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1. PRODUCT DESCRIPTION

1.1 Product Information

512Mbit Low Power DDR2 SDRAM, 4 Banks X 4Mbit X 32 or 4 Banks X 8Mbit X 16.

Data Sheet

SCB4BL512XX0AF
Low Power DDR2 SDRAM

Parameter LPDDR2
Data Rate 1066 933 800 667 533 466 400 333 266 200
tCK(ns) 1.875 215 25 3 3.75 43 5 6 75 10
fCK(mHz) 533 466 400 333 266 233 200 166 133 100
1.2 Features
Features Option Marking
- Configuration
- Low Power DDR2 S4B .
- 4 banks x 4M x 32 & 4 banks x 8M x 16 organization * 16Mx32 (4 Bank X4Mb!t x32) 51232
- Data Mask for Write Control (DM) * 32Mx16 (4 Bank x8Mbit x16) 51216
- Four Banks controlled by BAO & BA1 - Package
- Programmable CAS Latency: * 221-ball FBGA (11.5mm x 13mm) Lead-free F
Read latency: 8~3 - Speed/Cycle Time
Write latency: 4~1 *2.5ns @ RL6 (LPDDR2-800) 25E
- Programmable Wrap and No Wrap Sequence: *1.875ns @ RL8 (LPDDR2-1066) 19G
Sequential or Interleave . - Temperature
- Programmable Burst Length: . « Commercial 0°C to 85°C Ta c
4, 8 or 16 for Wrap Sequential . o o
4. 8 for Wrap Interleave * Industrial -40°C to 85°C Ta |
4 for No Wrap * Automotive -40°C to 125°C Ta A1
- Automatic and Controlled Precharge Command
- Power Down and Deep Power Down Mode Description

Auto Refresh and Self Refresh
Refresh Interval: 4096 cycles/32ms
Temperature controlled Self Refresh: 4X~0.25X
Available in 221-ball FBGA
Double Data Rate (DDR)
Bidirectional Data Strobe (DQS) for input and
output data, active on both edges
Differential clock inputs CLK and /CLK
Power Supply :

VDD1:1.7V - 1.95V

VDD2:1.14V - 1.3V

VDDCA:1.14V - 1.3V

vVDDQ:1.14V - 1.3V
Auto Temperature-Compensated Self Refresh
(Auto TCSR)
Partial-Array Self Refresh (PASR) Option: Full,
1/2,1/4
Drive Strength (DS) Option:

34.3o0hm,400hm,48o0hm,600hm,800hm,1200hm

Default 40ohm

UnilC_Techdoc. Rev. D 2025-05

The SCB4BL512XX0AFxx is a four bank low power DDR2
DRAM organized as 4 banks x 4M x 32 or 4 banks x 8M x
16. It achieves high speed data transfer rates by employing
a chip architecture that prefetches multiple bits and then
synchronizes the output data to a system clock.

All of the controls, address, circuits are synchronized with
both edge of an externally supplied clock. /O transactions
are possible on both edges of DQS.

Operating the four memory banks in an interleaved
fashion allows random access operation to occur at a higher
rate is possible with standard DRAMs. A sequential and
gapless data rate is possible depending on burst length,
Read/Write latency and speed grade of the device.

Additionally, the device supports low power saving
features like PASR, Auto-TCSR, deep power down, as well
as options for different drive strength. It’'s ideally suitable for
low power application.
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1.3 ORDER INFORMATION

Product Type" Org. |Speed ::I\;I(I)-Iczl; Package Note®
Commercial Temperature Range (0 °C~ +85 °C)

SCB4BL512320AF-19G %32 LPDDR2-1066B 533 PG-TFBGA-221
SCB4BL512160AF-19G x16 LPDDR2-1066B 533 PG-TFBGA-221
SCB4BL512320AF-25E %32 LPDDR2-800B 400 PG-TFBGA-221 “
SCB4BL512160AF-25E x16 LPDDR2-800B 400 PG-TFBGA-221

Industrial Temperature Range (-40 °C~ +85 °C)

SCB4BL512320AF-19GI %32 LPDDR2-1066B 533 PG-TFBGA-221
SCB4BL512160AF-19GI x16 LPDDR2-1066B 533 PG-TFBGA-221
SCB4BL512320AF-25EI %32 LPDDR2-800B 400 PG-TFBGA-221 “
SCB4BL512160AF-25El x16 LPDDR2-800B 400 PG-TFBGA-221

Automotive Temperature Range (-40 °C~ +125 °C)

SCB4BL512320AF-19GA1 %32 LPDDR2-1066B 533 PG-TFBGA-221
SCB4BL512160AF-19GA1 x16 LPDDR2-1066B 533 PG-TFBGA-221
SCB4BL512320AF-25EA1 %32 LPDDR2-800B 400 PG-TFBGA-221 “
SCB4BL512160AF-25EA1 x16 LPDDR2-800B 400 PG-TFBGA-221

1) RoHS Compliant Product: Restriction of the use of certain hazardous substances (RoHS) in electrical and electronic equipment as
defined in the directive 2002/95/EC issued by the European Parliament and of the Council of 27 January 2003. These substances
include mercury, lead, cadmium, hexavalent chromium, polybrominated biphenyls and polybrominated biphenyl ethers. For more
information please visit http://www.unisemicon.com/

UnilC_Techdoc. Rev. D 2025-05 717131
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1.4 Block Diagram

1.4.1 Block Diagram X32

Column Addresses

AD — AB, BAD, BA1

Row Addresses

| | A0-a12, BAO, BAT

Data Sheet
SCB4BL512XX0AF
Low Power DDR2 SDRAM

Column address

counter

Column address

buffer

Row address
buffer

Refresh Counter

1

Sense amplifier & {0} bus

Row decoder

| Row decoder |

Memory amay| . Memory array E " Memoryarray| | |, Memory array
o= HI= o=
Bank A N I =1 Bank B N = Bank C N IS) Bank D
B ok -
|| N A
8192 x 512 . EL 8192 x 512 - :_é. 8192 x 512 L E— 8192 x 512
x32 bits N x32 bits | s x32 bits R I x32 bits
- w o i
| Input buffer ‘ Output buffer | Control logic & timing generator
[ oam0n ] [ ‘ ‘
‘\ v nj — [y )
CLK, CLKn J —— 33538 3 3
UDQS, LDQS Strobe

UnilC_Techdoc. Rev. D 2025-05
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1.4.2 Block Diagram X16

Column Addresses
AQ — A9, BAO, BA1 |

Row Addresses
| AD - A12, BAD, BA1

Column address Column address Row address
counter buffer buffer Refresh Counter
; |R0w decoder | - Row decoder | |R0w decoder I ' | Row decoderl :
: Memory array . - Memory array C - Memory array o . Memory array :
BT B S I | :
| Bl Bank A @ Bank B e Bank C Co| g Bank D :
R I T It N I .
B | |B . 8 i
: = 8192 x 1024 s E 8192 x 1024 . —é. 8192 x 1024 E. 8192 x 1024 :
E i i 1 ] ] 1
. : %16 bits L b %16 bits - g %16 bits L ; %16 bits .
[ E 1 0 E [ [ = 1
B | A N S | I
Control logic & timi t
l Input buffer ‘O-utput buffer | nirotiogic & timing generator
DQg-DQsg

CLK, CLK il u =

PHAn i o 2 S g S35 S =

=

UDQS, LDQS «~——— Strobe %

Coom

Data Strobe
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1.5 221 BALL FBGA CONFIGURATION
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1.6 Top View
1 2 3 4 5 6 7 8 9 10 11 12 13 14
DNU NC NC NC NC NC NC NC NC NC NC NC NC DNU
NC NC NC NC NC NC NC NC NC NC NC NC NC NC
NC NC NC NC NC NC NC NC NC NC NC NC
NC NC NC NC NC NC NC

UnilC_Techdoc. Rev. D 2025-05

VSS

VDDQ | DQS3 _t

VSS | DQS3 c
vss | vss | vbDQ

VDDQ | vDDQ | VSS

vss | DQSL t | vDDQ

VSS | DQSI c

VDD2 | VSS VREF (DQ)
VSS | DQSO_c VSS
VvsS | DQSO_t | vDDQ VDDQ

VDDQ | VDDQ | VSS

vss | vss | vbpq

VSS | Ds2 ¢ | VSS |

VDD2

1/131
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1.7 Signal Pin Description

Name Type Description

CK_t,CK_c Input Clock: CK_t and CK_c are differential clock inputs. All Double Data Rate (DDR) CA

Clock Enable: CKE HIGH activates and CKE LOW deactivates internal clock signals and
therefore device input buffers and output drivers. Power savings modes are entered and
CKE Input exited through CKE transitions.

CKE is considered part of the command code.

CKE is sampled at the positive Clock edge.

Chip Select: CS_n is considered part of the command code.

CS_n Input CS_n is sampled at the positive Clock edge.

CA[9:0] Inout DDR Command/Address Inputs: Uni-directional command/address bus inputs.
) P CA is considered part of the command code.

DQ[31:0] /o Data Inputs/Output: Bi-directional data bus.

DQ[15:0] valid for x32 or x16; DQ[31:16] valid for x32.

Data Strobe (Bi-directional, Differential):

The data strobe is bi-directional (used for read and write data) and differential (DQS _t
and DQS_c). It is output with read data and input with write data. DQS_t is edge-aligned
to read data and centered with write data.

DQSO0_t and DQSO0_c correspond to the data on DQO-7, valid for x32 or x16;

DQS1_t and DQS1_c correspond to the data on DQ8-15, valid for x32 or x16;

DQS2_t and DQS2_c correspond to the data on DQ16-23, valid for x32;

DQS3_t and DQS3_c correspond to the data on DQ24-31, valid for x32.

DQSn_t, DQSn_c 110

Input Data Mask:

DM is the input mask signal for write data. Input data is masked when DM is sampled
HIGH coincident with that input data during a Write access. DM is sampled on both edges
of DQS_t (or DQS_c). Although DM is for input only, the DM loading shall match the DQ
DMn Input and DQS_t (or DQS_c).

DMO is the input data mask signal for the data on DQO-7, valid for x32 or x16;

DM1 is the input data mask signal for the data on DQ8-15, valid for x32 or x16;

DM2 is the input data mask signal for the data on DQ16-23, valid for x32;

DM3 is the input data mask signal for the data on DQ24-31, valid for x32.

VDD1 Supply Core Power Supply 1: Power supply for core.

VDD2 Supply Core Power Supply 2: Power supply for core.

VDDCA Supply !nput Receiver Power Supply: Power supply for CA[n:0], CKE, CS_n, CK_t, and CK_c
input buffers.

vDDQ Supply I/O Power Supply: Power supply for Data input/output buffers.
Input Receiver Power Supply: Power supply for CA[n:0], CKE, CS_n, CK_t, and

VREF(CA) Supply CK_c input buffers.

VREF(DQ) Supply Reference Voltage for DQ Input Receiver: Reference voltage for all Data input
buffers.

VSS Supply Ground

VSSCA Supply Ground for CA Input Receivers

VSSQ Supply I/0O Ground
Reference Pad for Output Drive Strength Calibration

ZQ I/0

UnilC_Techdoc. Rev. D 2025-05 12 /131
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2. Function description

LPDDR2-S4 devices use a double data rate architecture on the DQ pads to achieve high speed operation.
The double data rate architecture is essentially a 4n prefetch architecture with an interface designed to
transfer two data bits per DQ every clock cycle at the 1/0O pads. A single read or write access for the
LPDDR2-S4 effectively consists of a single 4n-bit-wide, one-clock-cycle data transfer at the internal SDRAM
core and four corresponding n-bit-wide, one-half-clock-cycle data transfers at the I/O pads.

Read and write accesses are burst oriented; accesses start at a selected location and continue for a
programmed number of locations in a programmed sequence.

Prior to normal operation, the LPDDR2 device must be initialized. The following section provides detailed
information covering device initialization, register definition, command description and device operation.

UnilC_Techdoc. Rev. D 2025-05 137131
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2.1 Simplified LPDDR2 Bus Interface State Diagram
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. - i —_
SREFX
|f/€§mwT FDX Rese . .%_,\?;f g —
ower
[ o) e s TN
™ A _ e g » Refreshing |
S / Idle oy \ ]
) MR A I
II.\ Reading \--. -
.

.'/ Active
| Power PR, PRA
v Down
N
BSTJ
WE{__ B
(/7 s _
'&: Writing Reading '
1 ! '.\ ).,'
" wRa ROA S
| s |
WRA RDA
s g
X,
{ Writing PR, PRA /' Reading \‘-\
| with | | with |
\Autoprecharge) |Autoprecharge/
PR{A) = Precharge (All) N ! ] \ /__.
ACT = Activate M __,/\ - /A‘H-_ =
WR(A) = Write (with Autoprecharge) ;’/ \\\
RD{A) = Read (with Autoprecharge) : Precharging 'J

BST = Burst Terminate

Reset = Reset is achieved through MEW command
MRW = Mode Registar Write P
MRR = Mode Register Read

PD = Enter Power Down

PDX = Exit Power Down

SREF = Enter Self Refresh

SREFX = Exit Self Refresh

DPD = Enter Deep Power Down

DPDX = Exit Deep Power Down

REF = Refresh

Note: For LPDDR2-SDRAM in the Idle state, all banks are precharged.

*
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UnilC Low Power DDR2 SDRAM

2.2 Power-up, Initialization, and Power-Off

2.2.1 Timing Parameters for initialization

Symbol - Value Unit Comment
min max

tINITO 20 mS Maximum Power Ramp Time

tINIT1 100 nS Minimum CKE low time after completion of power ramp

tINIT?2 5 tCK | Minimum stable clock before first CKE high

tINIT3 200 usS Minimum Idle time after first CKE assertion

tINIT4 1 uS Minimum Idle time after Reset command

tINITS 10 uS Maximum duration of Device Auto-Initialization
tZQINIT 1 uS | ZQ Initial Calibration for LPDDR2-S4

tCKb 18 100 us Clock cycle time during boot

2.2.2 Power Ramp and Initialization Sequence

Ta Tb Tc Td Te Tf Tg

1 itz = 5 Tk (Min)
SULEE [ )anan\aananiasiinnsan s

o = 20 ms (max)

suppiies [N \) | ) R Y

— itz = 200 us (min) =

tiyT1 = 100 ns (min)

oW W

—> — fisekE firs *

I tzamr ™

* tiure = 1 Us (min)

::RESET)—“—I: MRR “—\\» zac %\—‘ Valid

O

=

*
gl

"
—
————
P
—

=
—
e
—

" Midlevel on CA bus means: valid NOP
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. SCB4BL512XX0AF
UnilC Low Power DDR2 SDRAM

2.2.3 Power Ramp and Device Initialization

The following sequence shall be used to power up an LPDDR2 device. Unless specified otherwise, these
steps are mandatory.

1. Power Ramp

While applying power (after Ta), CKE shall be held at a logic low level (< 0.2 x VDDCA), all other inputs shall
be between VILmin and VIHmax. The LPDDR2 device will only guarantee that outputs are in a high
impedance state while CKE is held low.

On or before the completion of the power ramp (Tb) CKE must be held low.

DQ, DM, DQS_t and DQS_c voltage levels must be between VSSQ and VDDQ during voltage ramp to avoid
latchup. CK_t, CK_c, CS_n, and CA input levels must be between VSSCA and VDDCA during voltage ramp
to avoid latch-up.

The following conditions apply:

Ta is the point where any power supply first reaches 300mV.

After Ta is reached, VDD1 must be greater than VDD2 - 200mV.

After Ta is reached, VDD1 and VDD2 must be greater than VDDCA - 200mV.

After Ta is reached, VDD1 and VDD2 must be greater than VDDQ - 200mV.

After Ta is reached, VREF must always be less than all other supply voltages.

The voltage difference between any of VSS, VSSQ, and VSSCA pads may not exceed 100mV.

The above conditions apply between Ta and power-off (controlled or uncontrolled).

Tb is the point when all supply voltages are within their respective min/max operating conditions. Reference
voltages shall be within their respective min/max operating conditions a minimum of 5 clocks before CKE
goes high.

For supply and reference voltage operating conditions, see 3.2.1.1 “Recommended DC Operating
Conditions” table.

Power ramp duration tINITO (Tb - Ta) must be no greater than 20 mS.

2. CKE and clock

Beginning at Tb, CKE must remain low for at least tINIT1 = 100 nS, after which it may be asserted high.
Clock must be stable at least tINIT2 = 5 x tCK prior to the first low to high transition of CKE (Tc). CKE, CS_n
and CA inputs must observe setup and hold time (tIS, tIH) requirements with respect to the first rising clock
edge (as well as to the subsequent falling and rising edges).

The clock period shall be within the range defined for tCKb (18 nS to 100 nS), if any Mode Register Reads
are performed. Mode Register Writes can be sent at normal clock operating frequencies so long as all AC
Timings are met. Furthermore, some AC parameters (e.g. tDQSCK) may have relaxed timings (e.g.
tDQSCKDb) before the system is appropriately configured.

While keeping CKE high, issue NOP commands for at least tINIT3 = 200 yS. (Td).

