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MD56V62169M-xxTAO7AL

4-Bankx1,048,576-Wordx16-Bit SYNCHRONOUS DYNAMIC RAM

DESCRIPTION

The MD56V62169M-xxXTAO7AL is a 4-Bank 1,048,6-word 16-bit Synchronous dynamic RAM
fabricated in LAPIS Semiconductor’s silicon-gate OBltechnology. The device operates at 3.3V. The
inputs and outputs are LVTTL compatible.

FEATURES
Product Name MD56V62169M-xxTAO7AL
xx indicates speed rank.
Organization 4Bank x 1,048,576Word x 16Bit
Address Size 4,096Row x 256Column
Power Supply VCC (Core) 3.3V+0.3V
Power Supply VCCQ (1/0) 3.3V+0.3V
Interface LVTTL compatible
Operating Frequency Max. 166MHz (Speed Rank 6)
Operating Temperature 0to +70°C
Functions General-purpose SDRAM command interface
/CAS Latency Mode register CL setting: 2, 3
Burst Length Mode register BL setting:1, 2, 4, 8, Full page
Burst Type Mode register BT setting: Sequential, Interleave
Write Mode Mode register WM setting: Burst, Single
Refresh Auto-Refresh: 4,096cycle/64ms(0 to 70°C)
Self-Refresh
Package 54 pin 400 mil Plastic TSOP(2)
Cu Frame, Halogen-Free, Pb-Free
(P-TSOP(2)54-P-400-0.80-ZK)

PRODUCT FAMILY

Vee Speed Family Max. Access Time (Max.)
rank Frequency tAC2 tAC3
-6 MD56V62169M-6TAO7AL 166MHz 5.4ns 5.4ns
-7 MD56V62169M-7TAO7AL 143MHz 5.4ns 5.4ns
3.0V to 3.6V
-75 MD56V62169M-75TAO7AL 133MHz 5.4ns 5.4ns
-10 MD56V62169M-10TAO7AL 100MHz 6ns 6ns
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MD56V62169M-xxTAO7AL

PIN CONFIGURATION (TOP VIEW)

54-Pin Plastic TSOP(Il)

(K Type)
Vec[1] @ 54 Vss
DQO[2] 53| DQ15
VCCQE @VSSQ
DQ1[4] 51| DQ14
DQ2[5] 50| DQ13
VssQ[6] 49 VecQ
DQ3[7] 48| DQ12
DQ4[8] 47]DQ11
VecQ[9] 46] VssQ
DQS5[10] 45| DQ10
DQ6[11] 44| DQ9
VssQ@ EVCCQ
DQ7[13] 42| DQ8
Vec[14 41] Vss
LDQM(15 40|NC
IWE[18] 39| upaMm
ICAS[17] 38| CLK
IRAS[18 37| CKE
ICS[19 36|NC
A13[20] 35) A11
A12[21] 34) A9
A10[22) 33] A8
A0[23] 32 A7
A1[24] 31) A6
A2[25] 30| A5
A3 |26} 29 A4
Vcclz 2__8|VSS
Pin Name Function Pin Name Function
CLK System Clock ubQMm, LDQM Data Input / Output Mask
/CS Chip Select DQi Data Input / Output
CKE Clock Enable VCC Power Supply (3.3V)
A0 to A11 Address VSS Ground (0V)
A12,A13 Bank Select Address VCCQ Data Output Power Supply (3.3V)
/IRAS Row Address Strobe VSSQ Data Output Ground (0V)
/CAS Column Address Strobe NC No Connection
/WE Write Enable

Note : The same power supply voltage must be provided to every VCC pin .

The same power supply voltage must be provided to every VCCQ pin.

The same GND voltage level must be provided to every VSS pin and VSSQ pin.
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MD56V62169M-xxTAO7AL

PIN DESCRIPTION

CLK

Clock (Input)
Fetches all inputs at the “H” edge.

CKE

Clock Enable (Input)

Masks system clock to deactivate the subsequent CLK operation.

If CKE is deactivated, system clock will be masked so that the subsequent CLK operation is
deactivated. CKE should be asserted at least one cycle prior to a new command.

/CS

Chip Select (Input)

Disables or enables device operation by asserting or deactivating all inputs except CLK, CKE
and UDQM, LDQM.

/IRAS

Row Address Strobe (Input)

Functionality depends on the combination with other signals. For detail, see the function truth
table.

ICAS

Column Address Strobe (Input)

Functionality depends on the combination with other signals. For detail, see the function truth
table.

IWE

Write Enable (Input)

Functionality depends on the combination with other signals. For detail, see the function truth
table.

A12,A13
(BA1,BAO0)

Bank Address (Input)

Slects bank to be activated during row address latch time and selects bank for precharge and
read/write during column address latch time.

A0 to A11

Row & column multiplexed. (Input)
Row address : RAO — RAM1
Column Address : CAO — CA7

DQO to DQ15

3-state Data Bus (Input/Output)

ubQMm, LDQM

DQ Mask (Input)
Masks the read data of two clocks later when DQM are set “H” at the “H” edge of the clock

signal. Masks the write data of the same clock when DQM are set “H” at the “H” edge of the
clock signal. UDQM controls DQ8 to DQ15, LDQM controls DQO to DQ?7.

VCC, VSS

Power Supply (Core), Ground (Core)
The same power supply voltage must be provided to every VCC pin.
The same GND voltage level must be provided to every VSS pin.

VCCQ, VSSQ

Power Supply (1/0), Ground (I/O)
The same power supply voltage must be provided to every VCCQ pin.
The same GND voltage level must be provided to every VSSQ pin.

NC

No Connection
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MD56V62169M-xxTAO7AL

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on Input/Output Pin Relative to VSS VIN, VOUT -0.5t0 VCC+0.5 \%
VCC Supply Voltage \Y/ol6] -0.5t0 4.6 \Y
VCCQ Supply Voltage VCCQ -0.5t04.6 \Y,
Power Dissipation (Ta=25°C) PD 1000 mwW
Short Circuit Output Current 108 50 mA
Storage Temperature Tstg -55 to 150 °C
Operating Temperature Topr O0to+70 °C

Notes: 1. Permanent device damage may aéédnsolute 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.
4. The voltages are referenced to VSS.

Recommended Operating Conditions (1/2)

Ta=0to +70°C

Parameter Symbol Min. Typ. Max. Unit | Note

Power Supply Voltage (Core) VCC 3.0 3.3 3.6 \% 1,2,3

Power Supply Voltage (I/0) VCCQ 3.0 3.3 3.6 vV | 1,2,3
Ground VSS, VSSQ 0 0 0 \Y

Notes: 1. The voltages are referenced to VSS
2. Arrange a capacitor near the power supply terninalevent a change in high transitional power supply.
3. Use the power supply whicledame stable voltage regulations.

Recommended Operating Conditions (2/2)

Ta=0to +70°C

Parameter Symbol Min. Max. Unit Note
Input High Voltage VIH 20 VCC +0.3 \Y, 1,2
Input Low Voltage VIL -0.3 0.8 V 1,3

Notes: 1. The voltages are referenced to VSS.
2. The input voltage is VCC + 0.5V when the pulse width is less than 20ns (the pulse widthréspett
to the point at which VCC is applied).
3. The input voltage is 0.5V when the pulse width is less than 20ns (the pulse width respect to the point at
which VSS and VSSQ are applied).
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Pin Capacitance

Ta =25°C, VCC =VCCQ = 3.3V, f=1MHz

Parameter Symbol Min. Max. Unit
Input Capacitance (CLK) CCLK — 4 pF
Input Capacitance
CIN — 5 pF

(A0 to A13, /RAS, /CAS, /WE, /CS, CKE, UDQM, LDQM)

Input/Output Capacitance (DQO to DQ15) CouT — 6.5 pF

DC Characteristics (Input/Output)

Ta=0to +70°C
VCC =VCCQ = 3.3V+0.3V

Parameter Symbol Condition Min. Max. Unit
Output High Voltage VOH IOH = -0.2mA 2.4 — \%
Output Low Voltage VOL IOL = 0.2mA — 0.4 \Y,
Input Leakage Current ILI 0V <VIN <VCCQ -10 10 MA
Output Leakage Current ILO — -10 10 MA

