
T,

Fig.9 Burst stop command in
Full Page Mode

CLK | I I I I

CKE

/C8

/RAS

/CAS

/WE

DSF

A8

(Bank address)
A8

Add

H

SRR
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No operation Fig.10 No operation

(/CS, DSF = Low, /RAS, /CAS, /WE = High) o 1T 1

CKE H
This command is nct a execution command. No operations begin or /C8 _\_/_
terminate by this command. /RAS T g
ons T N
we B NEE
DSF  RERieaianinss

A9
(Bank address)

o
Add TR ttats

Special register set command Fig.11 Special register set

command
(/CS, /RAS, /CAS, /IWE = Low, DSF = High) cik I LI 1L
CKE “H
The uPD481850 has two special registers for graphics commands. One /08 —\_/_
is color register and the other is mask register. In this command, AQ mas TN LZ
through A9 are the data input pins for the register select (color or mask chs TN LT
register). DQO through DQ31 are the data input pins for the Color data or we TN L%
the WPB data.
DSF T

During 2 CLK (trsc) following this command, the pPD481850 can not

accept any other commands.

e s

otetie!

RS

Refer to 8. Programming the Special Register. A8

Add 25

. o
DQI =M

Masked block write command Fig.12 Masked block write
command
(/CS, [CAS, /IWE = Low, /RAS, DSF = High) ok L1
CKE H
This command activates 8-column block write function.  In this command, 08 _\_/_

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

RAs T G

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

P !
toletel,

Add
DQI X
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3. Simplified State Diagram

Self
Reiresh

MRS
] { DLE

Mode
Register
Set

CBR
Reiresh

Special
Register Setl

Active
Power
Down

{

Write/Block
Wrile

WRIT/BW
SUSPEND

READ
SUSPEND

WRIT/BW |

Write/Block
Wrile

WRITA/BWA
SUSPEND

READA

7 {writaBwA SUSPEND

Precharge

Precharge

ON

— Aulomatic sequence

— > Manual input
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4. Truth Table

41 Command Truth Table

Function Symbol CKE /CS | /RAS | /CAS | /WE | DSF Address
n—1 n A9 A8 |AT-AD

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), BA = 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 MASKi H X H

Remark H =High level, L = Low level, x=High or Low level (Don’tcare), i=0,1,2,3

Preliminary Data Sheet 13



NEC #PD481850 for Rev.L

4.3 CKE Truth Table

Current state Function Symbol CKE /CS | /RAS | /CAS | /WE | DSF Addressl
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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44 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 NGP 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 NGP 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, AB | 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 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

Preliminary Data Sheet 15
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(2/7)
Current state /CS |/RAS|/CAS| /WE | DSF| Address Command Action Notes
Read H X X X x |x DESL Centinue burst to end — Bank active

L H H H x |x NGP 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(Centinue

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: Detemrmine AP |7
L H L L H | BA, CA, A8 | BW/BWA Term burst, Start block wite: 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, AB 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

to end — 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, AB 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
White/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 — Enteridle after trRp
L H H H X |x NOP Nop — Enteridle 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 — Enteridle 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 activaling H X X X x |x DESL Nop — Enter bank active after tRcD
(tRcD) L H H H x [|x NOP Nop — Enter bank active after trcD
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 SR8 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 torL
(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,L A8 | READ/READA| Begin read; Latch CA: Determine AP |8
L H L L H | BA, CA, A8 | BW/BWA Begin block write; Laich CA: Determine AP
L H L L L |BA, CA, AB | 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 topL
with auto L H H H x [|x NOP Nop — Enter precharge after topL
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 SR8 Special register access
L L L L L |Op-Code MRS ILLEGAL
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BA, CA, A8 | READ/READA| ILLEGAL
BA, CA, A8 | BW/BWA ILLEGAL
BA, CA, A8 | WRITWRITA | ILLEGAL
BA, RA ACTWPB ILLEGAL
BA, RA ACT ILLEGAL
X Undefined ILLEGAL
BA, A8 PRE/PALL |ILLEGAL
X Undefined ILLEGAL
X REF/SELF |ILLEGAL
Op-Code SRS ILLEGAL
Op-Code MRS ILLEGAL

