Dear customer

LAPIS Semiconductor Co., Ltd. ("LAPIS Semiconductor"), on the 1% day of October,
2020, implemented the incorporation-type company split (shinsetsu-bunkatsu) in which
LAPIS established a new company, LAPIS Technology Co., Ltd. (“LAPIS
Technology”) and LAPIS Technology succeeded LAPIS Semiconductor’s LSI business.

Therefore, all references to "LAPIS Semiconductor Co., Ltd.", "LAPIS Semiconductor"
and/or "LAPIS" in this document shall be replaced with "LAPIS Technology Co., Ltd."

Furthermore, there are no changes to the documents relating to our products other than

the company name, the company trademark, logo, etc.

Thank you for your understanding.

LAPIS Technology Co., Ltd.
October 1, 2020



ROHM GROUP

LAPIS

TECHNOLOGY
FEDD56V82161ATAP-03

Issue Date : Nov. 12, 2020

MD56V82161A-xxTAP

4-Bankx4,194,304 -Wordx16-Bit SYNCHRONOUS DYNAMIC RAM

DESCRIPTION

The MD56V82161A-xxXTAP is a 4-Bank x 4,194,304-word x 16-bit Synchronous dynamic RAM.
The device operates at 3.3V. The inputs and outputs are LVTTL compatible.

FEATURES
Product Name MD56V82161A-xxTAP xx indicates speed rank.
Organization 4Bank x 4,194,304Word x 16Bit
Address Size 8,192Row 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 -40 to 85°C
Function Standard 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, 8,192cycle/64ms, Self-Refresh
Package 54 pin 400 mil Plastic TSOP(ll)
Cu Frame, Halogen-Free, Pb-Free
(P-TSOP(2)54-400-0.80-ZK®6)

PRODUCT FAMILY

Output Access Time (Max.)
vee Speed Family o Max.

Rank Drivability Frequency tAC2 tAC3
6 MD56V82161A-6TAP EMRS setting 166MHz 5.4ns 5.4ns
7 MD56V82161A-7TTAP EMRS setting 143MHz 5.4ns 5.4ns

3.0V to 3.6V :

75 MD56V82161A-75TAP EMRS setting 133MHz 5.4ns 5.4ns
10 MD56V82161A-10TAP EMRS setting 100MHz 6ns 6ns

ROHM

SEMICONDUCTOR
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ROHIM

SEMICONDUCTOR

Dear customer

ROHM Co., Ltd. ("ROHM"), on the 1st day of April, 2024,
has absorbed into merger with 100%-owned subsidiary of LAPIS Technology Co., Ltd.

Therefore, all references to "LAPIS Technology Co., Ltd.", "LAPIS Technology"
and/or "LAPIS" in this document shall be replaced with "ROHM Co., Ltd."
Furthermore, there are no changes to the documents relating to our products other than

the company name, the company trademark, logo, etc.

Thank you for your understanding.

ROHM Co., Ltd.
April 1, 2024



LAPIS Technology Co. Ltd.

FEDD56V82161ATAP-03

MD56V82161A-xxTAP

PIN CONFIGURATION (TOP VIEW)

vee[l] @
DQO[2]
vCeQ[3]
DQ1[4]
DQ2[5]
vssQ[6]
DQ3[7]
DQ4[8]
vceQ[9]
DQ5[10
DQ6 [11]
VSsQ[12]
DQ7[13]
vee 14
LDQM[15
IWE [16]
ICAS[17}
IRAS 18]
ICS[L9
A14(BAO) 20
A13(BA1) |21
A10[22]
A0[23
A1]4]

A2 25
A3[26

vee 27}

54]vss
53]DQ15
52]vssQ
51]DQ14
50/DQ13
laglvceQ
l48|DQ12
47| DQ11
28] VSSQ
45/ DQ10
44| DQ9
a3]veeqQ
42|DQ8
41 VSS
l40]NC
39| uDQM
38| cLK
37| cKE
36]A12
35]A11

34] A9
33]A8
32| A7
31) A6
30| A5
29 A4

El VSS

54-Pin Plastic TSOP(II)

(K Type)
Pin Name Function Pin Name Function
CLK System Clock UbDQM, LDQM Data Input / Output Mask
ICS Chip Select DQi Data Input / Output
CKE Clock Enable VCC Power Supply (3.3V)
A0 to A12 Address VSS Ground (0V)
Al13,A14
( BALBAO ) Bank Select Address VCCQ Data Output Power Supply (3.3V)
/IRAS 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 VVSSQ pin.
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LAPIS Technology Co.,Ltd.

FEDD56V82161ATAP-03

MD56V82161A-xxTAP

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.

ICS

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.

Write Enable (Input)

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

A13,A14
(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 A12

Row & column multiplexed. (Input)
Row address : RAO — RA12
Column Address : CAO - CA8

DQO to DQ15

3-state Data Bus (Input/Output)

UDQM, 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 (I/O), 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 Technology Co.,Ltd.

FEDD56V82161ATAP-03

MD56V82161A-xxTAP

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on Input/Output Pin Relative to VSS VIN, VOUT -0.5t04.6 \%
VCC Supply Voltage vCC —0.5t0 4.6 \
VCCQ Supply Voltage VCCQ -0.5t04.6 \
Power Dissipation (Ta=25°C) PD 1000 mwW
Short Circuit Output Current I0S 50 mA
Storage Temperature Tstg —55 to 150 °C
Operating Temperature Ta -40 to 85 °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=-40 to 85°C

Parameter Symbol Min. Typ. Max. Unit | Note
Power Supply Voltage (Core) VCC 3.0 3.3 3.6 \% 1,2
Power Supply Voltage (I/O) VCCQ 3.0 3.3 3.6 \% 1,2
Ground VSS, VSSQ 0 0 0 \

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=-40 to 85°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 \% 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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LAPIS Technology Co.,Ltd.