3. Reset command

After tINIT3 is satisfied, a MRW(Reset) command shall be issued (Td). The memory controller may optionally
issue a Precharge-All command prior to the MRW Reset command. Wait for at least tiNIT4 = 1 uS while
keeping CKE asserted and issuing NOP commands.
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4. Mode Registers Reads and Device Auto-Initialization (DAI) polling:

After tINIT4 is satisfied (Te) only MRR commands and power-down entry/exit commands are allowed.
Therefore, after Te, CKE may go low in accordance to Power-Down entry and exit specification (see section
2.4.24 “Power-Down”).

The MRR command may be used to poll the DAI-bit to acknowledge when Device Auto-Initialization is
complete or the memory controller shall wait a minimum of tiNIT5 before proceeding.

As the memory output buffers are not properly configured yet, some AC parameters may have relaxed
timings before the system is appropriately configured.

After the DAI-bit (MR#0, “DAI”) is set to zero “DAI complete” by the memory device, the device is in idle state
(Tf). The state of the DAI status bit can be determined by an MRR command to MR#0.

The LPDDR2 SDRAM device will set the DAI-bit no later than tiNIT5 (10 uS) after the Reset command. The
memory controller shall wait a minimum of tINIT5 or until the DAI-bit is set before proceeding.

After the DAI-Bit is set, it is recommended to determine the device type and other device characteristics by
issuing MRR commands (MRO “Device Information” etc.).

5. ZQ Calibration:

After tINIT5 (Tf), an MRW ZQ Initialization Calibration command may be issued to the memory (MR10). This
command is used to calibrate the LPDDR2 output drivers (RON) over process, voltage, and temperature.
Optionally, the MRW ZQ Initialization Calibration command will update MRO to indicate RZQ pad connection.
In systems in which more than one LPDDR2 device exists on the same bus, the controller must not overlap
ZQ Calibration commands. The device is ready for normal operation after tzQINIT.

6. Normal Operation:

After tzQINIT (Tg), MRW commands may be used to properly configure the memory, for example the output
buffer driver strength, latencies etc. Specifically, MR1, MR2, and MR3 shall be set to configure the memory
for the target frequency and memory configuration.

The LPDDR2 device will now be in IDLE state and ready for any valid command.

After Tg, the clock frequency may be changed according to the clock frequency change procedure described
in section 2.4.26 “Input Clock Stop and Frequency Change”.
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2.2.4 Initialization after Reset (without Power ramp)

If the RESET command is issued outside the power up initialization sequence, the reinitialization procedure
shall begin with step 3 (Td).

2.2.5 Power-off Sequence
The following sequence shall be used to power off the LPDDR2 device.

While removing power, CKE shall be held at a logic low level (< 0.2 x VDDCA), all other inputs shall be
between VILmin and VIHmax. The LPDDR2 device will only guarantee that outputs are in a high impedance
state while CKE is held low.

DQ, DM, DQS_t and DQS_c voltage levels must be between VSSQ and VDDQ during power off sequence to
avoid latch-up. CK_t, CK_c, CS_n and CA input levels must be between VSSCA and VDDCA during power
off sequence to avoid latch-up.

Tx is the point where any power supply decreases under its minimum value specified in 3.2.1.1
“Recommended DC Operating Conditions” table.

Tz is the point where all power supplies are below 300 mV. After Tz, the device is powered off.
The time between Tx and Tz (tPOFF) shall be less than 2s.

The following conditions apply:

Between Tx and Tz, VDD1 must be greater than VDD2 - 200 mV.

Between Tx and Tz, VDD1 and VDD2 must be greater than VDDCA - 200 mV.

Between Tx and Tz, VDD1 and VDD2 must be greater than VDDQ - 200 mV.

Between Tx and Tz, VREF must always be less than all other supply voltages.

The voltage difference between any of VSS, VSSQ, and VSSCA pads may not exceed 100 mV.

For supply and reference voltage operating conditions, see 3.2.1.1 “Recommended DC Operating
Conditions” table.

2.2.6 Timing Parameters Power-Off
Maximum Power-Off Ramp Time is called tPOFF, it is 2s maximum.

2.2.7 Uncontrolled Power-Off Sequence

The following sequence shall be used to power off the LPDDR2 device under uncontrolled condition.

Tx is the point where any power supply decreases under its minimum value specified in the DC operating
condition table. After turning off all power supplies, any power supply current capacity must be zero, except
for any static charge remaining in the system.

Tz is the point where all power supply first reaches 300 mV. After Tz, the device is powered off.
The time between Tx and Tz (tPOFF) shall be less than 2s. The relative levels between supply voltages are
uncontrolled during this period.

VDD1 and VDD2 shall decrease with a slope lower than 0.5 V/uS between Tx and Tz.

Uncontrolled power off sequence can be applied only up to 400 times in the life of the device.
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2.3 Mode Register Definition

2.3.1 Mode Register Assignment and Definition

Each register is denoted as “R” if it can be read but not written, “W” if it can be written but not read, and
“R/W” if it can be read and written.

Mode Register Read command shall be used to read a register. Mode Register Write command shall be
used to write a register.

Mode Register Assignment

MR# MA[7:0] Function Access | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
0 00H Device Info. R (RFU) RZQl DNVI | DI DAl
1 01H Device Feature 1 W nWR (for AP) wcC | BT BL
2 02H Device Feature 2 W (RFU) RL & WL
3 03H I/O Config-1 W (RFU) DS
4 04H Refresh Rate R TUF | (RFU) Refresh Rate
5 05H Basic Config-1 R LPDDR2 Manufacturer ID
6 06H Basic Config-2 R Revision ID1
7 07H Basic Config-3 R Revision ID2
8 08H Basic Config-4 R I/O width Density Type
9 0%H Test Mode W Vendor-Specific Test Mode
10 0AH I/O Calibration W Calibration Code
11-15 0BH~0FH (reserved) - (RFU)
16 10H PASR_Bank W Bank Mask
17 11H (Reserved) W (RFU)
18-19 12H~13H (Reserved) - (RFU)
20-31 14h - 1Fh Reserved for NVM
32 20H DQ Calibration Pattern A R See 6.4.20.2 “DQ Calibration”
33-39 21H~27H (Do Not Use) -
40 28H DQ Calibration Pattern B R See 6.4.20.2 “DQ Calibration”
41-47 29H~2FH (Do Not Use) -
48-62 30H~3EH (Reserved) - (RFU)
63 3FH Reset w X
64-126 40H~TEH (Reserved) - (RFU)
127 7FH (Do Not Use) -
128-190 80H~BEH (Reserved for Vendor Use) - (RFU)
191 BFH (Do Not Use) -
192-254 COH~FEH (Reserved for Vendor Use) - (RFU)
255 FFH (Do Not Use) -
Notes:

1. RFU bits shall be set to ‘0’ during Mode Register writes.

2. RFU bits shall be read as ‘0’ during Mode Register reads.

3. All Mode Registers that are specified as RFU or write-only shall return undefined data when read and DQS shall be toggled.
4. All Mode Registers that are specified as RFU shall not be written.

5. Writes to read-only registers shall have no impact on the functionality of the device.
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2.3.2 MRO_Device Information (MA[7:0] = 00H)

or7 | ops | oPs opsa | OP3 OP2 OP1 OP0
(RFU) RZQl DNVI DI DAl
Op: DAl complete
DAl (Device Auto-Initialization Status) Read-only OPO -
1p: DAl still in progress
DI (Device Information) Read-only OP1 Op: S4 SDRAM
DNVI (Data Not Valid Information) Read-only oP2 Op: LPDDR2 SDRAM will not implement DNV functionalit

00b: RZQ self test not executed.
01b: ZQ-pad may connect to VDDCA or float
RZQI (Built in Self Test for RZQ Information) Read-only OP[4:3] 10b: ZQ-pad may short to GND

11b: ZQ-pad self test completed, no error condition detected
(ZQ-pad may not connect to VDDCA or float nor short to GND)

Notes:

1. RZQlI will be set upon completion of the MRW ZQ Initialization Calibration command.

2. If ZQ is connected to VDDCA to set default calibration by user, OP[4:3] shall be read as 01. If user does not want to connect ZQ pad
to VDDCA, but OP[4:3] is read as 01 or 10, it might indicate a ZQ-pad assembly error. It is recommended that the assembly error being
corrected first.

3. In the case of possible assembly error (either OP[4:3]=01 or OP[4:3]=10 as defined above), the LPDDR2 device will default to factory
trim settings for RON, and will ignore ZQ calibration commands. In either case, the system may not function as intended.

4. In the case of the ZQ self-test returning a value of 11b, this result indicates that the device has detected a resistor connection to the
ZQ pad. However, this result cannot be used to validate the ZQ resistor value or that the ZQ resistor tolerance meets the specified limits
(i.e., 240 Ohm % 1%).

2.3.3 MR1_Device Feature 1 (MA[7:0] = 01H)

or7 | op6 | OP5 OP4 OP3 OP2 oP1 OP0
nWR (for AP) WC BT BL
010p,: BL4 (default)
‘ 011p: BL8
BL Write-only OP[2:0]
100p: BL16
All others: reserved
Op: Sequential (default)
BT Write-only OP3 1: Interlsaved
Op: Wrap (default)
we Write-only Op4 1 p: No wrap (allowed for SDRAM BL4 only)
001p: NWR=3 (defaulf)
010p: NWR=4
011b: NWR=5
nWR Write-only OP[7:5] 100p: NWR=6 1
101p: NWR=7
110p: NWR=8
All others: reserved

Note:
1. Programmed value in nWR register is the number of clock cycles which determines when to start internal precharge operation for a
write burst with AP enabled. It is determined by RU(tWR/CK).
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2.3.3.1 Burst Sequence by Burst Length (BL), Burst Type (BT), and Warp Control (WC)

Data Sheet
SCB4BL512XX0AF
Low Power DDR2 SDRAM

Burst Cycle Number and Burst Address Sequence

Cc3|C2|C1|C0| WC |BT |BL
112 (3|4 (5(6/7(8/9|10{1112|13[14(15|16
X | X |Og|0g o(14(2]3
wrap [any
X | X |1g|0g 4121301
X|X|X|0g| nw |any y ly+1|y+2|y+3
. _________________ _____ ________ ________________ ___________ ___ ____ ___ ____ _________ _______ ]
X |0g|0g |0g o|l1|2]3|4|5]8]|7
X |0g|15|0g 21 3|4|5|6/7]|0|1
seq
X | 15|05 |0g 415 |8 |71]0[1|2]3
X |1g|1g |08 6|7 ]0|1|2/3|4]|5
wrap 8
X |Og|0g |05 0o|1|2]3|4|5/8|7
X |0g|1g |08 21 3|0 1|6|7(4|5
int
X |15 |0g | Og 4|56 |70/1|2]3
X | 15|15 |0g 6|7 |4|5]|2/30|1
X | X |X|0g| nw |any illegal (not allowed)
. ___________ _____ _____ _____________ __________ ___ ____________________ _________ |
Og | Og | Og | Og o|1]23][4|5]6|7]8]|9|A[B|[C|[D|E|F
0g |0g | 15 | O 2|3|4|5|6|7|8|9|A|B|C|D|E|F|0]|1
Og|1g|0g|0p 4 |5 |6 |7 |8/9/A\BICIDIE|F|0|1]2]3
0g |15 |15 |08 6|7 |8|9|AB|C|DIE|F|0|1|2]|3|4]5
seq
15 |0g | Og | Og | wrap 1689ABCDEFD123456?
15|05 | 15| 0g A|lB|C|DI|E|IFlo|1]|2|3|4|5|6|7|8]|9
15|15 | Og | O C|D|E|F|o|1|2|3|4|5|6|7|8|9|A|B
18|18 |18 |0p E|F|0|1|2|3|4|5|6|7|8|9|A|B|C|D
X | X Og int illegal (not allowed)
X |X|X|0g| nw |any illegal (not allowed)

Notes:

1. CO input is not present on CA bus. It is implied zero.

2. For BL=4, the burst address represents C[1: 0].

3. For BL=8, the burst address represents C[2:0].

4. For BL=16, the burst address represents C[3:0].

5. For no-wrap (nw), BL4, the burst shall not cross the page boundary and shall not cross sub-page boundary. The variable y may start
at any address with CO equal to 0 and may not start at any address shown in table below.
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2.3.3.2 Non Wrap Restrictions

Data Sheet
SCB4BL512XX0AF

Low Power DDR2 SDRAM

64Mb 128Mb/256Mb 512Mb/1Gb/2Gb 4Gb/6Gb/8GDb
Not across full page boundary
X8 1FE. 1FF, 000, 001 |3FE, 3FF. 000, 001|7FE, 7FF. 000, 001 | FFE. FFF, 000, 001
x16 FE. FF. 00, 01 IFE. 1FF, 000, 001 | 3FE, 3FF, 000, 001 | 7FE, 7FF. 000, 001
X32 7E. 7F, 00, 01 FE. FF, 00, 01 IFE. 1FF, 000, 001 | 3FE, 3FF, 000, 001
Not across sub page boundary
07E. 07F. 080, 081 |OFE. OFF. 100, 101 | 1FE. 1FF. 200, 201 | 3FE. 3FF. 400. 401
x8 OFE. OFF, 100, 101 | IFE, 1FF, 200, 201 |3FE,. 3FF. 400, 401 | 7FE, 7FF. 800, 801
17E. 17F. 180, 181 | 2FE. 2FF. 300, 301 | 5FE. 5FF. 600. 601 | BFE. BFFE. C00. CO1
x16 7E. 7F, 80, 81 OFE, OFF, 100, 101 | 1FE, 1FF, 200, 201 | 3FE, 3FF, 400, 401
x32 None None None None
NOTE 1 Non-wrap BL=4 data-orders shown above are prohibited.
2.3.4 MR2_Device Feature 2 (MA[7:0] = 02H)
op7 | ope | ops | oP4 op3 | opz2 | opt | oPo
(RFU) RL & WL
0001b: RL = 3/ WL = 1 (default)
0010b: RL=4/WL=2
0011b: RL=5/WL=2
RL & WL Write-only OP[3:0] 0100b: RL=6/WL=3
0101b: RL=7 /WL =4
0110b: RL=8/WL =4
All others: reserved
2.3.5 MR3_1/0 Configuration 1 (MA[7:0] = 03H)
or7 | ope | ops | opra OP3 OP2 OP1 OP0
(RFU) DS
0000p: reserved
0001p: 34.3-ohm typical
0010p: 40-ohm typical (default)
0011p: 48-ohm typical
DS Write-only OP[3:0] p100b: 60-ohm typical
0101p: reserved
0110p: 80-ohm typical
0111p: 120-ohm typical
All others: reserved
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2.3.6 MR4_Device Temperature (MA[7:0] = 04H)

Data Sheet
SCB4BL512XX0AF
Low Power DDR2 SDRAM

OP7 or6e | oOP5 | opP4 | OP3 orz2 | opP1 | OP0
TUF (RFU) SDRAM Refresh Rate
000p: SDRAM Low temperature operating limit exceeded
001b: 4% tREFI, 4X IREFW
010p: 2x tREFI, 2X tREFW
SDRAM 011p: 1x tREFI, 1x tREFW (< 85°C)
Refresh Rate Read-only | OP[2:0] | 100h: Reserved
101p: 0.25x tREFI, 0.25x tREFW, do not de-rate SDRAM AC
timing
110p: 0.25x tREFI, 0.25x tREFW, de-rate SDRAM AC timing
111p: SDRAM High temperature operating limit exceeded
Temperature Read-only OP7 Op: OP[2:0] value has not changed since last read of MR4.
Update Flag (TUF) 1p: OP[2:0] value has changed since last read of MR4.

Notes:

1. A Mode Register Read from MR4 will reset OP7 to ‘0’.

. OP7 is reset to ‘0’ at po

o ON

~

wer-up.

. If OP2 equals ‘1’, the device temperature is greater than 85°C.
. OP7 is set to ‘1’ if OP2:0P0 has changed at any time since the last read of MR4.
. LPDDR2 might not operate properly when OP[2:0] = 000b or 111b.
. For specified operating temperature range and maximum operating temperature, refer to “Operating Temperature Conditions” table.
. LPDDR2 devices must be derated by adding 1.875 nS to the following core timing parameters: tRCD, tRC, tRAS, t{RP, and tRRD.

tDQSCK shall be de-rated according to the tDQSCK de-rating value in “LPDDR2 AC Timing” table. Prevailing clock frequency spec and
related setup and hold timings shall remain unchanged.