Note: The voltages are referenced to VSS.
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MD56V62169M-xxTAO7AL

DC Characteristics (Power Supply Current)

Ta=0to +70°C
VCC =VCCQ = 3.3V+0.3V

c MD56V62169M-xxTAO7AL
ondition
Parameter | Symbol -6 -7 -75 -10 Unit | Note
Bank CKE Others | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
Average Power tcc = Min.
One Bank
Supply Current | lcc1 Active CKE > V|H|trc =Min.| — | 120 — [100| — | 90| — | 70 | mA | 1,2
(Operating) No Burst
Power Suppl
c i | All Banks CKE > Viultee = Mi
urrent cc2 Precharge >Vytcc=Min| — | 50| — | 40| — | 35| — | 30 | mA 3
(Standby)
Average Power
Supply Current | 4 Banks |~kg <y — M
cCc3s : <ViLfcc=Min| — | 4 | — | 4 | —| 4 | —| 4 |mA| 2
(Clock Active
Suspension)
Average Power
Supply Current | One Bank Y
cc3 ~° "ICKE=V|Hltcc=Min| — | 50 | — | 45| — | 40| — | 35 | mA | 3
(Active Active
Standby)
Power Supply 4 Banks |~kE > Vidltee = Mi
Current (Burst) loca | “active |CKE = VIH{tcC =Min| — | 160 — | 140| — | 130 — | 100 mA | 1,2
Power Supply -
tcc = Min.
Current loos | 4 oanks CKE?VIHtgg=Min_ — 160 — | 140| — | 130| — |100| mA | 2
(Auto-Refresh)
Average Power
s g | All Banks CKE < V1! ltee = Mi
upply Current | lcce | precharge|CKE <VIL[ICC =Min| — | 3 | — 1 3 | — 1 3 | —| 3 | mA
(Self-Refresh)
Average Power
s g | All Banks CKE < Vi ltee = Mi
upply Current | lcc7 |procnargeCKE <VIL[ICC =Min| — | 3 | — 1 3 | — | 3 | —| 3 | mA
(Power Down)

Notes: 1. Measured with outputs open.
2. The address and data can be changed once or left unchanged during one cycle.
3. The address and data can be changed once or left unchanged during two cycles.
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MD56V62169M-xxTAO7AL

AC Characteristics (1/2)
Ta=0to +70°C
VCC = VCCQ = 3.3V+0.3V

Note1,2
MD56V62169M-xxTAO7AL
Parameter Symbol -6 -7 -75 -10 Unit | Note
Min. | Max. Min. | Max. Min. | Max. Min. Max.
Clock Cycle | CL=3 | tccs 6 — 7 — 75 _ 10 ns
Time CL=2 | tcco | 10 — 10 - 10 — 10 ns
Access Time | CL=3 | tacs — 54 — 5.4 — 54 — 6 ns 34
from Clock | cL=2 | taco | — 5.4 — 5.4 — 5.4 — 6 ns | 34
Clock High Pulse
Time tCH 2 — 2 — 2.5 — 3 — ns 4
Clock Low Pulse Time| tCL 2 — 2 — 25 — 3 — ns 4
Input Setup Time tSl 1.5 — 1.5 — 1.5 — 2 — ns
Input Hold Time tHI 0.8 — 0.8 — 0.8 — 1 — ns
Output Low
Impedance Time tOLZ 2 _ 2 _ 2 _ 2 _ ns
from Clock
Output High
Impedance Time tOHZ | — 5.4 — 5.4 — 5.4 — 6 ns
from Clock
Output Hold from oH | 2 | — | 2 | — | 25| — |25 | — | ns | 3
Clock
Random Read or
tRC — — — 7 —

Write Cycle Time €0 60 €5 0 ns
RAS Precharge Time | tRP 18 — 18 — 18 — 20 — ns
RAS Pulse Width tRAS | 42 10° | 42 10° 45 10° 50 10° ns
/RASt/CASDelay | \oon | 48 | — | 18 | — | 18 | — | 20 | — | ns
Time
Write Recovery Time | tWR 2 — 2 — 2 — 2 — Cycle
/RAS to /RAS Bank | grp | 10 | — | 10 | — | 15 | — | 20 | — | ns
Active Delay Time
Refresh Time tREF — 64 — 64 — 64 — 64 ms 5
P - Exi tg1+ tg|+ tg|+

ower: c.iown xit {PDE Sl o S| . S| o tSI+ o ns
setup Time 1CLK 1CLK 1CLK 1CLK
Refresh cycle Time tRCA 60 — 60 — 65 — 70 — ns
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MD56V62169M-xxTAO7AL

AC Characteristics (2/2)
Ta=0to +70°C
VCC = VCCQ = 3.3V+0.3V

Note1,2
MD56V62169M-xxTAO7AL .
Parameter Symbol Unit Note
-6 -7 -7.5 -10
/CAS to /CAS Delay Time (Min.) lccp 1 1 1 1 Cycle
Clock Disable Time from CKE IcKE 1 1 1 1 Cycle
Data Output High Impedance Time
from UDQM, LDQM Iboz 2 2 2 2 Cycle
Dada Input Mask Time from UDQM,
LDQM Ipob 0 0 0 0 Cycle
Data Input Mask Time from Write Iowb 0 0 0 0 Cycle
Command
Data Output High Impedance Time IROH CL CL cL cL Cycle
from Precharge Command
Active Command Input Time from
Mode Register Set Command Input IMRD 2 2 2 2 Cycle
(Min.)
Write Command Input Time from lowD 2 2 2 2 Cycle
Output
Notes: 1. AC measurements assume that1ms,.
2. Test condition
Parameter Test Condition Unit

Input voltage for AC measurement 24 | 0.4 \VJ

Transition Time for AC measurement tT =1 ns

Reference level for timing of input signal (tT<1ns) 1.4

Reference level for timing of input signal (tT>1ns) VIH Min. | V|L Max.

Reference level for timing of output signal 14 \VJ

3. Outputload. 1.4V
500
Z=50Q

Output O—77|;7€>
; 30pF (External Load)

4. If tT is longer than 1ns, then the reference level for timing of input signalgjisiv L.
5. Itis necessary to operate autéresh 4,096 cycles within tREF.
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POWER ON AND INITIALIZE
Power on Sequence

(1) Turn on the power after you make input a state of NOP, and input a system clock.

(2) Take a pose of 208 and more with making input a state of Ri@fter VCC and VCCQeach it in the regular
condition.

(3) Issue the row precharge all bank command (BA&and secure the row precharge time (tRP).

(4) Issue the standard Mode Register Set command (MRS), and secure the mode register set command delay time
(tMRD).

(5) Issue 2 or more auto-refresh commands (REF), and secure the refresh cycle time (tRCA).

Note:
1. (4) or (5): in no special order.
2. Carry out an initialization sequence after each inputitel reaches a regulatiamoltage when other input
terminals were the undefined setup input (High-Z}hat CKE= "H" time. And, the undefined setup input
period of the CKE="H" time can't hold data. It becommese effective than writing data after the initialization

sequence.

Mode Register Set Command (MRS) MRS

The mode register stores the data for controlling the various oper: CLK RS ES

modes. It programs the /CAS latenbyrst type, burst length and writi n-1 n

mode. The default value of the mode register is not defined, therefor CKE H X

mode register must be written after power up to operate the SDR 1CS L

The mode register is written by mode register set command MRS.

state of address pins A0 to A11 and BA1(A12), BAO(A13) in the sz /RAS X L

cycle as MRS is the data written in the mode register. Refer to the ICAS (Idle) L

for specific codes for various /CAS latencies, burst type, burst let IWE L

and write mode. BA1(A12) X o
BAO(A13) X 0
A0 to A11 X \%

V: The value of mode register set
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Mode Register Field Tale To Program Mode

Write Burst Mode /CAS Latency Burst Type Burst Length

A9 WM A6 | A5 | A4 CL A3 BT A2 | A1 | AO BT=0 BT =1

0 Burst 0 0 0 | Reserved | O | Sequential | 0 0|0 1 1

1 Single 0 0 1 | Reserved | 1 Interleave 0 0 1 2 2
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

Notes: 1. Itis intended for all family products.

