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MDS6V72161C-xxTA

4-Bankx2,097,152-Wordx16-Bit SYNCHRONOUS DYNAMIC RAM

DESCRIPTION

The MD56V72161C-xxTA is a 4-Bank x 2,097,152-word x 16-bit Synchronous dynamic RAM. The
device operates at 3.3V. The inputs and outputs are LVTTL compatible.

FEATURES

Product Name

MD56V72161C-xxTA xX indicates speed rank.

Organization

4Bank x 2,097,152Word x 16Bit

Address Size 4,096Row x 512Column
Power Supply VCC (Core) 3.3V+0.3V
Power Supply VCCQ (I/O) 3.3v+0.3V
Interface LVTTL compatible
Operating Frequency Max. 166MHz (Speed Rank 6)
Operating Temperature 0to +70°C
Function Standard SDRAM command interface
/CAS Latency 2,3
Burst Length 1, 2, 4, 8, Full page
Burst Type Sequential, Interleave
Write Mode Burst, Single
Refresh Auto-Refresh, 4,096¢cycle/64ms, Self-Refresh
Package 54 pin 400 mil Plastic TSOP(II)
Cu Frame, Halogen-Free, Pb-Free
(P-TSOP(2)54-400-0.80-ZK6)
PRODUCT FAMILY
iy e e
-6 MD56V72161C-6TA 166MHz 5.4ns 5.4ns
3.0V to 3.6V -7 MD56V72161C-7TA 143MHz 5.4ns 5.4ns
-75 MD56V72161C-75TA 133MHz 5.4ns 5.4ns
-10 MD56V72161C-10TA 100MHz 6ns 6ns
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LAPIS Semiconductor Co.,Ltd.

FEDD56V72161CTAX-01

MDS6V72161C-xxTA

PIN CONFIGURATION (TOP VIEW)

vee[1] @
DQo[2]
veeQ(3]
DQ1[4]
DQ2[5]
vssQ[6]
DQ3[7]
DQ4[8]

veea(9]
DQ5[10}
DQS6 11}
vssQ[i2]
DQ7[13}
vece[t4
LDQM 1]
IWE 16}
ICAS[17]
IRAS[18]

ICS[19)
A13[20]
A12[21]
A10[22]
AO[23]
A1[24]
A2[25]
A3 |26}

vee7

54) vss
53 DQ15
52 vssaQ
51 DQ14
50 DQ13
49 veea
48 DQ12
47 DQ11
46 VSsQ
45 DQ10
44 DQ9
43veea
42| DQ8
47 vss
40]NC
39 UuDQM
38| CLK
37 CKE

36|NC
35 A11
34) A9
33] A8
32) A7
31) A6
30| A5
[29) A4

EIVSS

54-Pin Plastic TSOP(II)

(K Type)

Pin Name Function Pin Name Function

CLK System Clock ubQM, 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)
/RAS Row Address Strobe VSSQ Data Output Ground (0V)
ICAS 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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MDS6V72161C-xxTA

PIN DESCRIPTION

Name

Function

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.

/RAS

Row Address Strobe (Input)

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

/CAS

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,BAO)

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 — RAM
Column Address : CA0O - CA8

DQO to DQ15

3-state Data Bus (Input/Output)

ubDQM, 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 DQ15 to DQ8, LDQM controls DQ7 to DQO.

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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LAPIS Semiconductor Co.,Ltd. FEDD36V72161CTAX-01
MD56V72161C-xxTA

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on Input/Output Pin Relative to VSS VIN, VOUT —-0.5to Vcc+0.5 \%
VCC Supply Voltage \V/el6] -0.5t0 4.6 \Y
VCCQ Supply Voltage VCCQ -0.5t04.6 Y,
Power Dissipation (Ta=25°C) PD 1000 mw
Short Circuit Output Current I0S 50 mA
Storage Temperature Tstg -5510 150 °C
Operating Temperature Ta 0to 70 °C

Notes: 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.
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 \Y, 1,2
Power Supply Voltage (I/0) VCCQ 3.0 3.3 3.6 \Y, 1,2
Ground VSS, VSSQ 0 0 0 \Y,

Notes: 1. The voltages are referenced to VSS.
2. The power supply voltages should input stable voltage. The power supply voltages should not input
oscillated voltage. If voltages are oscillating, please insert capacitor near the power supply pins and stop
oscillation of voltage.

Recommended Operating Conditions (2/2)

Ta=0to 70°C
Parameter Symbol Min. Max. Unit Note
Input High Voltage VIH 2.0 VCC +0.3 \% 1,2
Input Low Voltage VIL -0.3 0.8 \Y 1,3

Notes: 1. The voltages are referenced to VSS.
2. The maximum input voltage is as follows, depending on transient pulse width of VCC level.
transient pulse width of VCC level < 10nsec  VIH(max) = 4.6V
10nsec < transient pulse width of VCC level < 20nsec  VIH(max) =VCC + 0.5V
3. The minimum input voltage is as follows, depending on transient pulse width of VSS level.
transient pulse width of VSS level < 10nsec VIL(min) =-1.5V
10nsec < transient pulse width of VSS level <20nsec VIL(min) =- 0.5V
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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) COouT — 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 = -2mA 2.4 — \Y
Output Low Voltage VOL IOL = 2mA — 0.4 \%
Input Leakage Current ILI OV=VIN=VCCQ -10 10 HA
Output Leakage Current ILO — -10 10 MA

Note : The voltages are referenced to VSS.
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LAPIS Semiconductor Co.,Ltd.

FEDD56V72161CTAX-01

MDS6V72161C-xxTA

DC Characteristics (Power Supply Current)

Ta=0to 70°C
VCC =VCCQ = 3.3V+0.3V
MD56V72161C-xxTA
Condition Unit | Note
Parameter Symbol -6 -7 -75 -10
Bank CKE Others Max Max. Max. Max.
tCC = Min.
Average Power One Bank | CKEZVIH in
Supply Current ICC1 Active tRC = Min. 100 90 85 70 mA | 1,2
(Operating) No Burst
Power Supply >
CKEZ VIH
Current icc |All Banks tog = Min. 35 | 35 | 35 | 30 |mA| 3
Precharge
(Standby)
Average Power
Supply Current All Banks < g
(Clock ICC3S Active CKE = VIL | tgc = Min. 10 10 10 10 mA 2
Suspension)
Average Power
CKE 2 VIH
Supply Current | ICC3 2;?\/23”" tog = Min. 50 | 47 | 45 | 45 |mA| 3
(Active Standby)
Power Supply All Banks > g
Current (Burst) ICC4 Active CKE = VIH | tgc = Min. 130 120 115 100 | mA | 1,2
Power Supply g
tce = Min.
Current IcC5 ﬁgtf;”k CKEZVIH | °° 0 135 | 125 | 120 | 110 |mA | 2
(Auto-Refresh) Re = Min.
Average Power
Supply Current ICC6 'Iglrleiszir(se CKE 2VIL | tsc = Min. 4 4 4 4 | mA
(Self-Refresh) 8
Average Power
Supply Current | 1cc7 |A1BaKS e < vi | g = Min. 3 3 3 3 | mA
Precharge
(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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LAPIS Semiconductor Co.,Ltd. FEDD36V72161CTAX-01
MD56V72161C-xxTA