(6/7)
Current state /CS |/RAS|/CAS| /WE | DSF| Address Command Action Notes

Refreshing H X X X x |x DESL Nop — Enteridle after tRc

L H H H X |x NOP Nop — Enteridle 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 As |BW/BWA ILLEGAL

L H L L L |BA, CA, A8 | WRITWRITA | 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 — Enteridle after tRsc
accessing L x |x NOP Nop — Enter idle after tRsc

L X Undefined |ILLEGAL

L X BST ILLEGAL

L X Undefined | ILLEGAL

L

L

L

L

L

L

L

L

L

L

L

|t It It i i I i [ Y [ i s i s i i i [
rjirr|lrj/|T|xT|x|T|- |- |- |- |||
r|j—|lT|jT|r ||| | ||| ||
r|T|r|T|jrr ||| T || |||
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(7/7)
Current state /CS |/RAS|/CAS| /WE | DSF| Address Command Action Notes
Special mode H X X X x |x DESL Nop — Enter previous state after trsc
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 As |BW/BWA ILLEGAL
L H L L L |BA, CA, A8 | WRITWRITA | 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.

llegal if tRCD is not satisfied.

llegal if tRAS is not satisfied.

Must satisfy burst interrupt condition.

e L

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

9. Must mask preceding data which don't satisfy tDPL.

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 operaticn and/or data-integrity are not guaranteed
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4.5 Command Truth Table for CKE

Current state CKE /CS |/RAS|/CAS| WWE | 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.
(8.R.) L H H X X X x |x S.R. Recovery

L H L H H X X |x 5.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 gperations in Cperative 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 Gommand Table.

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

/cs | /RAs | /cAs | WE | DSF |AsBA)| As |A7- AQ Action “FROM” State™°*" TO” State™°'®2
H X X X X X X x |NOP Any Any
H L X X x |NOP Any Any
L L X X x |BST (RAN/AJO(I/A)1 AO(I7A)T
1o(I/A) 1 10(1/A)1
(RAN/A)1 {1/A)0 A1(I/A)0
1(I/A)0 [1{1/A)0
L H L H L H H | cA |Read (RAW/A)1(I/A)0 RP1{I/A)0
H H CA A1(R/W)O RP1AQ
H L CA (RAW/A)1(I/A)0 R1{I/A)0
H L CA A1(R/W)O R1AD
L H CA (RAN/AJO(I/A)1 RPO(I/A)1
L H CA AO(R/W)1 RPOAA
L L CA (RAN/AJO(I/A)1 RO{I/A)1
L L CA AD(R/WH1 R0A1
L H L L L/H H H CA | Write/Block Write | (R/W/A)1({I/A)O WP1(I/A)O
H H CA A1(RW)O WP1AO
H L CA (RAW/A)1(I/A)0 W1(I/A)0
H L CA A1(RW)O W1AO
L H CA (RAN/AJO(I/A)1 WPO(I/A)1
L H CA AD(R/WH1 WPOA1
L L CA (RAN/AJO(I/A)1 WO(I/A)1
L L CA AD(R/WH1 WOA1
L L H H L/H H RA Active Row [1Any0 AlAny0
L RA 10ANy1 ADAnNy1
L L H L L x H x |Precharge (RAN/ANO(/AY ol
X H x (RAN/ANT(I/A)D 1110
H L X (RAN/ANT(I/A)D [1(I/A)0
H L x (/A)(RAW/A/ND [1{RW/A/ND
L L X (RAW/AND(/AN 10{1/A) 1
L L X (VAYO(RWA/T [O{RAN/A/TY
L L L H L X X x | Refresh 1011 101
L L L L |Op-Code Mode Register 1011 101
Access
L L L L H |Op-Code Special Register | (I1A)0(/A)1 (LA)O(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.