8. The recommended frequency for reading MR4 is provided in “Temperature Sensor” section.

2.3.7 MR5_Basic Configuration 1 (MA[7:0] = 05H)

OFT7

OP6 \

OP5 |

OP4

| oP3

OP2 OP1 OF0

LPDDR2 Manufacturer 1D

LPDDR2 Manufacturer ID Read-only OP[7:0] 0001 1010b:UniIC
2.3.8 MR6_Basic Configuration 2 (MA[7:0] = 06H)
OPT OP& OP5 OP4 OoP3 oP2 OP1 OPOD
Revision 1D1
Rewvision 1D1 Read-only OP[7:0] 00000000p: A-version

Note: MR6 is Vendor Specific.
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2.3.9 MR7_Basic Configuration 3 (MA[7:0] = 07H)

Data Sheet

SCB4BL512XX0AF
Low Power DDR2 SDRAM

OoP7T OP6 OP5 oP4 oP3 oP2 OP1 OPO
Revision 1D2
Revision 1D2 Read-only OP[7:0] 00000000p: A-version
Note: MR7 is Vendor Specific.
2.3.10 MR8_Basic Configuration 4 (MA[7:0] = 08H)
OP7 OPE& OP5 OP4 OoP3 oP2 OP1 OPOD
1O width Density Type
Type Read-only OP[1:0] 00p: S4 SDRAM
Density Read-only OP[5:2] 0011p: 512Mb
/O width Read-onl OP[7:6 i x32
O wi ead-only [7:6] 01p: x16
2.3.11 MR9_Test Mode (MA[7:0] = 09H)
OPT OP& OP5 OP4 oP3 OoP2 OP1 OPO
Vendor-specific Test Mode
2.3.12 MR10_Calibration (MA[7:0] = 0AH)
OPT o6 | oPs | oP4 OP3 OP2 OP1 OPO
Calibration Code
0xFF: Calibration command after initialization
0xAB: Long calibration
Calibration Code Write-only OP[7:0] 0x56: Short calibration

0xC3: 20 Reset
others: Reserved

Notes:
1. Host processor shall not write MR10 with “Reserved” values.

2. LPDDR2 devices shall ignore calibration command when a “Reserved” value is written into MR10.
3. See AC timing table for the calibration latency.

4. If ZQ is connected to VSSCA through RZQ, either the ZQ calibration function (see section 2.4.23 “Mode Register Write ZQ
Calibration Command”) or default calibration (through the ZQreset command) is supported. If ZQ is connected to VDDCA, the device
operates with default calibration, and ZQ calibration commands are ignored. In both cases, the ZQ connection shall not change after
power is applied to the device.

5. The MRW ZQ Initialization Calibration command will update MRO to indicate RZQ pad connection.
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2.3.13 MR16_PASR_Bank Mask (MA[7:0] = 10H)

o7 | oee | ops | ops op3 | op2 | op1 | oro
54 5SDRAM Reserved Bank Mask
Ob: self-refresh enable to the bank (=unmasked, default)
1b: self-refresh blocked (=masked)
) . ) OPO: bank 0
Bank [3:.0] Mask Write-only OP[3:0] OP1: bank 1
OP2: bank 2
OP3: bank 3
R I Wirite-only OP[7:4] Fsgg&ezd Any value written to OP[7:4] are ignored by

Note: The MR16 is used to control which bank or banks are to be masked or unmasked in self-refresh mode. It has no effect in auto-
refresh mode because LPDDR2 512Mb device does not support per-bank refresh in auto-refresh mode.

OP Bank Mask 4-Bank S4 SDRAM
0 XXXXXXX1 Bank 0

1 XXXXXX1X Bank 1

2 XXXXX1TXX Bank 2

3 XXXXIXXX Bank 3

4 - -

5 - -

6 - -

7 - -

2.3.14 MR32_DQ Calibration Pattern A (MA[7:0] = 20H)
Reads to MR32 return DQ Calibration Pattern “A”. See section 2.4.20.2 “DQ Calibration”.

2.3.15 MR40_DQ Calibration Pattern B (MA[7:0] = 28H)
Reads to MR40 return DQ Calibration Pattern “B”. See section 2.4.20.2 “DQ Calibration”.

2.3.16 MR63_Reset (MA[7:0] = 3FH): MRW only
o7 | ope | ops | oP4 OP3 oP2 OP1 OP0
X
For additonal information on MRW RESET see section 2.4.21 “Mode Register Write Command”.
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2.4 Command Definitions and Timing Diagrams

2.4.1 Activate Command

The SDRAM Activate command is issued by holding CS_n LOW, CA0 LOW, and CA1 HIGH at the rising
edge of the clock. The bank addresses are used to select the desired bank. The row addresses are used to
determine which row to activate in the selected bank. The Activate command must be applied before any
Read or Write operation can be executed. The LPDDR2 SDRAM can accept a read or write command at
time tRCD after the activate command is sent. Once a bank has been activated it must be precharged before
another Activate command can be applied to the same bank. The bank active and precharge times are
defined as tRAS and tRP, respectively. The minimum time interval between successive Activate commands
to the same bank is determined by the RAS cycle time of the device (tRC). The minimum time interval
between Activate commands to different banks is tRRD.

2.4.1.1 Activate Command Cycle: tRCD = 3, tRP = 3, tRRD = 2
T T T T

TO 1 2 3 n
—l I~ Al I~ Al = [V l I~ Al [V | .
CK_t/CK_cf\ A [N )
(S v v o o - [ (S v
| | |

1~
— L
BarkA Bank BankA Bk A BarkA
CAQ-9 (Ruwﬂddr}(ﬂmam}{ ){ XRM Andr}(RuwAder Col Addr }{ mmm)’ T ( X X X X X xmﬂderRwAddr)
l | | {

| | RAS-CAS delay = trep | | | |
[ [ | | | |
L 1
I |

Bank Precharge time = ..
I T I

Tn+1 Tn+2 Tn+3

| .
Resﬁd Begins
|RAS - RAS delay time =ty | | |
| | | | | | | | T

[Cmd] ‘<Activate><< Nop ><Activate>-( Read >>~~~~—<Precharge>-< Nop >< Nop >-< ctivate}
I I

I T T T ]
| | " Bank Active = taas | T | I

| I | | I | Row Cycle timé = tac I | | | |
I I 1 I \ 1 T 1 [ I I I 1 1

Note:

A Precharge-All command uses tRPab timing, while a Single Bank Precharge command uses tRPpb timing. In this figure, tRP is used to
denote either an All-bank Precharge or a Single Bank Precharge
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2.4.1.2 Command Input Setup and Hold Timing

TO T1 T2 T3

| |Il,.lrI I|||' W I 'Illr ||||||l X
CK_t/CK_c ( | f S S
i) {h M | | M M

.'|,_ — ,_.'E'l—.'l|l_ — _.:I'n—.||_ — _r:|'|—|'|1_ —

s th 1o tis | te |

| |
| | |
i ' | Vinac{~ | L | [Int: |
CS_n : \ vlll-'lﬁcl\— : ?_/V||_[D{:T7 \VH ! \ : /—\
: |
|

s foesftin

|
|
|
|
|
|'I'I - _1'| 7 (RN l |
oros (i Jlenfl ]
l .
f."l i

\/
[C md] Nop ﬂ\ Commandﬁr{il Nop }*\Command —
| : ' | : | :

] HIGH or LOW (but a defined logic level)

Note: Setup and hold conditions also apply to the CKE pad. See section related to power down for timing diagrams related to the CKE
pad.
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2.4.1.3 CKE Input Setup and Hold Timing

T0 T1 Tx+1

l'-|a'f—\'u:ufl_ Y "v: -
CK_UVCK_c | ) i | !
."Il.l_ —_ _.E—.'lll_ — I'|—|'|1_ — _rill'l—
t ' | |
 UHCKE

CKE

[] HIGH or LOW (but a defined logic level)

Notes:
1. After CKE is registered LOW, CKE signal level shall be maintained below VILCKE for tCKE specification (LOW pulse width).
2. After CKE is registered HIGH, CKE signal level shall be maintained above VIHCKE for tCKE specification (HIGH pulse width).
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2.4.2 Read and Write Access Modes

After a bank has been activated, a read or write cycle can be executed. This is accomplished by setting CS_n
LOW, CAOQ HIGH, and CA1 LOW at the rising edge of the clock. CA2 must also be defined at this time to
determine whether the access cycle is a READ operation (CA2 HIGH) or a WRITE operation (CA2 LOW).

The LPDDR2 SDRAM provides a fast column access operation. A single Read or Write Command will initiate
a burst read or write operation on successive clock cycles.

A new burst access must not interrupt the previous 4-bit burst operation in case of BL = 4 setting. In case of
BL = 8 and BL = 16 settings, Reads may be interrupted by Reads and Writes may be interrupted by Writes
provided that this occurs on even clock cycles after the Read or Write command and tCCD is met.

2.4.3 Burst Read Command

The Burst Read command is initiated by having CS_n LOW, CA0 HIGH, CA1 LOW and CA2 HIGH at the
rising edge of the clock. The command address bus inputs, CA5r-CA6r and CA1f-CA9f, determine the starting
column address for the burst. The Read Latency (RL) is defined from the rising edge of the clock on which the
Read Command is issued to the rising edge of the clock from which the tDQSCK delay is measured. The first
valid datum is available RL * tCK + tDQSCK + tDQSQ after the rising edge of the clock where the Read
Command is issued. The data strobe output is driven LOW tRPRE before the first rising valid strobe edge. The
first bit of the burst is synchronized with the first rising edge of the data strobe. Each subsequent data-out
appears on each DQ pad edge aligned with the data strobe. The RL is programmed in the mode registers.

Timings for the data strobe are measured relative to the crosspoint of DQS t and its complement, DQS _c.
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2.4.3.1 Data Output (Read) Timing (tDQSCKmax)

tzpas)

=

Data Sheet
SCB4BL512XX0AF
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RL + BL/2

— — —

tuzpas)

n.._|

DQS_c
DQs_t
h trpre o
DQ l/_
loa SCIrl:\ax_
tizipay !
Notes:

1. tDQSCK may span multiple clock periods.
2. An effective Burst Length of 4 is shown.

2.4.1.2 Data Output (Read) Timing (tDQSCKmin)
RL -1 RL

pasamax

L zipay) ’.4_.1

Note: An effective Burst Length of 4 is shown.
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2.4.1.3 Burst Read: RL = 5, BL = 4, tDQSCK > tCK

T1 T2 T3 T4 T5 T6 T7 T8
| : [ , [ , [ : ! : [ ; [ : [

(L i~ [ (. (L - - ;f
oo LT .
i _h LS [ L S— v |\_ _h L A I

s EREA

| \ |
DQS_c | . | . |
DQS_t | ! | | |
| | |

| | |

| [ |

DQs

2.4.1.4 Burst Read: RL = 3, BL = 8, tDQSCK < tCK
TO T3

T1 T2 T4 T5 T6 T7 T8
\l U _\l :J'_ _1I‘ :!_ _‘.l :J'_ _1I| :f_ _\l :J'_ _\l :!_ —\‘ :J'_ _il :f
evvecel 4N 0 )
|\_ J: |\_ ~h ‘1_ J: |\_ _J‘: |l_ _i: |\_ _J: |\_ ,J: ‘\_ _J: |1_ _f:

croe (el N L L L L)
Cmel { Read W wop Mmoo { mop H mep N mop N wop H wep M nep )

DQS_c
DQS_t

)

DQs

- — w® + —
R .V

L
R
=
=
=
=
};::
=
=
=
=
=
e
b
——
=
lQ
—
=
L& 1
.-H"_‘--':"--.'—
=
=
=
L= I
ﬁ
=
=
=
L™ T
:—i
Py
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2.4.1.5 LPDDR2: tDQSCKDL Timing
Tn Tnt1 Tnt2 Tn+3 Tn+4 Tn+s Tnt6 Tn+7 Tn+8
[ — - —_ -

CK t/CK ¢ ! ’ t‘
o

18

Data Sheet
SCB4BL512XX0AF
Low Power DDR2 SDRAM

Tm Tm+l Tmt2 Tm+3 Tm+4 Tm+5 Tm+6 Tmt+7 Tm+8

1]

CACG-9
[Cmd] ‘ NopX NopX Nopx NopX Nopx NopX Nop ‘ NopXNop X NopX NopX NopX Nopx NopX Nop)
I | | | | | I | | | | I |, wasckm |
DQS_C : [l : ] : ] : | ! ] 1 ! ] 1 : | : [
past il et Tl IllRL=5||||_|
I I | | | | | | I T |
DQS |!|!|!|!|!| T T T
[ | | | I | | | | ) 2mS maximum| | 1| | I
| | | | | \ | ! |
| | | | |

tDQSCKDL =| tDQSCKn tDQSCKm |

Note: tDQSCKDLmax is defined as the maximum of ABS(tDQSCKn - tDQSCKm) for any {tDQSCKn ,

rolling window.

2.4.1.6 LPDDR2: tDQSCKDM Timing
Tn

CK t/CK ¢ |
I_.f
CA0-9
[Cmd] .( NopX NopX Nopx Nop
LT T 1]
ose Ll
DGS_t o D Dy D
T 77 1
DGS T |
NERE |
b |
| | ]

tDOSCKDM = tDQSCKn tDASCKm |

Note: tDQSCKDMmax is defined as the maximum of ABS(tDQSCKn - tDQSCKm) for any {tDQSCKn,tDQSCKm} pair within any 1.6uS

rolling window.

UnilC_Techdoc. Rev. D 2025-05 32/131



h iil Data Sheet

. SCB4BL512XX0AF
UnilC Low Power DDR2 SDRAM

2.4.1.7 LPDDR2: tDQSCKDS Timing
Tn Tn+1 Tn+2 Tn+3 Tn+4 Tn+d Tn+6 Tn+7 Tn+8 //Tm Tm+1 Tm+2 Tm+3 Tm+4 Tm+5 Tm+6 Tm+7 Tm+8

CK_t/CK_c? ‘ Z '

CA0-9
[Cmd] .(Nop Nop NopXNOpX NopXNopX Nop lNopXNopXNopX NopXNopXNopXNopXNop)
CTTTT T T TT Ey 1] 1 e L[ ] ] [ O]
DQS_c : | I | I 1| I N TV
DQS_t L Tgler T | |
AL . )
DQS | I L B : ' : ' :
| | |
e
tDQSCKDS = | tDQSCKn — tDQSCKm |
Note:

tDQSCKDSmax is defined as the maximum of ABS(tDQSCKn - tDQSCKm) for any {tDQSCKn ,tDQSCKm} pair for reads within a
consecutive burst within any 160nS rolling window

2.4.1.8 Burst Read Followed by Burst Write: RL =3, WL =1,BL =4
ol y
/ J;\ /l_ _f\;l\

wmajlflf%flflfﬂf ]
oo ERERC T O B )

[Cmd] <<|Read >‘<INapI >‘< Nc:pI >< INop:>< Nopl>< >‘< Write ><.Nop.><.N°p.>
| = — | el o
— ﬂg E\ Wﬂe \
| |
1 . .
\

T7 T8
-
|\_
|

| : | Ipasck ' B2 tDQSSmm | '
DQS_c | '
DQS_t 1
, | | 1 WL =1 !
| |%V74>'+

B o

|
|
|
| RL=3
T
|
i
|
| ! f | f | 1 [ f [

|
| |
| I

DQs ! = |
| |
| |
| |

The minimum time from the burst read command to the burst write command is defined by the Read Latency
(RL) and the Burst Length (BL). Minimum read to write latency is RL + RU(tIDQSCKmax/tCK) + BL/2 + 1 -
WL clock cycles. Note that if a read burst is truncated with a Burst Terminate (BST) command, the effective
burst length of the truncated read burst should be used as “BL” to calculate the minimum read to write delay.
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2.4.1.9 Seamless Burst Read: RL = 3, BL=4, tCCD = 2
TO T1 T T3 T4 T5 T6 T7 T8

2
ll :F ﬁl‘ :r ! :F ~ :r = :F I :T ! :F I ;r Tl :1’
ovvecef N AL LA
|1_ — | |\_ _n‘: | E— | [ | S — ] | -] | S

oo G | ESEAC O C OO O]

[Cmd] -( Read >-< Nop >< Read >< Nop >-< Nop >4< Nc:pI >< INc:p >< Nop >-<|Nop >—
_\I

L w2
pesec oo Tt
DQS_t T RS E—

L ! | RLIZ 3 | !

I~ I |
DQs | | |

| | |

The seamless burst read operation is supported by enabling a read command at every other clock for BL = 4
operation, every 4 clocks for BL = 8 operation, and every 8 clocks for BL=16 operation.

For LPDDR2-SDRAM, this operation is allowed regardless of whether the accesses read the same or
different banks as long as the banks are activated.

2.4.4 Reads Interrupted by a Read

For LPDDR2-S4 device, burst read can be interrupted by another read on even clock cycles after the Read
command, provided that tCCD is met.

2.4.4.1 Read Burst lnterrupt Example: RL =3,BL=8,tCCD =2
TO T5 T6 T7 T8

T 71 J\r j/L ) 71 J\r 1/L J\ BN RN

CAO-9 (Cﬂ“ﬁ“jj‘,’,ﬂxwmx X )(cma}(mmx )( )( X

I X
Cmel " Read }{ Nop }( Read }{ Nop }( Nop >< Nop >{ Nop x Nop >{ Nop }

N e et wx&-mf»«fmmm>x<mssxcw%)xv-m%))

1. For LPDDR2-S4 devices, read burst interrupt function is only allowed on burst of 8 and burst of 16.

2. For LPDDR2-S4 devices, read burst interrupt may occur on any clock cycle after the initial read command, provided that tCCD is met.
3. Reads can only be interrupted by other reads or the BST command.