AC Characteristics (1/2)

Ta=0to 70°C
VCC =VCCQ = 3.3V+0.3V
Note1,2
MD56V72161C-xxTA
Parameter Symbol -6 -7 -75 -10 Unit | Note
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
Time CL=2 tcco | 10 | — |10 | — | 10 | — | 10 ns
Access CL=3 tacs — 54 | — 54 — 5.4 — 6 ns 3,4
Time from
Clack CL=2 tac2 — 5.4 — 5.4 — 5.4 — 6 ns 3,4
Clock High Pulse Time tcH 2 — 2 — 2.5 — 3 — ns 4
Clock Low Pulse Time toL 2 — 2 — 2.5 — 3 — ns 4
Input Setup Time ts) 1.5 — 1.5 — 1.5 — 2 — ns
Input Hold Time tH 0.8 — 0.8 — 0.8 — 1 — ns
Output Low Impedance
Time from Clock toLz 2 T 2 T 2 T 2 o ns
Output High Impedance
Time from Clock toHz T 54 T 54 T 54 T 6 ns
Output Hold from Clock toH 2 — 2 — 2.5 — 2.5 — ns 3
Random Read or
] ] trRc 60 — 60 — 65 — 70 — ns
Write Cycle Time
/RAS Precharge Time tRP 18 — 18 — 18 — 20 — ns
IRAS Pulse Width trRas | 42 10° | 42 10° | 45 | 10° | 50 | 10° ns
/RAS to /CAS Delay
Time tRcD 18 — 18 — 18 — 20 — ns
2 — 2 — 2 — 2 — Cycle
Write Recovery Time twr 6
12 — 14 — 15 — 20 — ns
/RAS to /RAS Bank
Active Delay Time tRRD 10 T 10 T 15 T 20 T ns
Refresh Time tREF — 64 — 64 — 64 — 64 ms 5
Power-down Exit setup tg|+1C tg+1C tg|+1 tSl1+1
Time tPDE | % |k — lek | T o|ok | T ns
Refresh cycle Time tRca 60 — 60 — 65 — 70 — ns
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AC Characteristics (2/2)

Ta=0to 70°C
VCC =VCCQ = 3.3V+0.3V
Note1,2
MD56V72161C-xxTA .
Parameter Symbol Unit Note
-6 -7 -75 -10
/CAS to /CAS Delay Time (Min.) lcco 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 'bop 0 0 0 0 Cycle
Data Input Delay Time from Write IDWD 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 lowb 2 2 2 2 Cycle
Output
Notes: 1. AC measurements assume that tT= Ins,.
2. Test condition
Parameter Test Condition Unit
Input voltage for AC measurement 2.4 ‘ 04 \Y
Transition Time for AC measurement tT=1 ns
Reference level for timing of input signal (tT<1ns) 14
Reference level for timing of input signal (tT>1ns) VIH Min. ‘ VIL Max.
Reference level for timing of output signal 14 \V;
3. Output load. 1.4V
500

Z=50Q

Output 0—77|;7€)

4. IftT is longer than 1ns, then the reference level for timing of input signals is VIH and VIL.

; 30pF (External Load)

5. Itis necessary to operate auto-refresh 4096 cycles within tREF.

6. twr can be used at one cycle when the clock cycle (tcc) is more than tccMin. x two cycles.
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MDS6V72161C-xxTA

POWER ON AND INITIALIZE
Be sure to do the following initialization sequence to initialize the inside of the memory after the power supply was
turned on and to set up the mode.

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 200us and more with making input a state of NOP after VCC and VCCQ reach it in the regular
condition.

(3) Issue the row precharge all bank command (PALL), 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
(IMrD).

(5). Issue the Extended Mode Register set command (EMRS), and secure the mode register set command delay
time (1MRD)-

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

Note:

1. (4), (5) or (6): in no special order.

2. (5) can be omitted. When it is omitted, it becomes default settings.

3. Carry out an initialization sequence after each input terminal reaches a regulation voltage when other input
terminals were the undefined setup input (High-Z) at the CKE= "H" time. And, the undefined setup input
period of the CKE="H" time can't hold data. It becomes more effective than writing data after the initialization
sequence.

Mode Register Set Command (MRS)

MRS
The mode register stores the data for controlling the various operating CLK 5 f
modes. It programs the /CAS latency, burst type, burst length and write n-1 n
mode. The default value of the mode register is not defined, therefore the CKE H X
mode register must be written after power up to operate the SDRAM. IS L
The mode register is written by mode register set command MRS. The
state of address pins A0 to A13 in the same cycle as MRS is the data /RAS X L
written in the mode register. Refer to the table for specific codes for /CAS (Idle) L
various /CAS latencies, burst type, burst length and write mode. IWE L
BA1(A12) X 0
BAO(A13) X 0
A0 to A11 X v

V: The value of mode register set

Extended Mode Register Set Command (EMRS) EMRS
‘ . . CLK £ £

The extended mode register stores the data for controlling output driver n-1 n

strength. The default value of the extended mode register is defined. CKE H X

Therefore the mode register must be written after power up to operate the

SDRAM. The extended mode register is written by extended mode /CS L

register set command EMRS. The EMRS register input control is same /RAS X L

as MRS settings except for inputting “1” to A12. J/CAS (Idle) L

If an extended mode register isn't set up, output drivability is full power JWE L

as default settings. Refer to the table for specific codes for various

self-Refresh operations. BA1(A12) X 1
BAO(A13) X 0
AO to A11 X \")

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

Write Burst Mode /CAS Latency Burst Type Burst Length
A9 WM A6 | A5 | Ad4 CL A3 BT A2 | A1 | AO BT=0 BT =1
0 Burst 0 0 0 | Reserved | 0 | Sequential | 0 0 0 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. Objects are all family products.

