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1. GENERAL DESCRIPTION

PT481608FHG is organized as 4M words x 4 banks x 8 bits Synchronous DRAM with LVTTL interface and
PT480816FHG is organized as 2M words x 4 banks x 16 bits. All inputs and outputs are referenced to the rising
edge of CLK. PT481608FHG and PT480816FHG achieve very high speed data rates up to 166MHz, and are
suitable for main memories or graphic memories in computer systems.

2. FEATURES

— 3.3V £ 0.3V power supply

— Maximum clock frequency:

-  -6:166MHz<3-3-3> / -7:143MHz<3-3-3> / -75:133MHz<3-3-3>
— Fully synchronous operation referenced to clock rising edge

— 4-bank operation controlled by BAO, BA1 (Bank Address)

— /CAS latency- 2/3 (programmable)

— Burst length- 1/2/4/8/FP (programmable)

— Burst type- Sequential and interleave burst (programmable)

— Byte Control- DQM(PT481608FHG), DQML and DQMU(PT480816FHG )
— Random column access

— Auto precharge / All bank precharge controlled by A10

— Support concurrent auto-precharge

— Auto and self refresh

— 4096 refresh cycles /64ms

— LVTTL Interface

— Package
400-mil, 54-pin Thin Small Outline (TSOP II) with 0.8mm lead pitch
using PB-free with RoHS compliant

3. PART NUMBER INFORMATION

PART NUMBER SPEED (CL=3) SUPPLY VOLTAGE
PT481608FHG-6 166MHz 3.3V
PT481608FHG-7 143MHz 3.3V
PT481608FHG-75 133MHz 3.3V
PT480816FHG -6 166MHz 3.3V
PT480816FHG -7 143MHz 3.3V
PT480816FHG -75 133MHz 3.3V
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4. PIN CONFIGURATION
X8
X16
PIN CONFIGURATION
(TOP VIEW)
Wdd YWdd 1 O 54 \Vss Vss
DQo DQo 2 53 DQ15 DQ7
VddQ WVddQ 3 52 WVssQ WesQ
NC DQ1 4 51 DQ14 NC
DQ1 DQ2 5 50 DQ13 DQs&
WesQ YWssQ 6 49 VddQ VddaQ
NC DQ3 7 48 DQ12 NC
DQz2 DQ4 8 47 DQ11 DQ5
WVddQ WVddQ 9 46 VssQ YWesQ
NC DQ5 10 45 DQ10 NC
DQ3 DQB 1 44 DQ9 DQ4
WesQ WssQ 12 43 VddQ VddQ
NC DQ7 13 42 DQ8 NC
Vd Ved 14 41 Vs Vss
NC DQML 15 40 NC NC
/WE /WE 16 19 DamMu DaM
/CAS [CAS 17 18 CLK CLK
/RAS /RAS 18 37 CKE CKE
/C3 /CS 19 15 NC NC
BAO BAD A1 A1
BA1 BA1 g? gi A9 A9
A10(AP) A10(AP) 59 33 AB AB
AQ AD 23 32 AT AT
A1 A1 A6 AB
24 31
A2 A2 25 30 A5 A5
A3 A3 Ad Ad
Vdd Vdd g? gg Vss Vss
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5. PIN DESCRIPTION

SYMBOL | TYPE DESCRIPTION
Clock: CLK is driven by the system clock. All SDRAM input signals are sampled on the
CLK Input | positive edge of CLK. CLK also increments the internal burst counter and controls the output
registers.

Clock Enable: CKE activates (HIGH) and deactivates (LOW) the CLK signal. Deactivating
the clock provides PRECHARGE POWER-DOWN and SELF REFRESH operation (all banks
idle), ACTIVE POWER-DOWN (row active in any bank), DEEP POWER DOWN (all banks
idle), or CLOCK SUSPEND operation (burst/access in progress). CKE is synchronous
except after the device enters power-down and self refresh modes, where CKE
becomes asynchronous until after exiting the same mode. The input buffers, including CLK,
are disabled during ower-down and self refresh modes, providing low standby power. CKE
may be tied HIGH.

CKE Input

Chip Select: /CS enables (registered LOW) and disables (registered HIGH) the command
/ICS Input | decoder. Allcommands are masked when /CS isregistered HIGH./CS provides for external
bank selection on systems with multiple banks. /CS is considered part of the command code.

/CAS,
/RAS, Input | Command Inputs: /CAS, /RAS, and /WE (along with /CS) define the command being entered.
/WE

Input/Output Mask: DQM is sampled HIGH and is an input mask signal for write accesses and
DQM, an output enable signal for read accesses. Input data is masked during a WRITE cycle. The
DQML, Input | output buffers are placed in a High-Z state (two-clock latency) when during a READ cycle.
DQMU DQM corresponds to DQ0-DQ7 (PT481608FHG), DQML corresponds to DQ0-DQ7, DQMU

corresponds to DQ8-DQ15 (PT480816FHG ).

Bank Address Input(s): BAO and BA1 define to which bank the ACTIVE, READ, WRITE or
BAO, BA1 Input | PRECHARGE command is being applied. These pins also select between the mode register
and the extended mode register.

A0-12 specify the Row / Column Address in conjunction with BAO,1. The Row Address is
specified by A0-11. The Column Address is specified by A0-9 (x8) and A0-A8 (x16). A10 is
AO-A11 Input | also used to indicate precharge option. When A10 is high at a read / write command, an auto
precharge is performed. When A10 is high at a precharge command, all banks are
precharged.

DQO-DQ15 1/0 Data Input/Output: Data bus.

Internally Not Connected: These could be left unconnected, but it is recommended they be

NC B connected or Vss.

VDDQ Supply |[DQ Power: Provide isolated power to DQs for improved noise immunity.
VssQ Supply |DQ Ground: Provide isolated ground to DQs for improved noise immunity.
VDD Supply | Core Power Supply.

Vss Supply | Ground.
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6. BLOCK DIAGRAM
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PT480816FHG

o
by
0

@
>
w

YYv vy ¥y

CLOCK
BUFFER

—

3

COMMAND

DECODER

CONTRGL
SIGNAL
GENERATOR

COLUMN DECODER

=L {_ﬁ

ROW DECODER

CELL ARRAY
BANK #1

SENSE AMPLIFIER

h
COLUMN DECODER
WE
o
I
a
2 CELL ARRAY
A10 N o BANK #0
—/] z
]
&
N| mope
REGISTER —
AD ED SENSE AMPLIFIER |
| ADDRESS
ag BUFFER 4}
A1l
8BS0
BS1 4
DATA CONTROL
CIRCUIT
REFRESH COLUMN {>
COUNTER COUNTER

NS

Da
BUFFER

G

=L

)

COLUMN DECODER

COLUMN DECODER

<z

ROW DECODER

CELL ARRAY
BANK #2

ROW DECODER

@4&

SENSE AMPLIFIER

CELL ARRAY
BANK #23

SENSE AMPLIFIER

Note: The cell array configuration is 4096 * 1024 * 8

DQo

DaQ7

Dam




]
@ PT481608FHG
ry :)11 PT480816FHG

CLOCK
BUFFER

v

CKE

vV vy

- CONTROL .t
'|/ SIGNAL L
GENERATOR -
COMMAND [

TAS —p| DECODER |

COLUMN DECODER

2| ol
v
S

— COLUMN DECODER
WE " R
— V]S W
0 CELL ARRAY 2 CELL ARRAY
At0 —N € BANK #0 g BANK #1
— S 5
E E -
| N| mope L] L]
A0 ED M/ REGITER SENSE AMPLIFIER | | SENSE AMPLIFIER -
| ADDRESS
BUFFER
:lgl DMn

==
BSO
BS1
@ <y ¥
DQo
DATA GONTROL Da <:> I
CIRCUIT BUFFER DQ15

REFRESH COLUMN { t
COUNTER COUNTER > ubam

LDaMm

COLUMN DECODER

COLUMN DECODER

5 N
N —1 v
D CELL ARRAY D CELL ARRAY
E
E BANK #2 8 BANK #3
B b
E E
::> R . i
SENSE AMPLIFIER — SENSE AMPLIFIER I

Note: The cell array configuration is 4096 * 512 * 16.