2. A12 and A13 should stay “0” during mode set cycle.
3. A7, A8, A10 and A1l should stay “0” during mode set cycle.
4. Don't set address keys of “Reserved”.
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Burst Mode

Burst operation is the operation to continuously increase a column address inputted during read or write command.

The upper bits select a column address block,

Access order in column address block

Start Address Burst Type
(Lower bit) BT=Sequential BT=Interleave
A0
BL=2 0 0,1 0,1
1 1,0 1,0
A1 A0
0 0 0,1,2,3 0,1,2,3
BL=4 0 1 1,2,3,0 1,0,3,2
1 0 2,3,0,1 2,301
1 1 3,0,1,2 3,2,1,0
- A2 A1 A0
% 0 0 0 0,1,2,3,4,56,7 0,1,2,3,4,56,7
- 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
BL=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 6,7,4,5,2,30,1
1 1 1 7,0,1,2,3,4,5,6 7,6,5,4,3,2,1,0
AOQ to A7
BL=Full Page 0 0,1...255
(256) Yn, Yn+1... 255, 0... Non Support
v ..Yn-1
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MD56V62169M-xxTAO7AL

READ / WRITE OPERATION

Bank Bank Address

This SDRAM is organized as four independent banks of 1,048,576 w | A12 | A13 Bank
x 16 bits memory arrays. The A12 and A13 input is latched at the tim

0 0
assertion of /RAS and /CAS to select the bank to be used for operat
The bank address A12 and A13 is latched at bank active, read, \ 0 1 B
mode register set and precharge operations. 1 0 c
1 1 D
Activate ACT
The bank activate command is used tectea random row in an idle banl CLK _nﬁ _rf]_
By asserting low on /RAS and /CStkvdesired row and bank address,
row access is initiated. The read oitesioperation can occur after a tim CKE H X
delay of tRCD(Min.) from the time of bank activation. /ICS L
/IRAS X L
ICAS (Idle) H
/WE H
A12,A13 X BA
AO to A11 X RA
BA: Bank Address
RA: Row Address (Page)
Precharge PRE PALL
The precharge operation i CLK _nﬁ _rt_ CLK _nﬁ _rf]_
performed on an active bank b
precharge command (PRE) witl CKE H X CKE o X
valid A12 and A13 of the bank tc /CS X L /ICS L
be precharged. The precharc /RAS P L /IRAS PX L
: age age
command can be asserted anytin ICAS 5 egn) H ICAS E) g H
after tRAS(Min.) is satisfied from WE P 5 pen)
the bank active command in th WE L
desired bank. All bank can| A12A13 X BA A12,A13 X X
precharged at the same time t A10 X 0 A10 X 1
using precharge all commant | 5q 1, A9, A11 X X AO to A9, A11 X X

(PALL). Asserting low on /CS, ;
JRAS and WE with high on A10 DA Bank Address

after all banks have satisfied tRAS(Min.) requirement, performs precharge on al banks. At the end of tRP after
performing precharge to all banks, all banks are in idle state.
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Write / Write with Auto-Precharge

The write command is used t
write data into the SDRAM on
consecutive clock cycles in
adjacent address depending ¢
burst length and burst sequenc
By asserting low on /CS, /CAS
and /WE with valid column
address, a write burst is initiatec
The data inputs are provided fa
the initial address in the samu
clock cycle as the burst write
command. The input buffer is
deselected at the end of the bur
length, even through the interne
writing can be completed yet. The
writing can be completed by
issuing a burst read and DQM fo

WRT WRTA
CLK £ 4 CLK £ 4
n-1 n n-1 n
CKE H X CKE H X
/ICS L /ICS L
IRAS (P: . H IRAS (P: . H
ICAS Opegn) L ICAS Opegn) L
/WE L /WE L
A12,A13 X BA A12,A13 X BA
A10 X 0 A10 X 1
A8,A9, A11 X X A8,A9, A11 X X
A0 to A7 X CA AO to A7 X CA
DQ X D-in DQ X D-in

blocking data inputs or burst write BA: Bank Address

CA: Column Address
The burst stop command is valit D-in: Data inputs

in the same or another active ban

at every burst length.

Write Cycle

BA: Bank Address
CA: Column Address
D-in: Data inputs

CLK |

Lt

—>

CL=2 or 3, BL=1 or WM=Single X
' ' 1

\/

o
omman R

DQ

CD
L

1
CL=2 or 3, BL=4, WM=Burst :

Command Page Open

B e B g

9

1 1 < tWR L
DQ ---beooo-- r--<_ DO D1><D2><D3>---~:~ ——————
1 1 N T T — 1
: : ! lid Burst Data In | !
CL=2 or 3. BL=4. WM=Burst p o vali . ! !
: : : | tRAS | | :
~ i ' i i i i
Command ! ' : X |
1 1 1 1 tWR 1
l l - I >
]
_____ 1
1

DQ L

tRP

o1 K02 X8 )
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MD56V62169M-xxTAO7AL

Read / Read with Auto-Precharge

The read command is used t
access burst of data o1
consecutive clock cycles from at
active row in an active bank. The
read command is issued b
asserting low on /CS and /CAS
with /WE being high on the
positive edge of the clock. The
bank must be active for at leas
tRCD(Min.) before the read
command is issued. The firs
output appears in /CAS latenc
number of clock cycles after the
issue of read command. The bur
length, burst sequence and laten:
from the read command art
determined by the mode registe
that is already programmed.

Read Cycle

RD RDA

CLK £ 4 CLK = £

n-1 n n-1 n

CKE H X CKE H X

/CS L /CS L

IRAS P: . H IRAS P: . H

ICAS E)pegn) L ICAS E)pegn) L

WE H WE H
A12, A13 X BA A12, A13 X BA

A10 X 0 A10 X 1

A11, A9, A8 X X A11, A9, A8 X X
AO to A7 X CA AO to A7 X CA

DQ X X DQ X X

BA: Bank Address
CA: Column Address

BA: Bank Address
CA: Column Address

ox LT [T [

—
.
.
.
.

CL=2,BL=4 !
)

tRAS

|
1
1
1
| | | |
DQ . | : : QO><Q1><Q2><Q3>———.— ------ "
| | | | - . . = | |
1 1 1 1 1 Y 1 1 1 1
CL=3,BL=4 ' : : : | Valid Burst Data Out | | | |
1 1 1 1 1 ] ] 1 1 1 1
1 1 1 1 1 1 1 1 1
1 1 ] ] 1 1 1
Command P ' ' '
1 1 — 1 tRP 1 — 1
DQ A -1 a0 X ar ) a2z X a3 peeeeeeeod
| | | | | : ; . . | |
= = ! ! ! ! ! ! Valid Burst Data Out ! !
CL=2.BL ' oD | | : : - : | | :
\ | | | Auto Precharge Start — !
= ! : ' | tRAS | e , tRP = :
DQ S S SRR \Z QO><Q1><Q2><Q3>———L —————— -
1 1 1 1 1 1 1
| | | | | | | | | | |
CL=3.BL=4 ! : : : : : : : : : :
| | ' E E E Auto Precharge Start ' E
Command : : :> | tRP @ :
bQ . QO><Q1><Q2><Q3>———E ———————
1 1 1 1
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MD56V62169M-xxTAO7AL

Write / Write interrupt
When a new write command is issued to same bank duritegcycle or another actilmnk, current burst write is
terminated and new burst write start. When a new wdtamand is issued to another bank during a write with

auto-precharge cycle, current burst is terminated awetvanvrite command start. Then, current bank is precharged
after specified time. Don't issue a new write commanshtae bank during write with auto-precharge cycle.