2 A13 and A12 should stay “0” during mode set cycle.
3.A7,A8,A10 and A11 should stay “0” during mode set cycle.

4. Don’t set address keys of “Reserved”.

Extended Mode Register Set Address Keys

Output Driver Strength
A6 | A5 DS
0 0 Full (Default)
0 1 1/2
1 0 1/4
1 1 1/8
Notes:

1. A12 should stay “1” and A13 should stay “0” during mode set cycle.

2. A0 to A4, A7 to A1l should stay “0” during mode set cycle.
3. If don’t set EMRS, DS is set to default (Full).
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Output Driver Characteristics

Output Driver Strength=1/8

Driver Strength Pull Up
V-1 Characteristics Ta=0 to 70°C
Vcce, VeeQ=3.0 to 3.6V

Ids[mA]

Driver Strength Pull Down
V-1 Characteristics

Ta=0to 70°C
Vee, VeeQ=3.0 to 3.6V

0 0.5 1 15 2 25 3 0.0 0.5 1.0 15 20 25 30
Vegs[V] Ves[V]
Output Driver Strength=1/4
Driver Strength Pull Up Driver Strength Pull Down
V-1 Characteristics Ta=0 to 70°C V-I Characteristics  1,_1 5 70°C
Vee, VecQ=3.0 to 3.6V %0 Vee, VeeQ=3.0 to 3.6V
70
60
max.
~ — 50 [ ’
< < .
I e L Typical
‘g g 40 W;
B ~ 30

Ves[V]

0.5 1.0 1.5 20 25 30
Vegs[V]
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Output Driver Strength=1/2

Driver Strength Pull Up
V-1 Characteristics

Driver Strength Pull Down
V-I Characteristics

Ta=0to 70°C Ta=0to 70°C
Vee, VeeQ=3.0 to 3.6V Vee, VeeQ=3.0 to 3.6V
0 140
-20 120
max.
-40 - 100 .
min
< -60 < 80 Typical
E W E
3 -80 *o000e 2 60
\A\“‘ Typical
-100 40
max.
-120 20
-140 0
0.0 05 1.0 15 20 25 3.0 0.0 0.5 10 15 20 25 3.0
Ves[V] Ves[V]
Output Driver Strength= Full (Default)
Driver Strength Pull Up Driver Strength Pull Down
V-1 Characteristics Ta=0 to 70°C V-I Characteristics Ta=0 to 70°C
Vee, VeeQ=3.0to 3.6V | Vee, VecQ=3.0to 3.6V |
0 200
-20 180
max. A
-40 160
-60 - 140
min
= -100 = 100
3 RV 2
= -120 = 80
\ M»
-140 - 60
l\‘ Typical
-160 -“h 40
-180 miﬂhim 20
max.
-200 : : . 0
0.0 05 1.0 15 20 25 3.0 0.0 0.5 10 15 20 25 3.0

Vgs[V]

12/44



LAPIS Semiconductor Co.,Ltd.

FEDD56V72161CTAX-01

MDS6V72161C-xxTA

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 2,3,0, 1
1 1 3,0,1,2 3,2,1,0
- A2 A1 A0
2 0 0 0 0,1,2,3,4,5,6,7 0,1,2,3,4.5,6,7
3 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 6,7,4,5,2,3,0,1
1 1 1 7,0,1,2,3,4,5,6 7,6,5,4,3,2,1,0
A8~AQ
BL=Full Page 0 0,1... 511
(512) Yn, Yn+1... 511, 0... Non Support
n ..Yn-1
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READ / WRITE OPERATION

Bank

This SDRAM is organized as four independent banks of 1,048,576 words
x 16 bits memory arrays. The A12 and A13 input is latched at the time of
assertion of /RAS and /CAS to select the bank to be used for operation.
The bank address A12 and A13 are latched at bank active, read, write,

mode register set and precharge operations.

Activate

The bank activate command is used to select a random row in an idle bank.
By asserting low on /RAS and /CS with desired row and bank address, a
row access is initiated. The read or write operation can occur after a time
delay of tRCD(min) from the time of bank activation.

Precharge

The precharge operation is
performed on an active bank by
precharge command (PRE) with
valid A12 and A13 of the bank to
be precharged. The precharge
command can be asserted anytime
after tRAS(min) is satisfied from
the bank active command in the
desired bank. All bank can
precharged at the same time by
using precharge all command
(PALL). Asserting low on /CS,
/RAS and /WE with high on A10

Bank Address
A12 A13 Bank
0 0 A
0 1 B
1 0 C
1 1 D
ACT
CLK A 4
n-1 n
CKE H X
/ICS L
/IRAS X L
ICAS (Idle) H
/WE H
A12, A13 X BA
A0 to A11 X RA
BA: Bank Address
RA: Row Address (Page)
PRE PALL
CLK BE R I CLK S .
n-1 n n-1 n
CKE H X CKE H X
/ICS L /ICS L
IRAS (P:ge L /RAS (Pzge L
/CAS Open) H /CAS Open) H
/WE L /WE L
A12,A13 X BA A12,A13 X X
A10 X 0 A10 X 1
A0 to A9, A11 X X AO to A9A11 X X

BA: Bank Address

after all banks have satisfied tRAS(min) requirement, performs precharge on all 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 to
write data into the SDRAM on
consecutive clock cycles in
adjacent address depending on
burst length and burst sequence.
By asserting low on /CS, /CAS
and /WE with valid column
address, a write burst is initiated.
The data inputs are provided for
the initial address in the same
clock cycle as the burst write
command. The input buffer is
deselected at the end of the burst
length, even through the internal
writing can be completed yet. The
writing can be completed by
issuing a burst read and DQM for
blocking data inputs or burst write
in the same or another active bank.
The burst stop command is valid
at every burst length.

Write Cycle

WRT WRTA
CLK £ 4 CLK £ 4
n-1 n n-1 n
CKE H X CKE H X
/CS L /CS L
IRAS PX H IRAS PX H
ICAS é;fni L ICAS (();55 L
/WE L /WE L
A12,A13 X BA A12,A13 X BA
A10 X 0 A10 X 1
A9, A11 X X A9, A11 X
AO to A8 X CA AO to A8 X CA
DQ X D-in DQ X D-in

BA: Bank Address
CA: Column Address

D-in: Data inputs

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

o [ [ ]

—>
—>
—>

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

o
omman R

DQ e

CD
L

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

Command

|
I I I
Ffage Opeln @ i

B e B g

\/

9

DQ be—eoo- ——

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

tRAS

1
I I
[ 1
I
1

Command

DQ Loceen oo

tRP

A

o1 K02 X8 )

R Uy | e
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Read / Read with Auto-Precharge

The read command is used to Rp RDA

access burst of data on [

consecutive clock cycles from an CLK = 4 CLK = 4

active row in an active bank. The iRl n -1 n

read command is issued by CKE H X CKE H X

asgerting low on /CS and /CAS /CS L /CS L

w1t}.1’/WE being high on the RAS X H RAS X H

positive edge of the clock. The (Page (Page

bank must be active for at least ICAS Open) L ICAS Open) L

tRCD(min) before the read /WE H /WE H

command s iS.SUfJ/%Aghf first A12,A13 X BA A12,A13 X BA

output appears 1in atency

number of clock cycles after the A0 s 0 A10 s 1

issue of read command. The burst A9, A1 X X A9, Al X X

length, burst sequence and latency AO to A8 X CA A0 to A8 X CA

from the read command are DQ X X DQ X X

determined by the mode register
that is already programmed.