)

TECHMOLOGY

7. ABSOLUTE MAXIMUM RATINGS

PT481608FHG
PT480816FHG

Parameter Symbol Value Unit Note
Voltage on any pin relative to Vss VIN,VOUT -1.0~4.6 V
Voltage on VDD supply relative to Vss VDD, VDDQ -1.0~4.6 V
Operating Ambient Temperature Ta 0~70 °C
Storage temperature TSTG -55 ~ 150 °C
Power dissipation PD 1.0 W
Short circuit current I0S 50 mA

Note:

1. Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded.
2. Functional operation should be restricted to recommended operating condition.
3. Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

8. DC OPERATING CONDITIONS

Recommended operating conditions (Voltage referenced to VSS = 0V, TA = 0 to 70°C)

Parameter Symbol Min Typ Max Unit Note
Supply voltage Vdd 3.0 3.3 3.6 V
VddQ 3.0 3.3 3.6 V
Input logic high voltage VIH 2.0 Vdd Vdd + 0.3 V 1
Input logic low voltage VIL -0.3 0 0.8 V 2
Output logic high voltage VOH 2.4 - - V IOH = -2mA
Output logic low voltage VOL - - 0.4 V IOL = 2mA
Input leakage current L -10 - 10 uA 3
Output leakage current I0OL -10 - 10 uA 3
Note:

1. VIH(max) = 4.6V AC for pulse width < 10ns acceptable.

2. VIL(min) = -1.5V AC for pulse width < 10ns acceptable.

3. Any input OV < VIN < VDD + 0.3V, all other pins are not under test = OV.

4. Dout is disabled , 0V < VOUT < VDD.

9. CAPACITANCE
(Vdd = VvddQ = 3.3V, TA = 25°C, f = 1MHz, pin under test biased at 1.4V.)
Parameter Symbol Min Max Unit Note

Clock Cclk 2 3.5 pF
/CAS,/RAS,/WE,/CS,CKE,DQMU/L Cin 2 3.5 pF
Address CADD 2 3.5 pF
DQO0~DQ15 COouT 3.5 5.5 pF
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10. DC CHARACTERISTICS

(Recommended operating conditions unless otherwise noted, TA =0 to 70°C

Parameter Symbol Test Condition Organization | -6 | -7 | -75 | Unit | Note
Operating Current Burst_length N 2 x8 1051105 100
(One Bank Active) lec  JtRC = tRC(min) 1
IO=0mA x16 110|110 | 105
Precharge Standby Icc2P CKE = V“_(max), tCC =10ns x8 / x16 12
Current in CKE & CLK = VIL(max), tCC
power-down mode | |cc2PS | - = ViL(max), x8 /x16 5
CKE = VIH(min), CS =
VIH(min), tCC = 10ns
Precharge Standby | Icc2N Input signals are changed x8 / x16 38
Current . :
in non power-down one time during 20ns
e CKE = VIH(min), CLK =
Icc2NS |VIL(max), tCC = « x8 / x16 28
Input signals are stable
Active Standby _ _
Current in lcc3P |CKE = VIL(max), tCC = 10ns x8 / x16 35 -
power-down mode CKE & CLK = VIL(max), tCC
(One Bank Active) lcc3PS | x8/x16 20
CKE = VIH(min), CS =
. VIH(min), tCC = 10ns
éctlve S.tandby lcc3N Input signals are changed x8/x16 65
urrent in non . .
ower-down mode one time during 20ns
E)One Bank Active) CKE = VIH(min), CLK =
Icc3NS |VIL(max), tCC = «» x8 / x16 45
Input signals are stable
I0O=0mA
Operating Current Page burst
(Burst Mode) lcca 4Banks Activated x8/x16 1051100 95 1
tCCD = 2CLKs
Refresh Current lcc5 |tARFC = tARFC(min) x8/x16 150|140 | 130 2
Self Refresh Current| |cc6 |CKE =0.2V x8 /x16 6 6 6

Note:

1. Measured with outputs open.
2. Refresh period is 64ms.
3. Unless otherwise noted, input swing level is CMOS(VIH /VIL=VDDQ/VSSQ).
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11. AC OPERATING TEST CONDITIONS

(VDD =VddQ =3.3V 0.3V, TA=0to 70°C)

Parameter Value Unit
AC input levels (Vih/Vil) 24/04 \Y,
Input timing measurement reference level 14 \%
Input rise and fall time tr/tf = 1/1 ns
Output timing measurement reference level 14 \%
Output load condition See Figure 2
_J. 3.3V ooVit= 1.4V
= 12000 500
| Vou (DC) = 2.4V, lok = 2mA L .
Output ¢ ! l """ " VoL(DG)= 04V, loL=2mA  OUPUT 20=506
gT00 I 30pF : 30pF
(Fig. 1} DC output load circuit (Fig. 2} AC output load circuit

10
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12. OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

Parameter Symbol -6 -7 -75 Unit | Note
Row active to row active delay tRRD(min) 12 14 15 ns 1
RAS to CAS delay tRCD(min) 18 20 20 ns 1
Row precharge time tRP(min) 18 20 20 ns 1
tRAS(min) 42 45 45 ns 1
Row active time
tRAS(max) 100 100 100 us
Row cycle time tRC(min) 60 63 65 ns 1
Last data in to row precharge tRDL(min) 2 2 2 CLK 2
Last data in to Active delay tDAL(min) 5 5 5 CLK-
Last data in to new col. address delay tCDL(min) 1 1 1 CLK 2
Last data in to burst stop tBDL(min) 1 1 1 CLK 2
Mode register set cycle time tMRD(min) 2 2 2 CLK
Refresh interval time tREF(max) 64 64 64 ms
Auto refresh cycle time tARFC(min) 60 70 75 ns

Note:
1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time and
then rounding off to the next higher integer.
2. Minimum delay is required to complete write.

11
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13. AC CHARACTERISTICS

(AC operating conditions unless otherwise noted)

-6 -7 -75
Parameter Symbol Unit | Note
Min | Max | Min | Max | Min | Max
CAS latency=3 tCC(3) 6 7 7.5
CLK cycle time 1
CAS latency=2 tCC(2) 10 10 10
CAS latency=3 tSAC(3) 5.4 5.4 5.4
CLK to valid output delay 1,2
CAS latency=2 tSAC(2) 5.4 5.4 6
CAS latency=3 tOH(3) 25 2.5 2.5
Output data hold time 2
CAS latency=2 tOH(2) 2.5 2.5 2.5
CLK high pulse width tCH 2.5 25 2.5 3
ns
CLK low pulse width tCL 2.5 2.5 2.5 3
Input setup time tSl 1.5 1.5 1.5 3
Input hold time tHI 1 1 1 3
Transition time of CLK tT 03(15]03(15]103]15
CLK to output in Low-Z tSLZ 1 1 1
CAS latency=3 54 54 54
CLK to output in Hi-Z tSHZ
CAS latency=2 54 54 6

Note:
1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.
3. Assumed input rise and fall time (tr & tf) = 1ns.
If tr & tf is longer than 1ns, transient time compensatio should be considered,
ni.e., [(tr + tf)/2-1]ns should be added to the parameter.