FEDD56V82161ATAP-03

MD56V82161A-xxTAP

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 Al4, /IRAS, ICAS, IWE, /CS, CKE, UDQM, LDQM)
Input/Output Capacitance (DQO to DQ15) CouT — 6.5 pF

DC Characteristics (Input/Output)

Ta= -40 to 85°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 0OV< VINS VCCQ -10 10 HA
Output Leakage Current ILO — -10 10 A

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

FEDD56V82161ATAP-03

MD56V82161A-xxTAP

DC Characteristics (Power Supply Current)

Ta=-40 to 85°C
VCC =VCCQ = 3.3V+0.3V

MD56V82161A-xXTAP

Condition
Parameter Symbol -6 -7 -75 -10 | Unit | Note
Bank CKE Others Max Max. Max. Max
Average Power One Bank tcc = M!n.
Supply Current ICC1 Active CKE > V|4 | tRC = Min. 150 140 130 110 mA | 1,2
(Operating) No Burst
Power Supply
Current iccz |AIBamks e v ltcc=Min. | 40 | 40 | 40 | 40 | ma| 3
Precharge
(Standby)
Average Power
Supply Current All Banks CKE <V -
(Clock ICC3s Active SVIL | tce = Min. 35 35 35 35 mA 2
Suspension)
Average Power
Bank
Supply Current | 1CC3 2;?% A IckE>Viy |tcc=Min. | 65 | 60 | 55 | 55 | mA | 3
(Active Standby)
Power Supply All Banks CKE >V -
Current (Burst) ICC4 Active 2VIH |tcc = Min. 165 160 150 130 mA | 1,2
Power Supply — M
All Bank tcc = Min.
Current iccs |7 P ekE 2 viy _ 200 | 180 | 160 | 140 | mA | 2
Active trRc = Min.
(Auto-Refresh)
Average Power
All Banks
I CKE <V = Min.
Supply Current ICC6 Precharge IL |tcc =Min 4 4 4 4 mA
(Self-Refresh)
Average Power
All Banks
S ly C t CKE <V = Min.
upply Curren ICC7 Precharge IL |tcc =Min 3 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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LAPIS Technology Co.,Ltd. FEDDS6VBZIBIATAP-03
MD56V82161A-xxXTAP

AC Characteristics (1/2)
Ta=-401to0 85°C
VCC=VCCQ =3.3V+0.3V
Notel,2
MD56V82161A-xXTAP
Parameter Symbol 6 7 75 10 Unit Note
Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max.
Time CL=2 | teep | 10 | — | 10 — | 10 | — | 10 ns
Access CL=3 | ftac3 — 54 — 54 — 54 — 6 ns 3,4
Time from
Clock CL=2 | ftac2 — 5.4 — 5.4 — 5.4 — 6 ns 34
Clock High Pulse t
Time CH 2 — 2 — 25 — 3 — ns 4
Clock Low Pulse Time te 2 — 2 — 25 v 3 — ns 4
Input Setup Time tg) 15 — 15 — 15 — 2 — ns
Input Hold Time tHI 0.8 — 0.8 - 0.8 — 1 ~ ns
Output Low
Impedance Time toLz 1 = 1 — 1 —- 2 — ns
from Clock
Output High
Impedance Time toHz — 5.4 — 5.4 —> 5.4 — 6 ns
from Clock
Output Hold from
Clock toH 2 — 2 — 25 — 25 — ns 3
Random Read or
Write Cycle Time fRe 60 o X o 65 o 70 o ns
/IRAS Precharge
Time trp 18 — 18 — 18 — 20 — ns
/RAS Pulse Width tRAS 42 10 42 10 45 10 50 10 ns
/IRAS to /CAS Delay
Time tRcD 18 — 18 — 18 — 20 — ns
Write Recovery . 2 — 2 — 2 — 2 — | Cycle
Time WR 6
12 — 14 — 15 — 20 — ns
/RAS to /RAS Bank
Active Delay Time fRRD 12 o 12 o 15 T 20 T ns
Refresh Time tREE — 64 — 64 — 64 — 64 ms 5
Power-down Exit t tg+1C | [tg¥1lC | tg)+1 - tSI+1 ns
setup Time PDE | "1k LK CLK CLK | —
Refresh cycle Time | trca 60 — 60 — 65 — 70 — ns
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LAPIS Technology Co. Ltd.

FEDD56V82161ATAP-03

MD56V82161A-xxTAP

AC Characteristics (2/2)
Ta=-401to0 85°C
VCC=VCCQ =3.3V+0.3V
Notel,2
MD56V82161A-xXTAP
Parameter Symbol Unit Note
-6 -7 -75 -10
/CAS to /CAS Delay Time lccb 1 1 1 1 Cycle
(Min.)
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 DOD 0 0 0 0 Cycle
Data Input Delay Time from Write IDWD 0 0 0 0 Cycle
Command
Data Output High Impedance |
CL CL CL CL I
Time from Precharge Command ROH Cycle
Active Command Input Time
from Mode Register Set IMRD 2 2 2 2 Cycle
Command Input (Min.)
Write Command Input Time from lowd 5 5 5 5 Cycle
Output
Notes: 1. AC measurements assume that tT = 1ns,.
2. Test condition
Parameter Test Condition Unit
Input voltage for AC measurement 2.4 ‘ 0.4 \V/
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. ‘ VIL Max. \Y/
Reference level for timing of output signal 1.4 \Vj
3. Output load. 1.4V
500

Z=50Q

Output 0—7796)

2}

; 30pF (External Load)

4. IftT is longer than 1ns, then the reference level for timing of input signals is VIH and VIL.
5. Itis necessary to operate auto-refresh 8,192 cycles within tREF.
6. twr can be used at one cycle when the clock cycle (tcc) is more than tccMin. x two cycles.

8/45



LAPIS Technology Co.,Ltd. FEDDS6VBZIBIATAP-03
MD56V82161A-xxXTAP

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
(IvrD).

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

(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 f 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. 1S L
The mode register is written by mode register set command MRS. The
state of address pins A0 to A12 and BA1(A13), BAO(A14) in the same IRAS X L
cycle as MRS is the data written in the mode register. Refer to the table ICAS (Idle) L
for specific codes for various /CAS latencies, burst type, burst length IWE L
and write mode. BA1(A13) X 0
BAO(A14) X 0
AO to A12 X \%

V: The value of mode register set

. EMRS
Extended Mode Register Set Command (EMRS)
o CLK i T B
MD56V82161A-xxTAP sets up output drivability by the extended mode n-1 n
register. CKE H X
The EMRS register input control is same as MRS settings except for ICS L
inputting 1 to A14.
If an extended mode register isn't set up, output drivability is full power /RAS . L
as default settings. ICAS (Idle) L
/WE L
BA1(A13) X 0
BAO(A14) X 1
A0 to A12 X \%

V: The value of extended mode
register set
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LAPIS Technology Co. Ltd.