Read Cycle

BA: Bank Address
CA: Column Address

BA: Bank Address
CA: Column Address

ok L1 [T |

CL=2,BL=4

tRAS

1
DQ ] ] :
1 1 1
CL=3,BL=4 !
| | i

Command
DQ r |
] ] ]
1 1 1
Ccl=2.Bl=4 ' reD !
—t—P

Command

Valid Burst Déta Out

Auto Precharge
|

I tRP

A

!
!
!
DQ S -
| |
! !
CL=3,BL=4 | |
: :
Command Page Open

DQ -
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Write / Write interrupt
When a new write command is issued to same bank during write cycle or another active bank, current burst write is
terminated and new burst write start. When a new write command is issued to another bank during a write with

auto-precharge cycle, current burst is terminated and a new write command start. Then, current bank is precharged
after specified time. Don’t issue a new write command to same bank during write with auto-precharge cycle.

Write / Write interrupt cycle

TS T A 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

> .8
&>

| |
1 1
1 1
1 1
Command | | : @ ! @
! ! ! tRRD
' | | ' . '
Bank Address i i ! ! !
: 1 : 1 : : 1 : 1
: : : | tWR i | tRP K | |
1 1 1 = T Ll T 1 1 1
! : : Burst Interrupt, ! : : :
Bank A Internal State Blurst Write V\./rite Recovery i Auto Precharge I:low Active !
: 1 - 1 1 - | ; 1 - 1 1 1 >
1 1 1 1 ) ) 1 1 1 1
| | | | |  IWR . tRP |
| | | | | — >
Bank B Internal State Row Active Burst Write ! ! Recovery Auto Precharge Active
I > " > L " > L > |
| ' : : : | | | |
1 1 1 1 1
DQ ---+--< DAO DA1 DB[®<DB1><DB2><DB3>———:- —————— L------ -- oo - - -
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Read / Read interrupt

When a new read command is issued to same bank during read cycle or another active bank, current burst read is
terminated after the cycle same as /CAS latency and new burst read start. When a new read command is issued to
another bank during a read with auto-precharge cycle, current burst is terminated after the cycle same as /CAS
latency and a new read command start. Then, current bank is precharged after specified time. Don’t issue a new
read command to same bank during read with auto-precharge cycle.

Read / Read interrupt cycle

—>

CLK |

CL=2,BL=4

Command

e TN N S

CL=3, BL=4

Command

DQ

CL=2,BL=4

Command

Bank Address

tRP + 1clk

T NN S

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

|
1
1
1
Bank A Internal State Burst Read Row Active

Interrupt 1 Auto Precharge
. —_— ,

tRP

<

y

i
| |
Bank B Internal State Row Active Burst Rea Auto Precharge

S L
r g

S
L

---< a0 X QA1 QBO><QB1><QBZ><QB3>———, _______

DQ  mecbemeeecbooooo-
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Write / Read interrupt

When a new read command is issued to same bank during write cycle or another active bank, current burst write is
terminated and new burst read start. When a new read command is issued to another bank during a write with
auto-precharge cycle, current burst is terminated and a new read command start. Then, current bank is precharged
after specified time. Don’t issue a new read command to same bank during write with auto-precharge cycle. DQ
must be hi-Z till 1 or more clock from first read data.

Write / Read interrupt cycle

CLK

CL=3, BL=4, WM=Burst ' |gcp !

Command

DQ

P e

CL=2, BL=4, WM=Burst !
1

Command

DQ -

Invalid Data Input

T T

CL=2, BL=4, WM=Burst

bQ High-Z <QBO><QB1><QBZ><QB3>---. ———————
| A . . . | |

Invalid Data Input

i i
] ]
| |
) )
tRRD
| | | | |
' ' ' ' : : : : |
! ! ! . WR tRP_ % ! !
' ! ! Burst Interrupt, : : ' ! ! '
Bank A Internal State Burst Write Write Recovery Auto Precharge | Row Active '
: ' — | — : —_ : —>
) ) I ) I I 1 ) ) I
| | | | | | | , tRP |
! . | | | | | | | | Row
Bank B Internal State Row Active Burst Read ! ! Auto Precharge 1 Active
' . . S . S . ! S
1 [} :
]
1
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Read / Write interrupt

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

Read / Write interrupt cycle

ST S N A A O O OO

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

Command

DQM

i s
ba High-Z -<Db0><Db1><Db2><Db3> ——————

CL=2, BL=4, WM=Burst

A
I
I
1

|
] 1
1 1
1 1 1 . :
| | | | |
1 1 1 ] ]
1 1 1 | ]
1 1 1 : :
Command i i i i i i
1 [ 1 1 1 ] 1
1 1 1 1 ] ]
1 1 1 1 | ]
Bank Address ! @ ! ! ! ! !
| | | | | L ,  tRP+1ck | L
1 1 1 1 1 [l T ] ] b}
5 | | | | Burst | | |
Bank A Internal State  Burst Read | | Interrupt 1 Auto Precharge | Row Active
i { : ! ! > —3 | : ! > |} —>
1 1 1 1 1 ] ] 1 1 1 1
1 1 1 1 1 ] ] 1 1 1 1
| | : : : | | | | tWR |
1 | | | | | | | ——P
' | | | | : : : Write Auto
Bank B Internal Sfate Row Active E E Burst Write E Recovery Precharge
! ! > L ' > L ' 5
! lowo | !
—— > 1
1
1
1
1

DaMm / : I \
- E--- Hig:h-Z <DIBO><DIB‘I><D'BZ><D'B3>———

/

DQ .
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Burst Stop

When a burst stop command is issued during read cycle, current burst
read is terminated. The DQ is to Hi-Z after the cycle same as /CAS
latency and page keep open. When a burst stop command is issued during
write cycle, current burst write is terminated. The input data is ignored
after burst stop command. Don’t issue burst stop command during read
with auto-precharge cycle or write with auto-precharge cycle.

Read / Burst Stop cycle

BST

CLK = A&

n-1 n

CKE H X

/CS L

/IRAS X H

ICAS (Burst) H

IWE L

A12,A13 X X

A0 to A11 X X

TS I O I O O B O

—>
—>

CL=2, BL=4~Full i
1

Command

DQ

DQ

Write / Burst Stop cycle

TS N I O O R O

Command

DQ
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Precharge Break

When a precharge command is issued to the same bank during read cycle or precharge all command is issued,

current burst read is terminated and DQ is to Hi-Z after the cycle same as /CAS latency. The objected bank is
precharged. When a precharge command is issued to the same bank during write cycle or precharge all command is

issued, current burst write is terminated and the objected bank is precharged. The input data after precharge

command is ignored.