Write / Write interrupt cycle

=TS O A IO

CL=2 or 3, BL=4, WM=Burst

Command

DQ

CL=2 or 3, BL=4, WM=Burst

Command

DQ

T T -

CL=2 or 3, BL=4, WM=Burst

| |
] ]
| |
) )
! tCCD ' ' tRRD
1 I 1 ) ) I 1
Bank Address i @ i i i i
: 1 : 1 : : 1 : 1
| | |  tWR+1ck i | tRP X : :
) ) ) [ T L i) T | ) )
| | | Burst Interrupt, ! : | |
Bank A Internal State Burst Write Write Recovery ' Auto Precharge Row Active !
L > L > L N > L 5
: 1 - 1 1 - | | 1 - 1 1 1 -
1 1 1 1 ) ) 1 1 1 1
| | | | | i tWR o RP :
' ' ' ' ' —T——— T
Bank B Internal State Row Active Burst Write ! ' Recovery Auto Precharge Active
| S " > L " > L > I
| ' : : : : | | |
] ] ] ] ]
DQ ---t--< DAO DA1 DB[b<DB1><DBZ><DBS>———:- —————— L------ -- oo - - -
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Read / Read interrupt

When a new read command is issued to same bank dadadgycle or another actibank, current burst read is
terminated after the cycle same ag&latency and new burst read start. When a new read command is issued to
another bank during a read with auto-precharge cyctegrmuburst is terminated after the cycle same as /CAS
latency and a new read command start. Then, currentibgmi&charged after specified time. Don't issue a new
read command to same bank duniegd with auto-precharge cycle.

Read / Read interrupt cycle

—>

CLK |

CL=2,BL=4

Command

e TN R S

CL=3,BL=4

Command

DQ

CL=2,BL=4

Command

Bank Address

1
]
| tRP + 1clk

<

T NN S

1
1
1
1
1
1
1
1
1
1
|
Burst | |
|
{
1
|
d

O === |-

Bank A Internal State Burst Real

Row Active

Interrupt + Auto Precharge
. —_ ,

<

y

]
Bank B Internal State Row Active Burst Rea Auto Precharge

S L
r g

L
[

---< QA0 X QA1 QBO><QB1><QBZ><QB3>---. ———————

DQ  secbemeeecbooooo-
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Write / Read interrupt

When a new read command is issued to same bank during write cycle or another active bank, @imgaitebsi
terminated and new burst read start. When a newaaauinand is issued to another bank during a write with
auto-precharge cycle, current burdieisminated and a new read commandt stdren, current bank is precharged
after specified time. Don't issue a new read commandre $mnk during write with auto-precharge cycle. DQ
must be High-Z till 1 or more clock from first read data.

Write / Read interrupt cycle

A A A A A A A A A A A
TS N I R O O D O B B O O

CL=3, BL=4, WM=Burst ! {cCD |

Command

DQ -l

CL=2, BL=4, WM

Command

DQ -

T e il TR

CL=2, BL=4, WM

Command
Bank Address

| tWR + 1clk

5
9

. Burst Interrupt, . .
Bank A Internal State  Burst Writ

e Write Recovery — Auto Precharge e

| ' —>1 — ! : > ! ; >
) ) ) 1 1 | h )
: : : : : : ' tRP !

! ! | | ! ! ! : : Row

Bank B Internal State Row Active Burst Read i i Auto Precharge E Active

[} ] :
I
1

L
bQ High-Z <QBO><QB1><QBZ><QB3>---. ———————
| RELEA N . . . | |

Invalid Data Input
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Read / Write interrupt

When a new write command is issued to same bank during read cycle or another active bahkucstrread is
terminated and new burst write start. When a new wdtamand is issued to another bank during a read with
auto-precharge cycle, current burst is terminated awedvanvrite command start. Then, current bank is precharged
after specified time. Don't issue a new write command meesbank during read withuto-precharge cycle. DQ
must be High-Z till 1 or more clock from new writenamand. Therefore, DQM mubg high till 3 clocks from
new write command.

Read / Write interrupt cycle

ST S N I O OO

CL=3, BL=4, WM=Burst
]

Command

DQM

i s
ba High-Z -<Dbo><Db1><Db2><Db3> ——————

CL=2, BL=4, WM=Burst

Command

:
!
Bank Address i
:
!

:
]
]
1
:
]
]
1
L RP + 1clk
T
]
1
i
1
]
]
1

A
I
I
1

. Burst !
Bank A Internal State  Burst Rea Interrupt ' Auto Precharge Row Active
i | r > —> | r > | —
: : : T : & L
| | : | : tWR | |
| | | | | — >
' | | : | Write Auto
Bank B Internal State Row Active Burst Write | Recovery Precharge
! ! ! > L ' ! > L ' 5
tOWD ! !
—— > 1
]
]
|
)

DQM / : -
—e---- Hig:h-Z <DII30><DII31><DI'32><DI'33>———

/

DQ .
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Burst Stop
I . BST
When a burst stop command is isswkating read cycle, current burs
read is terminated. The DQ is togHiZ after the cycle same as /CA CLK = =
latency and page keep open. When a burst stop command is issued n-1 n
write cycle, current burst write isrtainated. The input data is ignore CKE H H
after burst stop command. Don'’t issue burst stop command during /CS L
with auto-precharge cycle or i@ with auto-precharge cycle. RAS X H
/CAS (Burst) H
/WE L
A12,A13 X X
A0 to A11 X X

Read / Burst Stop cycle

L
.
.
.
.
.
.
.

CLK

Command

DQ

CL=3. BL=4 to Full

Command

DQ -

Write / Burst Stop cycle

TS s B O

CL=2 or 3, BL=4 to Full, WM=Burst i
I I
I
I
|
[

Command

DQ
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When a precharge command is issued to the sameduainig read cycle or precharge all command is issued,
current burst read is terminated and DQ is to High-Z #fie cycle same as /CAS laty. The objected bank is

precharged. When a precharge commaissiged to the same bank duringte/cycle or precharge all command is
issued, current burst write is termiedtand the objected bank is pragem. The input data after precharge

command is ignored.

Precharge Break
Read / Precharge Break cycle

CLK

1
1
1
|||||||||||||||||||||||||||||||| TIIIIIIIIIIIIIIIIIIIHIIIIIIINV
1
— 1
|
||||||||||||||||| le—------ e L _____
A “
= o
— =4
[ -
1 £
||||||||||||||||||||||||| e R kbl EE e RS EE R
o o o “%
x x — x =
_nIVa \
IIIIIIIIIIIIIIIIIIIII AlIIIIIIIIIIIIIIIIIII_l. - -
£ A
1
— N’
s 1N
\/ Co
R E B ~1 % G R
/_\.
— s
_\“1_
........................ l—- - - - -- hEEEEE EEEEESEEEE B 3
W /“\h
||||||||||||||||||||||||||| le—-----]-----T - ----1------—--—-1- A |
%) %)
— 2
2 2 & ol Tl E o
Y o T = ol =Tr \rD\-
1 1
o | |
g g iy le—------|]--- m ....... D EREREE EETEE SR S -
= ! Q !
—— 1 m 1
o | = |
R I N A, W A|||||||< ||||||| A N R J P,
1 1
(@] I |
X 1 1
3 | |
-- 3 —— . — -Y @ «—-- J|------------- u.uu.w 4 ol
I Z 3 w | w |
e o g — 8 roe !
.- L. 2 .- .-
R - = - -
W € W € o 9« N g€ = W € =
— o g | o g = — - o) g g - o) g g
O O [a) O ®) [a) < O O O a) e O O a) e
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DQM Function

DOQM masks input / output data at every byte. UDQvitmols DQ8 to DQ15 and LDQM controls DQO to DQ?7.
During read cycle, DQM mask output data after 2 clobksing write cycle, DQM mask input data at same clock.

Read / DQM Function

ax LA L LI L L L Lt

CL=3, BL=8

Command

ubDQM

DQ8 to DQ15
LDQM

DQO to DQ7

Write / DQM Function

w LIS LU L L L L L L L

CL=2or3,BL= 8 !

Command '

uDQM
DQ8 to DQ15 --4---:_-L-‘_},\:__:__\_:'__ﬂ'__‘;---L------L-_
N ] 7 \‘_ _’ \‘_I _’
LDQM ! ! ! ! ! ! ! !
: ! TN kTN ! ! Vol RN . : : :
S CDL -2 SYGOYeD: - XCOYGD S S
| A A S _” ] |

Invalid Data Input
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Clock Suspend

The read / write operation can be stegy CKE temporarily. When CKE is set low, the next clock is ignored.
When CKE is set low during read cycle, the burst read is stopped temporarily and the current outpkepata
When CKE is set high, burst read is resumed. When CKEtikow during write cycle, the burst write is stopped
temporarily. When CKE is setdfi, burst write is resumed.