FEDD56V82161ATAP-03

MD56V82161A-xxTAP

Mode Register Field Table 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
Burst 0 0| O | Reserved [ O | Sequential | O | O 0 1 1
Single 0 0 1 | Reserved 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 | O | Reserved 1| 0 | O | Reserved | Reserved
110 1 | Reserved 110 1 | Reserved | Reserved
1 1 | 0 | Reserved 1 1 | 0 | Reserved | Reserved
111 1 | Reserved 1 1 | 1 | FullPage | Reserved
Notes: 1. Objects are all family products.

2. Al13 and A14 should stay “0” during mode set cycle.
3.A7,A8, A10, A1l and A12 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 1/8
1 1 1/4
Notes:

1. A13 should stay “0” and Al14 should stay “1” during mode set cycle.
2. A0 to A4, A7to Al12 should stay “0” during mode set cycle.

3. If don’t set EMRS, DS is set to default (Full).
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LAPIS Technology Co.,Ltd.

FEDD56V82161ATAP-03

MD56V82161A-xxTAP

@ Output Driver Characteristics (1/2)

Output Driver Strength=1/8

Driver Strength Pull Up
V-1 Characteristics Ta=—40°C~85°C
VCC, VCCQ=3.0V~3.6V

Driver Strength Pull Down

V-1 Characteristics
Ta=-40°C~85°C
VCC, VCCQ=3.0V~3.6V

80
70
60
— . 50
<< <<
£ £ 40
[7) [Z]
= =
-50
-60
-70
_80 . . . . . .
0 0.5 1 15 2 25 3 0.0 0.5 1.0 1.5 20 25 30
Ves[V] Ves[V]
Output Driver Strength=1/4
Driver Strength Pull Up Driver Strength Pull Down
V-I Characteristics Ta=—40°C ~85°C V-I Characteristics Ta=-40°C ~85°C
VCC. VCCQ=3.0V~3.6V VCC, VCCQ=3.0V~3.6V
0 80
-10 70
N min.
-20 e aa s aaaa s ST TT=C 60
\A& max.
— 30 — 50 ssste0000000
< "\ < W Typical
-_E- -40 .%. 40 ypica
kel Mypical =
=50 hhAAA
-60
-70
-80 : :
0 0.5 1 1.5 2 25 3 0.0 0.5 1.0 1.5 20 25 3.0

Vgs[V]

Vgs[V]
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LAPIS Technology Co.,Ltd.

FEDD56V82161ATAP-03

MD56V82161A-xxTAP

@ Output Driver Characteristics (2/2)

Output Driver Strength=1/2

Driver Strength Pull Up Driver Strength Pull Down
V-1 Characteristics Ta=-40°C~85°C V-1 Characteristics Ta=-40°C~85°C
VCC. VCCQ=3.0V~3.6 VCC. VCCQ=3.0V~3.6
0 140
-20 120
max.
-40 . 100 .
min.
< -60 < 80 Typical
G \&M G
7] R [
3 -80 *0-00¢ =
Typical
-100
mm
-120 A
—140 . . . . . .
0.0 0.5 10 1.5 20 25 3.0 0.0 0.5 1.0 1.5 20 25 3.0
Ves[V] Ves[V]
Output Driver Strength= Full (Default)
Driver Strength Pull Up Driver Strength Pull Down
V-I Characteristics Tom—40°C~85°C V-1 Characteristics Tas—40°C~85°C
VCC. VCCQ=3.0V~3.6 VCC. VCCQ=3.0V~3.6V|
0 200
-20 180
10 " max. o, a skkkdkhAA
-60 , 140 Pl
80 min. " x“ reeeessasssed
< < M :
£ -100 £ 100 i asttl Typical
g _ W 2 L
120 A, AT VY
-140 —2e
160 \ Typical
-180 -h‘t‘
max. "“‘M
-200 . . . . . A
0.0 0.5 1.0 15 20 25 3.0 0.0 05 1.0 1.5 20 25 3.0
Ves[V] Vgs[V]
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LAPIS Technology Co.,Ltd.

FEDD56V82161ATAP-03

MD56V82161A-xxTAP

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
AO
BL=2 0 0,1 0,1
1,0 1,0
Al AO
0 0 0,1,2 3 0,1,2 3
BL=4 0 1 1,2,3,0 1,0,3,2
0 2,3,0,1 2,3,0,1
1 1 3,0,1,2 3,2,1,0
- A2 Al AO
;é': 0 0 0 0,1,2,3,4,5,6,7 01,234,567
- 0 0 1 1,2,3,4,56,7,0 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 5,6,7,01,23, 4 5,4,7,6,1,0,3,2
1 1 0 6,7,0,1,2,3,4,5 6,7,4,5,23,0,1
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
yn ..Yn-1
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LAPIS Technology Co. Ltd.

FEDD56V82161ATAP-03

MD56V82161A-xxTAP

READ / WRITE OPERATION

Bank

This SDRAM is organized as four independent banks of 1,048,576 words
X 16 bits memory arrays. The A13(BA1) and A14(BAO) input is latched
at the time of assertion of /RAS and /CAS to select the bank to be used
for operation. The bank address A13 and A14 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 s
performed on an active bank by
precharge command (PRE) with
valid A13 and Al4 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
after all banks have satisfied
tRAS(min) requirement, performs

Bank Address
A13(BA1) | A14(BAO) | Bank
0 0 A
0 1 B
1 0 C
1 1 D
ACT
CLK B DR I
n-1 n
CKE H X
/ICS L
IRAS X L
ICAS (Idle) H
IWE H
e | x| o
A0 to A12 X RA

BA: Bank Address

RA: Row Address (Page)

PRE PALL
CLK £ | _f CLK £ |
n-1 n n-1 n
CKE H X CKE H X
/CcS L /CS L
IRAS X L IRAS X L
(Page (Page
ICAS openy | H ICAS openy | H
WE L WE L
A13(BA1), A13(BAL),
AL4(BAO) X BA AL4(BAO) X X
A10 X 0 A10 X 1
AO to A9, AO to A9,
A11,A12 2 X A11A12 A X

BA: Bank Address

precharge on al banks. At the end of tRP after performing precharge to all banks, all banks are in idle state.

14/45



LAPIS Technology Co.,Ltd.