Read / Precharge Break cycle

CLK

=4~Full

CL=2,BL
Command

CL=3 BL=4~Full
Command

DQ
DQ

Write / Precharge Break cycle

CLK

CL=2, BL=4~Full

Command

DaMm

DQ

=4~Full

CL=3, BL

!
D1

Command
DQM

DQ
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DQM Function

DQM masks input / output data at every byte. UDQM controls DQ8 to DQ15 and LDQM controls DQO to DQ?7.

During read cycle, DQM mask output data after 2 clocks. During write cycle, DQM mask input data at same clock.

Read / DQM Function

CLK

-TTTTTTTTTTrTTSTTTTTrRT T

=3, BL=8
Command
DQ8 to DQ15

=
g
o
D

CL

=
g
(@]
a

Write / DQM Function

CLK

=8

CL=2o0r3,BL
Command
ubDQM
DQ8~DQ15

LDQM
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Clock Suspend

The read / write operation can be stopped by 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 output data is kept.
When CKE is set high, burst read is resumed. When CKE is set low during write cycle, the burst write is stopped
temporarily. When CKE is set high, burst write is resumed.

Read / Clock Suspend

ok [ |

CL=2, BL=8

CKE

Valid Data Qutput

e R il el i

Command : ¥ | N\

R <QO><Q1><Q2 mmmmomeeee- ><Q3><Q4 oo ><Q5>
DQ ! ! ! ! : : ! T

i i i i ISuspendI i i Susplend i
Write /Clock Suspend
. L P L
CKE
Command E Inval;d Data Irllput E E E

i — 1 NN _\¢ | LN\ X | | |
RO O = DO D OO,

| | A r-’ | T | |

o seed b s |
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REFRESH

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

Auto Refresh REF

All memory area is refreshed by 4,096 times refresh command REF. The CLK R RS

refresh command REF can be entered only when all the banks are in an n-1 n

idle state. SDRAM is in idle state after refresh cycle time tRCA. CKE H H

ICS L

/RAS X L

ICAS (Idle) L

IWE H

A12,A13 X X

A0 to A11 X X

Auto-Refresh Cycle

ST I O v D O A O A R I I

Command

<

tRP tRCA tRCA

@
e
e

Intensive Refresh

4,096 times refresh command can be entered every refresh time tRgF.

State Read or Write Auto Refresh Read or Write Auto Refresh

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

A
Yoo
X---

<
<

Dispersed Refresh

Refresh command can be entered every 15.625us (tREF 64ms / 4,096 cycles).

ow IR AR RN AN ARAA S SIS

State REF R/W REF R/W REF R/W H‘ ‘ ‘ ‘H REF R/W REF

v\ | =>
156250 1 15.625y 15.625p

4,096 times tREF=64ms !

A A
\ A /
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Self Refresh

When read or write is not operated in the long period, self refresh can
reduce power consumption for refresh operation. Refresh operation is
controlled automatically by refresh timer and row address counter during
self refresh mode. All signals except CKE are ignored and data bus DQ is
set Hi-Z during self refresh mode.

When CKE is set to high level, self refresh mode is finished. Then, CLK
must be operated before 1 clock or more. And, maintain NOP condition
within a period of tRCA(Min.) after CKE is set to be high level.

Self Refresh Cycle

SREF

CLK £ 4

n- n

CKE H L

/CS L

IRAS X L

ICAS (dle) L

JWE H

A12,A13 X X

A0 to A11 X X

o LFLAFLE /

CKE

\ i Self Refresh
1
:

7 tRCA 7

tRCA

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

SDRAM can be set to low power consumption condition with CKE function. CKE is reflected at 2 clocks later
regardless /CAS latency. When CKE is set to low level, SDRAM go into power down mode. All signals except
CKE are ignored and DQ is set to High impedance in this state. When CKE is set to high level, SDRAM exit power
down mode. Then, Clock must be resumed before 2 or more clocks.

Power Down

oL (L |

CL=2, BL=4, Case 1

| | |
1 ] ] ]
| Active Power Down Mode | | :
CKE i \ : / i I New Command
| | | | | |
Command ' ! ! ! ! !
Write Cycle Page Open Stand-by \ \ | | |
DQ ] ... Highz .
] ] ] ] ]
] ] ] ] ]
1 | | | | | | | | |
CL=2, BL=4, Case 2 ! ! ! ! ! ! ! !
CKE E E E E Power Down Mode E [ E : : : :
| | | \ | 0 / | New Command
) ) ) 1 1 ) ) ) )
Command i Autq Precharge Start i i i i i
E . E Precharge Stand-by / Idle E E : E E E
T (XX R A
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 | /CAS | /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 *
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, A12=0, MRS Mode Register Set ™
A13=0
L L L L Vi A12=1, EMRS Extended Mode Register Set
A13=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/EMRS | 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/EMRS | 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/EMRS | ILLEGAL
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FUNCTION TRUTH TABLE (Table 1) (2/3)

Curre[11t ICS | /RAS | /CAS | /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
Precharg | 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 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/EMRS | 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/EMRS | 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,CAA10 | 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/EMRS | ILLEGAL
Write H X X X X NOP Row Active after twRr
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 *
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/EMRS | 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 tyRr
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/EMRS | 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,CAA10 | 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/EMRS | ILLEGAL
Mode H X X X X NOP Idle after IurD
Register L H H H X NOP Idle after IMRD
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/EMRS | ILLEGAL
ABBREVIATIONS

ADDR = Address
NOP = No OPeration command

*Notes :1.
2.

AR

BA = Bank Address CA = Column Address
V = Value of Mode Register Set

RA = Row Address

All inputs are enabled when CKE is set high for at least 1 cycle prior to the inputs.

RD/RDA or WRT/WRTA command to same bank is forbidden. But RD/RDA or WRT/WRTA
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.

Illegal if any bank is not idle.

RD/RDA or WRT/WRTA command to activated bank is valid after tRCD(min.) from ACT command.

Activate command to the same bank is forbidden. But activate command to another bank in idle state
is valid.

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

. PRE to same bank is forbidden. PRE to another bank must be issued after tRAS(min.). PALL

command is forbidden.