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

Timing restrictions apply.
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Remark H =High level, L = Low level, x = High or Low level (Don'’t care),
BA = Bank address (A9)
State abbreviations
| = Idle
A = Bank active
R = Read with No precharge (No precharge is posted)
W = Write with No precharge {No precharge is posted)
RP = Read with auto precharge (Precharge is posted)
WP = Write with auto precharge (Precharge is posted)
Any = Any State
X0Y1 = BankO is in state "X”, Bank1 = in state “Y”
(XY)0Z1 = Z1(X/Y)0 = BankO is in state "X" or "Y", Bank1 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 tRp is satisfied, the mode register can be programmed.
After the mode register set cycle, tRsc (2 CLK minimum) pause must be satisfied as well.

(4) Two or more 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 AQ 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 : AB 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. |t 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 cn 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 pPD481850 supporis

“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 Siandard Tesl Sel (refresh counter lest)

[ 1] o] o] LtmobE |wr| BL |  Burst Read and Single Wrile
{for Write Through Cache)

9 8 7 6 5 4 3 2 1 0

I | 1 | 0 ‘ I Use in future

8 7 6 5 4 3 2 1 0

[x | 1 [ 1] v]v]v][v][v]v]v] venderspedii
V = Valid
9 8 7 6 5 4 3 2 1 o] X = Don't care
[ o] o] o] LtmobE |wr| BL | Mode Register Set
A2-0 WT =0 WT =1
000 1 1
001 2 2
010 4 4
—] Burst length D11 8 8
100 R R
101 R R
110 R R
111 Full page R
0 | Sequential
Wrap type 1 | Interleave
|
AB-4 /CAS latency
noo R
no1 R
010 2
Latency o1 3
mode 100 R
101 R
110 R
111 R

Remark R : Reserved

Mode Register Write Timing

a L
CKE /

es  \ /
/RAS —\_f

/CAS —\_f
we ./
osf L /J

A0 - A9

Mode Register Write
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7.1 Burst Length and Sequence

[Burst of Two]

Starting Address (column address
AD, binary)

Sequential Addressing Sequence
{decimal)

Interleave Addressing Sequence
{decimal)

0,1

0,1

1,0

1,0

[Burst of Four]

Starting Address (column address

Sequential Addressing Sequence

Interleave Addressing Sequence

Al - AO, binary) {decimal) {decimal)
00 0,123 0,123
o1 1,230 1,0,8,2
10 2,301 2,3,0,1
11 3,01,2 3,210

[Burst of Eighf]

Starting Address (column address
A2 - AD, binary)

Sequential Addressing Sequence
{decimal)

Interleave Addressing Sequence
{decimal)

000 0,1,2 34586, 7 0,1,2,34,586,7
001 1,23 456,70 1,0,3,25 47,86
010 2,3456701 2,3,0,1,86,7, 4,5
011 34567012 3,21,07,8654
100 4,56,7,0,1,2,3 4,5,6,7,0,1,2,3
101 56,7,01,23,4 54,7,6,1,0,3,2
110 6,7,0,1,2 34,5 6,7,4,52,30,1

111

7,0,1,2,3 45 8

7,6,5,4,321,0

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 A0 and
data bits DQO through DQ21. The color and mask register retain data until it is reprogrammed or the device losed

power.
The special register has four fields;

Reserved - A9 through A7
Color register . A6
Mask register : A5
Reserved : Ad through AD

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

s & 7 6 5 4 3 2 1 0
[o ] o lofc|{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 | Ao | A1 | A2 | A3 | A4 | As | ae | A7 | a8 [ as -] o

(Activate command) 1

[A0 [ A1 [ Az | A3 [ ad]|as | ne|a7]|as]nef

¥
X
to

A9 Result

0 Precharge Bank A

1 Precharge Bank B

X Precharge All Banks

(Precharge command)

el =R =]

x :Don't care

disables Auto-Precharge
{End of Burst)

Co. [Ao [ At [ a2 | as|ad]as|ne|ar]as]ael 1 ?E::Efs;uurzgpmharge

(/CAS strobes)

enhables Read/Write
commands for Bank A

1 enables Read/Write
commands for Bank B

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

e [T ] ex [ ] ex [ ]