12
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14, TRUTH TABLE
14.1. Command Truth Table
COMMAND Symbol | CKEn-1| CKEn | CS | RAS| CAS \WE| BAL BAO AAlF?/ ’Zi‘f
Device Deselect DSL H X H X X | X X X X X
No-Operation NOP H X L H H H X X X X
Burst Stop BST H X L H H L X X X X
Read RD H X L H L H| V \Y L \Y
Read with Auto precharge RDA H X L H L H| V \% H \%
Write WR H X L H L L \Y \Y L \Y
Write with Auto precharge WRA H X L H L L V \Y H \%
Bank activate ACT H X L L H H Vv V V V
Precharge select bank PRE H X L L H L \% V L X
Precharge all bank PALL H X L L H L X X H X
Mode Register Set MRS H X L L L L L L L |OP code
(V=Valid, X=Don't Care, H=Logic High, L=Logic Low)
14.2. CKE Truth Table
Current state Function Symbol | CKEn-1| CKEn |/CS|/RAS|/CAS|/WE |Address
_— Enter Clock suspend or H L LV vV |V \Y
Activating :
Active power down H L H X X X X
Clopk suspend or Mamtz_:un Clock suspend L L X X X X X
Active power down |or Active power down
Clopk suspend or EXI’F Clock suspend or L H X X X X X
Active power down |Active power down
All banks idle Auto refresh command REF H H L L L H X
All banks idle Enter Self refresh SREF H L L L L H X
All banks idle Enter Precharge Power H L L H H H X
down H L |H| X | X | X X
Self refresh Exit Self refresh L H L H H H X
L H H| X X X X
Precharge Power Exit Precharge Power L H L H H | H X
down down L H H X X X X
Precharge Power |Maintain Precharge power L L X X X X X
down down

(V=Valid, X=Don't Care, H=Logic High, L=Logic Low)

13
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14.3. Function Truth Table

PT481608FHG
PT480816FHG

Current state| /CS |/RAS |/CAS| /WE |/Address | Command Action Notes
Idle H X X X X DESL NOP
L H H H X NOP NOP
L H H L X BST ILLEGAL 2
L H L H BA,CAA10 [RD/RDA ILLEGAL 2
L H L L BA,CAA10 [WR/WRA ILLEGAL 2
L L H H BA,RA ACT Bank active
L L H L BA,A10 PRE/PALL NOP 4
L L L H X REF Auto refresh 5
L L L L oC MRS Mode register set 5
Row active H X X X X DESL NOP
L H H H X NOP NOP
L H H L X BST ILLEGAL 2
L H L H BA,CA,A10 |RD/RDA Begin read, determine AP
L H L L BA,CA,A10 |WR/WRA Begin write, determine AP
L L H H BA,RA ACT Bank active / ILLEGAL 2
L L H L BA,A10 PRE/PALL Precharge / Precharge all banks
L L L H X REF ILLEGAL
L L L L oC MRS ILLEGAL
Read H X X X X DESL Continue burst to end
L H H H X NOP Continue burst to end
L H H L X BST Terminate burst
L H L H BA,CA,A10 |RD/RDA Terminate burst, begin read, determine AP |3
L H L L BA,CA,A10 |[WR/WRA Terminate burst, begin write, determine AP |3
L L H H BA,RA ACT Bank active / ILLEGAL 2
L L H L BA,A10 PRE/PALL Terminate burst, precharge
L L L H X REF ILLEGAL
L L L L oC MRS ILLEGAL
Write H X X X X DESL Continue burst to end
L H H H X NOP Continue burst to end
L H H L X BST Terminate burst
L H L H BA,CA,A10 |RD/RDA Terminate burst, begin read, determine AP |3
L H L L BA,CA,A10 |WR/WRA Terminate burst, begin write, determine AP |3
L L H H BA,RA ACT Bank active / ILLEGAL 2
L L H L BA,A10 PRE/PALL Terminate burst, precharge
L L L H X REF ILLEGAL
L L L L oC MRS ILLEGAL
Read with auto |H X X X X DESL Continue burst to end
precharge L H H H X NOP Continue burst to end
L H H L X BST ILLEGAL
L H L H BA,CA,A10 |RD/RDA Support concurrent auto-precharge 2
L H L L BA,CA,A10 |WR/WRA Support concurrent auto-precharge 2
L L H H BA,RA ACT Bank active / ILLEGAL 2
L L H L BA,A10 PRE/PALL ILLEGAL 2
L L L H X REF ILLEGAL
L L L L oC MRS ILLEGAL
Write with auto  |H X X X X DESL Continue burst to end
precharge L H H H X NOP Continue burst to end
L H H L X BST ILLEGAL
L H L H BA,CA,A10 |RD/RDA Support concurrent auto-precharge 2
L H L L BA,CA,A10 |WR/WRA Support concurrent auto-precharge 2
L L H H BA,RA ACT Bank active / ILLEGAL 2
L L H L BA,A10 PRE/PALL ILLEGAL 2
L L L H X REF ILLEGAL
L L L L oC MRS ILLEGAL

14
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Current state| /CS | /RAS [/CAS| /WE | /Address | Command Action Notes

Precharging H X X X X DESL NOP, idle after tRP
L H H H X NOP NOP, idle after tRP
L H H L X BST ILLEGAL 2
L H L H BA,CA,A10 RD/RDA ILLEGAL 2
L H L L BA,CA,A10 _ WR/WRA ILLEGAL 2
L L H H BA,RA IACT Bank active / ILLEGAL 2
L L H L BA,A10 PRE/PALL Nop, idle after tRP 4
L L L H X REF ILLEGAL
L L L L OC MRS ILLEGAL

Row activating H X X X X DESL NOP, row active after tRCD
L H H H X NOP NOP, row active after tRCD
L H H L X BST ILLEGAL 2
L H L H BA,CA,A10 RD/RDA ILLEGAL 2
L H L L BA,CA,A10  WR/WRA ILLEGAL 2
L L H H BA,RA IACT ILLEGAL 2
L L H L BA,A10 PRE/PALL ILLEGAL 2
L L L H X REF ILLEGAL
L L L L OC MRS ILLEGAL

\Write H X X X X DESL NOP

recovering L H H H X NOP NOP
L H H L X BST ILLEGAL 2
L H L H BA,CA,A10 RD/RDA Begin read, determine AP
L H L L BA,CA,A10 WR/WRA Begin write, determine AP
L L H H BA,RA IACT ILLEGAL 2
L L H L BA,A10 PRE/PALL ILLEGAL 2
L L L H X REF ILLEGAL
L L L L OC MRS ILLEGAL

Refreshing H X X X X DESL NOP, idle after tARFC
L H H H X NOP NOP, idle after tARFC
L H H L X BST ILLEGAL
L H L H BA,CA,A10 RD/RDA ILLEGAL
L H L L BA,CA,A10  WR/WRA ILLEGAL
L L H H BA,RA IACT ILLEGAL
L L H L BA,A10 PRE/PALL ILLEGAL
L L L H X REF ILLEGAL
L L L L OC MRS ILLEGAL

Mode register |H X X X X DESL NOP, idle after tMRD

accessing L H H H X NOP NOP, idle after tMRD
L H H L X BST ILLEGAL
L H L H BA,CA,A10 RD/RDA ILLEGAL
L H L L BA,CA,A10 _ WR/WRA ILLEGAL
L L H H BA,RA IACT ILLEGAL
L L H L BA,A10 PRE/PALL ILLEGAL
L L L H X REF ILLEGAL
L L L L OC MRS ILLEGAL

Notes:

1. All entries assumes that CKE was High during the preceding clock cycle and the current clock cycle.l

2. LLEGAL to the bank in specified state; function may be legal in the bank indicated by BA, depending on the state of
that bank.