Read / Clock Suspend

o L L e L L L
RN I R 202 ) I 2 ) B
cre o\
Command E E E E E Valic; Data Oultput E E E

: i : : Y : : :
pQ SR R G X a2z )X a3 - as X as »

: : : ! : I : e :

b s e |
Write / Clock Suspend
o Tl L L
aasmss! L L /) /) b0 )b
e SN
Command E E E E Inval;d Data Ir;put E E E E

i ; LN N Y, : RN X : : :
RO D~ 00 OO

: ! A r-’ ! S ! : :

L seed L fosee ||
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REFRESH

The data of memory cells are maintained by refresh operdtice refresh operation is to activate all row addresses
within a refresh time. The method that row addreasesctivated by activate éprecharge command is called
/IRAS only refresh cycle. This method needs to input address with activate coramd. But, auto-refresh and
self refresh don’t need to input address. Becawseaddresses are generated in SDRAM automatically.

Auto Refresh

REF
All memory area is refreshed byd9g6 times refresh command REF. Tt CLK 5 R
refresh command REF can be entered only when all the banks are n-1 n
idle state. SDRAM is in idle state after refresh cycle time tRCA. CKE H H
/CS L
/IRAS X L
/ICAS (Idle) L
/WE H
A12,A13 X X
A0 to A11 X X

Auto-Refresh Cycle

Command

<

tRP

1
»

<

\J

=

Intensive Refresh

4,096 times refresh command can be entered every refresigtipme t

State Read or Write Auto Refresh Read or Write Auto Refresh

tREF=64ms REF x 4,096 tREF=64ms REF x 4,096

A

Y-

A
X---

Dispersed Refresh

Refresh command can be entered every(BREF 64ms / 4,096 cycles).

WMMMMMMMMMM

w1 || ] o Jrer

‘-_-“*-—¢__~_ 1 T
15.6us | 15.6s 15.6s

> > 4,096 times tREF=64ms =

VY
yy___
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Self Refresh

When read or write is not operatedtlire long period, self refresh can
reduce power consumption for refresh operation. Refresh operation SREF

controlled automatically by refresh timer and row address counter dt CLK K B
self refresh mode. All signals except CKE are ignored and data bus [ n-1 n
set High-Z during self refresh mode. CKE H L
When CKE is set to high level, self refresh mode is finished. Then, C
must be operated before 1 clock or more. And, maintain NOP condi ICS L
within a period of tRCA(Min.) afte€EKE is set to be high level. /IRAS X L
/ICAS (Idle) L
IWE H
A12,A13 X X
AO to A11 X X

Self Refresh Cycle

:
:
:

CLK

CKE

\ i Self Refresh

7 tRCA 7

— P

Notes : 1. When intensive refresh is used, 4,096 tinfesskemust be issued before and after the self refresh.
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Power Down

SDRAM can be set to low power consumption condition VAKE function. CKE is reflected at 1 clocks later
regardless /CAS latency. When CKE is set to lowl|leSBRAM go into power down mode. All signals except
CKE are ignored and DQ is set to Higipedance in this state. When CKE is set to high level, SDRAM exit power
down mode. Then, Clock must be resumed before 1 or more clocks.

Power Down

U (L |

CL=2, BL=4, Case 1!

\ \ Active Power Down Mode | \ ' -
CKE ! ! \ : / ! I New Command
Command :_ : : : : : :
Write Cycle Page Open Stand-by ' ' ' ' '
Pa (e1XezXs)- o
CL=2.BL=4,Case 2 | ! A
CKE E E E E Power Down Mode E [ E : : : :
| | | \ | 0 / | New Command
Command i Autq Precharge Start i i i i i
E . E Precharge Stand-by / Idle E E : E E E
DQ {:i’w‘=a>{:g> : High-Z R
Signal Condition in Power Down Mode
Signal Input to SDRAM Output from SDRAM
CLK Don’t Care —
CKE “L” level —
/CS,/RAS, /CAS, /IWE Don’t Care —
A0 to A11, A12, A13 Don’t Care —
DQO to DQ15 Don’t Care High-Z
uDQM,LDQM Don’'t Care —
VCC,VCCQ,VSS,VSSQ Power Supply —

Notes : 1. “Don’t Care” means high or low level input.
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FUNCTION TRUTH TABLE (Table 1) (1/3)

Curren1t ICS | /RAS | ICAS | /WE ADDR Command Action
State *
Idle H X X X X NOP NOP
L H H X X NOP/BST NOP
L H L H BA, CA, A10 RD/RDA ILLEGAL ™
L H L L | BA,CA A10 | WRT/WRTA | ILLEGAL 2
L L H H BA, RA ACT Row Active
L L H L BA, A10 PRE/PALL | NOP ®
L L L H X REF Auto-Refresh or Self-Refresh ™
L L L L V’/Ggizo‘ MRS Mode Register Set *
L L L L V’Aﬁﬁ?’ EMRS ILLEGAL 0
Row H X X X X NOP NOP
Active L H H X X NOP/BST | NOP
L H L H BA, CA, A10 RD/RDA Read
L H L L BA, CA,A10 | WRT/WRTA | Write
L L H H BA, RA ACT ILLEGAL ©
L L H L BA, A10 PRE/PALL Precharge
L L L H X REF ILLEGAL
L L L L X MRS ILLEGAL
Read H X X X X NOP Continue Row Active after Burst ends
L H H H X NOP Continue Row Active after Burst ends
L H H L X BST Term Burst > Row Active
L H L H BA, CA, A10 RD/RDA Term Burst, start new Burst Read
L H L L BA, CA,A10 | WRT/WRTA | Term Burst, start new Burst Write
L L H H BA, RA ACT ILLEGAL
L L H L BA, A10 PRE/PALL | Term Burst, execute Row Precharge
L L L H X REF ILLEGAL
L L L L X MRS ILLEGAL
Write H X X X X X Continue Row Active after Burst ends
L H H H X X Continue Row Active after Burst ends
L H H L X X Term Burst > Row Active
L H L H BA, CA, A10 CA, A10 Term Burst, start new Burst Read
L H L L BA, CA, A10 CA, A10 Term Burst, start new Burst Write
L L H H BA, RA RA ILLEGAL *°
L L H L BA, A10 A10 Term Burst, execute Row Precharge
L L L H X REF ILLEGAL
L L L L X MRS ILLEGAL
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FUNCTION TRUTH TABLE (Table 1) (2/3)