CKE H CKE H CKE H

es — \__/ ics \ / ics \ /
RAS i\ Vi /RAS \ / /RAS \ L7

icas AL reas il N oseas gy AL
WE AN L WE AN L AWE NN LI
psF N\ 77 osF N\ 7777 st SN 777
o SN\ T o N\ 7T s 7777 L
o TN T s 77777 Nl o T

B

o0
o

o
©o
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10. Precharge

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

Soon after the precharge command is asserted, precharge operation petformed and the synchronous GRAM
enters the idle state after {re is satisfied. The parameter {rp 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
T7

—
o
3
—
N
—
w
N
—
(4]
—
o

srou N S I I

/CAS latency = 2

Command

:

|
|
|
1
1
|
1
|
|
|
|
|
1
1
|
1
-

rp AL

2)(%3)(%4 H'Z*

(tras is satisfied)

A
2

X

R

X

8 —

X

DQ

/CAS latency = 3

Command

DQ

ol

Car X

In order to write all data to the memoery cell correctly, the asynchronous parameter "topL” must be satisfied. The
topLgving specification defines the earliest time that a precharge command can be asserted.  Minimum number of
clocks are calculated by dividing torL iminy 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 +IDPLMIN.Y
3 —1 +{DPLMIN.Y
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11. Auto Precharge

During a read or write/block write command cycle, A8 conirols whether auto precharge is selected. A8 high in
the read or write/block write command (Read with Auto precharge command or Write with Auto precharge
command/Block Write with Auto precharge command), auto precharge is selected and begins after the burst access
automatically.

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

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

11.1 Read with Auto Precharge

When using auto precharge in READ cycle, knowing when the precharge starts is important because the next
activate command to the bank being precharged cannot be executed until the precharge cycle ends. Once auto
precharge has started, an activate command to the bank can be asserted after tre has been satisfied.

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

the last data word output during the burst is valid.

Burst length = 4
TO T T2 T3 T4 TS T6 T7 T8

CLK

/CAS latency = 2

Auto precharge starts
Command

READA B

Hi-Z
DQ

< QB >< 0?2 X QI?S X QB4 >

READA B

T
|
|
|
/CAS latency =3 :

Auto precharge starts

I
I
I
I
I
|
|
|
|
|
|
|
|
I
I
|
I
I
I
|
|
|
|
|
|
|
:
Command |
I
I
I
|

DQ

< 0;1 X 01;2 X QB3 >< QI|34 >.H.i.’f.

———— A e

(tras is salisfied)
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11.2 Write with Auto Precharge

In write cycle, the tpaL must be satisfied to assert the all commands to the bank being precharged. And it is not
necessary to know when the precharge starts. In block write cycle, the tea. must be satisfied to assert the all
commands to the bank being precharged. And it is not necessary to know the precharge starts.

During WRITE cycle, the auto precharge begins after tras and begins one clock after the last data word input to
the device (/CAS latency of 2) or two clocks after (/CAS latency of 3).

Burst length = 4

TO T T2 T3 T4 T5 T6 T7 T8
CLK [ 1 1 1 L1 L1 LJ Ld L1 1
i | | | | | | | |
| | | | | | | | |
I | | | | | | | |
I | | | | | | | |
(CAS latency = 2 i | 1 | | | | | 1
: ! ! }Auto precharge starts ! ! !
Command : WRITA B } } } } } }
| | | | | | |
| ‘ ‘ ‘ — Wz | :
DQ - < DB1 X DB2 X DB3 X DB4 Jr-—--- ; : ;
i ‘ ‘ ‘ ‘ | | | |
I | | | | | | | |
I | | | | | | | |
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
| | | | | | | | |
/CAS latency = 3 i | | | | | | | |
| | | | |Auto precharge starts | |
Command ! WRITA B ! ! ! ! | ! !
| ‘ : : : : : :
| ‘ ‘ ‘ N\ Hi-Z | 1
DQ b < DB1 X DB2 X DB3 X DB4 -t : :
i 1 1 1
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
I | | |
I | | |
I | | |

(tras is salisfied)
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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

(fCAS latency of 2) or three clocks after (/{CAS latency of 3).