4. Read burst interruption is allowed to any bank inside DRAM.

5. Read burst with Auto-Precharge is not allowed to be interrupted.

6. The effective burst length of the first read equals two times the number of clock cycles between the first read and the interrupting read.
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2.4.5 Burst Write Operation

The Burst Write command is initiated by having CS_n LOW, CAO0 HIGH, CA1 LOW and CA2 LOW at the
rising edge of the clock. The command address bus inputs, CA5r-CA6r and CA1f-CA9f, determine the
starting column address for the burst. The Write Latency (WL) is defined from the rising edge of the clock on
which the Write Command is issued to the rising edge of the clock from which the tDQSS delay is measured.
The first valid data must be driven WL * tCK + tDQSS from the rising edge of the clock from which the Write
command is issued. The data strobe signal (DQS) should be driven LOW tWPRE prior to the data input. The
data bits of the burst cycle must be applied to the DQ pads tDS prior to the respective edge of the DQS t,
DQS_c and held valid until tDH after that edge. The burst data are sampled on successive edges of the
DQS_t, DQS_c until the burst length is completed, which is 4, 8, or 16 bit burst.

For LPDDR2-SDRAM devices, tWR must be satisfied before a precharge command to the same bank may
be issued after a burst write operation.

Input timings are measured relative to the cross point of DQS_t and its complement, DQS_c.

2.4.5.1 Data Input (Write) Timing

tDQ SH Sl tDQSL

DQS_c - > >
DQS ¢ NS N N\ T T Ny
DQS_t N ooast S /I \

twere T twpst

(dc
DQ >< DX X DN >< D
3 ;- i VIL(dC) % ¥,
toH o

DM DMin

. / s jn(de
DMin X: ><I§flv1|n
\ / \Vi(de)

UnilC_Techdoc. Rev. D 2025-05 35/131



Q iil Data Sheet

. SCB4BL512XX0AF
UnilC Low Power DDR2 SDRAM

2.4.5.2 Burst Write: WL =1, BL=4

T0 T T2 T3 T4
[

I
BEREREEE
CKL/CKe) T . L
I

\
CAD-9 (Col AdanCDI Addrx X X X X X X ]
[Cmd] { Write >< Nop >< Nop >< Nop >< N ]—( Pre
Case 1:with tnbss(ma?() tDCIISSma)l Dss | : tDss | Compleh

x

DQS_c
DQS_t

wil=1

N DR

|
|
DQs |

tDQS$min

tDSH : tDSH
|

\
|
\
Case 2'with todss(min)
\
|
|

DINAD DIN A1 DINAZ DIN A3

i g%%ﬂﬂmma‘_ —
' |

|

|

|

|
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2.4.5.3 Burst Write Followed by Burst Read: RL = 3, WL=1, BL= 4
T0 T1 T2 T3
| 4

CK_t/CK ¢ /YI k l

o

CAO-9 H(X X X X
] I

[Cmd] —< Write >< >< Nop
|

naE " NaN
o | _< >< -}

T
RLF

T T T T T T T T T T
| WLI- | ! A I | !
I | I T U | ' :
| Pl | [ [ | /
DQS ¢ | | | |,'l T I I I I | | | )
DQS_t T l\ | T | N l\
- | | I wr | [ | |
| ! | | | | 1 | | | | |
| I I ! I I I :
| | l | | l | | | | |
D@s ! I ! | | J | | I | ! :
| | | | | |
| ol T o o o
Notes:
1. The minimum number of clock cycles from the burst write command to the burst read command for any bank is [WL + 1 + BL/2 +
RU( tWTRACK)).

2. tWTR starts at the rising edge of the clock after the last valid input datum.
3. If a write burst is truncated with a Burst Terminate (BST) command, the effective burst length of the truncated write burst should be
used as “BL” to calculate the minimum write to read delay.

UnilC_Techdoc. Rev. D 2025-05 371131



h iil Data Sheet

. SCB4BL512XX0AF
UnilC Low Power DDR2 SDRAM

2.4.5.4 Seamless Burst Write: WL=1, BL =4, tCCD = 2
TO T1 T2 T3 T4 5 T6

CK_t/CK_ ¢

\
|
|
I
CAO'g Ggaﬁdﬂ:x;ol AddrﬁX X
[C md] 4< Write X

X:ol Addr BXJQI Addr BX X

| tcqD = 2i
I T
DQS_c | [ | :
DQS t | ! | [
Wl=1 : |
|<—l—>| [
DQS } l } : DIMN A3 DIN BO DIN Bt
I | I |
[ |
Note:

The seamless burst write operation is supported by enabling a write command every other clock for BL = 4 operation, every four clocks
for BL = 8 operation, or every eight clocks for BL = 16 operation. This operation is allowed regardless of same or different banks as long
as the banks are activated

2.4.6 Writes Interrupted by a Write

For LPDDR2-S4 devices, burst writes can only be interrupted by another write on even clock cycles after the
write command, provided that tCCD(min) is met.
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2.4.6.1 Write Burst Interrupt Timing: WL =1, BL = 8, tCCD = 2
TO | T T2 T3 T4 T5 T7

_—ll m
‘o \ "I__” |Q— |
|

CK_t/CK_c

[
I I I

CA0-9 <MX&3X X XX&,X X X

i | 1 i i | L

[Cmd] —< Write X Nop X Write X Nop ><

thD =2

fx'x:x,x:
XNopXNop

——

"‘-1/‘

ekl T T T T T
D I e R R A NI
Bast  ——H 1) R
WL=1 | | T ] | | |
e I W | Y i :
DQS i } i } o ' DINAS ——+—
! ! | O O :
I | I 1 | 1 | 1

Notes:

1. For LPDDR2-S4 devices, write burst interrupt function is only allowed on burst of 8 and burst of 16.

2. For LPDDR2-S4 devices, write burst interrupt may only occur on even clock cycles after the previous write commands, provided that
tCCD(min) is met.

3. Writes can only be interrupted by other writes or the BST command.

4. Write burst interruption is allowed to any bank inside DRAM.

5. Write burst with Auto-Precharge is not allowed to be interrupted.

6. The effective burst length of the first write equals two times the number of clock cycles between the first write and the interrupting
write.
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2.4.7 Burst Terminate

The Burst Terminate (BST) command is initiated by having CS_n LOW, CAO HIGH, CA1 HIGH, CA2 LOW,
and CA3 LOW at the rising edge of clock. A Burst Terminate command may only be issued to terminate an
active Read or Write burst. Therefore, a Burst Terminate command may only be issued up to and including
BL/2 - 1 clock cycles after a Read or Write command. The effective burst length of a Read or Write command
truncated by a BST command is as follows:

Effective burst length = 2 x {Number of clock cycles from the Read or Write Command to the BST command}
Note that if a read or write burst is truncated with a Burst Terminate (BST) command, the effective burst
length of the truncated burst should be used as “BL” to calculate the minimum read to write or write to read
delay.

The BST command only affects the most recent read or write command. The BST command truncates an
ongoing read burst RL * tCK + tDQSCK + tDQSAQ after the rising edge of the clock where the Burst
Terminate command is issued. The BST command truncates an ongoing write burst WL * tCK + tDQSS after
the rising edge of the clock where the Burst Terminate command is issued.

For LPDDR2-S4 devices, the 4-bit prefetch architecture allows the BST command to be issued on an even
number of clock cycles after a Write or Read command. Therefore, the effective burst length of a Read or
Write command truncated by a BST command is an integer multiple of 4.
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oo EEDL L ODODO000C0000
[Cmd]—<|Wr|te XINop X Nop X Nop XIBSTIX NoplxlNopIX NopIX Nop.}
| WLHCK+tDASS {:}

T
| : | BSTlhot a Ioweu’l
wil=1

N I B i

| I | | | | |

| | | | | T v T T
pas c 1 " If‘*‘y IY‘FY IY y Ix‘fx IY‘I\ o
DQS_t : i : i\ | A i e L_:L / \ i_; L A AL/ i : i : i

‘ , DN A1 DIN A2 ‘ " DIN A3 ’ DINM , DINAE' "‘ "
bGs i | i .".:’ ‘. ‘..;I'I.. | { i | i | i
I I JR AR S I S R N

Notes:

1. The BST command truncates an ongoing write burst WL * tCK + tDQSS after the rising edge of the clock where the Burst Terminate
command is issued.

2. For LPDDR2-S4 devices, BST can only be issued at even number of clock cycles after the Write command.

3. Additional BST commands are not allowed after T4 and may not be issued until after the next Read or Write command.

2.4.7.2 Burst Read Truncated by BST: RL = 3, BL = 16

\
CK_t/CK_c

CAQ-9

N N
EESSNNENEeenEes
I INop X!Nop XINop X BST X INop X Nop X Nop X Nop >-

) BE’;T notiallowled | |

! RL*tck+tpagckstjasa |
| ! |
|
| A
I
|
1
I
|
|
|
|

[Cmd]

!

|

|

|
DQS_c 7
i\
|
|
|
I

DQS_t ' |

| |
| |
| |
| ailes | -
| RLES | >
| |
| |
| |
| I

-t

] | |

¥ L) )
I I I

Notes:

1. The BST command truncates an ongoing read burst RL * tCK + tDQSCK + tDQSQ after the rising edge of the clock where the Burst

Terminate command is issued.

2. For LPDDR2-S4 devices, BST can only be issued at even number of clock cycles after the Read command.
3. Additional BST commands are not allowed after T4 and may not be issued until after the next Read or Write command.

DQs
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2.4.8 Write Data Mask

One write data mask (DM) pad for each data byte (DQ) will be supported on LPDDR2 devices, consistent
with the implementation on LPDDR SDRAMSs. Each data mask (DM) may mask its respective data byte (DQ)
for any given cycle of the burst. Data mask has identical timings on write operations as the data bits, though
used as input only, is internally loaded identically to data bits to insure matched system timing.

See 2.4.14.2 “Precharge & Auto Precharge Clarification” table for Write to Precharge timings.

2.4.8.1 Write Data Mask Timing
Data Mask Timing

DQS_C FTTTT T T T ANV4 \ jm———————————

DQS_t s N

___________

SN . /7
oM 72222222 visopesep L a2

tDs ' tDH ‘ tbs ! tDH

Data Mask Function, WL= 2, BL=4 shown,second DQ masked
CK N - - - = ——A —= - = - — -— r—-
CK__f N O X X X X X X X,
[Cmd] X:Wirte x ¢ R — -

Case 1: min tDQSS WL=2 IDQSSmin ) tWTR T

770X N - XX Y7777
SN D e
oM 000 )\ L0

Case 2: max tDQSS tDQSSmax

Das L7200 K X Nz

va | 0 B Y s X

DM L7 [\ Y
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2.4.9 Precharge Operation
The Precharge command is used to precharge or close a bank that has been activated. The Precharge
command is initiated by having CS_n LOW, CAO0 HIGH, CA1 HIGH, CA2 LOW, and CA3 HIGH at the rising
edge of the clock. The Precharge Command can be used to precharge each bank independently or all banks
simultaneously. For 4-bank devices, the AB flag, and the bank address bits, BAO and BA1 are used to
determine which bank(s) to precharge. The bank(s) will be available for a subsequent row access tRPab
after an All-Bank Precharge command is issued and tRPpb after a Single-Bank Precharge command is
issued.

For 4-bank devices, the Row Precharge time (tRP) for an All-Bank Precharge (tRPab) is equal to the Row
Precharge time for a Single-Bank Precharge (tRPpb).

2.4.9.1 Bank Selection for Precharge by Address Bits

Precharged Bank(s
AB (CA4r) BA1 (CASr) BAO (CATr) 4-bar?k device( )
0 0 0 Bank 0 only
0 0 1 Bank 1 only
0 1 0 Bank 2 only
0 1 1 Bank 3 only
1 DON'T CARE DONT CARE All Banks

2.4.10 Burst Read Operation Followed by Precharge
For the earliest possible precharge, the precharge command may be issued BL/2 clock cycles after a Read
command. For an untruncated burst, BL is the value from the Mode Register. For a truncated burst, BL is the
effective burst length. A new bank active (command) may be issued to the same bank after the Row
Precharge time (tRP). A precharge command cannot be issued until after tRAS is satisfied.

For LPDDR2-S4 devices, the minimum Read to Precharge spacing has also to satisfy a minimum analog
time from the rising clock edge that initiates the last 4-bit prefetch of a Read command. This time is called
tRTP (Read to Precharge).

For LPDDR2-S4 devices, tRTP begins BL/2 - 2 clock cycles after the Read command. If the burst is

truncated by a BST command or a Read command to a different bank, the effective “BL” shall be used to
calculate when tRTP begins.

See 2.4.14.2 “Precharge & Auto Precharge Clarification” table for Read to Precharge timings.
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2.4.10.1 Burst Read Followed by Precharge: RL = 3, BL = 8, RU(tRTP(min)/tCK) = 2
TO T1 T2 T3 T4 TS 6 T7 T8
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2.4.10.2 Burst Read Followed by Precharge: RL = 3, BL = 4, RU(tRTP(min)/tCK) = 3
T0 T T2 T3 T4 T5 T6 T7 T8
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2.4.11 Burst Write Followed by Precharge

For write cycles, a delay must be satisfied from the time of the last valid burst input data until the Precharge
command may be issued. This delay is known as the write recovery time (tWR) referenced from the
completion of the burst write to the precharge command. No Precharge command to the same bank should
be issued prior to the tWR delay.

LPDDR2-S4 devices write data to the array in prefetch quadruples (prefetch = 4). The beginning of an
internal write operation may only begin after a prefetch group has been latched completely. Therefore, the
write recovery time (tWR) starts at different boundaries.

The minimum Write to Precharge command spacing to the same bank is WL + BL/2 + 1 + RU(tWR/tCK)
clock cycles. For an untruncated burst, BL is the value from the Mode Register. For a truncated burst, BL is
the effective burst length.

See 2.4.14.2 “Precharge & Auto Precharge Clarification” table for Write to Precharge timings.

2.4.11.1 Burst Write Followed by Precharge: WL =1, BL = 4

CK_t/ CK_c‘

ows @ LI
[Cmd] ( Write X Nop X Nop >< Nop >‘<|Nop 3<Precharge N
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|
|

UnilC_Techdoc. Rev. D 2025-05 45/ 131



h iil Data Sheet

. SCB4BL512XX0AF
UnilC Low Power DDR2 SDRAM

2.4.12 Auto Precharge Operation

Before a new row in an active bank can be opened, the active bank must be precharged using either the
Precharge command or the auto-precharge function. When a Read or a Write command is given to the
LPDDR2 SDRAM, the AP bit (CAOf) may be set to allow the active bank to automatically begin precharge at
the earliest possible moment during the burst read or write cycle.

If AP is LOW when the Read or Write command is issued, then normal Read or Write burst operation is
executed and the bank remains active at the completion of the burst.

If AP is HIGH when the Read or Write command is issued, then the auto-precharge function is engaged. This
feature allows the precharge operation to be partially or completely hidden during burst read cycles
(dependent upon Read or Write latency) thus improving system performance for random data access.

2.4.13 Burst Read with Auto-Precharge

If AP (CAOf) is HIGH when a Read Command is issued, the Read with Auto-Precharge function is engaged.
LPDDR2-S4 devices start an Auto-Precharge operation on the rising edge of the clock BL/2 or BL/2 - 2 +
RU(tRTP/CK) clock cycles later than the Read with AP command, whichever is greater. Refer to section
2.4.14.2 “Precharge & Auto Precharge Clarification” table for equations related to Auto-Precharge for
LPDDR2-S4.

A new bank Activate command may be issued to the same bank if both of the following two conditions are
satisfied simultaneously.

m The RAS precharge time (tRP) has been satisfied from the clock at which the auto precharge begins.
m The RAS cycle time (tRC) from the previous bank activation has been satisfied.

2.4.13.1 Burst Read with Auto-Precharge: RL = 3, BL = 4, RU(tRTP(min)/tCK) = 2
T0 T1 T2 T3 T4 T3 T6 T7 T8
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2.4.14 Burst Write with Auto-Precharge

If AP (CAOf) is HIGH when a Write Command is issued, the Write with Auto-Precharge function is engaged.
The LPDDR2 SDRAM starts an Auto Precharge operation on the rising edge which is tWR cycles after the
completion of the burst write.

A new bank activate (command) may be issued to the same bank if both of the following two conditions are
satisfied.

m The RAS precharge time (tRP) has been satisfied from the clock at which the auto precharge begins.
m The RAS cycle time (tRC) from the previous bank activation has been satisfied.