. Write recovery states means a period from last data to the time that tWR(min.) passed.
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FUNCTION TRUTH TABLE for CKE (Table 2)

Current State
n-1

CKE
n-1

Q
S X
m

ICS

=]

/IRAS
n

/ICAS
n

/WE

ADDR

Action

All Banks Idle

T

Refer to Table 1

(ABI)

Enter Power Down

Enter Power Down

X | X [ XX

ILLEGAL

ILLEGAL

BA, RA

Enter Active Power Down after Activate

ILLEGAL

Enter Self Refresh ™

BA, V

Enter Power Down after MRS

x

INVALID

Self Refresh

INVALID

Exit Self Refresh --> ABI 2

Exit Self Refresh --> ABI 2

ILLEGAL

ILLEGAL

ILLEGAL

NOP (Maintain Self Refresh)

Power Down

INVALID

Exit Power Down --> AB|

NOP (Continue Power Down)

Active Power

INVALID

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

rr|lr|rr|r|x|r|r|x|x|x|r ||| ||| jrjr|T|jr|T|TjT|]T|TT|T|IT|IT

rilz|r|lT|X|rr|r|rjir|rir|lzlr|z|IX|r|lT|X|rlT|lZT|lT|T|IT|X|X|r|rr|rr|r|r|-|- ||

XIX|X[X|X|r|r|r|(r|r|[ZT|X[X[X|X[X|X|X|X|r|r|r|irIZT|X|X|r|jr|jr|r|jrjir{r|xT|X

X|IX|X|X|X[F[Fr|[IZT|ZT|IT|[X|X|X|X|X|X|X[X[X|F|ZT|ZT|ZT|X|X|X|r|r|jr|r|ZT|IT|I|X|X

XIX|X[X|X|IF|ZT|Ir[ZT|IZT|[X|X|[X[|[X|X[X|X|X|X|X|[F|Z|Z|X|X|X|r|r|ZT|ZT|r|IT|XI|X|X

XX XX [X|X[X|X|F|IT[X|X[X[|X[X|X[X|X[X|XIX|m|IT|X[X|X|m|IT|r|IT|[X|r|IT|X|[X

DD XXX XXX XXX XXX XX XX XX XXX X[ XXX

than Listed Begin Clock Suspend Next Cycle
Above Enable Clock of Next Cycle
Continue Clock Suspension
ABBREVIATIONS

ADDR = Address

V = Value of Mode Register Set

RA = Row Address

BA = Bank Address
ABI = All Banks Idle

NOP = No OPeration command

*Notes :1. Self Refresh can be entered only when all the banks are in an idle state.

2. tRCA must be set after exit self refresh.

3. New command is enabled in the next clock.
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SIMPLIFIED STATE DIAGRAM

MODE

ACTIVE
POWER
DOWN

READ
SUSPEND

READA
SUSPEND

REGISTER AUTO
REFRESH
SET
<
@ -
o <
5 n Refresh
o
EXTENDED
MODE
REGISTER B
SET — IDLE =
CKE{
CKET POWER
2 DOWN
[&]
<
CKE! -
ACTIVE |, |
CKET
Burst
Stop Burst
Write
(0]
2
®©
Write f‘g
AP &
CKE{ Read
| WRITE |_/
CKET Write
' Read AP Write AP
Write with Auto Precharge
WRITEA CRE
SUSPEND -T[
CKE
Precharge Precharge
A
POWER Precharge
ON » PRECHARGE |

\Command / input signal \ Auto Sequence
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TIMING CHART
Synchronous Characteristics
Transition Time tT<1ns Transition Time tT>1ns
tccos tcH tccrs tcH
CLK ;

Tignz [ 3 vt YN vaie F N[fignz
— VoL . N

Note : The objec;t of input are 'CKE, A0 to A13, /CS, /RAS, /CAS, /WE,UDQM to LDQM and'DQO to DQI15
(input).

Power on Sequence

__Max.

vce,veea ovi/ Min. IERIEEET R
S AV AVAVAVAV R AVAVAVAVE'AVAVAY
i Stable Clock |npl!.lt‘ | Initialize

(o5, Foas, — moR) N NP Jeauwfnor
ICAS, WE) N
Address ee i [?on't C.:are ; : ee

uDQM,LDQM ee ' bon't éare *1' ' ee

DQO to 15 High-Z

A

—

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

CLKW
S A A R A

Command >200”S : g e tRCA | sie_ LRCA

e e L o I B o e 7
Address: : ee : X Y XV S R S S S |
—22_/ s
S e
A A

a3z T )

UDQ’VU-DQ'V"Don't'Care 2 e \ : ' ' ' : ee ' ' ee
o High-Z ) N N
DQO to DQ15 ¢ ) )

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

Mode Register Set cycle

TN AVAWAY

O S N ™S S R -
Command I é: tRCA E IMRD :;: E E tRAS E E :;: tR‘P :;: ; ,; i
(CS, /RAS REFX eZ:XMRSX XACTX XPREX XEMRSX XSREFX
ICAS, WE)T~ 1T T

padress ; ; 1 e\ZCX i X 1 X X 1
A0 | | | ‘2‘:_\ ; / | X X |
U [ E

G

??_\ /
uDQM, LoaM| 22
DQO to 15 H'ghl'z | 22 |

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 [\ ]
S ieeck N S N 1S S N N S N TN U A T

:)[ ) — = xxxx e
(/CS, IRAS, . YacT WRT PRE ACT WRT PRE
CAS. W) § > tH' E tRAs i tRP o : tRAs ;
Address R.a XCaX — XR.bX ' XébX —
S rep R P b teen L e

v HE L XRbX\/ O\
S| [« ! ! ' ! ! ! '

A12, A13 Ba XBaX XBaX XBbX XBbX XBbX:

uDQM, #“’tg | tH|f~—;l/ . D sl tSl T tHiles
LDQM B \e R

(CL=2.3) | | deipeslestn PP bbb tsieslet
Doomse—:—:—oaohoaz}::: ————————{ b0 |

(CL=2, 3)

Notes: 1. Rx = Row Address, Cx = Column Address, Bx = Bank Address
[C1=NOP command or High or Low level, CKE = High level

Burst Read Cycle (BL=4)

CLK / . . .
Command | ! tRe | : : : J
(ICS, IRAS, :XACTX X RDX ) PRE} yactf Y ro ) PRE
/CAS, WE) T teas | el 1 T T tms a
Address :X Ra X X Ca X X Rb X X Cb X
TN
:XRaX\/ . .\/ R\ \ [
A12, A13 :XBaX XBaX ' .XBaX .XB.bX.XB.bX XébX:
ubaM, E : E E E E E E E E
LDQM \ tACZ 4_.1 : / \ : / étAcz : toH : \
(CL=2) . . . . : . : : .
; ; tOLZ—P- toH 5 —> toHZ | v torz —» : toHz |
D(%?_S)S Q;* Qa1XQa2XQa3 S . I
R e e e e s e s
ooy e\ ey b N sl U

toHz

DQO to 15

o gtOLZ4@t tow | s tonz |
(CL=3) Q;(_J’*Qa1XQa2XQa3

Notes : 1. Rx = Row Address, Cx = Column Address, Bx = Bank Address
[]1=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 . .
| | | S | P tre (Bank B) E , P | |
Command e tRo(Bank A) h | :
(/CS, IRAS,
ICAS, IWE) :XACTX XWRTAX XACTX XWRT‘X XA(,JTX XWRT‘X XACTX XWRT‘X:

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

Address :XRAaX XCAaX XRIBaX XCBaX: XRAbX XCAbX XRIBbX XCBbX:

tRCD R | L e tRCD

"—' tRAs(Bank B) :‘——’- e (Bank-B) | "—'

N ol s e R s o SRR O
mzms:xxxxxxxx N oEEEEEEE
cov pue (0 omm

; ; tsi thi tsi thi 5 tsi thi tsi tHI
DQOto 15 T DAaO* DAa1XDAa2XDAaS* DBaO* DBa1XDBa2XDBa3)—v— DAbO* DAb1XDAb2XDAb3* DBbO*

Notes : 1. RXx = Row Address, CXx = Column Address, X = Bank, x = Address
[C1=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 | | tre (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 ' . : i trcD

tRAS (Bank B) e

:)(RAaX [ \ XRBaX AR O SVER WS ) SV AR
mzms;xix:x e :x:x:x:x:x:x:x:[
uDaM, ;—E—'_\;mcz;ﬁli | 5 L /——\

LDQaM tOLz toH f f tAC2 tOH f f tOHz

DQO to 155 ; ; QAaH*QAmXQAazXQA:*QB:(;*QBa1XQBa2XQB;ﬂ—{XQAb0XQAb1XQAb2X:

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

' tRp(Bank B) =.~—"~ '
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Burst Read e Single Write Cycle (CL=2, BL=4,WM=Single)

S R xRoxj B 0 5 0 5 O ) &
pasess YT ) O I CD D,

tRCD ; ; ; ; trcD lccp lccp

;XRAaX\/;;;;xRBaX\/\/\C::
ijxxxx__xxxxxxxx

|OWD

s 5 B s W mn Y U 5 0

tOLz Pton | torz s ; | ts) ; t i itozi | | tow

; ; E H >t H :_’:.
DQOto1s L Z OAaH*QAmXQAazXQAas*H —{peo}————{Yoand

Notes :  1.RXx = Row Address, CXx = Column Address, X = Bank, x = A_d_dress
[1=NOP command or High or Low level, CKE = High level, 1 _= Invalid Data Input

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

CLK
Command (BankA Actlve) § | E: tRP (Bank A) | tRCD (Bank A) || | | | |
(ICS, IRAS, RDX RDX RDX RD XPREXACTX XACTXWRTXWRTXWRTXWRTX RDX RDX RDX RD X:
ICAS, IWE) 1

|CCD |CCD |CCD E ' tR;?D E Hoep tleep | leep | loep {leen | loc | leep |
<—> <—><—><—><—><—><—><—>

Address :XCAaXCAbXCAcXCAdX XRBaX XRAbXCBaXCBbXCAeXCAfXCBcXCBdXCAgXCAhX:
: tRCD(BankB[ :
A0 _\ e om

A12A13:)(XXXXXXIXXXXXXXXX)C

_lowp

uDQM, ' \ tACBu_>| é é / é ; ; \ ; é é é /_:_\ tACBu_>| é

LDQM H : T
tOLZ . ! tou ! : ' toHz  ts) | : tH

DQO to 155 : : QAa‘_}QAbOXQACOXQAMDBbOXDAeOXDAfO\'_E

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

37/44



LAPIS Semiconductor Co.,Ltd. FEDD36V72161CTAX-01
MD56V72161C-xxTA

Burst Stop e Read / Write Cycle (BL=Full Page, WM=Burst)

CLK

Command

Eris ) e— ol e— 1
Address :XCaX . ee -~ XCbX
yy——— v
A12, A13 :Xéax ' ee — XB X

ubam, | oo b i lown;

o G2

%__

__%__

—

> |—
o
™

qm

Tﬂ EEEE

(=2 toH : toHz ! tsi thi o L .
DQOto 15 Qa?*QM )Q?:XQamXQan)O; 0o Dbt )@:Xobmx Dbn\' L
(CL=2) * ______
ubDQM, ' ' < lowp ,' < tv\/R ' ;

cor I et pEEa ) R

(CL=3) T 1 . .
; ; tOLz—> toHz e—syltsiperient 01 b 4

DQOto 15 L i | an Z:XQa@(QamXQ;@—F;t;* Db1>Q Dbm/\ § § J §

(CL=3) i Z:X NN

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

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

LK WW\E

Command : A ; ; ; >

//CCASS//RVCS :XRDX | eZ:XPREX XACTXt XWRTX : ee _ XPF:QEX:

oo (T e S
wo D [T [ FIn T [
A13,A12:XB.3X. | QZ:XB"‘X XBaX XBaX, ee S— .XB?X:

ubaMm, | | | | L lowpi | | D tWR et

G B ) mmEE ) PR

(CL=2) : tOH E AtOHZ Eq—p E tsi . tHI 1 1 1 | :
DQO fo 15 Q;’* Qa XR:XQQMX QanX]é Dbo* Db )QZ:XDWX Dbn >——.——
CL=2) T L T
ubam, | | t(')H A fw—v'o‘.’VD f 5 E R,
LDQM \ tAC3+>| "’]?2 L] \ | / | 5 -

CL=3 1
( ) toLz — : : tOHZ th)

DQOto 15 L - aanhZ:XQan 2XQan 1\ Qan Dbo ) Dbt )QZ:XDbn P S R
cL=3) i i M !

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

CLK

Command 5

e £ S e T8
Address :XCaX ‘ ‘ ‘ ‘ ‘ ‘ ee XCbX
e
A12A13:XBaX: 82 XBaX

ubQM

DQ8 to 15

o mtmmmé Mot /'\ /'\
DQ0 to DA7 40( QaO)O—O( Qaz)O—O( Qa4X Qs )QE—( DbO ¥ —+—{ Db2 }——

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

= Invalid Data Input

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

CLK

e ———TF P

Command :

(/CS, IRAS, :X RDX

ICAS, /WE)
Address :X Cla X

a0 T\ [T
A12, A13 :XéaX |

o MR Sm—— A

' > ! ! !
DQO to 15 | 5 tOLZ | torz ; 5 ts1 peries) thi :
015 1 :
Qa2 } Qa3 } J-—{ bbo * Db1 __( Db2X Db3 )

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

WWMWWM

CKE ngh : ee : ee | ee
; : trRP : L tRCA : tRCA tRCA
Command !