To T ™ T3 T4 T5
CLK | | |

Auto precharge

/CAS latency =2 starts

Command

DQ L,

/CAS latency =3

Hi-Z

Auto precharge
starts

Command

DQ beeeeel CM )

Hi-Z

{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

121 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) periocd from Special register
sef 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 pricr 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/Os) 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 trop period from ACT or ACTWPB.

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

new Write/Block write command.
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13.2 Column Mask

In block write cycle any column of the eight columns can be selected and writing prohibited. Determine which
column to select according to the DQi pin to which the data selected for the column is to be input. Refer to the

table below.
Column address " Column address and corresponding DQ pin Column select data Whiting
A2 Al AQ DQi {DQi)

i 0 0 0 DQo/DQs/ 1 Yes

{1st column) DQ16/DQ24 0 No

i+1 0 0 1 DQ1/DQe/ 1 Yes

{2nd column) DQ17/DQ25 0 No

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

(3rd column) DQ18/DQ28 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/DQ28 0 No

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

{7th column) DQ22/DQ30 0 No

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

{8th column) DGQ23/DQ31 0 No

Note Referto 13.3 Block Write Function.

Remark iis times of 8 numeric.
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13.3 Block Write Function

Column Address

Column Address Mask

MASK REGISTER
DQ7 to DQO

i HoM

—

DQ6=1—
DaQ7

- o o -

01001011 oo nn 1
Qo — O M0 < W0
g o g g g g
oo ooaaoaao

O Mask Write, keep original Data

Remarks1. iis times of 8 numeric.
2. This diagram shows only for DQO - DQ7. The other DQ is similar as this.
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14. Read/Write Command Interval

141 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
TO T1 T2 T3 T4 T5 T6 T7 T8

CLK

Command

DQ

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
TO T T2 T3 T4 T5 T8 T7 T8

CLK

| |
| |

| |

| |

| |

| |

Command ! <WRIT A><WRIT B> !
| |

| |

| |

} l

1 \

DQ e < DA >< DB1 >< DB2 X DB3 X DB4 )
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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 Dout.

=4

Burst length

T8

T7

T6

T5

T4

T3

T2

T1

TO

CLK

e

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

2
3

Command
DQ

Command
DQ

/CAS latency
/CAS latency
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NEC

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

If toxis

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

new BLOCK WRITE.

T8

T7

T8

T5

T4

T3

T2

T1

TO

CLK

A R

tewc

Lemi X Xemz )

-

Command

=2

ency

— e

Command

14.5 Block Write to Read Command Interval

The data bus must be Hi-Z at

BLOCK WRITE command and READ command is also tewc or minimum 1 cycle.

least one cycle prior to the first Dour.

T7

T8

T5

T4

T3

T2

TH

TO

CLK

™
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ <
| y
7N
|||||||||||||| v I,
]
)
\\\\\\\\\\\\\\ st
o
\\\\\\\\\\\\\\ 8-
|||||||||||||| 5h---—---—-4--
%
N
=
[&] &}
\\\\lm \\\\\\\\\\ \\\lm \\\\\\\\\\\\\\\\
||||| =]__ =|l____
@] PW*
N T g ®© T e
nog ] g o
= E = E
5 5 5 &
& © 5 ©
[77] 1)
< !
o Q
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NEC

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 o avoid

The Data bus must be Hi-Z using DQM before WRITE/BLOCK WRITE.

data conflict.

=4

Burst length

T7

T8

T8

T5

T4

T3

T2

T1

TO

CLK

Command

o e e e e e e

DQ

< bt X b2 X b3 X b4 »

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

command.

=8

Burst length

T9

T8

T7

T8

T5

T4

T3

T2

T1

TO

CLK

o

__.m
P ]
S E 3
2 E 0o
20O
W

A

o

2]

n oz

V.EM

o E
g8 s ¢ 38

8 O

W

™

o

DQ
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15. Burst Termination

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

156.1 Burst Stop Command in Full Page

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

During full page burst read cycle, when the burst stop command is asserted, the burst read data are terminated
and the data bus goes to high-impedance after the /CAS latency from the burst stop command.