2.4.14.1 Burst Write with Auto Precharge: WL =1, BL =4
T0 T1 12 T3 T4 T5 16

CK_t/CK_c
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2.4.14.2 Precharge & Auto Precharge Clarification

Colr:rll-?nrgnd To Command “From“g:glnr:;t??lzx‘g'ztvégﬁmand” Unit | Notes
Read Precharge (to same Bank as Read) BL/2 + max(2, RU(tRTP/tCK)) - 2 CLK 1
Precharge All BL/2 + max(2, RU(RTP/tCK)) - 2 CLK 1
BST Precharge (to same Bank as Read) 1 CLK 1
(for Reads) Precharge All 1 CLK 1
Precharge (to same Bank as Read w/AP) BL/2 + max(2, RU(tRTP/tCK)) - 2 CLK 1,2
Precharge All BL/2 + max(2, RU(RTP/CK)) - 2 CLK 1
Activate (to same Bank as Read w/AP) BL/2 + max(2, RU(tRTP/tCK)) - 2 + RU(tRPpb/tCK) | CLK 1
Read w/AP Write or Write w/AP (same bank) illegal CLK 3
Write or Write w/AP (different bank) RL + BL/2 + RU(tDQSCKmax/tCK) - WL + 1 CLK 3
Read or Read w/AP (same bank) illegal CLK 3
Read or Read w/AP (different bank) BL/2 CLK 3
Write Precharge (to same Bank as Write) WL + BL/2 + RUfWR/ACK) + 1 CLK 1
Precharge All WL + BL/2 + RU{WRHCK) + 1 CLK 1
BST Precharge (to same Bank as Write) WL + RU(tWR/ACK) + 1 CLK 1
(for Writes) Precharge Al WL + RU(tWR/CK) + 1 CLK 1
Precharge (to same Bank as Write w/AP) WL + BL/2+ RU(tWR/tCK) + 1 CLK 1
Precharge All WL + BL/2+ RU(tWR/tCK) + 1 CLK 1
Activate (to same Bank as Write w/AP) WL + BL/2 + RUtWR/ACK) + 1 + RU(tRPpb/tCK) CLK 1
Write w/AP Write or Write w/AP (same bank) illegal CLK 3
Write or Write w/AP (different bank) BL/2 CLK 3
Read or Read w/AP (same bank) illegal CLK 3
Read or Read w/AP (different bank) WL + BL/2 + RU(WTR/ACK) + 1 CLK 3
Precharge (to same Bank as Precharge) 1 CLK 1
Precharge
Precharge All 1 CLK 1
Precharge Precharge 1 CLK 1
Al Precharge Al 1 CLK 1
Notes:

1. For a given bank, the precharge period should be counted from the latest precharge command, either one bank precharge or
precharge all, issued to that bank. The precharge period is satisfied after tRP depending on the latest precharge command issued to
that bank.

2. Any command issued during the specified minimum delay time is illegal.

3. After Read with AP, seamless read operations to different banks are supported. After Write with AP, seamless write operations to
different banks are supported. Read w/AP and Write w/AP may not be interrupted or truncated.
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2.4.15 Refresh Command

The Refresh command is initiated by having CS_n LOW, CA0 LOW, CA1 LOW, and CA2 HIGH at the rising
edge of clock. All Bank Refresh is initiated by having CA3 HIGH at the rising edge of clock.

An All Bank Refresh command, REFab performs a refresh operation to all banks. All banks have to be in Idle
state when REFab is issued (for instance, by Precharge all-bank command). REFab also synchronizes the
bank count between the controller and the SDRAM to zero.

As shown in 2.4.15.1 “Command Scheduling Separations Related to Refresh” table, the REFab command
may not be issued to the memory until the following conditions have been met:

a) The tRFCab has been satisfied after the prior REFab command

b) The tRP has been satisfied after prior Precharge commands

When the All Bank refresh cycle has completed, all banks will be in the Idle state.

As shown in 2.4.15.1 “Command Scheduling Separations Related to Refresh” table, after issuing REFab:
a) The tRFCab latency must be satisfied before issuing an ACTIVATE command

b) The tRFCab latency must be satisfied before issuing a REFab command

2.4.15.1 Command Scheduling Separations Related to Refresh

Symbol minimum delay from to
REFab
tRFCab REFab -
Activate cmd to any bank
tRRD Activate Activate cmd to different bank than prior Activate
Note: A bank must be in the Idle state before it is refreshed.

2.4.16 LPDDR2 SDRAM Refresh Requirements

(1) Minimum number of Refresh commands:

The LPDDR2 SDRAM requires a minimum number of R Refresh (REFab) commands within any rolling
Refresh Window (tREFW = 32 mS @ MR4[2:0] = “011” or Tj < 85°C). The required minimum number of
Refresh commands and resulting average refresh interval (tREFI) are given in 3.6.1 “Refresh Requirement
Parameters” table. See Mode Register 4 for tREFW and tREFI refresh multipliers at different MR4 settings.

(2) Burst Refresh limitation:
To limit maximum current consumption, a maximum of 8 REFab commands may be issued in any rolling
tREFBW (tREFBW = 4 x 8 x tRFCab).

(3) Refresh Requirements and Self-Refresh:

If any time within a refresh window is spent in Self-Refresh Mode, the number of required Refresh
commands in this particular window is reduced to:

R* = R - RU{tSRF / tREFI} = R - RU{R * tSRF / tREFW}; where RU stands for the round-up function.
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2.4.16.1 Definition of tSRF
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Several examples on how tSRF is calculated:

A: with the time spent in Self-Refresh Mode fully enclosed in the Refresh Window (tREFW).
B: at Self-Refresh entry.

C: at Self-Refresh exit.

D: with several different intervals spent in Self Refresh during one tREFW interval.

In contrast to JESD79 and JESD79-2 and JESD79-3 compliant SDRAM devices, LPDDR2-S4 devices allow
significant flexibility in scheduling REFRESH commands, as long as the boundary conditions above are met.
In the most straight forward case a REFRESH command should be scheduled every tREFI. In this case Self-
Refresh may be entered at any time.

The users may choose to deviate from this regular refresh pattern e.g., to enable a period where no
refreshes are required. As an example, using a 1Gb LPDDR2-S4 device, the user can choose to issue a
refresh burst of 4096 REFRESH commands with the maximum allowable rate (limited by tREFBW) followed
by a long time without any REFRESH commands, until the refresh window is complete, then repeating this
sequence. The achievable time without REFRESH commands is given by tREFW - (R / 8) * tREFBW =
tREFW - R * 4 * {RFCab.@ Tj < 85°C this can be up to 32 mS - 4096 * 4 * 130 nS = 30 mS.

While both - the regular and the burst/pause - patterns can satisfy the refresh requirements per rolling
refresh interval, if they are repeated in every subsequent 32 mS window, extreme care must be taken when
transitioning from one pattern to another to satisfy the refresh requirement in every rolling refresh window
during the transition.

Figure of 2.4.16.3 shows an example of an allowable transition from a burst pattern to a regular, distributed
pattern. If this transition happens directly after the burst refresh phase, all rolling tREFW interval will have at
least the required number of refreshes.

Figure of 2.4.16.4 shows an example of a non-allowable transition. In this case the regular refresh pattern
starts after the completion of the pause-phase of the burst/pause refresh pattern. For several rolling tREFW
intervals the minimum number of REFRESH commands is not satisfied.

The understanding of the pattern transition is extremely relevant (even if in normal operation only one pattern
is employed), as in Self-Refresh-Mode a regular, distributed refresh pattern has to be assumed, which is
reflected in the equation for R* above. Therefore it is recommended to enter Self-Refresh-Mode ONLY
directly after the burst-phase of a burst/pause refresh pattern as indicated in figure of 2.4.16.5 and begin with
the burst phase upon exit from Self-Refresh.
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2.4.16.2 Regular, Distributed Refresh Pattern
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Notes:

1. Compared to repetitive burst Refresh with subsequent Refresh pause.

2. For an example, in a 1Gb LPDDR2 device at Tj < 85°C, the distributed refresh pattern would have one REFRESH command per 7.8
pS; the burst refresh pattern would have an average of one refresh command per 0.52 pS followed by =30 mS without any REFRESH
command.

2.4.16.3 Allowable Transition from Repetitive Burst Refresh
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treFBW fREFBW
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1. Shown with subsequent Refresh pause to regular distributed Refresh pattern.

2. For an example, in a 1Gb LPDDR2 device at Tj < 85°C, the distributed refresh pattern would have one REFRESH command per 7.8
uS; the burst refresh pattern would have an average of one refresh command per 0.52 uS followed by 30 mS without any REFRESH
command.
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2.4.16.4 NOT-Allowable Transition from Repetitive Burst Refresh
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1. Shown with subsequent Refresh pause to regular distributed Refresh pattern.
2. Only =2048 REFRESH commands (< R which is 4096) in the indicated tREFW window.

2.4.16.5 Recommended Self-Refresh Entry and Exit
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Note:
1. In conjunction with a Burst/Pause Refresh patterns.
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2.4.16.6 All Bank Refresh Operation
TO T1 T2
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2.4.17 Self Refresh Operation

The Self Refresh command can be used to retain data in the LPDDR2 SDRAM, even if the rest of the system
is powered down. When in the Self Refresh mode, the LPDDR2 SDRAM retains data without external
clocking. The LPDDR2 SDRAM device has a built-in timer to accommodate Self Refresh operation. The Self
Refresh Command is defined by having CKE LOW, CS_n LOW, CA0 LOW, CA1 LOW, and CA2 HIGH at the
rising edge of the clock. CKE must be HIGH during the previous clock cycle. A NOP command must be
driven in the clock cycle following the power-down command. Once the command is registered, CKE must
be held LOW to keep the device in Self Refresh mode.

LPDDR2-S4 devices can operate in Self Refresh in both the Standard or Extended Temperature Ranges.
LPDDR2-S4 devices will also manage Self Refresh power consumption when the operating temperature
changes, lower at low temperatures and higher temperatures.

Once the LPDDR2 SDRAM has entered Self Refresh mode, all of the external signals except CKE, are “don’t
care”. For proper self refresh operation, power supply pads (VDD1, VDD2, and VDDCA) must be at valid
levels. VDDQ may be turned off during Self-Refresh. Prior to exiting Self-Refresh, VDDQ must be within
specified limits. VrefDQ and VrefCA may be at any level within minimum and maximum levels (see section
3.1 “Absolute Maximum DC Ratings” table). However prior to exit Self-Refresh, VrefDQ and VrefCA must be
within specified limits (see section 3.2.1.1 “Recommended DC Operating Conditions” table). The SDRAM
initiates a minimum of one all-bank refresh command internally within tCKESR period once it enters Self
Refresh mode. The clock is internally disabled during Self Refresh Operation to save power. The minimum
time that the LPDDR2 SDRAM must remain in Self Refresh mode is tCKESR. The user may change the
external clock frequency or halt the external clock one clock after Self Refresh entry is registered; however,
the clock must be restarted and stable before the device can exit Self Refresh operation.

The procedure for exiting Self Refresh requires a sequence of commands. First, the clock shall be stable and
within specified limits for a minimum of 2 clock cycles prior to CKE going back HIGH. Once Self Refresh Exit
is registered, a delay of at least tXSR must be satisfied before a valid command can be issued to the device
to allow for any internal refresh in progress. CKE must remain HIGH for the entire Self Refresh exit period
tXSR for proper operation except for self refresh re-entry. NOP commands must be registered on each
positive clock edge during the Self Refresh exit interval tXSR.

The use of Self Refresh mode introduces the possibility that an internally timed refresh event can be missed
when CKE is raised for exit from Self Refresh mode. Upon exit from Self Refresh, it is required that at least
one Refresh command (one all-bank) is issued before entry into a subsequent Self Refresh.

For LPDDR2 SDRAM, the maximum duration in power-down mode is only limited by the refresh
requirements outlined in section 2.4.16 “‘LPDDR2 SDRAM Refresh Requirements”, since no refresh
operations are performed in power-down mode.
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2.4.17.1 Figure of Self Refresh Operation
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Notes:

1. Input clock frequency may be changed or stopped during self-refresh, provided that upon exiting self-refresh, a minimum of 2 clocks
of stable clock are provided and the clock frequency is between the minimum and maximum frequency for the particular speed grad

2. Device must be in the “All banks idle” state prior to entering Self Refresh mode.

3. tXSR begins at the rising edge of the clock after CKE is driven HIGH.

4. A valid command may be issued only after tXSR is satisfied. NOPs shall be issued during tXSR.

2.4.18 Partial Array Self-Refresh: Bank Masking

Each bank of LPDDR2 SDRAM can be independently configured whether a self refresh operation is taking
place. One mode register unit of 4 bits accessible via MRW command is assigned to program the bank
masking status of each bank up to 4 banks. For bank masking bit assignments, see section 2.13.13 Mode
Register 16 “MR16_PASR_Bank Mask (MA[7:0] = 10H)”.

The mask bit to the bank controls a refresh operation of entire memory within the bank. If a bank is masked
via MRW, a refresh operation to the entire bank is blocked and data retention by a bank is not guaranteed in
self refresh mode. To enable a refresh operation to a bank, a coupled mask bit has to be programmed,
“unmasked”. When a bank mask bit is unmasked, a refresh to a bank is determined by the programmed
status of segment mask bits.

2.4.19 Mode Register Read Command

The Mode Register Read command is used to read configuration and status data from mode registers. The
Mode Register Read (MRR) command is initiated by having CS_n LOW, CA0 LOW, CA1 LOW, CA2 LOW,
and CA3 HIGH at the rising edge of the clock. The mode register is selected by {CA1f-CAOf, CA9r- CA4r}.
The mode register contents are available on the first data beat of DQ[0:7], RL * tCK + tDQSCK + tDQSQ
after the rising edge of the clock where the Mode Register Read Command is issued. Subsequent data beats
contain valid, but undefined content, except in the case of the DQ Calibration function DQC, where
subsequent data beats contain valid content as described in section 2.4.20.2 “DQ Calibration”. All DQS t,
DQS_c shall be toggled for the duration of the Mode Register Read burst.

The MRR command has a burst length of four. The Mode Register Read operation (consisting of the MRR
command and the corresponding data traffic) shall not be interrupted. The MRR command period (tMRR) is
2 clock cycles. Mode Register Reads to reserved and write-only registers shall return valid, but undefined
content on all data beats and DQS_t, DQS_c shall be toggled.
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2.4.19.1 Mode Register Read Timing Example: RL = 3, tMRR = 2
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Notes:

1. Mode Register Read has a burst length of four.

2. Mode Register Read operation shall not be interrupted.

3. Mode Register data is valid only on DQ[0-7] on the first beat. Subsequent beats contain valid, but undefined data. DQ[8-max] contain
valid, but undefined data for the duration of the MRR burst.

4. The Mode Register Command period is tMRR. No command (other than Nop) is allowed during this period.

5. Mode Register Reads to DQ Calibration registers MR32 and MR40 are described in the section on DQ Calibration.

6. Minimum Mode Register Read to write latency is RL + RU(tDQSCKmax/tCK) + 4/2 + 1 - WL clock cycles.

7. Minimum Mode Register Read to Mode Register Write latency is RL + RU(tDQSCKmax/tCK) + 4/2 + 1 clock cycles.

The MRR command shall not be issued earlier than BL/2 clock cycles after a prior Read command and WL +
1 + BL/2 + RU( tWTR/tCK) clock cycles after a prior Write command, because read-bursts and write-bursts
shall not be truncated by MRR. Note that if a read or write burst is truncated with a Burst Terminate (BST)
command, the effective burst length of the truncated burst should be used as “BL".
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2.4.19.2 Read to MRR Timing Example: RL = 3, tMRR =2
T0 T1 T2 T3 T4 T5 T6 T7 T8

CK_t/CK_c

CA0-9

[Cmd]

I
r‘

Ul ! |
| | ]
DQS ¢ T — T > |
! | ! I ! I
PAS 1 ks |
DQJo-7] | : | : | :
N
DQ[8-max] i ! . : . !
., | €2 cMD not allowed

Notes:

1. The minimum number of clocks from the burst read command to the Mode Register Read command is BL/2.
2. The Mode Register Read Command period is tMRR. No command (other than Nop) is allowed during this period.

2.4.19.3 Burst Write Followed by MRR: RL =3, WL =1,BL =4
T0 T1 T2 T3 T4 T5 6 T7 T8

i

\
CK_t/ CK_c

CAO-9 (;:;AXWX X X
[Cmd] ( Write >< X

——
v | L — _
~—

[ T T j T T T T T T
[ I | I I [ RL=b l
| | | [ _I - _|_ \ -|- | | | |< t | t }
DQSc | | | /) | V! "| S N Y I O |
DQS t | ' T I \ 1 T ; T ; T ; ] |
Qs_ | L] o A A AL we 1] Fl | |
WLI= 1 L p— le— —»' | tMRR=21 |
4—'—»' L I
! T t : DINAD DINA1 DN A2 DIN A3 : ! : !.< i ! 1 :
| | | | | |
I I T b by R B () cMmD notallowed | |
| ! v ' | ! [ | T T !
Notes:
1. The minimum number of clock cycles from the burst write command to the Mode Register Read command is [WL + 1 + BL/2 +
RU(tWTRACK)].

2. The Mode Register Read Command period is tMRR. No command (other than Nop) is allowed during this period.
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2.4.20 Temperature Sensor

LPDDR2 SDRAM features a temperature sensor whose status can be read from MR4. This sensor can be
used to determine an appropriate refresh rate, determine whether AC timing derating is required in the
Extended Temperature Range and/or monitor the operating temperature. Either the temperature sensor or
the device operating temperature (See 3.2.3 “Operating Temperature Conditions” table) may be used to
determine whether operating temperature requirements are being met.

LPDDR2 devices shall monitor device temperature and update MR4 according to tTSI. Upon exiting self-
refresh or power-down, the device temperature status bits shall be no older than tTSI.