FEDD56V82161ATAP-03

MD56V82161A-xxTAP

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 i T . CLK £ |

n-1 n n-1 n

CKE H X CKE H X

/ICS L /ICS L

IRAS (Px H IRAS (Px H

age age
ICAS Open) L ICAS B en) L
/WE L /WE L
A13(BAL), A13(BAL),

A14(BAO) X BA A14(BAO) X BA

A10 X 0 Al10 X 1

A9 to Al12 X A9 to Al12 X X
A0 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

cx L f]

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

Command
tR

DQ  ---pmmee-obe-

v

B ks TP S

alid Single Data |

.
v

—————————q— === === = =

0
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Read / Read with Auto-Precharge

The read command is used to
access burst of data on consecutive
clock cycles from an active row in
an active bank. The read command
is issued by asserting low on /CS
and /CAS with /WE being high on
the positive edge of the clock. The
bank must be active for at least
tRCD(min)  before the read
command is issued. The first output
appears in /CAS latency number of
clock cycles after the issue of read
command. The burst length, burst
sequence and latency from the read
command are determined by the
mode register that is already
programmed.

RD RDA

CLK £ £ CLK £ £

n-1 n n-1 n

CKE H X CKE H X

ICS L ICS L

/IRAS (PX H /IRAS (PX H

age age
/ICAS Open) L /ICAS Open) L
/WE H /WE H
A13(BAl), A13(BAl),

A14(BAO) X BA A14(BAO) X BA

Al10 X 0 Al0 X 1

A9 to A12 X X A9 to A12 X X
AO to A8 X CA AO to A8 X CA

DQ X X DQ X X

BA: Bank Address
CA: Column Address

BA: Bank Address

CA: Column Address

Read Cycle

CT SR I B O O O O
| | | | | | | i | | |
1 1 1 1 1 1 1 1 1 1 1
CL=2,BL=4 | | | | | tRAS | | | tRP | |
la 1 1 1 1 1 »la 1 1 »! 1
Command {RCD ICAS Latency (CL) = 2 @
re T 1 | ! ! | 1 1 1
1 1 1 1 1 1

DQ e e e e e D D DD s et S e
! ! ! NS r A= — ! !
1 1 1 1 1 . 1 1 1 1
CL=3, BL=4 ! ! ! ! ! Vall(lj Burst Dlata Out ! : : :
1 1 1 1 1 1 : : : : :
Command P I I : i i i
: : > |
1 1

o XA eyt
1 1 _ : :
Y 1 1
CL=2,BL=4 ! !
; i |
Command ' '
! n e~ |
1 1 1 1 1 1

DQ S ——_ R T ) A -
Cl=3.Bl=4 ! : : : : : : : : : :
1 1 1 1 1 1 1 1 1 1
i i ' i i | Auto Precharge Start — i
Command : : | | | @ i
' ! ! :> | tRP_! _ !
1 1 - | - 1

D 1 AU e VAN VPV U A I___
: XX 4.
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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

ST O A I I I I B B
00 ' e X002 X e -

1

|

! ! !

! Auto Precharge Start
tWR tRP

1

I

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

Command

DQ

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

U A

@@

1 1
1 1
1 1
1 1
1 1
| |
1 1 1
1 1 1
Command i i i
: T : : o E—
Bank Address | i i @ |
| | | | |
1 1 1 1 I I 1 1 1
| | | > tWR i . tRP L | |
| | | p ' T i " | |
! ' ; Burst Interrupt, ! ' I ' :
Bank A Internal State ~ Burst Write Write Recovery Auto Precharge Row Active !
L . L | 5 . " S L " 5
! ! ! ! ! i JWR ! L WRP
1 1 1 1 1 s 1 s 1 |
| : | | | | Write | | Row
Bank B Internal S‘_[ate Row Acti\(e Burst Write ! i Recovery Auto Prec;harge Active
: 1 > 1 1 > 1 1 > : 1 > 1
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
| 1 1 1 1 1 1 1
DQ ---+--< DA0 X DAl DB®<D81><D52><DBS>———,L —————— bo--o-- oo 4---
1 1 1 1 1
1 1 1 1 1
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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

R TP T

e
R T S

e -
[ -

DQ

CL=3,BL=4

Command

R D ———————— e

DQ -

CL=2,BL=4

Command

Bank Address

tRP + 1clk

:
1
1
1
1
1
1
1
1
1
1
1
1
1
1
Burst | |
:
L
1
1
1
|
d

v}
QD
=)
=~
>
=1
—+
@
=
>
D
[9))
- .
,Q_J,.
(0]
vs)
S
(24
Py
[¢]
QD
-

Interrupt 1 Auto Precharge

5

DQ --- L ——————————————— QBO><QBl><QBZ><QB3> ---

N
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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

E S O O O O

DQ

CL=2, BL=4, WM=Burst

Command

|
1
|
1
DQ L wad
: N /\ 1
|
1
1

CL=2, BL=4, WM=Burst

g
0

. |

1 1

1 1

[} [}

I I

| |

1 1

1 1

:
_ tRRD

@ I

1

1

1

I

|

1

T
|
1 1
1 1
| |
1 1
1 1 1
1 1 1
Command : i |
! < : ! ! >
Bank Address | @ | o | |
| : | |
| | | e tWR I tRP | o |
1 1 1 - : T 1 | 1
' ! ! Burst Interrupt, ! ! ' ! ! '
Bank A Internal State Burst Write Write Recovery Auto Precharge | Row Active !
1 L L > L 1 ~ L 1 1 ~ L 1 1 >
| | | | | | 5 , RP L
1 1 1 1 1 1 ) T T 1
! | | | | | | : | | Row
Bank B Internal State  Row Active Burst Read i i Auto Precharge | Active
> ; ; > ; >
1 1 1
1 1 1
1 1 1

DO ,\ High-Z QBO><QBl><QBZ><QBS>---: ——————— -
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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

LI L L L L L L LT

CL=3, BL=4, WM=Burst

Command

DQM

N
DQ b : High-Z -<Db0><Db1><Db2><Db3> ——————

b
e s o

CL=2, BL=4, WM=Burst

OO

LN ; ; ;
| | | | | |
1 1 1 1 1 1
i i i | i |
| | | | | | |
1 1 1 1 1 1 1
Command ! : ! ! : : |
1 1 1 1 1 1 : 1 1
ancssess (A L e s s
| . | | | . | | . |
1 1 1 1 1 1 1 tRP + 1clk 1 1 1
' | | | | e 1 i i > |
5 | : | | Burst | : | : :
Bank A Internal State  Burst Read | | Interrupt 1 Auto Precharge | Row Active
. 1 \ 1 1 - i \ 1 < 1 o
| | | | | T : | | .- i
| | | | | | | | | tWR | |
1 1 1 1 1 1 1 1 r—r—
: I I | : I I | Write Auto
Bank B Internal State  Row Active ! ! Burst Write | Recovery Precharge
1 1 1 1 1 o 1 | | | ! S5
| | | | : | | | | | |
| | | | lowp 1 1 | | | |
1 1 1 I‘ 1 ‘l 1 1 1 1 1
1 1 1 T T 1 1 1 1 1 1
| I . . \ 1 | 1 | 1 1
DQM : A : \ : : : : :
| | | | i s | | | |
| | | o | |
DQ smkoeoe- booo oo - - High-z { DBO X DB1 X DB2 X DB3 > --------- -
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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 _nﬁ _rt_
CKE H X
ICS L
/IRAS X H
ICAS (Burst) H
/WE L

Al13(BAl),

A14((BAO)) X X

AO to A12 X X

o LIS

CL=2, BL=4~Full

Command

I I G ) o =2 T R ———

Command

70 S M M

Write / Burst Stop cycle

S R S
.