3. Must satisfy bus contention, bus turn around, write recovery requirements.

4. NOP to bank precharging or in idle state. May precharge bank indicated by BA.

5. ILLEGAL if any bank is not idle.
ILLEGAL : Device operation and/or data-integrity are not guaranteed.
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15. MODE REGISTER FIELD TABLE TO PROGRAM MODES

Register Programmed with Normal MRS

Address |BAO|BA1| A1l |A10/AP| A9 | AB | A7 | A6 | A5 | AA | A3 | A2 | A1 | AO

Function 0 0 0 0 WB| O 0 CAS Latency BT Burst Length
15.1. MRS Mode

CAS Latency Burst Type Burst Length Write Burst Mode

A6 | A5 | A4 Latency A3 Type A2 | A1 | A0 BT=0 BT=1 A9 Type

0 0 0 Reserved 0 Sequential 0 0 0 1 1 0 Programmed Burst Length

0 0 1 Reserved 1 Interleave 0 0 1 2 2 1 Single Location Access

0 1 0 2 0 1 0 4 4

0 1 1 3 0 1 1 8 8

1 0 0 Reserved 1 0 0 Reserved Reserved

1 0 1 Reserved 1 0 1 Reserved Reserved

1 1 0 Reserved 1 1 0 Reserved Reserved

1 1 1 Reserved 1 1 1 Full Page Reserved

15.2. BURST SEQUENCE

ORDER OF ACCESSES WITHIN A BURST
BURST LENGTH STARTING SO UMN
TYPE=SEQUENTIAL TYPE=INTERLEAVED
A0
2 0 0-1 0-1
1 1-0 1-0
A1 A0
0 0o 0-1-2-3 0-1-2-3
4 0 1 1-2-3-0 1-0-3-2
1 0 2-3-0-1 2-3-0-1
1 1 3-0-1-2 3-2-1-0
A2 A1 A0
0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
0 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
8 0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1
1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0
N=A0 — A9 (x8) Cn, Cn+1, Cn+2, Cn+3
Full Page (y) N=AO0 - A8 (x16) Cn+4......Cn-1,Cn... Not Supported
(location 0 —y)
Note:
1. For full-page accesses: y = 1023(x8), 511(x16).
2. For a burst length of two, A1-A9(A8) select the block-of-two burst; A0 selects the starting column within the block.
3. For a burst length of four, A2—A9(A8) select the block-of-four burst; AO—A1 select the starting column within the block.
4. For a burst length of eight, A3—A9(A8) select the block-of-eight burst; AO—A2 select the starting column within the block.
5. For a full-page burst, the full row is selected and —A9(A8) select the starting column.
6. Whenever a boundary of the block is reached within a given sequence above, the following access wraps within the block.
7. For a burst length of one, AO—A9(A8) select the unique column to be accessed, and mode register bit A3 is ignored.
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16. POWER-UP SEQUENCE

16.1. Power-up sequence

1. Apply VDD and VDDQ at the same time. Keep CKE low during power up.
2. Wait for stable power.
3. Start clock and drive CKE high.

Note : Voltage on any input pin must not exceed VDD+0.3V during power up.

16.2. Initialization sequence

After stable power and stable clock, wait 200us.

Issue precharge all command (PALL).

After tRP delay, set 2 or more auto refresh commands (REF).

Set the mode register set command (MRS) to initialize the mode register.

PON=

Note : We recommend that you keep DQM and CKE high during initialization sequence to prevent data contention on the DQ

bus.
Power up seguence N Initialization sequence
: i 200 ps .
i : -
vDD,VDDQ 0V 1 i ) i ) ) ) )
CKE Lo & | | b)) | ) ) » )
i i [
CLK | | pEgHpEpEEpEnEpE jEpN/iEpE ANy
! : ! i «—IRP i tARFC i tARFC i, tMRD
Command ' ; i L (PALL ReF > rer Y mrs »>—{ (< cmo
A
Power stable Clock stable

Power-up sequence and Initialization sequence
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17. OPERATION OF THE SDRAM

17.1. Read/Write Operations
17.1.1. Bank active

Before executing a read or write operation, the corresponding bank and the row address must be activated by
the bank active (ACT) command. An interval of tRCD is required between the bank active command input and
the following read/write command input.

17.1.2. Read operation
A read operation starts when a read command is input. Output buffer becomes Low-Z in the (/CAS Latency - 1)
cycle after read command set. The SDRAM can perform a burst read operation.

The burst length can be set to 1, 2, 4 and 8. The start address for a burst read is specified by the column
address and the bank select address at the read command set cycle. In a read operation, data output starts
after the number of clocks specified by the /CAS Latency. The /CAS Latency can be set to 2 or 3.

When the burst length is 1, 2, 4 and 8 the DOUT buffer automatically becomes High-Z at the next clock after
the successive burst-length data has been output.

The /CAS latency and burst length must be specified at the mode register.

CLK

! tRCD
-_—

Command b ,:ac‘ >< X FI-!E.-‘J.DX
i '
i I

Address >< Row X XC:':-Ium@(
i i

CL=2 {au:E}(GuHKDLt:KSJZE}

-2 {autﬂXcul'XnLt.‘.‘KnLt3}

CL = /CAS latency
Burst Length =4

ICAS Latency

BL=1 4out 0} —————— —
1-:-Ln§}{cut1'; ———————

DG BL=2
—_— D, G, T G, G, Gl ey Gy SEE

BL : Burst Length
fCAS Latency = 2

Burst Length

18
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17.2. Write operation

17.2.1. Burst write or single write mode is selected

1. Burst write: A burst write operation is enabled by setting OPCODE A9 to 0. A burst write starts in the same
clock as a write command set. (The latency of data input is 0 clock.) The burst length can be setto 1, 2, 4
and 8, like burst read operations. The write start address is specified by the column address and the bank
select address at the write command set cycle.

=S I I A B v I O

| {RCD !
i

I
Cornmiand CacT X MR e ——— -
Address {Fow & :?lm v _________________________________________________T//// -—:
4

Burst write

2. Single write: A single write operation is enabled by setting OPCODE A9 to 1. In a single write operation,
data is only written to the column address and the bank select address specified by the write command
set cycle without regard to the burst length setting. (The latency of data input is O clock).

e | L L L L L L

! tRCD '

Command X = X Xwet X
Address XHm. X }(:::-Iumnx

Do \“ ind }
Single write

19
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17.3. Auto Precharge

17.3.1. Read with auto-precharge

In this operation, since precharge is automatically performed after completing a read operation, a precharge
command need not be executed after each read operation. The command executed for the same bank after
the execution of this command must be the bank active (ACT) command.

The next ACT command can be issued at the later time of either tRP after internal precharge or tRC after the
previous ACT.

17.3.2. Write with auto-precharge

In this operation, since precharge is automatically performed after completing a burst write or single write
operation, a precharge command need not be executed after each write operation. The command executed
for the same bank after the execution of this command must be the bank active (ACT) command.

The next ACT command can be issued at the later time of either tDAL from the last input data cycle or tRC
after the previous ACT.

17.4. Burst Stop Command

During a read cycle, when the burst stop command is issued, the burst read data are terminated and the data
bus goes to High-Z after the /CAS latency from the burst stop command.

e ) 1 L ) L ] 1|

|
|
|
Command K READ X ¥ BST ¥ !
|
|

Da ! High-Z
(CL=2) out out >< out :
|
|

High-Z

(CL :Del?} out X out >< out 9

Burst Stop at Read

During a write cycle, when the burst stop command is issued, the burst write data are terminated and data bus
goes to High-Z at the same clock with the burst stop command.

oLk | | | | |
Command X WRITE X X BST X
ba {__in >< in X in >< in

Burst Stop at Write

High-Z
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18. COMMAND INTERVALS

18.1. Read command to Read command interval

1. Same bank, same ROW address: When another read command is executed at the same ROW address of
the same bank as the preceding read command execution, the second read can be performed after an
interval of no less than 1 clock. Even when the first command is a burst read that is not yet finished, the
data read by the second command will be valid.

S [ I I
Command _){__X_Mﬁem}{

| !

-

Address X(EX_OE Q —
i

1
1 1
BS_ N\ L/ N “‘*x
| 1 I )
1 1
DG : T : -.PIJ‘I HDX.J Eﬂ}{pl.‘t B1 X..J H.:XGLII 33{
SankD Column =& Column =B Column =4 CDlJ'ﬂF =B CL=3
Active Read Read Diout Diout BL=4
Bank 0

READ to READ Command Interval (same ROW address in same bank)

2. Same bank, different ROW address: When the ROW address changes on same bank, consecutive read
commands cannot be executed; it is necessary to separate the two read commands with a precharge
command and a bank active command.