When using the temperature sensor, the actual device junction temperature may be higher than the
operating temperature specification (See 3.2.3 “Operating Temperature Conditions” table) that applies for the
Standard or Extended Temperature Ranges. For example, Tj may be above 85°C when MR4[2:0] equals
011b.

To assure proper operation using the temperature sensor, applications should consider the following factors:

TempGradient is the maximum temperature gradient experienced by the memory device at the temperature
of interest over a range of 2°C.

Readlnterval is the time period between MR4 reads from the system.

TempSensorinterval (tTSI) is maximum delay between internal updates of MR4.

SysRespDelay is the maximum time between a read of MR4 and the response by the system.

LPDDR2 devices shall allow for a 2°C temperature margin between the point at which the device
temperature enters the Extended Temperature Range and point at which the controller re-configures the
system accordingly.

In order to determine the required frequency of polling MR4, the system shall use the maximum

TempGradient and the maximum response time of the system using the following equation:
TempGradient x (ReadInterval + tTSI + SysRespDelay) < 2°C

In this case, Readlnterval shall be no greater than 167 mS.
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2.4.20.1 Temperature Sensor Timing

Temp

A < (TS| + ReadInterval + SysRespDelay)

Device , |- — |
Temp A
Margin

MR4 — —
Trip Leve /‘

tTSI

MR4=0x03 |MR4=0x86 [MR4=0x86 |MRA=0x86 [MR4=0x86 |MR4=0x06 | Time
A A

Temperature
Sensor
Update

Readinterval .‘_SYSRGSPD%‘

Host 4_ -
MRA B ead MRR MR4=0x03 MRR MR4=0x86

2.4.20.2 DQ Calibration

LPDDR2 device features a DQ Calibration function that outputs one of two predefined system timing
calibration patterns. A Mode Register Read to MR32 (Pattern “A”) or MR40 (Pattern “B”) will return the
specified pattern on DQ[0] and DQI8] for x16 devices, and DQ[0] , DQ[8] , DQ[16] , and DQ[24] for x32
devices.

For x16 devices, DQ[7:1] and DQ[15:9] may optionally drive the same information as DQ[0] or may drive Ob
during the MRR burst. For x32 devices, DQ[7:1], DQ[15:9], DQ[23:17], and DQ[31:25] may optionally drive
the same information as DQ[0] or may drive Ob during the MRR burst.

For LPDDR2-S4 devices, MRR DQ Calibration commands may only occur in the Idle state.

2.4.20.2 Table of Data Calibration Pattern Description

Pattern MR# Bit zlme Bit :lme Bit ;lme Bit ;lme Description
Pattern A | MR32 1 0 1 0 Read to MR32 return DQ calibration pattern A
Pattern B | MR40 0 0 1 1 Read to MR40 return DQ calibration pattern B
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2.4.20.3 MR32 and MR40 DQ Calibration Timing Example: RL = 3, tMRR = 2

™

T2

T3
[— |

IE

T6

T8

I

i i
CK t/CK ¢ x )\
R | [ S

|

[

-

N

L)

1

| I | |
| |
|

o [l

o (i

tMRR =2

DS t |L=

DQS ¢ !

RL=

|

|
=T

|

|

<
DQ[O]

DQ[7:1]

R

DQjg]

Pattem “A"

L'I v

DQ[15]

1

DQ[23:17]

DQJ24]

DQ[31:25]

|._

10

\\N\u\‘”%
} B;f E{j Eguﬂ:uwn 1’
M@E\%ﬁ?@@\ \‘\\1\ —F—r

|r| A

- L_I.
a':D’1f‘i1

7 ; |
WW \& f@:\\f‘i\ NVAR

\f,
f .-'\

F'attem ”B’ I

|
|
|
xi6| |
|
|
|
|

|
Trf

! }(32:
7 }—L#

i
|
|
|
|
|
|
i
|
DQ[1g] -
|
|
I
|
|
|
|
|
|

{7} CMDnotallowed

fowvy  Optionally driven the same as DQO or to Ob

Notes:

1. Mode Register Read has a burst length of four.

2. Mode Register Read operation shall not be interrupted.
3. Mode Register Reads to MR32 and MR40 drive valid data on DQ[0] during the entire burst. For x16 devices, DQ[8] shall drive the
same information as DQ[0] during the burst. For x32 devices, DQ[8], DQ[16], and DQ[24] shall drive the same information as DQ[0]

during the burst.

4. For x16 devices, DQ[7:1] and DQ[15:9] may optionally drive the same information as DQ[0] or they may drive Ob during the burst.
For x32 devices, DQ[7:1], DQ[15:9], DQ[23:17], and DQ[31:25] may optionally drive the same information as DQJ0] or they may drive Ob

during the burst.

5. The Mode Register Command period is tMRR. No command (other than Nop) is allowed during this period.
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2.4.21 Mode Register Write Command

The Mode Register Write command is used to write configuration data to mode registers. The Mode Register
Write (MRW) command is initiated by having CS_n LOW, CA0 LOW, CA1 LOW, CA2 LOW, and CA3 LOW
at the rising edge of the clock. The mode register is selected by {CA1f-CAOf, CA9r-CA4r}. The data to be
written to the mode register is contained in CA9f-CA2f. The MRW command period is defined by tMRW.
Mode Register Writes to read-only registers shall have no impact on the functionality of the device.

For LPDDR2-S4 devices, the MRW may only be issued when all banks are in the idle precharge state. One
method of ensuring that the banks are in the idle precharge state is to issue a Precharge-All command.

2.4.21.1 Mode Register Write Timing Example: RL = 3, tMRW =5
10 T1 T2 TX Tx+1  Tx+2

CK £/ CK ¢

oc: T

crs Yl
MEFEE R
| L
| D CMD not allowed |

1. The Mode Register Write Command period is tMRW. No command (other than Nop) is allowed during this period.
2. Attime Ty, the device is in the idle state.

2.4.21.2 Truth Table for Mode Register Read (MRR) and Mode Register Write (MRW)

Current State Command Intermediate State Next State
MRR Mode Register Reading (All Banks Idle) All Banks Idle
All Banks Idle MRW Mode Register Writing (All Banks Idle) All Banks Idle
(Rl\lgz\I/EVT) Resetting (Device Auto-Initialization) All Banks Idle
MRR Mode Register Reading (Bank(s) Active) Bank(s) Active
Bank(s) Active MRW Not Allowed Not Allowed
(R'\é';‘l’zvn Not Allowed Not Allowed
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2.4.22 Mode Register Write Reset (MRW Reset)
Any MRW command issued to MRW®63 initiates an MRW Reset. The MRW Reset command brings the
device to the Device Auto-Initialization (Resetting) State in the Power-On Initialization sequence (see step 3
in sections 2.2.1 “Power Ramp and Device Initialization”). The MRW Reset command may be issued from
the Idle state for LPDDR2-S4 devices. This command resets all Mode Registers to their default values. No
commands other than NOP may be issued to the LPDDR2 device during the MRW Reset period (tINIT4).
After MRW Reset, boot timings must be observed until the device initialization sequence is complete and the
device is in the Idle state. Array data for LPDDR2-S4 devices are undefined after the MRW Reset command.

For the timing diagram related to MRW Reset, refer to 2.2.3 “Power Ramp and Initialization Sequence” figure.

UnilC_Techdoc. Rev. D 2025-05 63 /131



Q iil Data Sheet

. SCB4BL512XX0AF
UnilC Low Power DDR2 SDRAM

2.4.23 Mode Register Write ZQ Calibration Command

The MRW command is also used to initiate the ZQ Calibration command. The ZQ Calibration command is
used to calibrate the LPDDR2 output drivers (RON) over process, temperature, and voltage. LPDDR2-S4
devices support ZQ Calibration.

There are four ZQ Calibration commands and related timings times, tZQINIT, tZQRESET, tZQCL, and
tZQCS. tZQINIT corresponds to the initialization calibration, tZZQRESET for resetting ZQ setting to default,
tZQCL is for long calibration, and tZQCS is for short calibration. See Mode Register 10 (MR10) for
description on the command codes for the different ZQ Calibration commands.

The Initialization ZQ Calibration (ZQINIT) shall be performed for LPDDR2-S4 devices. This Initialization
Calibration achieves a RON accuracy of +15%. After initialization, the ZQ Long Calibration may be used to
re-calibrate the system to a RON accuracy of £15%. A ZQ Short Calibration may be used periodically to
compensate for temperature and voltage drift in the system.

The ZQReset Command resets the RON calibration to a default accuracy of +30% across process, voltage,
and temperature. This command is used to ensure RON accuracy to +30% when ZQCS and ZQCL are not
used.

One ZQCS command can effectively correct a minimum of 1.5% (ZQCorrection) of RON impedance error
within tZQCS for all speed bins assuming the maximum sensitivities specified in the ‘Output Driver Voltage
and Temperature Sensitivity’. The appropriate interval between ZQCS commands can be determined from
these tables and other application-specific parameters.

One method for calculating the interval between ZQCS commands, given the temperature (Tdriftrate) and
voltage (Vdriftrate) drift rates that the LPDDR2 is subject to in the application, is illustrated. The interval could
be defined by the following formula:

ZQCorrecti on
(T'Sens x* Tdriftrate )+ (VSens X Vdriftrate )

where TSens = max(dRONdT) and VSens = max(dRONdV) define the LPDDR2 temperature and voltage
sensitivities.

For example, if TSens = 0.75% / C, VSens = 0.20% / mV, Tdriftrate =1 C/sec and Vdriftrate =15 mV /
sec, then the interval between ZQCS commands is calculated as:

Lo = 0.4s
(075 x1)+ (020 x 15)

For LPDDR2-S4 devices, a ZQ Calibration command may only be issued when the device is in Idle state
with all banks precharged.

No other activities can be performed on the LPDDR2 data bus during the calibration period (tZQINIT, tZQCL,
tZQCS). The quiet time on the LPDDR2 data bus helps to accurately calibrate RON. There is no required
quiet time after the ZQ Reset command. If multiple devices share a single ZQ Resistor, only one device may
be calibrating at any given time. After calibration is achieved, the LPDDR2 device shall disable the ZQ pad’s
current consumption path to reduce power.

In systems that share the ZQ resistor between devices, the controller must not allow overlap of tZQINIT,
tZQCS, or tZQCL between the devices. ZQ Reset overlap is allowed. If the ZQ resistor is absent from the
system, ZQ shall be connected to VDDCA. In this case, the LPDDR2 device shall ignore ZQ calibration
commands and the device will use the default calibration settings (See section 3.2.6.5 “RONPU and RONPD
Characteristics without ZQ Calibration” Output Driver DC Electrical Characteristics without ZQ Calibration
table).
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2.4.23.1 ZQ Calibration Initialization Timing Example
T0 T 12 T3 T4

—_——-

- - b= A b
CKticke | )
|l o [— - |‘ i (-

—_——— —_—— - —_——

Tx+1 Tx+2

|
7

- LT -
[Cmd] ] :X' ’X' IXI ] T ;>

1. The ZQ Calibration Initialization period is tZQINIT. No command (other than Nop) is allowed during this period.
2. CKE must be continuously registered HIGH during the calibration period.
3. All devices connected to the DQ bus should be high impedance during the calibration process.

2.4.23.2 ZQ Calibration Short Timing Example
T0 T1 T2 T3 T4 T8 TX Tx+1 Tx+2

|
CK_t/CK ¢ ){
(-

|

|

| | |
() oM notaliowed :
|

S
Notes:
1. The ZQ Calibration Short period is tZQCS. No command (other than Nop) is allowed during this period.
2. CKE must be continuously registered HIGH during the calibration period.
3. All devices connected to the DQ bus should be high impedance during the calibration process.

I‘
|"!
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2.4.23.3 ZQ Calibration Long Timing Example
T0 ™ T2 T3 T4

i
CK_1/CK X
(-

———E -

=
()]
2

Notes:

1. The ZQ Calibration Long period is tZQCL. No command (other than Nop) is allowed during this period.
2. CKE must be continuously registered HIGH during the calibration period.

3. All devices connected to the DQ bus should be high impedance during the calibration process.

2.4.23.4 ZQ Calibration Reset Timing Example
T0 T T2 T3 T4

—_——— —_——— |

i AREREREN
- e ;X| :><| :><| BTN IR R
R=mnli

1. The ZQ Calibration Reset period is tZQRESET. No command (other than Nop) is allowed during this period.
2. CKE must be continuously registered HIGH during the calibration period.
3. All devices connected to the DQ bus should be high impedance during the calibration process.
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2.4.23.5 ZQ External Resistor Value, Tolerance, and Capacitive Loading

To use the ZQ Calibration function, a 240 Ohm * 1% tolerance external resistor must be connected between
the ZQ pad and ground. A single resistor can be used for each LPDDR2 device or one resistor can be
shared between multiple LPDDR2 devices if the ZQ calibration timings for each LPDDR2 device do not
overlap. The total capacitive loading on the ZQ pad must be limited (See section 3.2.6.7 “Input/Output
Capacitance” table).

2.4.24 Power-Down

For LPDDR2 SDRAM, power-down is synchronously entered when CKE is registered LOW and CS_n HIGH
at the rising edge of clock. CKE must be registered HIGH in the previous clock cycle. A NOP command must
be driven in the clock cycle following the power-down command. CKE is not allowed to go LOW while mode
register, read, or write operations are in progress. CKE is allowed to go LOW while any of other operations
such as row activation, precharge, autoprecharge, or refresh is in progress, but power-down IDD spec will
not be applied until finishing those operations. Timing diagrams are shown in the following pages with details
for entry into power down.

For LPDDR2 SDRAM, if power-down occurs when all banks are idle, this mode is referred to as idle power-
down; if power-down occurs when there is a row active in any bank, this mode is referred to as active power-
down.

Entering power-down deactivates the input and output buffers, excluding CK_t, CK_c, and CKE. In power-
down mode, CKE must be maintained LOW while all other input signals are “Don’t Care”. CKE LOW must be
maintained until tCKE has been satisfied. VREF must be maintained at a valid level during power down.
VDDQ may be turned off during power down. If VDDQ is turned off, then VREFDQ must also be turned off.
Prior to exiting power down, both VDDQ and VREFDQ must be within their respective min/max operating
ranges (See 3.2.1.1 “Recommended DC Operating Conditions” table).

For LPDDR2 SDRAM, the maximum duration in power-down mode is only limited by the refresh
requirements outlined in section 2.4.16 “LPDDR2 SDRAM Refresh Requirements”, as no refresh operations
are performed in power-down mode.

The power-down state is exited when CKE is registered HIGH. The controller shall drive CS_n HIGH in
conjunction with CKE HIGH when exiting the power-down state. CKE HIGH must be maintained until tCKE
has been satisfied. A valid, executable command can be applied with power-down exit latency, tXP after
CKE goes HIGH. Power-down exit latency is defined in section 3.7.1 “LPDDR2 AC Timing” table.
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2.4.24.1 Basic Power Down Entry and Exit Timing
I—D 2 tcK (min)
CK t e gg < g [ e MM —

! \ T 1
: Input clock frequency may be changed tIHCKE —P: |4—: |
I gg or the input clock stopped during Power-Down |

| ST |
|

e
—i|,4— tISCKE | J_’{H_t.SC.KE: :
CS n |I f:\ Sﬂ i | /\ .S& )

[CMD] {valid Emer(Nopxg g\ I 5(5"”>( oP Va':] Valid
|

' A [

<—>
tCKE(min) txP(min)

Enter Power-Down mode Exit Power-Down mode

tCKE(min)
Note:
Input clock frequency may be changed or the input clock stopped during power-down, provided that upon exiting power-down, the clock
is stable and within specified limits for a minimum of 2 clock cycles prior to power-down exit and the clock frequency is between the
minimum and maximum frequency for the particular speed grade.

UnilC_Techdoc. Rev. D 2025-05 68 /131



h iil Data Sheet

. SCB4BL512XX0AF
UnilC Low Power DDR2 SDRAM

2.4.24.2 Example of CKE Intensive Environment

CKE !

oo

________;.-l"'.‘__
—
(]
-
m

I
[Cmd] F——
|
|

Note:
The pattern shown above can repeat over a long period of time. With this pattern, LPDDR2 SDRAM guarantees all AC and DC timing &
voltage specifications with temperature and voltage drift.
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2.4.24.4 Read to Power-Down Entry
TO T1 T2 Tx Tx+1  Tx+2 Tx+3 Txt4d Tx+5 Tx+6 Tx+7 Tx+8 Tx+9

CK_c
CK_t
[Cmd] I I I Redd. operallon starts wnh alread command land
; ; | FKE shquld be I¢pt HIGH until the end of burst operation.
I I ]
| I

I I
e i i - ] |/ tISCKE |
| ——{(@aXa @yt

I l

[

_ Tk+2 11x+3 _ _'I'b<+4r _Tk+5 Ik+6 _Th+7 . Ti+8  Tk+9

/4/—’: fiIscke

DQS_t
DQS_c
Note:

CKE may be registered LOW RL + RU(tDQSCK(MAX)/tCK)+ BL/2 + 1 clock cycles after the clock on which the Read command is
Registered.