TP S
Ty

T T

R T TP S

CLK | ? | T |

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

Command

-
L

DQ

4 1
A Inyalid Data Input

TP
TP

e e
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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

=2, BL=4~Full
Command

CL

DQ

CL=3 BL=4~Full
Command
DQ

Write / Precharge Break cycle

CLK

4~Full

1
1
1
||||||||||||||||||| P
1
1
1
|
Fy i
1
= o
=
1 f +
£
|||||||||||||||| ——-L. @®
| ®
e
B
1 ®©
|||||||||||||||| _———L. 2.
1 C
=
1
A \\J,m\
o !
>
s S
\M//
O
S -
g
= ——rF Ny
||||||||||| v___J4- -
()]
<
x
1 & o|..-
=T &)
a |
i ) I -~
x |
1
|
1
AJ v___J___ [
1
1
1
|
1
|||||||||||||| | I -
! =
! >
l (s
]
hi
°
—
3 @
IS
£ = i
o o (@4 —
@) [a)] [a)] (@)

CL=2, BL

1

1

1
D1

Command

DQM
bQ
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DQM masks input / output data at every byte. UDQM controls DQ8 to DQ15 and LDQM controls DQO to DQ7.
During read cycle, DQM mask output data after 2 clocks. During write cycle, DQM mask input data at same clock.

LAPIS Technology Co.,Ltd.

DQM Function
Read / DOM Function

CLK

I?I?I

__

7
N

P N
1
—— -
1
-——-
T
[ .
[

1
1
1
1
1

’
N
’

High-Z High-Z

L1 |
id Datal:nput

Invali

ITI

c | |
m 1 1
||||||||||||||||||||||| o A||||||||||||||||||||"||| |||||||“||||||.
m n_% 1 1
o) o o

© 1 ~ s om I ~
1] - (04 (04 o) o o) (04 (04
o a a) a X a a
@ < o o o c o o
o 1= = = s = M ~ I = = s S
I € 04 © o =] 2 4 i £ o © o =
_ o [a)] (@4 A (@4 = | | o a) (04 A o
O o - a O a = ) &) O D la | lal
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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

/)
e T L /17
Command é E E A Va"c:i bt l:Jtput\ E E
R CCY CI = (CY CH )
bQ : : : : S~ o~
i i i i i Suspend i iSusplend i

Write / Clock Suspend

L1 LT

CLK |

CL=2or 3, BL=8

CKE

Command Invalid Data Input

DQ )

B B et b
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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 8,192 times refresh command REF. The CLK . 1) £
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
IRAS X L
ICAS (Idle) L
/WE H
Al13(BAl),
Al4((BAO)) X X
AO to A12 X X

Auto-Refresh Cycle

ax LA LA

LT |

1

—
—

tRP N tRCA

tRCA

B B
—~
B BT
—
B R
B

Intensive Refresh

8,192 times refresh command can be entered every refresh time tReg.

State Read or Write Auto Refresh Read or Write Auto Refresh

tREF=64ms REF x 8,192 tREF=64ms REF x 8,192 |

A
Y-
A A

<

Dispersed Refresh

Refresh command can be entered every 7.8us (tREF 64ms / 8,192 cycles).

o AAAAADRADAAARRAAAAA AR AAR AN

State REF R/W REF R/W REF R/W H ‘ ‘ ‘ ‘ ‘ ‘ REF R/W REF
<=
\ 1 1
1 1
7.8us ! 7.8us ! 7.8us

> 8,192 times tREF=64ms

O U

\ 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 £ £

n-1 n
CKE H L
/IcS L
IRAS X L
ICAS (dle) L
IWE H

A13(BAL),
A14((BAO)) X X
AO to A12 X X

LU {

EaEakyaaiaky

1
1 1
1 1
CKE i \ E Self Refresh
: :

tRCA

tRCA

Notes : 1. When intensive refresh is used, 8,192 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

CL=2, BL=4, Case 1!

1 1
1 1
1 1
1 1
1 1 1
! : Active Power Down Mode : . — — —
CKE : : \ ; / ! New Command
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
Command " ' ' i i | | |
Write Cycle Page Open Stand-by A ' ' ' !
1 1 1 1 1 1 1 1
I ) e R R R /)
1 1 1 1 1
CL=2,BL=4,Case2 | | A
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
] ] ] 1 1 ] ] ] ] ]
CKE ! ! ! ! Power Down Mode L ' ' '
1 1 | \ | 0 / | New Command
| | | i i i | | |
1 1 1 1 1 1
Command ! Auto Precharge Start ! ! ! ! !
i . | Precharge Stand-by / Idle i i . i i i
T {aXeXe) N
- . Yuialn Bubiaiaiakababeiaialy dbaiaiials W Al ----t-—-—--"rFr-—-=""1-—-=-=-rFr—-—-=—--"1--
1 1 1 1 1 1 1
1 1 1 1 1 1 1

Signal Condition in Power Down Mode

Signal Input to SDRAM Output from SDRAM
CLK Don’t Care —
CKE “L” level —
ICS,/RAS, /CAS, IWE Don’t Care —

A0 to A12,
A13(BA1), A14(BAO) bon't Care o
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)

Current

ICS | IRAS | /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 | VAL3=0, MRS Mode Register Set *
Al14=0
L L L L | VA0, EMRS Extended Mode Register Set
Al4=1
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)

Current

) ICS | IRAS | ICAS | IWE 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 [ ~ 1 [ L X BST ILLEGAL
L H L H BA, CA, A10 RD/RDA ILLEGAL 7
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 L H H L X BST ILLEGAL
L H L H BA, CA, A10 RD/RDA ILLEGAL 7
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 8
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, 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 3
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 @ | | H H H X NOP Row Active after tyr
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)