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

TO T T2 T3 T4 T5 T6 T7

N e T TN O Y Y O N s IO
| | | | | | | | |
| | | | | | | | |
| | | I I I |
Command ‘ - ‘ ‘ - ! ! ! ‘
&
: : : : : | | | :
| | | | | I I I |
/GAS latency = 2 i i i | | i i Hiz i i
‘ ‘ ‘ V' . 5 . ;
e T D €D D e e S
| | | \ \ I | | |
/CAS latency =3 | | | | 1 : : i Hi-Z |
| | | | / I = |
DQ | ‘ ‘ = a1t Y a2z X s premeebeeeieees ;

| | | | | | | |

| | | | | | | |

| | | | | | | |

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

and data bus goes to high-impedance at the same clock with the burst stop command.

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

TO T T2 T3 T4 T5 T& T7
o _ LI L[ LMLy ril
1 1 | | 1 1 | | 1
1 ‘ | | 1 ‘ | | 1
Commars | CwETy L Gy
: | | G | :
1 1 | | 1 | | 1
| | | | | | | |
/CAS latency=2,3 i 1 : : 1 i Hi-Z i i
| | |
| | |
| | |
| | |
| | |
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15.2 Precharge Termination

156.21 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 assered, tras must be satisfied.

The same bank can be activated again after trp 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

To T T2 T3 T4 Ts T6 T7
CLK [ I L L J J LJ
| ‘ * * i I | | :
| ! ‘ ! | |
|
G e
| | | | | | ! ‘ |
DaM Lo | | | | | } |
i T [ i ] " ; ‘ |
| | | | | | ! | |
| | | | | | ! ‘ |
| : Y a ' ' - HiZ |
Pa | | | \Q1X92X93XQ4> """ i ‘
L ;
| | | |
I I | i

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

Burstlength = X, /CAS latency = 3

1 tre

TO T1 T2 T3 T4 T5 T8 T7 T8
v ML LI LI L
e e L
: I . ;
IR D B B R G S IR CO 2
T O S N
1 T
pemn . L o
e e s
1 T T
T Y = ‘ ' ' | HIiZ |
I e ST D D D o
N | ;
e ! |
e |
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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 trp 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.

Burstlength = X, /CAS latency = 2
TO T1 T2 T3 T4 T5 T6 T7

Write‘ ’Masking

CLK A I A I O L |
DaM i i i i i/_-\

DQ H— <D1XD2XD3XDI4

1
|
|
|
|
I
|
| |
|
|
|
L
]
|
|
|
|
]
|
|
R

trp

|
|
|
|
|
i
Hi-Z 1
}
|
|
|
|

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 T8 T7 T8
1
|

TS N e T Y s N e Y O Y o B
| A e
| | || |
e e N e D
e }}\\

pem I S
L N
5 ::\\
1 — voHZor

DQ i e

A
S
[
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16. Electrical Specifications

+ All voltages are referenced to Vss (GND).

» After power up, wait more than 100 s 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 'ele} -1.0to +4.6 v
Voltage on input pin relative to GND VT -1.0to +4.6 '
Short circuit output current lo 50 mA
Power dissipation Fp 1 W
Operating ambient temperature TA 010 +70 °C
Storage temperature Tsig —55to +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 Voo 3.0 3.3 3.6 v
High level input voltage ViH 2.0 Vec+0.3]  V
Low level input voltage ViL -0.3 +0.8 v
Operating ambient temperature Ta 0 70 °C

Capacitance (Ta=25°C, f =1 MHz)

Parameter Symbol Test condition MIN. TYP. MAX. Unit

Input capacitance Cit AO - A9 2 4 pF
Ciz CLK, CKE, /CS, /RAS, /CAS, 2 4
/WE, DSF, DQMO - DOM3