I
]
CKElshould e kept HIGH until the e r1|d of burkt operation.
:
|
[
[
I
[
[

2.4.24.5 Read with Auto precharge to Power-Down Entry

0 '|J|1 'IJ;2 Tk 'IJ|x+1 '|Jp<+2 '|J|x+3 T'|x+4 ‘Ij|x+5 T'p(+6 Tx+7 Tx+8 T1'<+9

TO T1 T2 TX Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9
CK_c
CK t — _ L ]
- ] ! ' 17 L Start ihternal echarg ! ' ' ! [
[Cmd] ¥ RDA y——PRE W h ‘* ? : : : : |
| l  BL=U T | | I CKH should be kept HIGH |
! II “ ! . : it tere = 7.505 : : -'—-’;Jl:lﬂﬂ thle end of:burst opIeration. :
CKE N T T T T T T T /:/v I I I I
! i | RO I Y = I I I )
1 tiscK
. 1 | | 1 M — I I I 1
DQ | i [ [ i Q @@ QT 1 I I I ]
DQS_t ! I I L ST T Y T ! ! ! ! !
I ] I I d- Lt | 1 I I | |
DQS_c ! | | | | | |
! J J
1 X
I

' ! L _A Start irfternal pecharge] ' '

|
|
| CKE should jpe kept HIGH
until the end oflburst operatlon |
|
!
I

|
| | |

[Cmd] :—@. ( PRE 7

1 BL=8l BLi2 T

With trre = 7.5ns
f———— —-
& tras min satisfied :

DQ

DQS_t
DQS_c
Note:

CKE may be registered LOW RL + RU(tDQSCK(MAX)/tCK)+ BL/2 + 1 clock cycles after the clock on which the Read command is
registered.
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2.4.24.6 Write to Power-Down Entry

TO T1 Tm Tm+1 Tm+2 Tm+3 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6

CK ¢
CK_t

[Cmd]

+
w
N NSRRI, NN VSN N PUNN HNPUNY AN B
+
B

CKE

|
|
|
i
|
|
|
|
|
|
1}0 1{1 'Ijlm 'I{m+1 'ITm+2 Tm+3 Tm+4 'ITm+5

Zaddas

T T
X Tx+1 T:(+2 T

[Cmd]

CKE

!
|
]
]
I
D

DQ

DQS t
DQS_c

Note:
CKE may be registered LOW WL + 1 + BL/2 + RU(tWR/tCK) clock cycles after the clock on which the Write command is registered.

'-‘———_.__‘_
—
=
w
Q
A
m

2.4.24.7 Write with Auto Precharge to Power-Down Entry
TO T1 Tm Tm+1 Tm+2 Tm+3 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5  Tx+6
CK ¢
CK_t
[Cmd]

Pt \J'Start:lnternarprecharge
\ PRE 7 T

a7
|
|

=

CKE

DQ

DQS_t
DAS ¢

Start Intern

|
\L—n' tISCKE

Note:
CKE may be registered LOW WL + 1 + BL/2 + RU(tWR/tCK) + 1 clock cycles after the Write command is registered.
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2.4.24.8 Refresh Command to Power-Down Entry

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11

I | I I I | | I | I | I |
I I I I I I I I
CK_C | | | | | —
I

CK_t | e e l | '
| I I I I I | I | I | I I
| [ [ J I J |
[Cmd] REF - I i i T : T T | T [
| | | | | [ | [ | | | |
| I I I I I | I | I I I |
I | I I I | ( I | I | I I
I | | I | I I
CKE I I : : : : l : l I I I [
I tHCKE | ; | | | | | | | | | |
[ [ I9CKE | | I [ | [ | | | [
1 | 1 1 | I 1 | 1 1 1 | 1

Note:

CKE may go LOW tIHCKE after the clock on which the Refresh command is registered.

2.4.24.9 Activate Command to Power-Down Entry
TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10  T11

CK ¢
CK_t

[Cmd]

CKE

TID TI1 T2 T3 T4 T5 TE; T7 TE? Tsla T|1 0 T 1|1 |
CK I F_J : : : : I : I [ I I :
| I
CK_t | | | | [ | I I I I
I I | | I I I [ I I I I I
| | | | | | | | | | |
[Cmd] PRE : : : | : | | | | '
I I I I I [ I [ I | |
I I I I I | I | I | I 1 I
e | | | 1 | 1 | | | | |
CKE 1 | | | | I I I | [ | I |
I tiHcke M—M } } } } | | 1 1 l ] |
I I I I I I I I
| | ‘_’:“SCKE : : : | : [ | [ | |
! | | | | | I { I 1 | 1 |
Note:

CKE may go LOW tIHCKE after the clock on which the Precharge/Precharge-All command is registered.
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2.4.24.11 Mode Register Read to Power-Down Entry
TO T1 T2 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9

L —J — I I

Begister:Re_ad oqe_ra-;ion #:a;ts with_a_MRF{ commahd and

[Cmd] ; . t t . t y
: : CKE:shouId Hle kept I—!IGH unt? the enc:lI of burst:operation.
| } /f | | | | |

CKE | DA I I I I
| | | | ( [ | |

DQ | L —itiscke | l l l !
I I | | I | I I
I I | | I | I I

DQS_t! ! ! ! ! ! ! !

DQS_ci I | | | | | |
I I [ [ I [ I I
I I [ [ I [ I I

Note:

CKE may be registered LOW RL + RU(tDQSCK(MAX)/tCK)+ BL/2 + 1 clock cycles after the clock on which the Mode Register Read
command is registered.

2.4.24.12 MRW Command to Power-Down Entry

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10  T11
|
CK_c :
|
CK_t 1 | | | | | h | I I | | |
| | | ] | | | | | | | |
[Cmd] : MRW M | I 1 : | : : : : :
I [ [ ] [
car] go to MRy after ode RRegister; Write comman
: ! : KE to LOW t fter § Mode Register] Writ :
CKE | | | L ! I ! I ! I I I
! I ] | I | ] | | ] | | |
i R
] 1 ' 1 ] N [} 1 1 1 1 1 1
Note:

CKE may be registered LOW tMRW after the clock on which the Mode Register Write command is registered.

2.4.25 Deep Power-Down

Deep Power-Down is entered when CKE is registered LOW with CS_n LOW, CAO0 HIGH, CA1 HIGH, and
CA2 LOW at the rising edge of clock. A NOP command must be driven in the clock cycle following the
power-down command. CKE is not allowed to go LOW while mode register, read, or write operations are in
progress. All banks must be in idle state with no activity on the data bus prior to entering the Deep Power
Down mode. During Deep Power-Down, CKE must be held LOW.

In Deep Power-Down mode, all input buffers except CKE, all output buffers, and the power supply to internal
circuitry may be disabled within the SDRAM. All power supplies must be within specified limits prior to exiting
Deep Power- Down. VrefDQ and VrefCA may be at any level within minimum and maximum levels (See 3.1
“Absolute Maximum DC Ratings”). However prior to exiting Deep Power-Down, Vref must be within specified
limits (See 3.2.1.1 “Recommended DC Operating Conditions”).

The contents of the SDRAM may be lost upon entry into Deep Power-Down mode.

The Deep Power-Down state is exited when CKE and CS_n are registered HIGH, while meeting tISCKE with
a stable clock input. The SDRAM must be fully re-initialized by controller as described in the Power up
initialization Sequence. The SDRAM is ready for normal operation after the initialization sequence.
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2.4.25.1 Deep Power Down Entry and Exit Timing

Tc
» 2 tcK (min)
oo P GANAGINAN NI
CK_t I“‘: = I"JI k\ dutiarink i it e e
—qlt—rtlHCKE| | bbb RT3 =200 ps (min)—
Lo hIInpl.lttﬁIoc:(ftrequegt;yn_'nayDbech;ngedD : : : L | | | | | .
T or the input clock stopped during Deep Power-Down Lo
ce T S R
T
T [ T -
Buales LB L
[
csn (LA NV ERRERRE
l l l l l : [ I TR I (N T T A A
=\ I Il
Enter Exit R
[Cmd] <NOPXDPDXFDTXB QS — )|DFQXN?Ph&%_T_T{E%%
| I I I | Y R R N B

z

A A

trp toPD

Enter Deep Power-Down mode Exit Deep Power-Down mode

Notes:

1. Initialization sequence may start at any time after TC.

2. tINIT3 and TC refer to timings in the LPDDR?2 initialization sequence. For more detail, see section 2.2 “Power-up, Initialization, and
Power- Off".

3. Input clock frequency may be changed or the input clock stopped during deep power-down, provided that upon exiting deep power-
down, the clock is stable and within specified limits for a minimum of 2 clock cycles prior to deep power-down exit and the clock
frequency is between the minimum and maximum frequency for the particular speed grade.

2.4.26 Input Clock Stop and Frequency Change

LPDDR2 devices support input clock frequency change during CKE LOW under the following conditions:
 tCK(abs)min is met for each clock cycle;

* Refresh Requirements apply during clock frequency change;

+ During clock frequency change, only REFab commands may be executing;

» Any Activate, or Precharge commands have executed to completion prior to changing the frequency;

* The related timing conditions (tRCD, tRP) have been met prior to changing the frequency;

* The initial clock frequency shall be maintained for a minimum of 2 clock cycles after CKE goes LOW;

* The clock satisfies tCH(abs) and tCL(abs) for a minimum of 2 clock cycles prior to CKE going HIGH.

After the input clock frequency is changed and CKE is held HIGH, additional MRW commands may be
required to set the WR, RL etc. These settings may need to be adjusted to meet minimum timing
requirements at the target clock frequency.

LPDDR2 devices support clock stop during CKE LOW under the following conditions:

* CK_tis held LOW and CK_c is held HIGH during clock stop;

» Refresh Requirements apply during clock stop;

* During clock stop, only REFab commands may be executing;

* Any Activate, or Precharge commands have executed to completion prior to stopping the clock;

* The related timing conditions (tRCD, tRP) have been met prior to stopping the clock;

* The initial clock frequency shall be maintained for a minimum of 2 clock cycles after CKE goes LOW;,
* The clock satisfies tCH(abs) and tCL(abs) for a minimum of 2 clock cycles prior to CKE going HIGH.
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LPDDR2 devices support input clock frequency change during CKE HIGH under the following conditions:

+ tCK(abs)min is met for each clock cycle;

* Refresh Requirements apply during clock frequency change;

* Any Activate, Read, Write, Precharge, Mode Register Write, or Mode Register Read commands must have
executed to completion, including any associated data bursts prior to changing the frequency;

* The related timing conditions (tRCD, tWR, tWRA, tRP, tMRW, tMRR, etc.) have been met prior to changing
the frequency;

* CS_n shall be held HIGH during clock frequency change;

* During clock frequency change, only REFab commands may be executing;

* The LPDDR?2 device is ready for normal operation after the clock satisfies tCH(abs) and tCL(abs) for a
minimum of 2tCK + tXP.

After the input clock frequency is changed, additional MRW commands may be required to set the WR, RL
etc. These settings may need to be adjusted to meet minimum timing requirements at the target clock
frequency.

LPDDR2 devices support clock stop during CKE HIGH under the following conditions:

* CK _tis held LOW and CK_c is held HIGH during clock stop;

* CS_n shall be held HIGH during clock stop;

* Refresh Requirements apply during clock stop;

* During clock stop, only REFab commands may be executing;

» Any Activate, Read, Write, Precharge, Mode Register Write, or Mode Register Read commands must have
executed to completion, including any associated data bursts prior to stopping the clock;

* The related timing conditions (tRCD, tWR, tWRA, tRP, tMRW, tMRR, etc.) have been met prior to stopping
the clock;

» The LPDDR2 device is ready for normal operation after the clock is restarted and satisfies tCH(abs) and
tCL(abs) for a minimum of 2tCK + tXP.

2.4.27 No Operation Command

The purpose of the No Operation command (NOP) is to prevent the LPDDR2 device from registering any
unwanted command between operations. Only when the CKE level is constant for clock cycle N-1 and clock
cycle N, a NOP command may be issued at clock cycle N. A NOP command has two possible encodings:

1. CS_n HIGH at the clock rising edge N.

2.CS_n LOW and CAO0, CA1, CA2 HIGH at the clock rising edge N.

The No Operation command will not terminate a previous operation that is still executing, such as a burst
read or write cycle.

2.5 Truth Tables

The truth tables provide complementary information to the state diagram, they clarify the device behavior and
the applied restrictions when considering the actual state of all the Banks.

Operation or timing that is not specified is illegal, and after such an event, in order to guarantee proper
operation, the LPDDR2 device must be powered down and then restarted through the specified initialization
sequence before normal operation can continue.
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2.5.1 Command Truth Table

Command Pins DDR CA Pins (10) CK t
Command CKE EDGE
CS_N| CAD | CA1 | CA2 | CA3 | CA4 | CA5 | CA6 | CA7 | cCA8 | CAg
CK_tin-1) | CK_tin) | -
L L L L L MAO | MA1 | MA2 | MA3 | mMA4 | MAS | _f
MRW H H
X | MA6 | MA7 | OPO | OP1 | OP2 | OP3 | OP4 | OP5S | OP6 | OP7T | |
L L L L H MAO MA1 MA2 | MA3 | MA4 | mas |
MRR H H
X | MAs | MA7 X T
Refresh H H L L L H ‘ H ‘ X —r
(all bank) X X 1
Enter H ) L L ‘ L ‘ H ‘ X ¥
Self Refresh X X X _L
Activate L L H RS R9 R10 R11 R12 | BAO | BAT X ¥
bank) H H
(ban X | RO | Ri R2 | R3 R4 R5 Re | R7 X X L
Write L H L L RFU | RFU c C2 | BAO | BAT X ¥
bank H H
(bank) X |aP=s| c3 | ca | c5 c6 c7 c8 X X X T
Read L H L H RFU | RFU cl c2 BAD | BAT X ¥
bank) H H
(ban X |Ap=i| c3 | c4 | c5 c6 c7 c8 X X X L
Precharge . . L H H L H AB X X BAO | BAT X ¥
(per bank, all bank) X X —L
L H ‘ H ‘ L ‘ L ‘ X F
BST H H
X X L
Enter Deep H L L H ‘ H ‘ L ‘ X _r
Power Down X X X _L
L H ‘ H ‘ H ‘ X F
NOP H H
x x T
Maintain L H ‘ H ‘ H ‘ X F
PD,SREF,DPD L L
(NOP) X X 1
H X ¥
NOP H H
x x T
Maintain H X _f_
PD,SREF,DPD L L
(NOP) X X 1
Enter H L H X —r
Power Down X X X -L
Exit PD, L , H X i
SREF,DPD X X < 1
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1. All LPDDR2 commands are defined by states of CS_n, CAO, CA1, CA2, CA3, and CKE at the rising edge of the clock.
2. For LPDDR2 SDRAM, Bank addresses BAQ and BA1 (BA) determine which bank is to be operated upon.

3. AP is significant only to SDRAM.

Low Power DDR2 SDRAM

4. AP “high” during a READ or WRITE command indicates that an auto-precharge will occur to the bank associated with the READ or

WRITE command.

5. “X” means “H or L (but a defined logic level)”.
6. Self refresh exit and Deep Power Down exit are asynchronous.
7. VREF must be between 0 and VDDQ during Self Refresh and Deep Power Down operation.

“n

8. CAxr refers to command/address bit “x” on the rising edge of clock.

“n

9. CAxf refers to command/address bit “x” on the falling edge of clock.
10. CS_n and CKE are sampled at the rising edge of clock.

11. The least-significant column address CO is not transmitted on the CA bus, and is implied to be zero.

12. AB *high” during Precharge command indicates that all bank Precharge will occur. In this case, Bank Address is do-not-care.

2.5.2 CKE Truth Table

Device Current State | CKEn-1" | CKEn™ | CS_n?| Command n* Operation n™ Device Next State | Notes
) L L X X Maintain Active Power Down Active Power Down
Active Power Down - - -
L H H NOP Exit Active Power Down Active 6,9
L L X X Maintain Idle Power Down Idle Power Down
Idle Power Down
L H H NOP Exit Idle Power Down Idle 6,9
L L M X Maintain Resetting
Resetting Power Down Resetting Power Down Power Down
L H H NOP Exit Resetting Power Down Idle or Resetting 6,9, 12
Maintai
L L X X amntain Deep Power Down
Deep Power Down Deep Power Down
L H H NOP Exit Deep Power Down Power On 8
L L X X Maintain Self Refresh Self Refresh
Self Refresh -
L H H NOP Exit Self Refresh Idle 7,10
] Enter )
Bank(s) Active H L H NOP Active Power Down Active Power Down
Enter
H L H NOP Idle Power Down Idle Power Dow
Enter Enter
All Banks Idle H L L Seff Refresh Self Refresh Self Refresh
Enter
H L L Deep Power Down Deep Power Down Deep Power Down
i Enter ;
Resetting H L H NOP Resetting Power Down Resetting Power Down
Others states H H Refer to the Command Truth Table
Notes:
1. “CKER” is the logic state of CKE at clock rising edge n; “CKEn-1" was the state of CKE at the previous clock edge.
2. “CS_n" is the logic state of CS_n at the clock rising edge n;
3. “Current state” is the state of the LPDDR2 device immediately prior to clock edge n.
4. “Command n” is the command registered at clock edge N, and “Operation n” is a result of “Command n”.
5. All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.
6. Power Down exit time (tXP) should elapse before a command other than NOP is issued.
7. Self-Refresh exit time (tXSR) should elapse before a command other than NOP is issued.
8. The Deep Power-Down exit procedure must be followed as discussed in the Deep Power-Down section of the Functional Description.
9. The clock must toggle at least once during the tXP period.