3. Different bank: When the bank changes, the second read can be performed after an interval of no less
than 1 clock, provided that the other bank is in the bank active state. Even when the first command is a
burst read that is not yet finished, the data read by the second command will be valid.

cLK [ ] 1 HEEEEEEEEEERE
Command mHEﬁDXHEﬁ_,K

Address X zowgX__ X saut pGoumn dgaume 2

1 | 1
1 T 1
i AR BV N
Do : | T : \‘...Ji HC}{:..J HE}:{:\L.t B 1}-{!}”1 32}{0!.;!: E3‘,-
Bankl Bank3 BankD Bank3 Elaﬁk:l EIanI-cE- CL=3
Active Active Read Read Deout  Dout BL=4

READ to READ Command Interval (different bank)
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18.2. Write command to Write command interval

1. Same bank, same ROW address: When another write command is executed at the same ROW address
of the same bank as the preceding write command, the second write can be performed after an interval of
no less than 1 clock. In the case of burst writes, the second write command has priority.

<Ly e

| 1
i :
Command ){,e.c,l' b qul }{wa

Address qclm
:
BS _ \ |
| bt
DQ : {in A0 ¥in 50 in 81 Xin B2 Xin B2 )
1 1 1
Barkl  Column =A Celumn =8 Burst Write Mode
Active Write Write BL=4

Bank 0
WRITE to WRITE Command Interval (same ROW address in same bank)

2. Same bank, different ROW address: When the ROW address changes, consecutive write commands
cannot be executed; it is necessary to separate the two write commands with a precharge command and
a bank active command.

3. Different bank: When the bank changes, the second write can be performed after an interval of no less
than 1 clock, provided that the other bank is in the bank active state. In the case of burst write, the second
write command has priority.

L I A Ay

-
[

1 I
1 I
1 1
T WRIT {WRITX_
I
1
1

Command )(,qc‘r
;
Address Y Column Ao JTrE}(
i
Bs_ N1/ /i |/ |\

7l .

DQ

I
Banki Bank3 Bankl Bankl Burst Write Mode
Active Active  Write  Wiite BL=4

WRITE to WRITE Command Interval (different bank)
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18.3. Read command to Write command interval

1. Same bank, same ROW address: When the write command is executed at the same ROW address of the
same bank as the preceding read command, the write command can be performed after an interval of no

less than 1 clock. However, DQMU and DQML must be set High so that the output buffer becomes High-Z
before data input.

<15 [ I O B

Command READY WRITY,
-
wam |C=2 /N /
LDQM
CL=3 N /
DQ (input) {inB0 XinB1 XinB2 ¥inB3 )——
; BL=4
. — .
DQ (output) } High-2 i Burst write

READ to WRITE Command Interval (1)

ck [ Ly L L
Command WREADY : }("-“*'R'ITX

I
UDamM /_::ﬁlf
LDGM _\ 12 clock

CL=2 {out ¥ out X out X i|l'| Woin ¥ in X in p—
CL=3 {out X out ¥ i|;'| ®oin Yin ¥ i —

Do

READ to WRITE Command Interval (2)

2. Same bank, different ROW address: When the ROW address changes, consecutive write commands
cannot be executed; it is necessary to separate the two commands with a precharge command and a
bank active command.

3. Different bank: When the bank changes, the write command can be performed after an interval of no less
than 1 cycle, provided that the other bank is in the bank active state. However, DQMU and DQML must be
set High so that the output buffer becomes High-Z before data input.
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18.4. Write command to Read command interval:

1. Same bank, same ROW address: When the read command is executed at the same ROW address of the
same bank as the preceding write command, the read command can be performed after an interval of no
less than 1 clock. However, in the case of a burst write, data will continue to be written until one clock
before the read command is executed.

SES I S
! i
Command \;{ WRIT >< READ X

upam —\\
LDaM

T

1

:

i

:

1
patnout) — ¢ A —t
\ Vo
1

!

:

1

I

1

DQ {output) i { olut BO >< out B1 >< out B2 )Q out B3 }7
Column = A —-i ICAS Latency Burst Wit Mode
Write  column =B Caolumn =B Et ;3
Read Daout Bank 0
WRITE to READ Command Interval (1)
e L [ LI [ L ] 1 1 L L1 |
! | I
Caornmand }}(‘ WRIT \< }{ READ ¥
UDoM ——————, i ;
LDQmM hY ; /
|

i

|

!

|

DQ (input) ——— ¢ in AD nAt L
{input) { :

! |

I i

! |

I

3 -II.- kY J.f LY _I(
DQ (output) 4 |::ut BO :)( out B1 f.\\ out B2 }}g\ out B3 ;}7
Column = & e —— | N Burst Write Mode
Wiite ! '/CAS Latency cL=2
Column=8 Column=B BL=4
Read Diout Bank 0

WRITE to READ Command Interval (2)

2. Same bank, different ROW address: When the ROW address changes, consecutive read commands
cannot be executed; it is necessary to separate the two commands with a precharge command and a
bank active command.

3. Different bank: When the bank changes, the read command can be performed after an interval of no less
than 1 clock, provided that the other bank is in the bank active state. However, in the case of a burst write,
data will continue to be written until one clock before the read command is executed (as in the case of the
same bank and the same address).
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18.5. Read with auto precharge to Read command interval
(concurrent auto-precharge)

1. Different bank: When some banks are in the active state, the second read command (another bank) is
executed. Even when the first read with auto-precharge is a burst read that is not yet finished, the data
read by the second command is valid. The internal auto-precharge of one bank starts at the clock of the
second command.

cwl[ L[ L ] L b 11|
Commandé }(REA:DA X X RE:AD X I I I I
BS ! VAN B . . .
DQ ! | | - (outAD ¥ outAl X outBo ¥ outBi X
banko bank3
Read A Read CL=3

Mote: Internal auto-precharge starts at the timing indicated by " " "

Read with Auto Precharge to Read Command Interval (Different bank)

2. Same bank: The consecutive read command (the same bank) is illegal.

18.6. Write with auto precharge to Write command interval
(concurrent auto-precharge)

1. Different bank: When some banks are in the active state, the second write command (another bank) is
executed. In the case of burst writes, the second write command has priority. The internal auto-precharge
of one bank starts at the next clock of the second command.

4
okl L[ 0 [ 7 °/ [’ 1[I [

Commandi }{WRI:TA X X WF%IT X . . .
i N N A/ W J J J
Dc}’—( inA0 ¥ inA1 X inBO ¥ in B1 X in B2 " in B )

bank0 bank3 _
Write A Write BL=4

MNote: Internal auto-precharge starts at the timing indicated by " .* ",

Write with Auto Precharge to Write Command Interval (Different bank)

2. Same bank: The consecutive write command (the same bank) is illegal.
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18.7. Read with auto precharge to Write command interval

(concurrent auto-precharge)

1. Different bank: When some banks are in the active state, the second write command (another bank) is
executed. However, DQMU and DQML must be set High so that the output buffer becomes High-Z before
data input. The internal auto-precharge of one bank starts at the clock of the second command.

o[ L L[ L [ [0 1 Lo 1] 1
Command | YREADA Y_WRIT X ' ' ' '
BS | E \
upaMm (‘cL=2!" 7 T\
LDQM :

P

\CL=3; \
DQ (input) | +—(in

[ R e

50 NinB1 XinB2 X inB3 ) |

DQ (output)

| High-Z ! P .

bank0  bank3 BL=4
ReadA  Write
Note: Internal auto-precharge starts at the timing indicated by " ‘ "

Read with Auto Precharge to Write Command Interval (Different bank)

2. Same bank: The consecutive write command from read with auto precharge (the same bank) is illegal. It
is necessary to separate the two commands with a bank active command.