Data input/output capacitance Ciio 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 lcsi | Burst length =1 -A10 105 | mA 1
tre 2 troming, lo= O mA -Al2 a0
Precharge standby current | lcc2P | CKE < Viuwax), tok= 15 ns 7 mA
in power down mode lec2PS | CKE < Vimax), tox= oo 6
Precharge standby current | lcceN | CKE = Vingum, tox= 15 ns, /CS 2 Vinming,
in non power down mode Input signals are changed one time 36 mA
during 30 ns.
leczNS | CKE 2 Vinmny, tok= oo -
Input signals are stable.
Active standby current in locsP | CKE < ViLmax), tok= 15 ns 7 mA
power down mode lccsP3 [ CKE < ViLmax), tok = oo 6
Active standby currentin leccsN | CKE = Vingminy, tok = 15ns, /CS 2 Vi,
non power down mode Input signals are changed cne time 36 mA
during 30 ns.
lccaNS | CKE = Vinmmy, tok= o o
Input signals are stable.
Operating current lcca | tok > tormmy /CAS latency = 2 | -A10 155 | mA 2
(Burst mode) lo=0mA -A12 130
/CAS latency = 3 | -A10 200
-Al2 170
Refresh current leos | tro > tRopm s -A10 85 mA 3
-Al2 80
Self refresh current less |CKE <02V 6 mA
Operating.current lecr | te = tokmamyy, lo= OmA, 550 | ma
(Block Write Mode) /CAS cycle = 20 ns
Input leakage current | Vi=0to 3.6V, All other pins not under
P g S P 50| 450 ua
test=0V
Output leakage current lowy | Douris disabled, Vo=0to 3.6V 50| +50| wA
High level output voltage Vor |lo=—2.0mA 2.4 v
Low level output voltage VoL |lo=+2.0mA 0.4 v

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

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

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

AC Characteristics Test Conditions

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

and VL.

s |f tr is longer than 1 ns, reference level for measuring timing of input signals is ViHMing and ViLmax).

e An access time is measured at 1.4 V.

48

CLK

Input

Qutput

20V
14V
o8V

20V
14V
o8v

fox

toH | oL

______________ \_

tsetup | fHoid

14V 14V
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Synchronous Characteristics

Parameter Symbol -A10 -Al2 Unit | Note
MIN. MAX. MIN. MAX.

Clock cycle time /CAS latency = 3 tere 10 (100 MHz) 12 (83MHz) ns

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

/CAS latency =2 tace 12 15 ns 1
CLK high level width ton 35 4 ns
CLK low level width toL 3.5 4 ns
Data-out hold time toH 4 4 ns 1
Data-out low-impedance time bz 0 0 ns
Data-out high-impedance time /CAS latency = 3 trze 4 8 4 8 ns

/CAS latency = 2 tHzz 4 11 4 11 ns
Data-in setup time tos 3 35 ns
Data-in hold time toH 1 1.5 ns
Address setup time tas 3 3.5 ns
Address hold time tan 1 1.5 ns
CKE setup time toks 3 3.5 ns
CKE hold time tokH 1 1.5 ns
CKE setup time (Power down exit) toxsp 3 35 ns
Command {/CS, /RAS, /CAS, /WE, DSF, DQM) toms 3 35 ns
setup time
Command {/CS, /RAS, /CAS, /WE, DSF, DQM) temH 1 1.5 ns
hold time

Neote 1. Loading capacitance is 30 pF.
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Asynchronous Characteristics

Parameter Symbol -A10 -Al2 Unit | Note
MIN. MAX. MIN. MAX.

REF to REF/ACT command pericd tre 100 120 ns
ACT to PRE command period tras 70 120,000 84 120,000 ns
PRE to ACT command period tre 30 36 ns
Delay time ACT to READ/WRITE command trop 30 36 ns
ACT(0) to ACT({1) command period trrRD 20 24 ns
Data-in to PRE command pericd /CAS latency = 3 topLs 10 12 ns