Curre[11t ICS | /RAS | ICAS | /WE ADDR Command Action
State
Read with H X X X X NOP Continue Burst to End and enter Row Precharge
Auto L H H H X NOP Continue Burst to End and enter Row Precharge
Precharge I [ [ 5 | L X BST ILLEGAL
L H L H | BA,CA,A10 | RD/RDA | ILLEGAL”
L H L L | BA, CA A10 | WRT/WRTA | ILLEGAL 7
L L H H BA, RA ACT ILLEGAL ®
L L H L BA, A10 PRE/PALL | ILLEGAL ®
L L L H X REF ILLEGAL
L L L L X MRS ILLEGAL
Write with H X X X X NOP Continue Burst to End and enter Row Precharge
Auto L H H H X NOP Continue Burst to End and enter Row Precharge
Precharge | | H H L X BST ILLEGAL
L H L H | BA,CA,A10 | RD/RDA | ILLEGAL”
L H L L | BA, CA A10 | WRT/WRTA | ILLEGAL ”
L L H H BA, RA ACT ILLEGAL ®
L L H L BA, A10 PRE/PALL | ILLEGAL ®
L L L H X REF ILLEGAL
L L L L X MRS ILLEGAL
Precharge H X X X X NOP Idle after tRp
L H H H X NOP Idle after tRp
L H H L X BST ILLEGAL
L H L H | BA,CA,A10 | RD/RDA | ILLEGAL 2
L H L L | BA, CA,A10 | WRT/WRTA | ILLEGAL *
L L H H BA, RA ACT ILLEGAL ®
L L H L BA, A10 PRE/PALL | ILLEGAL ®
L L L H X REF ILLEGAL
L L L L X MRS ILLEGAL
Write H X X X X NOP Row Active after tyR
Recovery L H H H X NOP Row Active after tyyR
? L H H L X BST ILLEGAL
L H L H | BA,CA,A10 | RD/RDA | ILLEGAL 2
L H L L | BA CA A10 | WRT/WRTA | ILLEGAL 2
L L H H BA, RA ACT ILLEGAL ®
L L H L BA, A10 PRE/PALL | ILLEGAL ®
L L L H X REF ILLEGAL
L L L L X MRS ILLEGAL
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FUNCTION TRUTH TABLE (Table 1) (3/3)
Curre[11t ICS | IRAS | /CAS | /WE ADDR Command Action
State
Write H X X X X NOP enter Row Precharge after tywr
Recovery L H H H X NOP enter Row Precharge after tyR
in Auto L H H L X BST ILLEGAL
Precharge | | | W [ L | H [BACAAI0 | RDRDA |ILLEGAL”
L H L L | BA,CA A10 | WRT/WRTA | ILLEGAL”
L L H H BA, RA ACT ILLEGAL ®
L L H L BA, A10 PRE/PALL | ILLEGAL ®
L L L H X REF ILLEGAL
L L L L X MRS ILLEGAL
Auto H X X X X NOP Idle after tRCA
Refresh L H H H X NOP Idle after tRCA
L H H L X BST ILLEGAL
L H L H | BA,CA,A10 | RD/RDA | ILLEGAL
L H L L | BA,CA A10 | WRT/WRTA | ILLEGAL
L L H H BA, RA ACT ILLEGAL
L L H L BA, A10 PRE/PALL | ILLEGAL
L L L H X REF ILLEGAL
L L L L X MRS ILLEGAL
Mode H X X X X NOP Idle after tMRD
Register L H H H X NOP Idle after tMRD
Access L H H L X BST ILLEGAL
L H L H | BA,CA,A10 | RD/RDA | ILLEGAL
L H L L | BA,CA A10 | WRT/WRTA | ILLEGAL
L L H H BA, RA ACT ILLEGAL
L L H L BA, A10 PRE/PALL | ILLEGAL
L L L H X REF ILLEGAL
L L L L X MRS ILLEGAL
ABBREVIATIONS

ADDR = Address
NOP = No OPeration command

RA = Row Address

BA = Bank Address

CA = Column Address

V = Value of Mode Register Set

*Notes : 1. All inputs are enabled when CKE is set high for at least 1 cycle prior to the inputs.
2. RD/RDA or WRT/WRTA command to same bank is forbidden. But RD/RDAMRT/WRTA

ook w

~

8.

9.

command to activated page in another bank is valid.

PRE command to another activated bank is valid. PALL command is valid to only activated bank.
lllegal if any bank is not idle.

RD/RDA or WRT/WRTA command to activated basksalid after tRCD(Min.) from ACT command.
Activate command to the same bank is forbiddiart.activate command to another bank in idle state
is valid.

RD/RDA or WRT/WRTA command to same bank is forbidden. But RD/RDAMRT/WRTA
command to activated page in another bank is valid.

PRE to same bank is forbidden. PRE to anothenk must be issued after tRAS(Min.). PALL
command is forbidden.

Write recovery states means a period fromdash to the time that tWR(Min.) passed.

10. Extended Mode Register Set Command (EMRS) is illegal.
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FUNCTION TRUTH TABLE for CKE (Table 2)

Current State CKE | CKE | /CS | /RAS | /ICAS | /WE | ADDR .
n-1 n-1 n n n Action
All Banks Idle H X Refer to Table 1
(ABI) X Enter Power Down
X Enter Power Down
X ILLEGAL
X ILLEGAL
BA, RA | Enter Active Power Down after Activate

X ILLEGAL

X Enter Self Refresh

BA, V | Enter Power Down after MRS

x

INVALID

Self Refresh INVALID

Exit Self Refresh > ABI °

Exit Self Refresh > ABI

ILLEGAL

ILLEGAL

ILLEGAL

NOP (Maintain Self Refresh)

Power Down INVALID

Exit Power Down - ABI

NOP (Continue Power Down)

Active Power INVALID

rr|rrr|r|r|r|r|T|||r ||| ||| || ||| |T|r|T|T|T|T|T|IT|XIT|XT

r|T|r|T|X|r|r|rjir|jrjir|Tjr|T|X(rI>xX|r>TxxxT|x|xX|xX|rjirjirr|r|jrjrjrjir|x|s
XIX|X|X|X|r|r|r|r|r | T[X|X[X[X[|X|X|X|X|r|r|r|r|IZ|X|X|r|rjir|ir|jr|jr|r|I|X|>
X[X[X[X|X|[F|r|IT|ZT|T|X|X|X|X|[X|X|X[X|X|rIT|ZT|T|X|X|X|r|r|r|r|Z|T|I|X|X
X[X[X[X|X|[F|T|r|ZT|T|X|X|[X[X|[X|X[X[X[|X|X|F|IT|T|X|X|X|r|r|ZT|T|r|IT|I||X|X
XX [X[X|X|X[X[|[X|F|ZT|X|X[X[X[X[X[X[X|X|X|X|m|ZT|X|X|X|r|IT|r|IT|X|[r|IT|X|X]|>

XXX XXX XXX XXX XX XXX XXX |[X|X|[X[|X[X

Down Exit Active Power Down > Row Active *
NOP (Continue Active Power Down)
Row Active Refer to Table 1
Enter Active Power Down
Enter Active Power Down
ILLEGAL
Clock Suspension (Refer to Table 1)
Clock Suspension (Refer to Table 1)
ILLEGAL
INVALID
Any State Other Refer to Table 1
than Listed Begin Clock Suspend Next Cycle
Above Enable Clock of Next Cycle
Continue Clock Suspension
ABBREVIATIONS
ADDR = Address RA = Row Address BA = Bank Address NOP = No Operation command
V = Value of Mode Register Set ABI = All Banks Idle

*Notes :1. Deep Power Down can be enterdy when all the banks are in an idle state.
2. Self Refresh can be entered onlyewlall the banks are in an idle state.
3. tRCA must be set after exit self refresh.
4. New command is enabled in the next clock.

29/41



FEDD56V62169MTAO7ALO1

MD56V62169M-xxTAO7AL

SIMPLIFIED STATE DIAGRAM

MODE

REGISTER AUTO
REFRESH
SET
<
[ =
o =
5 LLi Refresh
x
IDLE =
CKEL
CEt POWER
(]
2 DOWN
(8]
<
CKEl ACTIVE
ACTIVE [ > POWER
CKET DOWN
Burst
Write
(0]
o
©
<
[8]
o
o
KE
WRITE READ
< - SUSPEND
CKE?T Write
' Read AP Write AP
Write with Auto Precharge
CKE!
WRITEA READA
SUSPEND X SUSPEND
CKE
Precharge Precharge
A
POWER Precharge
> PRECHARGE |«
ON
\Command / input signal \ Auto Sequence
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TIMING CHART

Synchronous Characteristics

Transition Time tT<1ns Transition Time tT>1ns

tccars

tccass tcH tcH

CLK , :

tsi [e—>ie—| tHi

' tacas3 i toHz

i tacass

toH

t
. A V. anz [ Vet Y vaie Y Nighz
High-Z -z v - - T\

Note : The objéct of input are CKE, A0 to A10, All, A12, A13, /CS, IRAS, ICAS, /WE,UDQM, LDQM and
DQO to DQ15 (input).

Power on Sequence

Max.

vec, veea av,/” Min AR (R
| j Al j j j j N j i |
T VZA\VAVAVAVAVRAVAVAVAVR/AVAVAY

| | Stable Clock Input ¢+ 1 1 Initialize

(NOP) ) - ee “NnoP ee | XPALLX NOP

Command :
(/CS, IRAS, i

ICAS, WE) T T

{_oomcae

UDQM,LDQM ee ' bon't C')are 1 | 22

DQO to DQ15 éHigh-Z : 33 33 | | |
| S N

Notes : 1. It is advisable that UDQ&d LDQM are set to high for set DQ to high impedance during power on
sequence.
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Initialization

CLKW
o fn g 1 T T & 1l

Command >200”S E NtR—P*MN : trcA : ' trca

s, ras, eZ:XPALLX XMRSX XREFX: _ QZ:XREFX QZ:XACTX:

ICAS, /WE)

v S

v IR [
mo T \ | /

UDQ'\/L'-DQ'\/'Don't'Care'*2 e \ ' ' ' ' : ' : ee : : ee

DQO to DQ15_HIgh-Z 22 22 22

Notes: 1.V =Value of mode register, Rx = Row Address, Bx = Bank Address
[] = NOP command or High or Low
2. Itis advisable that UDQM and LDQM are set to be high level for setting DQ to high impedeange du
power on sequence.