//CCASS /m: :XPALLX XREFX : 22:)( REFX 22:)( REFX eZ:XACTX:
I e: ] ] ; e‘:CX R:a X:

/-\/

Address I ee

w TE . —
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 S
DQOto15 [Highz | b b oyb b E by
T I S R ¢

/'\_,

/'\_,

/-\_/

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

Self Refresh Cycle
aKﬂﬂﬂﬂM\\M \\UUUUWUX
ts|§ . . 1c|k,<—>.
e T2 LT

Self Refresh

Iy ' ' ' ' !
T T T T »

<

Command < | trp | ” : E E tRCA E
/CS, IRAS, on't Care
T T G — {%{
e,,,,,,,,eCXRa[
wo U o s s e
A Al T ee - QZ:X éaX:
uDQMm, | 5 5 5 5 5 N 5 5 5 5 5 5 N 5
LoaM A ¢
DQIS~0 iHighz & b0 i onb bbby

1 | 1 ' ' ; S 5 5 5 5 5 5 S

Address

"\/

/'\_,

Notes : 1. Rx = Row Address, Bx = Bank Address
= High or Low level
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Power Down Cycle

CLK

Ry B v e e P e
o e
3 Actlve Power Down =E 5 : S Power Down ' " '

fe—i 1clk | | : | —s! ! 1clk

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

Pl —r
A10 :XRaX el e: : : :XR:bX:
e

A12, A13 :XBaX ?3

r\,
r\,

/-\/

/-\/

— —
JEONON [ v o I DU IS
Q
—< _—

ubQMm, - ' ’ : : : : = : -
oM @‘ - @‘
DQto15 |HighZ | | »i | | | | | | | »i

T S e R B A ¥

Notes : 1. Rx = Row Address, Bx = Bank Address
e High or Low level
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PACKAGE DIMENSIONS

P-TSOP(2)54-400-0.80-ZK6 [

) 22,220.10 .

{Unit: mm)

OCACARAAOAOROROAOAAAAARARAAAN -

o
g %
iSLEEEGEREL EBEEEGELEEL I EL L 5 0. 14540, 05
INDEX_ MARK @ @ —j"—_____
MIRRCR FINISH . 080020
0.71 TYP. ) 0.32 'gg'rl XL z
&
Y y o~g
Wil '][[’[]]"I{:l|]'][I]I][[[[I]I][I[I][]} \}
[=]0.0] "\ SEATING PLANE % i | 0.501YP.
NOTES. = _ 0.6040.10
1 LEAD WITH DOES NOT INCLUDE TRIM OFFSET
2. PACKAGE WIDTH AND LENGTH DO NOT INCLUDE MOLD PROTRUSION, DIEPAD SUPFORT = =
PROTRUSION AND CAVITY OFFSET BETWEEN TOP AND BOTTOM CAVITY. Package material Epoxy resin
3. THE SEATING PLANE IS THE SURFACE WHICH THE PACKAGE IS MOUNTED ON AND GETS Lead frame material Cu alloy
IN COMTACT WITH. Lead finish Sn 100%
Solder Thickness More than Spm
; Package weight (g) 0.55 TYP.

LAPIS Semiconductor Co. Ltd. Rev. No./Last Revised 1/Jul. 29, 2014

Notes for Mounting the Surface Mount Type Package
The surface mount type packages are very susceptible to heat in reflow mounting and humidity absorbed in storage.

Therefore, before you perform reflow mounting, contact a ROHM sales office for the product name, package name,
pin number, package code and desired mounting conditions (reflow method, temperature and times).

42/44



LAPIS Semiconductor Co.,Ltd.

FEDD56V72161CTAX-01

MDS6V72161C-xxTA

REVISION HISTORY
Page
Document No. Date Previous | Current Description
Edition Edition
FEDD56V72161CTAX-01 Jan. 16, 2019 - _ Final edition 1

(from FEDD56V72161CTA-03)
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Notes

1)
2)

3)

4)

5)

6)
7)

8)

9)

10)

11)

12)

13)

The information contained herein is subject to change without notice.

Although LAPIS Semiconductor is continuously working to improve product reliability and quality,
semiconductors can break down and malfunction due to various factors. Therefore, in order to prevent
personal injury or fire arising from failure, please take safety measures such as complying with the derating
characteristics, implementing redundant and fire prevention designs, and utilizing backups and fail-safe
procedures. LAPIS Semiconductor shall have no responsibility for any damages arising out of the use of our
Products beyond the rating specified by LAPIS Semiconductor.

Examples of application circuits, circuit constants and any other information contained herein are provided
only to illustrate the standard usage and operations of the Products. The peripheral conditions must be taken
into account when designing circuits for mass production.

The technical information specified herein is intended only to show the typical functions of the Products and
examples of application circuits for the Products. No license, expressly or implied, is granted hereby under
any intellectual property rights or other rights of LAPIS Semiconductor or any third party with respect to the
information contained in this document; therefore LAPIS Semiconductor shall have no responsibility
whatsoever for any dispute, concerning such rights owned by third parties, arising out of the use of such
technical information.

The Products are intended for use in general electronic equipment (i.e. AV/OA devices, communication,
consumer systems, gaming/entertainment sets) as well as the applications indicated in this document.

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

For use of our Products in applications requiring a high degree of reliability (as exemplified below), please
contact and consult with a LAPIS Semiconductor representative: transportation equipment (i.e. cars, ships,
trains), primary communication equipment, traffic lights, fire/crime prevention, safety equipment, medical
systems, servers, solar cells, and power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace equipment,
nuclear power control systems, and submarine repeaters.

LAPIS Semiconductor shall have no responsibility for any damages or injury arising from non-compliance
with the recommended usage conditions and specifications contained herein.

LAPIS Semiconductor has used reasonable care to ensure the accuracy of the information contained in this
document. However, LAPIS Semiconductor does not warrant that such information is error-free and LAPIS
Semiconductor shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.

Please use the Products in accordance with any applicable environmental laws and regulations, such as the
RoHS Directive. For more details, including RoHS compatibility, please contact a ROHM sales office.
LAPIS Semiconductor shall have no responsibility for any damages or losses resulting non-compliance with
any applicable laws or regulations.

When providing our Products and technologies contained in this document to other countries, you must abide
by the procedures and provisions stipulated in all applicable export laws and regulations, including without
limitation the US Export Administration Regulations and the Foreign Exchange and Foreign Trade Act.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of LAPIS
Semiconductor.

Copyright 2019 LAPIS Semiconductor Co., Ltd.

LAPIS Semiconductor Co.,Ltd.

2-4-8 Shinyokohama, Kouhoku-ku,
Yokohama 222-8575, Japan
http://www.lapis-semi.com/en/
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