18.8. Write with auto precharge to Read command interval

(concurrent auto-precharge)

1. Different bank: When some banks are in the active state, the second read command (another bank) is
executed. However, in case of a burst write, data will continue to be written until one clock before the read
command is executed. The internal auto-precharge of one bank starts at the next clock of the second

DQ (output)

out B0 XoutB1 xXoutB2 XoutB3

command.
ck[ L[ [ 1 L I 1 | L/ b7 1 [—

Commandi Y WRIITAf:' READ X

s\ P
UDOM —— : : : : : s '
LDOM . LN . ; . ; ; L ,
| : : : : : : : :
DA (input) —in AD_)— | | | | | |

bank0 bank3 CL=3
WriteA Read BL=4

Note: Internal auto-precharge starts at the timing indicated by " { "

Write with Auto Precharge to Read Command Interval (Different bank)

2. Same bank: The consecutive read command from write with auto precharge (the same bank) is illegal. It
is necessary to separate the two commands with a bank active command.
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18.9. Read command to Precharge command interval (same bank)

When the precharge command is executed for the same bank as the read command that preceded it, the
minimum interval between the two commands is one clock. However, since the output buffer then becomes
High-Z after the clocks defined by IHZP, there is a case of interruption to burst read data output will be
interrupted, if the precharge command is input during burst read. To read all data by burst read, the clocks
defined by IEP must be assured as an interval from the final data output to precharge command execution.

T I S e |
Command }( READ I i XPQE;FA'L}{ i
DQ : {:: out AD / out A1 \\ out A2 / out A3 \'
1 - - : : T
CL=2 IEF = -1 oycle
READ to PRECHARGE Command Interval (same bank): To output all data (CL =2, BL = 4)
o | L] L L L b L [ 1 4 L] |
Command >< READ ; i ><:HE-'PF-.L_>< i
DQ : < out A0 \ out A1 X out A2 : out A3 }
*' L B = 2 Cyole
READ to PRECHARGE Command Interval (same bank): To output all data (CL = 3, BL = 4)
e L L0 L o L0 L0 LI Lf L
Command \ READ KF‘FE."D.&.LLX i
E i High-Z
L] { outAl
i —
1 I 1
HZP =2

e | 4 L L L1 L1 1
Command >< READ XDHE-‘PALLX

DG

Ty High-Z

out A0

|

- 2
IHzP =2

READ to PRECHARGE Command Interval (same bank): To stop output data (CL=3,BL =1, 2, 4, 8)
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18.10. Write command to Precharge command interval (same bank)

When the precharge command is executed for the same bank as the write command that preceded it, the
minimum interval between the two commands is 1 clock. However, if the burst write operation is unfinished,
the input data must be masked by means of DQMU and DQML for assurance of the clock defined by tRDL.

Ll
I 1

|
1
Command X WRIT X i XFRE.'PALLX
I
I
I
I
[}

cx | [ L] |

uDam
LDQM \
b {nmo Y At Y a2 )

T

e [ L L] L LI |

Command )( WRIT X XPRE.'PALLX
T
|
el ——\ /

I

DQ —< in AD X in A1 X in A2 X in A3 ), E

——-
tRDL

WRITE to PRECHARGE Command Interval (same bank) (BL = 4 (To write all data))
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18.11. Bank active command interval

1. Same bank: The interval between the two bank active commands must be no less than tRC.
2. In the case of different bank active commands: The interval between the two bank active commands must
be no less than tRRD.

T3 e e e s 1 e s s Y Y A

p
Address:>< ROW X 35 X ROW X
) )

| tRC |

Bank Active to Bank Active for Same Bank

T I I S e B e
I I
Command >< ACT >< >< ACT ><
i i

Address RO;W:D X X ROijﬂ X
« T\ /7 TN

tRRD i

Bank 0 Bank 3
Active Active

Bank Active to Bank Active for Different Bank

Mode register set to Bank active command interval

The interval between setting the mode register and executing a bank active command must be no less than

tMRD.
ck [ | L] |
1 |
Command X MRS y ><I ACT ><
; VAN \ I
Address rh:‘O F'CIO DEX \)<BS &LROW[K

T
|
I
1
I

-~
' tMRD |
Mode Bank
Register Set Active

Mode register set to Bank active command interval
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18.12. DQM Control

The DQMU and DQML mask the upper and lower bytes of the DQ data, respectively. The timing of DQMU
and DQML is different during reading and writing.

18.12.1. Reading
When data is read, the output buffer can be controlled by DQMU and DQML. By setting DQMU and DQML to
Low, the output buffer becomes Low-Z, enabling data output. By setting DQMU and DQML to High, the output

buffer becomes High-Z, and the corresponding data is not output. However, internal reading operations
continue. The latency of DQMU and DQML during reading is 2 clocks.

18.12.2. Writing

Input data can be masked by DQMU and DQML. By setting DQM to Low, data can be written. In addition,
when DQMU and DQML are set to High, the corresponding data is not written, and the previous data is held.
The latency of DQMU and DQML during writing is O clock.

CLK
| 1
UDQM a \ !
LDQM | i
High-Z
DG Couto X out1 p—A_outd p—

| /DOD = 2 Latency

Reading
|
CLK
I
upam /T N,
LDGM !
l
DQ in0 X in1 in 3
/DID = 0 Latency
Writing
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18.13. Refresh

18.13.1. Auto-refresh

All the banks must be precharged before executing an auto-refresh command. Since the auto-refresh
command updates the internal counter every time it is executed and determines the banks and the ROW
addresses to be refreshed, external address specification is not required. The refresh cycles are required to
refresh all the ROW addresses within tREF (max.).

The output buffer becomes High-Z after auto-refresh start. In addition, since a precharge has been completed
by an internal operation after the auto-refresh, an additional precharge operation by the precharge command
is not required.

18.13.2. Self-refresh

After executing a self-refresh command, the self-refresh operation continues while CKE is held Low. During
self-refresh operation, all ROW addresses are refreshed by the internal refresh timer. A self-refresh is
terminated by a self-refresh exit command. Before and after self-refresh mode, execute auto-refresh to all
refresh addresses in or within tREF(max.) period on the condition 1 and 2 below.

1. Enter self-refresh mode within time as below* after either burst refresh or distributed refresh at equal
interval to all refresh addresses are completed.

2. Start burst refresh or distributed refresh at equal interval to all refresh addresses within time as below*
after exiting from self-refresh mode.

Note : tREF(max.) / refresh cycles.

18.14. Others

18.14.1. Power-down mode

The SDRAM enters power-down mode when CKE goes Low in the IDLE state. In power down mode, power
consumption is suppressed by deactivating the input initial circuit. Power down mode continues while CKE is
held Low. In addition, by setting CKE to High, the SDRAM exits from the power down mode, and command
input is enabled from the next clock. In this mode, internal refresh is not performed.