Currer;n ICS | IRAS | ICAS | IWE ADDR Command Action
State "
Write H X X X X NOP enter Row Precharge after twRr
Recovery in L H H H X NOP enter Row Precharge after tywr
Auto L H H L X BST ILLEGAL
Precharge | 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
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/EMRS | ILLEGAL
Mode H X X X X NOP Idle after IMrD
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.

o0k w

RA = Row Address BA = Bank Address CA = Column Address

V = Value of Mode Register Set

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 CKE | CKE /CS /RAS | ICAS | IWE ADDR Action
n-1 n-1 n n n
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 "2

Exit Self Refresh --> ABI *2

ILLEGAL

ILLEGAL

ILLEGAL

NOP (Maintain Self Refresh)

Power Down

INVALID

Exit Power Down --> AB| 3

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

than Listed

Begin Clock Suspend Next Cycle

Above

Enable Clock of Next Cycle

rjr|jx/jr|rr|jx|x|T|T|T|TT ||| ||| ||| |r|jr|rjr|Tfr|T|T|T||IT|IT ||

r|T|r|T|X|r|r|r|r|jr|jr|T|r|T|X|r|rT|IX|r|r|x|x|xT|xT|X|X|{r|lrjir|r|jrr|jr|jrjr|xi=

X[ X|IX[X|X[r|r|r|r|r[ZT|X[X|X[X|X|X|X|X|[r|rjr|r|Z|X|X|r|lrjr|r|jirjirjr|IZT|(X|>

XIX|IX|X|X|mrm|ZT|ZT[ZT[X[X|[X|X|X|X|X|X|X|[rIZ[Z|Z|X|X|X|r|r|rjr|IZT|T|XI|X

XXX [X|X[[F|ZT|Ir|ZT|IZT|X|X[X|X[X|X[I[X|X|X|X|IFTIZT|ZT|X|X|X|r|r|Z|Z|r|IT|XIT|X

XXX [X|X[X[|X|[X|F|IZT[X|X[X|X[X[X|X[X|X[X|X|FIZ|X[X|X|[F|IZT|r|IT|X|r|IT|X|[X]]

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

Continue Clock Suspension

ABBREVIATIONS
ADDR = Address

RA = Row Address

V = Value of Mode Register Set

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

AUTO
REGISTER
REFRESH
SET
<
3 =
5 i Refresh
14
EXTENDED
MODE
REGISTER L
s — IDLE —
CKE)
KE
CKET POWER
g DOWN
S}
<
CKE{ ACTIVE
ACTIVE [ " POWER
CKET DOWN
Burst
Stop Burst
Write
(4]
2
IS
Write §
AP &
CKEY /
— ware READ
< - SUSPEND
CKE?T Write
' Read AP
Write with Auto Precharge
KE:
WRITEA CKEV READA
SUSPEND 1 SUSPEND
CKE
Precharge Precharge
POWER Precharge
ON » PRECHARGE |«

\Command / input signal \ Auto Sequence
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TIMING CHART

Synchronous Characteristics

Transition Time tT<lns Transition Time tT>1ns

tccass tch  tcL , (rslns tccass tey  tel  tr>1ns
(> < >

DQ Output

Note
and DQO to DQ15 (input).

Power on Sequence

. _Max. . o 2
VCC, VCCQ ovi Min. 22 I
CLK E R A
f [l
Command | (NOP) X ) 22 “Nop ee | XPA:LLX l\:IOP
jcns. e NN
Address T ee I?on't (?are T ee
Mo LooM 22 __ DontCare1 ee
DQO to DQ15 High-2 ) I I 22

| AR Y R A N I VN B

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

- NN
CKE ngh i ee . ; | o ee 5 5 ee

Command - >200“S E tRP > lMRD >ie \lMRD . tRea | i trca ::
(ICS, IRAS, Z:X S Z:X Z:X c
o o e PALLX XMRX EMRS) : XRIEEFX ; & REFX e A:TX:

"\/

S e
S Y
=
(— T §

- < p—

T =\

Address . . ee X X

I~

/'\_,

M= r==" r=="

v IR B
Al4: ] :\e‘\e‘: ] :\é/:

e
]
"\./

UDQM,LDQM' Don't' Care 2 e | \ ' ' ' ' ' ' ' : ee ' ' ' ee :
DQO to 15 _High-Z D) N N
« ¢ ¢

Notes : 1.V =Value of mode register, Rx = Row Address, Bx = Bank Address
[] = NOP command or High or Low
2. Itis 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

e AW

Command ! . E‘ tRCA : ‘E‘ lMRD :i: E E IRAS E E :E: tF%P ~ :i: ‘lMéD :i i
(cs, /RAS REFX eZ:XMRSX \ acT Pref [femref]  Ysrer)
ICAS, /WE) . E E E E E | | E E

Address; eZ:X X X X
R LY 6
—W\ e

=0T

— < —
- JEUN [ v v B O IO
QD
— =< [T

??_\ / Ba
UDQM, LDQM ee
DQO to 15 H'gh 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

11

tHI.

(/Cc;)én r/nRaAms]I :{' XWRTX XPF}EX XACTX XWRTX XPI;EXi

ICAS, IWE) 7

Address XCaX XRbX XCbX

j—’:ﬂ‘—’ tRCD EtWR<—§—>§ E E: tRCD :E: tV\fIR E :E

\ L \ ] XRbX L / \ [
A13(BAL), S tHi R R R P
AL4(BAO) X Ba X f Ba X X B X X B X \ Bb X:
UDQM, bt i 5 ’ <->t3| Dot Lopetsl | Wl
o " "] Wiae
©29 T | e L1 1 s |
DQOto 15 +—————{ Da0 _( Da2 } —— Do}

(CL=2, 3) H H H ; -+ H H H =

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)

CLK A h
Command ! | trC | : : h 4 |
(ICS, IRAS, :X ACTX X RD X Pre]f SR \ PRE
ICAS, IWE) T | tras | : :E: | trp | U : | tras :E X:

Address :X Ra X X Ca X Rb X X Cb
tRCD tRcD

:X RaX \ / \
Al13(BAl), :
A14(BAO) :X BaX X BaX X B
how A vee [T

3]
—< T

CL=2) | L tolz — ton | > toHZ | | toz — M : toHz
DQOto15 +—+ —+ Q;(-)»* QalX Qa2X Qa3 ————+—+—H oo f————

CcL=2) | i =T

UbQM, - ' ' : : : : ' ' ' ' ' : ; ; ;