—~—
O
18

o

Mode Register Set cycle

e AW

CKE | | sggs R U N S ™ S
Command | e tRCA tMRD 1, 1 itrast i i tRp i twRD

(o5, 1S, REFX gD(MRsX Vacr T el el XS%EFX

/CAS/WE)
Address: ,QCX,X,XX
ﬁi T [T
,» DT 'f\?/'xBax;
—W\ X C

UDQM, LDQM 22

DQO to DQ15 High-Z D)

(Q

Notes : 1.V = Value of mode register, Rx = Row Address, Bx = Bank Address
[] = NOP command or High or Low
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Burst Write Cycle (BL=4, WM=Burst)

CLK ] /
' r LU N S 1 S N S T S T A
Command - X X 1 ; X ; X 1 X X X X 1 1 X ' X:
(/CS, IRAS,  YACT WRT PRE ACT WRT PRE
CAS. WE) .tS' > tH' E tRAs i tRP o : tRAs ;
Address Ra XCaX ' ' ' ' j XR.bX j XébX ' ' '
AmtR.at\/ —\ XRbX\/ auls
S| (> : : ! : : !
A12, A13 Ba XBaX ) Ba X XBbX XBbX XBbX:
UDQM, LDQM—“’ ts |t A—;l/ : : : | <_,It3| thi 4_.| f
=23 N A [ Em

DaotoDais, | et L st
(CL=2, 3) +—————| De0 | Daf { Da2 f——r——————————— Db0 }—

Notes: 1. Rx = Row Address, Cx = Column Address, Bx = Bank Address
[] = NOP command or High or Low level, CKE = High level

Burst Read Cycle (BL=4)

e e

Address :XRa Xt XclaXRAS — RP; XF{E Xt Xc;bXRfs . =:
w JEEA AT FEer A A
A12A13:XBaX XBaX ‘XBaX' XBbXXBbX XBbX:
N \ [

uDQM, LDQI\/'“_‘_‘_\ tAcz
(CL=2) ——— “I :

5 toLz —» toH 5 :~—> tomz toLz —» ' ‘tomz 5
DQO to DQ15;! ; VoarV o2V o A R g
(CL=2) Qa Qa XQa XQa
UDQM. LDQM . . . | : : | . . . . . : : : :
’ i tacs : : : : : :
C=3) \ i ; : [ ] e to ¥
DQO to DQ15§ to'|_z —v tOH ' i« :tOHZ : :tOHZ
(Cl=3) +———————— an Qa1XQa2XQa3 -

Notes : 1. Rx = Row Address, Cx = Column Address, Bx = Bank Address
[] = NOP command or High or Low level, CKE = High level
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Bank Interleave e Write with Auto Precharge Cycle (CL=2, BL=4, WM=Burst)

CLK . ,
| : 5 : ' e | | trc (Bank B) E , P | |
Command | PR trc (Bank- A) :‘ | .
(ICS, IRAS, :X
ICAS, /WE) ACTX XWRTAX XACTX XWRT‘X XA(,JTX XWRT‘X XACTX XWRT‘X:

tWR | tRp
tRCD ' tRCD :
' ' tRAs(Bank A) ‘ > i (Bank-A) b T

Address :XRAaX XCAaX XRBaX XCBaX: XRAbX XCAbX XRBbX XCBbX:

! tWR : trp
: tRCD ' tRCD '
b g tRAs(Bank B) :‘ i > (Bank B) e >

e

><

:XRAaX /| \ XRBaX 7 =T XRBbX 7 U
j DOEOEOEE e ey e R EY
DQO to DQ1 %—E—étig:(;*éia1XDA:a2XDAt:3*+D;:c;*|t;ga1XD§a2XDéa3)—tiB;c;*;1b1XDAL2XDAEWI

Notes: 1. RXx = Row Address, CXx = Column Address, X = Bank, x = Address
[] = NOP command or High or Low level, CKE = High level

Bank Interleave ¢ Read with Auto Precharge Cycle (CL=2, BL=4)

CLK . .
- - | ; ' 3 : . | trc (Bank B) | | - | |
Command | « | trc(Bank- A) h ' -
(/ICS, IRAS, :XACTX XRDAX XACTX XRDAX XACTX XRDAX XACTX XRDAXi
ICAS, /WE) .
| ‘&’5 tRAS (Bank-A) 5 L tRP (Bank A) :&“
Address :XRAaX XCAaX XRBaX XCBaX XRAbX XCAbX XRBbX XCBbX:

tRCD ' : : tRCD !
' ' tRAs(Bank B) ! : tRP(Bank B) =.‘ ; g

'
>
>

:XRAax RN AR T G AR O ST AR
A12A13:)(XXXXXXX :x:x:x:x:x:x:x:[
e AENENNENY

tOLz ! ton f f tAC2 tOH f f tOHz

DQO to DQ15§ : ; QA:*QAa1XQAa2XQAaH*QB:(;*QBa1XQBa2XQB;ﬂ-{XQAboXQAb1XQAb2X:

Notes : 1. RXx = Row Address, CXx = Column Address, X = Bank, x = Address
[] = NOP command or High or Low level, CKE = High level
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Burst Reade Single Write Cycle (CL=2, BL=4,WM=Single)

52%2?,555 :XADTX XRDX XADTX : XWRTX : XWRTX : XRDX :
e DR D CO 8 S CO

tRCD : : : : trcD tcco

o DECL AEmmE L A £E
mmijxxx__xxxxxxxx

tOWD

oon TSI e IS [ e

tOLz ton | | toHzz ts| ; | ts) ; i itozi | i tod

A BRI I
DQOtoDQ1s. | : &QAZ*QAMXQA&\ZXQA%X H . {pBo Y}t fQAbo

Notes : 1.RXx = Row Address, CXx = Column Address, X = Bank, x = Address
[] = NOP command or High or Low level, CKE = High level

Random Columne Read / Write Cycle (CL=3, BL=2, 4, 8, Full Page)

CLK

: tRc[I) (BanX( -A) I : . . .
(ICS, IRAS, RD X RD X RD X RD XPREXACTX XACTXWRTXWRTXWRTXWRTX RD X RD X RD X RD X:

Command (Bank A Actlve) 5: tRp (Bank A)

;4

ICAS, IWE)
tCCD tCCD tCCD E ' tRRD E tCCD tCCD tCCD tCCD tCCD tCCD tCCD

Address :XCAaXCAbXCAcXCAdX XRBaX XRAbXCBaXCBbXCAeX CAfXCBcXCBdXCAgXCAhXi
: tRCD (Bank B) . :
A0 '—\ s s s s e e s s s s s I

A12, A3 ::X LA X X Y X . X s X ) X e ) X X 30

e tOWD

o, 1 B /—+———?——1—\ ]
LDQM AC3“—’| ; ; ; | | | ; : : Acsﬂ :

tOLz . ! toH 5 torz sl ! : tHi

DQO to DQ155 ' ' QA:}QAbOXQACOXQAMDBbOXDAeOX DAfO \’ -

Notes : 1. RXx = Row Address, CXx = Column Address, X = Bank, x = Address
[] = NOP command or High or Low level, CKE = High level,! = Invalid Data Input
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Burst Stop e Read / Write Cycle (BL=Full Page, WM=Burst)

CLK

Command

P R S S A S A S S S S
SCAS,/RV'VAE);:XR:DX. — QZ:XBTQ’TX. : .XW.RTX.