18.14.2. Clock suspend mode

By driving CKE to Low during a bank active or read/write operation, the SDRAM enters clock suspend mode.
During clock suspend mode, external input signals are ignored and the internal state is maintained. When
CKE is driven High, the

SDRAM terminates clock suspend mode, and command input is enabled from the next clock. For details, refer
to the "CKE Truth Table".
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19. TIMING WAVEFORMS

19.1. Read Cycle

RN B U N SN SANID SR\ (NI SR\ NIV G NIVAR N

tRC

— VIH
CKE - 1RAS

'RP
(S tHE s el 51 | tHl | 151 | =

|

SR U e W - -

ts1] tHI 1Sl | HI

s T T X o N

sl | tHI 51| tHl o
tSl | tHI S Rl

cas LLLIA 72, S /A, I ‘sz

YT A T

NS7777, G 777 i /A W A/, @ /777
= ) 151

W G 77, B 7,

we 22/ (L iy ‘ﬁi'jV///////////A' A
e WA/ AIAIIYY, LS A S S S

DQ (input)

_ISHZ

isAC, |gsAc, Lisac
o0 ot WQ@(W,]@
(SAC - = —

tOH tOH tOH o ICAS latency =2

Bank 0 Bank 0 Bank 0 Burst length = 4
Actwe Read Precharge Bank 0 access
= VIHor VIL

=VOH or VOL
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19.2. Write Cycle
CKE " tRAS tRP
51| tHl [ 1] th 51| i tsi| tHi
ics /‘ L - 1 \tj Lj
s T T W e e
I B i R R
we 2270 | Yt |
w T T i AL i 1
w0 TN | Nz 77227777 777 2 Ve

N7, BB 77, B 7 7, G

151 tHI

\oan Lz | V07
_— t51 | 111 pst| e psi | s s
DQ (output) =
vy k0 Prethare sLoa

Bank 0 acceas
="/IH or VIL
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19.3. Mode Register Set Cycle

L T S S S S S S S S

e SN AN AL A AT A

RAS /070 LLLLZDN, L2 77707 72T LN, ST 7 s

icas ZZ77T XTI, W77 W 77777/ M I/ /I R/ AP,

WE L7000 Y7700 PO 77777 T T2Z727 7] A I 7N 7777777

68 77777270 L2 77T I 2
C: C:

K=
é

1
Address 7, valid

unam 7777 i T 7777 7 77 7777 7777 o | ST
o T R T A O N T T S S sy . !
B e I A = :
e T o s Sy P ey o o
| —————— ] L0

+ * * * Output mask

Precharge Mede Bank 3 Sank 3 ICAS latency = 3

fneeded register Active Read -
i Burst length = 4

=VIH or VIL

19.4. Read Cycle/Write Cycle

1 2 3 4 5 6 7 8 85 10 11 12 13 14 15 16 17 18 19 20

0

CKE — VIHT T T

Read cycle
IRASJCAS delay =3
ICAS latency = 3

T
]
]
1
7 Burstlength = 4

UDQM, LDaM ! :
DQ (output) — —— ' a-
It I : : I 1 1 1 L 1 1 L
DQ (input) I zarsg | I gansg ! Barmz | | Eark: Zamw I garx: | gank3z ! ! Iozamks | !
: Asts : : Ress : Atthos : : Besd  Erschargs : Besd : Ress : : : -‘unmél :
1 i 1 1 i | i 1 1 i i i 1 i 1 i 1 | 1 i 1 ]
S T O O I S A S T O -+ -
1 ] 1 1 [} 1 [} 1 '{4 an =
[l V4 V4 VY RV \' AN NLT T T AT 1 icASiatency =3
IRAS I : ! I . ' \ T t I%Tr?ltgr ‘ TL
s1=V
ICAS 222/ : i : i : ITI77IN 777,
WE £277 I NLLLA KT MMW
I

|
BS |

Address ////////////

UDQM. LDQM 777777777?3. L m: A : L v
DQfoutout) ——— 1 .Hm S S St ESY S S
DQ (input) ——————— 2 }(a+1)(a+ Har3)+—b_ Kb+ 1](b+ 2)(b+3){b )(h - ’D{b W Y ———
ﬂl" e ' ! Elﬂl o BIIHI 3 ! ' Eﬂl" 3 : EIHK a EIII'I Bll'rl 3 ! ! ! illﬂ'. 3 ' !
Acttie Wrie Acthe Wirte Precharge Wrize Write Frecharge
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19.5. Read/Single Write Cycle

0 1 2 3 4 5 6 7 &8 9 10 11 12 13 14 15 16 A7 18 19 20

CKE ™1 vk R ! |
; AL

os A A
| V/////////?\. V7 X7,

Ras 220, LTI O LTI 77|
ICAS ZZZ: W/_W?\.' /’;71 ¢7/_?ﬁ7%777& :
WE 27T W L ARR SIS II IS IIIIN ,f V/////////)\ Y227,

85 ZZA! | GNT7/ 777777 R 777777 1o L7
EY 0 ) anc:

DO{IHDUtJ _ (a1
DQ (output) : : : : : : : a_ja+1)ar2)a+3 : : : : : a : :
oxe —| Wi————————————
es LN/ PNL/ANLAT T T TN L TN
IRAS ZLIN WZTLTT N LTI 77T AL LI
icas ZZLTN AN L SN N A
we L7 XL ‘({A/: YA LSO AN A S
BS /770 WW?A. ! | LA | AR L

Address : : #ChXCic)
uDQM, LDGM 7777777777777}, AN /72 /o X
DQ (input) : ; : : ————+—(@ : h ¥e

1 | i i | 1 1 1 1 1 1 1 1 1 1
DQoutput) 44—+ L G Yarfm -t
| 1 1 | | 1 | [ | 1 1 | 1 1 1 1 1 |
Eank D Sark 0 Sank 3 Eankd Bank 0 Sark D Eank 0
Arive Read Arthe Write \Wirite  ‘WAiTBe Precharge

Read/Single write
RAS-CAS delay =3
fCAS latency = 3
Burs length =4

=VIH or VIL

35



:)h PT481608FHG

TECHNOLOGY PT480816FHG
19.6. Read/Burst Write Cycle
10 11 12 13 14 17 18 19 20
CLK
S O I O S B A
ICS 1 i /1 | _‘_}." ! ! ! ! ! J_/.fl ! ! ! '\Li_‘,-:_': i

IRAS 770\ f’/////f Y//;\ Y7/t A AR/ s W /7 W7
1cas 2T 27 LT TN 77777 T AT X
WE 7T IZZ7T T NI A L7777 A, LT
BS 2220 L7777 7T T2 77 77 777777 7777 7T L,

Address 77 A Ral /X Cap R K ot AR ////////////////
uDQM, LDaM /////////////A' i NN S IIIIN i | [
DQ (input) I I l ——t | -

| |

o | |
DQ (output) —! ! ! ' .
| I
| I
I
I

T
(a .313@@1m‘ i
’f a ¥a+ I:{a+2! at3 p= ' i T

EankD

T

1 ] ] ] 1

1 1 1 1 1

a2 T o T A '

Active He: J’-CII ) | | suspand | 1 Virfe 1 | | | Precharge| Pracharge

J— \'l_'l I I I I I 1 1 I 1 1 1 1 1 1 1
CKE T o T R R R
s T\ /i \ ‘.—\J_/ T Ty A

Ras 22! ;V////f NN/ 7 777/ 7777k \CALA 111174742V 14117
NLLLIN, VT LD 7T 0 PIZ 7777 77T 7z

WE P71 X7 A IO, PII IS IITIIAN LI

uDQM, LDaM /////////////// ' f'_ W V//////////////

DQ (input) —— : ——(@_Ka+fa+2a+3)-
1 1 | | | | 1 1
Da (output) ———F—F— 11— ' {a xa+| (at3r—— N N S I I I I
| | 1 1 | | | T 1 1 1 1 | | | 1 1 | |
© BakD © BamkD  mamka ’ ’ " Bawn ’ ) ) " BawD ) )
Active FRead Achve Witz Prechange

Read/Burst write
/RAS-/CAS delay = 3
ICAS latency = 3
Burst length = 4
=WVIH or VIL
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19.7. Auto Refresh Cycle