LoQu | (v WS

(CL=3) : i i i toLz — > toH i —> toHZ ! ' ; toHz
DQOto15 +—t ¥ a0} Qa1 ) Qa2 Qa3 '

(CL=3) I e

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 [ .
: | : — | ! trRC (Bank B) i . . : :
Command ! . trC (Bank A) :‘ T T
(ICS, IRAS, :XACTX XWRTAX XACTX XWRTAX XACTX XWRTAX XACTX XWRT
ICAS, /IWE) T tRCD . tWR i tRP ~: '[RCD AX:

‘ ': tRAs(Bank A) ‘_'_’ (Bank-A) | ‘—’

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

D twR | : trp

tRcD tRCD

' g tRAs(Bank B) < ' < (Bank B)"—’:

S 22 e (3 s o o s 0 S A
’Ziiiiitﬁjxxxxxxx S Y S e
TB%“&%T L LN

; ; ts thi 5 tsi thi 5 5 tsi thi 5 tS) sty tHi
DQOto 15 +——+—+— DAaO* DAalXDAaZXDAa3*DBaO*DBalXDBaZXDBa3)—v— DAbO* DAleDAbZXDAb3*DBbO*

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

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

CLK

' tRc(Bank B) '

Command | : tRc(Bank A)

(ICS, IRAS, :XACTX XRDAX XACI:TX XRDAX XACTX XRDAX XACTX XRDAX:

ICAS, IWE) ]

“&“ tRAs(Bank A tRp(Bank A, “&‘
Address :XRAaX XCAaX XRBaX  caa)f XRAbX XCAbX XRBbX XCBbX:
‘&’ tRAs(Bank B) 5 >i: tRP(Bank B) | ‘&"

O AR CO S AR B DA CD S RN
’Zﬁiiitﬁjxxxxxlxxx EXEXEXEXEXEXEXE)C
o T T e b VNG

. tOLz ! toH | : tACZ tOH : : : tOHZ

DQO to 15 QAZ&*QAalXQAazXQA;—;*QBZ&*QBalXQBﬂXQB%QAbOXQAb1XQAb2X:

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 Read e Single Write Cycle (CL=2, BL=4,WM=Single)

CLK .
Command

(S, S| :)(ACTX XRDX S = B [ 0 o 2
Address :XRAa )( — IXRBaX XCBaX XCBbX XCAbX

AL :XR:ﬁ / XR;aX RCD\ >ie /CCD\ >ie /CCD\ N
iiiiiitﬁ]xxx; - ;x.xlxxxxxx ;
uDQM, LDQM;—:—;_\ tAcz<_.| /[ N_\N / \ / \ | tAC24_.|

L toLz ! ! toH ! tonz tsi | : tHI tsi 1 : tHI L toLz ! toH

P : i : . i . Do : —“. .
DQO to 15 +——+—————— QA;JXQAalXQAaZXQAM —{ DBb F———+—H JoAng

Notes: 1.RXx = Row Address, CXx = Column Address, X = Bank, x = Aggress
' _=lnvalid Data Input

=

1= NOP command or High or Low level, CKE = High level,

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

CLK
Command (BankA Actlve) i § 5 trp (Bank A) . teeo (Bank A) ! . . . . .
(ICS, IRAS, RD X RD X RD X RD XPREXACTX XACTXWRTXWRTXWRTXWRTX RD X RD X RD X RD X:
ICAS, IWE) 1
Icco Icco |CCD : i tRRD ' Hoep | loep | leep i leep | lecp |l | leco |
'4—’ 4—’4—’4—’4—’4—’4—’4—’

Address :X CAaX CAbX CACX CAdX X RBaX X RAbX CBaX CBbX CAeX cAf ) CBCX CBdX CAgX CAh Xi
: tRCD!Bank B)
10 1 e a - a i

A13(BAL),

Am(BAo):XXXXXXXXXXXXXXXX)C
oo T e U e

LDQM T T T T ' ' i T T
ilowz i toH | i tlonz  tsiithr

i i -t : . ; :
DQOto 15 +— f&QA:(;*QAboXQAcoXQAMDBboXDAeoXDAfo

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)

] df\ﬂmmﬂmwwmwwm
5/CSASS“/?VC\;):XRDX : : eCXBSTX : : : XW:?TX : ee : : XB:STXP?EX:
hdress :XcaX H H ee' H H H H XC'bX H
wo AT
ey D T T T e
oo I el || ) ETE .

(

(

(
_JEmEEA )
EE) CO M I G | e ) G

(CL=2)

DRO o 15 :

€=z AR A
UDOM, | | ' ' : : : L lowp ! : i o twr i

v T «ﬂ w == ) F
(C=3) t0|_z —» ' I toHz tHl ' 4 _JI_ :
D%Ltzos)ﬁ Q0 Z:XQan 2XQan M Qan% H Dt:c_)»* Dbl )QZ:XDbn 1ﬁﬂ

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

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

I AVAVAVAVANAVAVAVANAV AV AVAVAVAVAR

Command | ! i IRAS

(ICS, IRAS, :X RIDX —d eZ:XPREX XACTX XWRTX : ee XPREX:

ICAS, IWE) | oD

Address I:Xcax 23 :XRbX XCbX : : : |

mo I\ [T ,eT\/XRbX\/ A\ [
e : . XBaX:
UbDQM ItWR‘_'_h

ey BT ; = e
oow D\ beer | ) NN al /i ¢

lowp | o
(CL=2) toH : tOHZ —> | tsi tHI ' ' ' b
Q;’* Qal )Q Qan-lX Qan )O ———{Dto * Dbl )QZ:XDbn 1 Don )~—,~—

I~

/'\,

~—>

toLz —»

DQO to 15 *
(CL=2)

UDQM,

: : . ; i w—v i — .
LDQM \ | tAC3‘*I ‘*I?? . \ | 2? ' / B
(CL=3) toLz — : ‘tonz
oqmmts 1 feo el e e

Notes: 1.RXx = Row Address CXx = Column Address, X = Bank, x = Aqq[ess
[] = 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)

S/CCASS/I/:{VC\:) :X RDX ! ; : ; : : ee XW':?TX
Address :XCaX : : : : : : ee : XC:bX :

mo N\ T T T [T
ey e ; ; S S €Y &

UDQM

DQ8 to15 1

. tHl — tOHz ;
LooM T * i [T\ AR VAR AU
DQO to 7 40( an X:)—O( Qa2 X:)—O( Qa4X Qa5 )@ (oo} ——{pb2 }——{pba ) obs )