)
Address :X Ca X ee X Cb X ee
)
A12, A13 :X saX — ee ee
ubaM, | 00 f i town | ?: |
(cL=2) s ton , toHz 1« | ts| tH|I : B :
DQO to DQ15; Qa+01 Qat )QCXQamX Qan)O Dbo* Dbt )QCXDme Dbn ———
ubQMm, | 5 . th E i_towp : | . 3 R
LDQM \ tAcs o o 22 | /———_\ - /
tOLZ—' ' . towe ‘ﬂ F» N i o
DQO to DQ15§ QaO Z:XQan ZXQan 1X Qan Dt;(;} Db1>Q Dbm/\ ‘,\' T
(CL=3) ! ! Coporeobor
Notes : 1. Cx = Column Address, Bx = Bank Address

A10 _\ / _ 82
oo B ey ) \
€= : e e ey e e A e e
(CL=3)
[] = NOP command or High or Low level, CKE = High level; = Invalid Data Input

Precharge Breake Read / Write Cycle (BL=Full Page, WM=Burst)

WWW\ZW

Command ! : tRAS

(/CS, IRAS, ' —
CAS, IWE) :X RDX ] eD(PREX XACTXtRCDXWRTX E ?3 . XPREX:
] ] P ] R ] ]
Address :X Ca X . . ee : : X Rlb X . X C,b X : ee : :
mo I\ QA [N ST T [
A12A13:XBaX ?\Z:XB""X X Ba X ) Ba) 3? XBaX:
woam, | i bbb b e townl b gl
A A W B R N
(CL=2) ton | totz i« ! tsi epien( thi i i P
e ——ffoo (oo omfon - —
ubQm, | | L on a1 e tow E : R |
Loaw | tAC?’*’I *'1?? | \ WA
(CL=3) toLz —» 5 tOHz thl '
bQOtoDa1S. L | Qe0 Z:XQan-2XQan-1X Qan Dbo Y Dbt )QZ:XDbn 1\__:__:"__1__:'

(CL=3)
Notes: 1.RXx=Row Address CXx = Column Address X Bank >g__Address
[] = NOP command or High or Low level, CKE = High lewvel,! = Invalid Data Input
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Byte Read / Byte Write Cycle (CL=2, BL=8, WM=Burst)

CLK

Command 5

R D i
o e
w B e &
O e

ubQM

DQ8 to DQ15 5

om J_\ mh—u F_\tOHZ 2{ \ / g \ / ' \

e

DQO to DQ7 40( an)O—O( Qaz)O—O( Qa4X Qa5 )QE—( ) — Db2 )—( Db4X Db5 X:

Notes: 1. Cx = Column Address, Bx = Bank Address .
[] = NOP command or High or Low level, CKE = High level,! = Invalid Data Input

Clock Suspende Read / Write Cycle (CL=3, BL=4, WM=Burst)

CLK

Command :

(/CS, IRAS, :X RDX

/CAS, /WE)
Address :X Cla X

A10 _\ /
A12, A13 :XBIaX

ﬁ O == B F

' .‘ —N. : | .
DQO to DQ1 5 E tOLZ : tonz i tsijesiesita
(0] : |
a2 X Qa3 { |~—{ DbO J Db1 ——( Db2X Db3 )—

Notes: 1. Cx = Column Address, Bx = Bank Address .
[] = NOP command or High or Low level, CKE = High level, = Invalid Data Input
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Auto Refresh Cycle

CLK

MMWMM

ve TR R R
; : tRP e tRCA: : JA tRCA tRCA
Command o

//CCASS //RVC: :XPALLX XREFX 22:)( RI:EFX 22:)( REFX eZ:XACTX:
I I I e: 1 1 ; 2\2::X R:a X:

"\/

Address I ee I

mo N R T
A12, A13 I I I I I I I ee' el I I I eZI:X Bla X:
uDQM, - 5 5 5 5 5 N 5 5 N 5 5 N 5
e A A )
DQOtoDQIs} Highz | 1 by b E g E
It LV Y

/'\_,

/-\_/

Notes: 1. Rx = Row Address, Bx = Bank Address .
[] = NOP command or High or Low level, CKE = High level,! = Invalid Data Input

Self Refresh Cycle

CLK f_\_,f_\_,f_\_,f_\_,fts\I 8 1WM

Self Refresh

Iy ' ' ' ' !
T T T T »

<

52}}3‘%5 ::XPA;_LX NOP XSI;EFX ee DontCare: X eZ:XACTX:
@ﬁ""?_ﬁﬁﬁﬁ_?URa[
A e L
vews T D D T T =

ubQMm, : - - - - - - - - - - - - N
LDQM 22 &
baotoDals kghz | | | | s N
- - ‘ Z Z Z S : : E E E E S
Notes : 1. Rx = Row Address, Bx = Bank Address
= High or Low level

Address

"\/

/'\_,

38/41



FEDD56V62169MTAO7ALO1

MD56V62169M-xxTAO7AL

Power Down Cycle

LK N\j LJL_UUWU LJL_WUL

1C|k -~ 1C|k -~

"

Actlve Power Down % | 5 L 5 Power Down

« » < T T -]

<—> 1cIk E | <_> ! 1clk

CKE g ts| g

Command ;
(/CS, IRAS, :XACTXNOPX ee DontCare XNOPXPREX NoP- X ee DontCare XNOPXACTX:

g ———r
A10 :XRaX e 3 | RbX:
R bi[

A12, A13 :XBaX ?3

r\,
r\,

"\/

"\/

-
R I I RO I
Q
> [T

ubQM, N R
LDQM  _ : . . ee . . . | | | | | ee
DQOtoDQis i High-Z i N bbby
IV A

Notes: 1. Rx = Row Address, Bx = Bank Address
= High or Low level
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NOTICE

No copying or reproduction of this document, in garin whole, is permitted ithout the consent of LAPIS
Semiconductor Co., Ltd.

The content specified herein is subject to change for improvement without notice.

The content specified herein is for the purpose of introducing LAPIS Semiconductor's prbdteitsatter
"Products"). If you wish to use any such Product, gdses sure to refer to the specifications, which can be
obtained from LAPIS Semiconductor upon request.

Examples of application circuits, circuit constantsl @ny other information contained herein illustrate the
standard usage and operations of the Products. The peripheral conditions must be takeouintavaea
designing circuits for mass production.

Great care was taken in ensuring the accuracy of themiaf@mn specified in thidocument. However, should
you incur any damage arising from any inaccuracy or misprint of such information, LAPIS Semiconducto
shall bear no responsibility for such damage.

The technical information specified herein is intended only to show the typical functions of andesxaimpl
application circuits for the Products. LAPIS Semicoridudoes not grant you, explicitly or implicitly, any
license to use or exercise intellectual property or other rights held by LAPIS Semiconddcitirearparties.
LAPIS Semiconductor shall bear no responsibility whaver for any dispute arising from the use of such
technical information.

The Products specified in this doceint are intended to be used with general-use electronic equipment or
devices (such as audio visual equipment, office-automation equipment, communication devices, electronic
appliances and amusement devices).

The Products specified in this document are not designed to be radiation tolerant.

While LAPIS Semiconductor always makes effortetdance the quality and reliability of its Products, a
Product may fail or malfunction for a variety of reasons.

Please be sure to implement in your equipment using the Products safety measures to guardeagainst th
possibility of physical injury, fire or any other damage caused in the event of the failure of any Product, such as
derating, redundancy, fireontrol and fail-safe designs. LAPIS Bieonductor shall bear no responsibility
whatsoever for your use of any Protloatside of the prescribed scopanot in accordance with the instruction
manual.

The Products are not designed or manufactured to be used with any equipment, device or system which
requires an extremely high level of reliability the failarenalfunction of which may result in a direct threat to
human life or create a risk of human injury (such aedical instrument, transportation equipment, aerospace
machinery, nuclear-reactoomtroller, fuel-controller or other safetigvice). LAPIS Semiconductor shall bear

no responsibility in any way for use of any of th@dRrcts for the above special purposes. If a Product is
intended to be used for any such special purppEsse contact a ROHM sales representative before
purchasing.

If you intend to export or ship overseas any Product or technology specified herein that may be controlled
under the Foreign Exchange and the Foreign Trade Law, you will be required to obtain a license or permit
under the Law.

Copyright 2011 - 2012 LAPIS Semiconductor Co., Ltd.
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