CLK e

CKE 1t viH+
I l
I

1 I I I
1 1

¥ ¥ I I
L] 1 I I
I I I I

I 1 I I l I
I 1 1 I I ¥
1 1 | 1 ] I
I I I I I I
I | I | l I

IC5

Ras m /7777)6 ////////////A' /7777777?7772\! MW

P /.///' V///A. /,I///_//(//{’/{/A; /y////////////. V/)\. ".///.//.//
IWE ' ! ! ! !
Bs 7/ 77 7777 77777777777 77 7777 /7T L ! MIII

saaress 77 Mo/ A L S LA LA LA L A R a
e

I l I I
I' I I I
I 1 I |
I I I I
I I I I

1
1
DQ III"II]\]IJ I i ] 1 1 i I 1 ] 1 I ] | ] ] I I 1 I ] I
e e i RS : :
DQ (oumuu ; ; 'l L : L L 1 L ' 1 H h_z 1 L i L ' I . I a 3}1
I 1 ] * 1 1 ] 1 I [ I [ I [ [] 1 ] 1 1 ] 1
IO S L ' |
\ Refresh cycle and
Acli G
rrfmgergde Auto Refresn Auto Refresn 5:”;‘50 55:30 Read cycie

IRAS-JCAS delay =2
JCAS latency =2
Burst length = 4
=VIH or VIL

19.8. Self Refresh Cycle

s TN\ AN 2777 :' E'I}}'\._ZS' Y777 T
RAS W’A /////A' zV//AIM{M' / V//)c MV///////Al /77777/‘7
AWE //Al /////// - MWMZ{Z/‘ ' ‘QI!M/ZJ. *4/14'14(4
mmmmmmmzm
Aadress 772% Y////////////!Y///f//////)ﬁV//////SV//////////////////

\ow ZZZZZZ L7777 7777777 M7 7727 777 7737 777772
P | ! 0 HEHE I Y H (e ! I S N
Vi GRS S N T I D T R R
DQ (output) :,#l 51 1 High-Z (¢— ] SS [ ] [ ] ]
I I ¢ T 1 : t:qR o 1 : : 1
tRP ' HARFC
Frecrar?e command  Self :nes'l entry 53, reen exit htt t I refresn ant NIeIrt HIJ‘!J Self refresh cycle
If needed command igncre Command Soak oo reresh eniry cioct  refesh  /RAS-/CAS delay =3
or Ko operation &nable enatie CL=3

8L =4
= VIH or VIL
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19.9. Clock Suspend Mode

9 I i1z 13 14 15 16 17 18 1% 20

CLK
CKE ~1 i1 1 1 | Readcyce

| T T |
| | | 1 1 |

- | 1 | 1 : . . + 1 | [ IRAS-JCAS delay =2
| | ] |

LI AT A S LIZPN [777 Eiurstlength vy

IRAS
icas 7777 LI 7777777 A 7T ‘(//////////AI ,f: RIZZLT 777, A= R eV
WE : - .  PTTTA P77
BS 77 A 577777’777’77}. ."'//)’. V///////////. ‘\. VAP T I PI
Address 7 XAl A AN A RN A L A A VDN A A
UDGM, LDGM ////////////////)\' N R S R N .7 N N R N
DQ foutput) —————+——+—————+—————1———{a_Nasi¥g=2 __ ararr—{o_Ko=1Mbe2Mpea)
S L O O e = e i
: ankil *.:tv:coln : .I*.: v.-:+o-ch L'HC: Bark3 IRe{:Istpn:I: %eacls.:;er: Sanks ja'n'.:l: : Ear ::IB:I'IP.B :
CKE : '“:LI :.:SD-H:I':':r i :s.:crl:lz'm -I\:au : Ac:lle E ::¢|1. : c:':l Hela: F:l\c\:r'arrc :Fre:l':'uel : Wirite wcl&
N Win777777 W77 777 W e e W i el el
IRAS 27 J72 77777777 | P77 7777774 \ P77 777A F777, Bustlengh=4
(as | ! A : L L — FEA=VIHor VIL
IWE 2777 Kﬁé}{[é.{[z.ﬁz&' /\ “(///////////\l \ fAPES AN S
65 ZZAL JT7L 77707270, | N7 87770 N\ PI7 7777 L2
Address 77 KRN A s o K CaNRl b}.f///////////}:ic h)f//////// L
UDGM, LDQM 277 F o o o A bl | | PP AAA 0 1 1 /
e
04Q (input) i i i i i i i Ilammm i : :
L *I.J Ei st Bank?
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19.10. Power Down Mode

e s (A

icS oA \\_ 7777 N2 e
IRAS 777/7)' f:///:/ﬁi wﬂmm
ens ZIT I AR IIT I,
JWE mi /}'L“I W. ?E MW

pores e D(?’////////////.’/SS{////////X:R DA77,
O 7777/ 77777 77777 Z A7 77777 77 777 7777 7770

[ 1 | I ] 1 1 | ]
DQ (input) ! i I : ')5 : : I I i
! 1 | I ) | 1 1 | ]
DQ (output) I —— Mgz
I ] ' I | | | | 1
* tRF:- + + 1 1 1
Crecn . Eower down ent S Power down cycle
T " O SR [RAS-/CAS delay = 3

Active Bank 0 /CAS latency = 3
Burst length =4
7= VIHor VIL

19.11. Initialization Sequence

)

=

T
T T
ju_a
=
LT
R
--L ___|.U|
T
.._[_i

cas 724 ST NTZLZNL 7777777777770, 47778 Y777727

we 228 \ZZZAL_ 720 7] N qrZ pr 7277z 7273 § Z7Z7Z7N 777

] | 1 | | | 1 |
Adgaress 7/ . jaﬁdl (L L L LY °=de (IM"I/'
i i i i i i i i i i i i i i i | i | i i i
UDQM IUIHI L 1 1 1 L 1 L 1 1 1 L{ 1 1 L 1
1 | 1 I 1 | ] I 1 | 1 | ] I 1 | ] I 1 | 1
LDQM5S=!=i=!!!iiii=351.=liiili
DQ 5 1 1 1 I 1 1 I I 1 ] I l |)S_r_HI?hZI I 1 1 ] 1
! :W: ¢ . - 4 I ! H
| | RP I ] 1 TARFC 1 ] 1 I 1 tARFC | ' tMRD | 1
4 A ) A L
Prosise Auto Refresh Auto Refresh Yoderegiier  Raniielee
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20. PACKAGE DIMENSIONS

20.1. 54L-TSOP (I1) 400 mill

54 28
HHHHEHAHHAAHAAHARHAAHARHAARHA [ =

3
Z
Bl |H
O
U - - - - - - —7/ 1 —
HHEHHHHEHHHHHdHEHdHEEHEEEHEE | =
i 4u 7
bf | —
e —
D ﬁ ’-‘r |
I /
-
\ F T e N =TT =T=F. Jaf A Fgl
A Al -
B =i SEATING PLANE
Controlling Dimension : Millimeters Note: * is only for -7S
DIMENSION DIMENSION
MM) (INCH)
SYMBOL
MIN. NOM. MAX. MIN. NOM. MAX.
A — — 120 — — 0047
Al 005 —_ 015 0.002 e 0.006
2 095 1.00 103 0037 0.0%9 0041
b 030 —_— 045 0012 — 0018
c 0.2 e 021 0.005 e 0.008
D 2209 2222 2235 0870 0.875 0880
E 1003 1016 1029 0395 0400 0405
Hg 1156 1176 1196 0455 0463 0471
=) — 0.80 — — 0.031 —
L 040 050 060 0.016 0.020 0024
L1 — 00 e e 0.031 J—
Y —_ J— 0.1 (:0.08) — — 0.004 (+0.00315)
7D — 0.71 _— _— 0.028 J—
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21. REVISION HISTORY

VERSION DATE PAGE DESCRIPTION
AQ0 2010/07/02 — Preliminary datasheet
A01 2011/1/18 8 Modify IOH, IOL

Important Notice

Pointec products are not designed, intended, authorized or warranted for use as components in systems
or equipment intended for surgical implantation, atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control
instruments, or for other applications intended to support or sustain life. Further more, Pointec products
are not intended for applications wherein failure of Pointec products could result or lead to a situation
wherein personal injury, death or severe property or environmental damage could occur.

Pointec customers using or selling these products for use in such applications do so at their own risk
and agree to fully indemnify Pointec for any damages resulting from such improper use or sales.
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