Notes: 1. Cx = Column Address, Bx = Bank Address .
[ = 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 . . . . . . . . . . .
tHI tsi tH.I
CKE {“—:l/ \ E lﬁ S B <—>| w Y
Command f f ; : : : : ! :
(/CS, IRAS, :X RDX fwrr
/CAS, IWE) ! : : : : ] : : : : :

Address :X Ca X

\
A10 j/ DA ¥ \
A 0 ) i —
UDQM—_\ /\/ \

LDQM

: : tAC3 : w—lowp : :
5 5 tOLZ — , toHz 5 ts| je tHl_ o
DQOt0 15 T QaO Qal Qw2 XQ;?ﬂ——< DbO * Dbt ——( Db2X Db3 —

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

WMWWMM

CKE ngh ; | ze | ze | ze |
Command i : IRP | i : tRCA tRCAI tRCAI
e T e e e e
)
LR C
. T =)
bow T T

Address I ee

AL0 J \ Y

A13(BAL),
AL4(BAO) _ . . . . . . ?3 .

:%

~—

I~

~—

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

Self Refresh Cycle
R woat=lalaivis
CKE F SR EREED 28

Self Refresh

%

52}:{%5) P ror e Zgg oo c X QD(ACT)[

:LLL;LLA:LLLLHEXR%
S T S — Y
pevcr S S — ) 0
wov. T O

Highz b bwb by
PRWI = <«

Address

/-\_/

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

o f\f\j L_\ZLUWW LJLW

lC|k — lC|k —

X

Actlve Power Down ‘E E E P E Power Down E

CKE

5t3| i

Command | 4—» 1C||( | : 4—» 1C|k

(ICS, IRAS, ACTXNOPX 22 Don' Care XNOPXPREX NOP X 22 Don' Care XNOPXACTX:

PO oy S — )
C R

r\,
r\,

A10 :X RaX

/\/
/\/

— —
JEUSPN [l v v N IS,
QD
=< ——

iiiii‘:\tﬁjsax N D R 3
Lil;gm H H ee H H H H H H ee
oowss MONZ L Ly L L Ly

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

P-TSOP(2)54-400-0 80-ZK6 |

22,22+0.10

(Unit: mm)
HEOFHHHHAARAAAHAAAAAHAHHAHAAA =
i 2
@ﬁHHljlthHIjI:ItjHHHHHHHHH:HHHHHH M
INDEX NARK @
MIRROR FINISH 0.80+0.20
0.80 0.32 "5 o =
0.71 TYP. - 0,01 Q} i J |
z v
N—a Y o~&
juisisininisinisinininininininininininininininininininiy)
[>]o.10] SEATING PLANE g = 0. 50TYP.

NOTES: S| 2 0. 600,10
1. LEAD WITH DOES NOT INCLUDE TRIM OFFSET
2 PACKAGE WIDTH AND LENGTH DO NOT INCLUDE MOLD PROTRUSION, DIEPAD SUPPORT _ .

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 CONTACT WITH. Lead finish Sh 100%

Solder Thickness More than S5pm

LAPIS Technology Co. Ltd. Package weight (g) 0.55 TYP.

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).
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REVISION HISTORY

Document Page
No Date Previous Current Description
] Edition Edition
FEDD56V82161ATAP-01 Jan. 06, 2018 - - Final edition 1
FEDD56V82161ATAP-02 Sep. 24, 2019 - - Correction of errors
FEDD56V82161ATAP-03 Nov. 12, 2020 - - Changed cSggarfanants

Changed company logo
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Notes

1

2)

3)

4)

5)

6)

7)

8)

9)

The information contained herein is subject to change without notice.

When using LAPIS Technology Products, refer to the latest product information (data sheets, user’s manuals,
application notes, etc.), and ensure that usage conditions (absolute maximum ratings, recommended operating
conditions, etc.) are within the ranges specified. LAPIS Technology disclaims any and all liability for any
malfunctions, failure or accident arising out of or in connection with the use of LAPIS Technology Products
outside of such usage conditions specified ranges, or without observing precautions. Even if it is used within
such usage conditions specified ranges, semiconductors can break down and malfunction due to various
factors. Therefore, in order to prevent personal injury, fire or the other damage from break down or
malfunction of LAPIS Technology Products, please take safety at your own risk measures such as complying
with the derating characteristics, implementing redundant and fire prevention designs, and utilizing backups
and fail-safe procedures. You are responsible for evaluating the safety of the final products or systems
manufactured by you.

Descriptions of circuits, software and other related information in this document are provided only to illustrate
the standard operation of semiconductor products and application examples. You are fully responsible for the
incorporation or any other use of the circuits, software, and information in the design of your product or
system. And the peripheral conditions must be taken into account when designing circuits for mass production.
LAPIS Technology disclaims any and all liability for any losses and damages incurred by you or third parties
arising from the use of these circuits, software, and other related information.

No license, expressly or implied, is granted hereby under any intellectual property rights or other rights of
LAPIS Technology or any third party with respect to LAPIS Technology Products or the information
contained in this document (including but not limited to, the Product data, drawings, charts, programs,
algorithms, and application examples, etc.). Therefore LAPIS Technology 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 (AV/OA devices, communication,
consumer systems, gaming/entertainment sets, etc.) as well as the applications indicated in this document. For
use of our Products in applications requiring a high degree of reliability (as exemplified below), please be sure
to contact a LAPIS Technology representative and must obtain written agreement: transportation equipment
(cars, ships, trains, etc.), primary communication equipment, traffic lights, fire/crime prevention, safety
equipment, medical systems, servers, solar cells, and power transmission systems, etc. LAPIS Technology
disclaims any and all liability for any losses and damages incurred by you or third parties arising by using the
Product for purposes not intended by us. Do not use our Products in applications requiring extremely high
reliability, such as aerospace equipment, nuclear power control systems, and submarine repeaters, etc.

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

LAPIS Technology has used reasonable care to ensure the accuracy of the information contained in this
document. However, LAPIS Technology does not warrant that such information is error-free and LAPIS
Technology 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. LAPIS Technology 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..

10) Please contact a ROHM sales office if you have any questions regarding the information contained in this
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document or LAPIS Technology's Products.

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

(Note) “LAPIS Technology” as used in this document means LAPIS Technology Co., Ltd.

Copyright 2020 — 2021 LAPIS Technology Co., Ltd.

LAPIS Technology Co.,Ltd.

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