/CAS latency = 2 torLe 15 18 ns
Data-in to ACT(REF) command /CAS latency = 3 toass | 2CLK +30 2CLK + 36 ns
period (Auto precharge) /CAS latency =2 | toae [1CLK+30 1CLK +36 ns
Block write cycle time tewc 20 24 ns
Block write data-in to PRE /CAS latency = 3 tere | 1ICLK+20 1CLK +24 ns
command pericd /CAS latency = 2 terLz 30 36 ns
Block write data-in Active (REF) /CAS latency = 3 teas | 2CLK +40 2CLK + 48 ns
command pericd {Auto precharge) /CAS latency = 2 tea: | 1ICLK +40 1CLK + 48 ns
Mode register set cycle time trec 2 2 CLK
Transition time tr 1 30 1 30 ns
Refresh time trer 16 16 ms
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AC Parameters for Read/Write Cycles
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16.2 Relationship between Frequency and Latency

Speed version -A10 -Al2

Clock cycle time [ns] 10 15 12 18
Frequency [MHz] 100 66 83 55
/CAS latency 3 2 3 2
[treo] 3 3

/RAS latency 6 4 6 4
(/CAS latency + [troo])

[tre] 10 7 10 7
[tras] 7 5 7 5
[trro] 3 2 3 2
[trr] 3 2 3 2
[tord] 1 1 1 1
[toad] 5 3 5 3

Preliminary Data Sheet
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16.4

Basic Cycles
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16.4.3 Refresh Cycle
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16.4.5 Full Page Mode Cycle
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4, /CAS latency = 2)

Clock Suspension during Burst Read (using CKE Function) (1/2) (Burst length

16.4.7 Clock Suspension
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=3)

4, /CAS latency

Clock Suspension during Burst Read (using CKE Function) (2/2) (Burst length
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= 2)

4, /CAS latency

Clock Suspension during Burst Write (using CKE Function) (1/2) (Burst length
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=3)

4, /CAS latency

Clock Suspension during Burst Write (using CKE Function) (2/2) (Burst length
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16.4.8 Power Down Mode
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16.4.9 Other Cycles
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Remark The timings of DQM2, DQM3, and the corresponding DQ16 - 23, DQ24 - 31 are omitted.
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=2)

4, /CAS latency

Burst Read and Single Write (Burst length
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= 3)

8, /CAS latency

Random Row Write with WPB (Ping-pong banks) (2/2) (Burst length
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17. Package Drawing

100PIN PLASTIC QFP (14 x 20)

A
B
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0 |
[== == .
] == detail of lead end
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[== ==
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[=— =
== + = C D S %
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3100 33
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JL HiE | ®
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NOTE ITEM MILLIMETERS  INCHES
_Each lead c_;e_nlerllne is Iocatqd within 0.1_3 mm (0_._005 inch) of A 53,240 2 0313*8'88%
its tfrue position (T.P.) at maximum material condition. -
+0.009
B 20.040.2 0.787* 1 noa
+0.009
cC 14.040.2 0.551% 5003
D 17.240.2 0.67740.008
F 0.825 0.032
G 0.575 0.023
+0.08
H 0.32%5:52 0.01320.003
I 0.13 0.005
J 0.65 (T.P.) 0.026 (T.P.)
K 1.640.2 0.06340.008
L 0.810.2 0.031+9-002
+0.06
M 0171508 0.00720.002
N 0.10 0.004
P 2.7 0.106
Q 0.125:0.075 0.00510.003
o+7° o+7°
R 3otl. 3
S 3.0 MAX. 0.119 MAX.
S100GF-65-JBT
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18. Recommended Soldering Conditions

Please consult with our sales offices for soldering conditions of the pPD481850.

Type of Surface Mount Device

HPD481850GF-JBT : 100-pin Plastic QFP (14 x 20 mm)
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NOTES FOR CMOS DEVICES

(@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

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

(® HANDLING OF UNUSED INPUT PINS FOR CMOS

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

(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, /O settings or contents of registers. Device is not initialized
until the reset signal is received. Reset operation must be executed imme-
diately after power-on for devices having reset function.
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[MEMO]

No part of this document may be copied or reproduced in any form or by any means without the prior written
consent of NEC Corparation. 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 Corparation 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
suppert 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.

M4 96.5