10. The clock must toggle at least once during the tXSR time.

11. X’ means ‘Don’t care’.

12. Upon exiting Resetting Power Down, the device will return to the Idle state if tINIT5 has expired.
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Cé‘t’;f:t Command Operation Next State Notes
Any NOP Continue previous operation Current State
ACTIVATE Select and activate row Active
Refresh (All Bank) Begin to refresh Refreshing(All Bank)
MRW Load value to Mode Register MR Writing
dle MRR Read value from Mode Register Idle MR Reading
Reset Begin Device Auto-Initialization Resetting 6,7
Precharge Deactivate row in bank or banks Precharging 8, 14
Read Select column, and start read burst Reading
Row Active Write Select column, and start write burst Writing
MRR Read value from Mode Register Active MR Reading
Precharge Deactivate row in bank or banks Precharging 8
Read Select column, and start new read burst Reading 9 10
Reading Write Select column, and start write burst Writing g9, 10, 11
BST Read burst terminate Active 12
Write Select column, and start new write burst Writing 9,10
Writing Read Select column, and start read burst Reading 9,10, 13
BST Write burst terminate Active 12
Power On Reset Begin Device Auto-Initialization Resetting 6,8
Resetting MRR Read value from Mode Register Resetting MR Reading
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Notes:

1. The table applies when both CKEn-1 and CKEn are HIGH, and after tXSR or tXP has been met if the previous state was Power Down.
2. All states and sequences not shown are illegal or reserved.

3. Current State Definitions:

Idle: The bank or banks have been precharged, and tRP has been met.

Active: A row in the bank has been activated, and tRCD has been met. No data bursts / accesses and no register accesses are in
progress.

Reading: A Read burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.

Writing: A Write burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.

4. The following states must not be interrupted by a command issued to the same bank. NOP commands or allowable commands to the
other bank should be issued on any clock edge occurring during these states. Allowable commands to the other banks are determined
by its current state and 2.5.3 “Current State Bank n - Command to Bank n Truth Table”, and according to 2.5.4 “Current State Bank n -
Command to Bank m Truth Table”.

Precharging: starts with the registration of a Precharge command and ends when tRP is met. Once tRP is met, the bank will be in the
idle state.

Row Activating: starts with registration of an Activate command and ends when tRCD is met. Once tRCD is met, the bank will be in the
‘Active’ state.

Read with AP Enabled: starts with the registration of the Read command with Auto Precharge enabled and ends when tRP has been
met. Once tRP has been met, the bank will be in the idle state.

Write with AP Enabled: starts with registration of a Write command with Auto Precharge enabled and ends when tRP has been met.
Once tRP is met, the bank will be in the idle state.

5. The following states must not be interrupted by any executable command; NOP commands must be applied to each positive clock
edge during these states.

Refreshing (All Bank): starts with registration of a Refresh (All Bank) command and ends when tRFCab is met. Once tRFCab is met, the
device will be in an ‘all banks idle’ state.

Idle MR Reading: starts with the registration of a MRR command and ends when tMRR has been met. Once tMRR has been met, the
bank will be in the Idle state.

Resetting MR Reading: starts with the registration of a MRR command and ends when tMRR has been met. Once tMRR has been met,
the bank will be in the Resetting state.

Active MR Reading: starts with the registration of a MRR command and ends when tMRR has been met. Once tMRR has been met, the
bank will be in the Active state.

MR Writing: starts with the registration of a MRW command and ends when tMRW has been met. Once tMRW has been met, the bank
will be in the Idle state.

Precharging All: starts with the registration of a Precharge-All command and ends when tRP is met. Once tRP is met, the bank will be in
the idle state.

6. Not bank-specific; requires that all banks are idle and no bursts are in progress.

7. Not bank-specific reset command is achieved through Mode Register Write command.

8. This command may or may not be bank specific. If all banks are being precharged, they must be in a valid state for pre- charging.

9. A command other than NOP should not be issued to the same bank while a Read or Write burst with Auto Precharge is enabled.

10. The new Read or Write command could be Auto Precharge enabled or Auto Precharge disabled.

11. A Write command may be applied after the completion of the Read burst; otherwise, a BST must be used to end the Read prior to
asserting a Write command.

12. Not bank-specific. Burst Terminate (BST) command affects the most recent read/write burst started by the most recent Read/Write
command, regardless of bank.

13. A Read command may be applied after the completion of the Write burst; otherwise, a BST must be used to end the Write prior to
asserting a Read command.

14. If a Precharge command is issued to a bank in the Idle state, tRP shall still apply.
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2.5.4 Current State Bank n - Command to Bank m Truth Table

Current State of Conflmand . Next State for
Bank n 5 or Operation Bank m Notes
ank m
Any NOP Continue previous operation Current State of Bank m
Idle Any Any command allowed to Bank m - 18
Activate | Select and activate row in Bank m Active 7
Read Select column, and start read burst from Bank m Reading 8
Write Select column, and start write burst to Bank m Writing 8
Row Activating,
Active, or Precharge |Deactivate row in bank or banks Precharging 9
Precharging MRR Read value from Mode Register Iiiti?:l\:: a;i;r;{g;i:r 10,] ; 1.
BT | penawite romo sk Actve 18
Read Select column, and start read burst from Bank m Reading 8
Reading Write Select column, and start write burst to Bank m Writing 8, 14
(Autoprecharge - - - -
disabled) Activate | Select and activate row in Bank m Active
Precharge |Deactivate row in bank or banks Precharging 9
Read Select column, and start read burst from Bank m Reading 8,16
Writing Write Select column, and start write burst to Bank m Writing 8
(Autoprecharge - - - -
disabled) Activate | Select and activate row in Bank m Active
Precharge |Deactivate row in bank or banks Precharging 9
Read Select column, and start read burst from Bank m Reading 8,15
Reading with Write Select column, and start write burst to Bank m Writing 8, 14,15
Autoprecharge Activate | Select and activate row in Bank m Active
Precharge |Deactivate row in bank or banks Precharging 9
Read Select column, and start read burst from Bank m Reading 8,15, 16
Writing with Write Select column, and start write burst to Bank m Writing 8,15
Autoprecharge Activate | Select and activate row in Bank m Active
Precharge |Deactivate row in bank or banks Precharging 9
Power On Reset Begin Device Auto-Initialization Resetting 12,17
Resetting MRR Read value from Mode Register Resetting MR Reading
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Notes:

1. The table applies when both CKEn-1 and CKEn are HIGH, and after tXSR or tXP has been met if the previous state was Self Refresh
or Power Down.

2. All states and sequences not shown are illegal or reserved.

3. Current State Definitions:

Idle: the bank has been precharged, and tRP has been met.

Active: a row in the bank has been activated, and tRCD has been met. No data bursts/accesses and no register accesses are in
progress.

Reading: a Read burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.

Writing: a Write burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.

4. Refresh, Self-Refresh, and Mode Register Write commands may only be issued when all bank are idle.

5. A Burst Terminate (BST) command cannot be issued to another bank; it applies to the bank represented by the current state only.

6. The following states must not be interrupted by any executable command; NOP commands must be applied during each clock cycle
while in these states:

Idle MR Reading: starts with the registration of a MRR command and ends when tMRR has been met. Once tMRR has been met, the
bank will be in the Idle state.

Resetting MR Reading: starts with the registration of a MRR command and ends when tMRR has been met. Once tMRR has been met,
the bank will be in the Resetting state.

Active MR Reading: starts with the registration of a MRR command and ends when tMRR has been met. Once tMRR has been met, the
bank will be in the Active state.

MR Writing: starts with the registration of a MRW command and ends when tMRW has been met. Once tMRW has been met, the bank
will be in the Idle state.

7. tRRD must be met between Activate command to Bank n and a subsequent Activate command to Bank m.

8. Reads or Writes listed in the Command column include Reads and Writes with Auto Precharge enabled and Reads and Writes with
Auto Precharge disabled.

9. This command may or may not be bank specific. If all banks are being precharged, they must be in a valid state for pre- charging.
10. MRR is allowed during the Row Activating state (Row Activating starts with registration of an Activate command and ends when
tRCD is met).

11. MRR is allowed during the Precharging state. (Precharging starts with registration of a Precharge command and ends when tRP is
met.

12. Not bank-specific; requires that all banks are idle and no bursts are in progress.

13. The next state for Bank m depends on the current state of Bank m (Idle, Row Activating, Precharging, or Active). The reader shall
note that the state may be in transition when a MRR is issued. Therefore, if Bank m is in the Row Activating state and Precharging, the
next state may be Active and Precharge dependent upon tRCD and tRP respectively.

14. A Write command may be applied after the completion of the Read burst; otherwise a BST must be issued to end the Read prior to
asserting a Write command.

15. Read with auto precharge enabled or a Write with auto precharge enabled may be followed by any valid command to other banks
provided that the timing restrictions in 2.4.14.2 “Precharge & Auto Precharge Clarification” table are followed.

16. A Read command may be applied after the completion of the Write burst; otherwise, a BST must be issued to end the Write prior to
asserting a Read command.

17. Reset command is achieved through Mode Register Write command.

18. BST is allowed only if a Read or Write burst is ongoing.

2.5.5 Data Mask Truth Table

Name (Functional) DM DQs Note
Write enable L Valid 1
Write inhibit H X 1
Note:

1. Used to mask write data, provided coincident with the corresponding data.
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3 ELECTRICAL CHARACTERISTIC

3.1 Absolute Maximum DC Ratings

Stresses greater than those listed may cause permanent damage to the device. This is a stress rating only,
and functional operation of the device at these or any other conditions above those indicated in the
operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for
extended periods may affect reliability.

Parameter Symbol Min Max Units | Notes
VVDD1 supply voltage relative to Vss \/DD1 -04 +2.3 \ 2
VDD2 supply voltage relative to Vss VDD2 04 +1.6 \ 2
VDDcA supply voltage relative to Vssca VDDCA 04 +1.6 \% 2,4
VVbDa supply voltage relative to Vssa VbbQ 04 +1.6 \% 2,3
Voltage on any ball relative to Vss Vin, VouTt 04 +1.6 \%
Storage Temperature TsTG -55 +125 °C 5

Notes:

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

2. See “Power Ramp” in section 2.2.1 “Power Ramp and Device Initialization” for relationships between power supplies.

3. VREFDQ = 0.6 x VDDQ; however, VREFDQ may be = VDDQ provided that VREFDQ < 300mV.

4. VREFCA < 0.6 x VDDCA; however, VREFCA may be = VDDCA provided that VREFCA < 300mV.

5. Storage Temperature is the junction temperature of the LPDDR2 device.

3.2 AC & DC Operating Conditions

Operation or timing that is not specified is illegal, and after such an event, in order to guarantee proper
operation, the LPDDR2 Device must be powered down and then restarted through the specialized
initialization sequence before normal operation can continue.

3.2.1 Recommended DC Operating Conditions
3.2.1.1 Recommended DC Operating Conditions

LPDDR2-S4B .
Symbol - DRAM Unit
Min Typ Max
\VDD1 1.70 1.80 1.95 Core Power1 \%
\VDD2 1.14 1.20 1.30 Core Power2 V
VDDCA 1.14 1.20 1.30 Input Buffer Power vV
\VVDDQ 1.14 1.20 1.30 1/O Buffer Power \

Note: VDD1 uses significantly less power than VDD2.
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3.2.2 Input Leakage Current
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Parameter/Condition

Symbol Min Max Unit | Notes

Input Leakage current

For CA, CKE, CS_n, CK_t, CK_c¢
Any input OV = VIN £ VDDCA

(All other pads not under test = QV)

IL -2 2 HA 2

VREF supply leakage current
VREFDQ = VDDQ/2 or VREFCA = VDDCA/2

(All other pads not under test = QV)

IVREF -1 1 HA 1

Notes:

1. The minimum limit requirement is for testing purposes. The leakage current on VREFCA and VREFDQ pads should be minimal.
2. Although DM is for input only, the DM leakage shall match the DQ and DQS_t/DQS_c output leakage specification.

3.2.3 Operating Temperature Conditions

Parameter/Condition Symbol Min Max Unit
Standard T -40 85 °C
Extended : 85 125 °C

Notes:

1. Operating Temperature is the junction temperature of the LPDDR2 device.

2. Some applications require operation of LPDDR2 in the maximum temperature conditions in the Extended Temperature Range
between 85°C and 125°C. For LPDDR2 devices, some derating is necessary to operate in this range. See the MR4 Device Temperature
(MA[7:0] = 04h) table.
3. Either the device operating temperature or the temperature sensor (See section 2.4.20 “Temperature Sensor”) may be used to set an
appropriate refresh rate, determine the need for AC timing derating and/or monitor the operating temperature. When using the
temperature sensor, the actual device junction temperature may be higher than the Tj rating that applies for the Standard or Extended

3.2.4 AC and DC Input Measurement Levels
3.2.4.1 AC and DC Logic Input Levels for Single-Ended Signals

3.2.4.1.1 Single-Ended AC and DC Input Levels for CA and CS_n Inputs

1. For CA and CS_n input only pads. Vref = VrefCA(DC).

2. See section 7.2.5.5 “Overshoot and Undershoot Specifications”.

3. The ac peak noise on VRefCA may not allow VRefCA to deviate from VRefCA(DC) by more than = 1% VDDCA (for reference: approx.
z 12 mV).

4. For reference: approx. VDDCA/2 £ 12 mV.

LPDDR2-800/1066
Symbol Parameter - Unit | Notes
Min Max

Vinca(AC) | AC input logic high Vref + 0.220 Note 2 \Y 1,
ViLea(AC) | AC input logic low Note 2 Vref - 0.220 \Y 1,
Vinca(DC) | DC input logic high Vref +0.130 VDDCA \ 1
Vica(DC) | DC input logic low VSSCA Vref - 0.130 \) 1
Vreica(DC) | Reference Voltage for CA and CS_n inputs 0.49 * VDDCA 0.51 *VDDCA \ 3,4
Notes:
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3.2.4.1.2 Single-Ended AC and DC Input Levels for CKE

Symbol Parameter Min Max Unit Note
V/HCKE CKE Input High Level 0.8 * VDDCA Note 1 W 1
ViLcke CKE Input Low Level Note 1 0.2 *VDDCA W 1

Note 1: See section 7.2.5.5 “Overshoot and Undershoot Specifications”.

3.2.4.1.3 Single-Ended AC and DC Input Levels for DQ and DM

LPDDR2-1066/LPDDR2-800
Symbol Parameter - Unit | Notes
Min Max

Vinoa(AC) | AC input logic high Vref + 0.220 Note 2 V 1,
Viba(AC) | AC input logic low Note 2 Vref - 0.220 v 1,2
Vinpa(DC) | DC input logic high Vref + 0.130 VDDQ v 1
Vioa(DC) | DC input logic low VSSQ Vref - 0.130 \ 1
Veema(DC) | Reference Voltage for DQ, DM inputs 0.49 *VbDQ 0.51 *VDDQ V 3,4
Notes:

1. For DQ input only pads. Vref = VrefDQ(DC).
2. See section 7.2.5.5 “Overshoot and Undershoot Specifications”.

3. The ac peak noise on VRefDQ may not allow VRefDQ to deviate from VRefDQ(DC) by more than + 1% VDDAQ (for reference: approx.
+12 mV).

4. For reference: approx. VDDQ/2 + 12 mV.

3.2.4.2 Vref Tolerances

The DC tolerance limits and ac-noise limits for the reference voltages VRefCA and VRefDQ are illustrated in
below “VRef(DC) Tolerance and VRef AC-Noise Limits” figure. It shows a valid reference voltage VRef(t) as
a function of time. (VRef stands for VRefCA and VRefDQ likewise). VDD stands for VDDCA for VRefCA and
VDDQ for VRefDQ. VRef(DC) is the linear average of VRef(t) over a very long period of time (e.g. 1 sec) and
is specified as a fraction of the linear average of VDDQ or VDDCA also over a very long period of time (e.g.
1 sec). This average has to meet the min/max requirements in 3.2.4.1.1 “Single-Ended AC and DC Input
Levels for CA and CS_n Inputs” table. Furthermore VRef(t) may temporarily deviate from VRef(DC) by no
more than £ 1% VDD. Vref(t) cannot track noise on VDDQ or VDDCA if this would send Vref outside these
specifications.
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3.2.4.2.1 VRef(DC) Tolerance and VRef AC-Noise Limits
A Voltage

VDD

>»
«

V/Ref ac-noise

VRef (DC)» VRef (DC)max
VDD/2
V/Ref (DC)min
4y
VSS
timE

The voltage levels for setup and hold time measurements VIH(AC), VIH(DC), VIL(AC) and VIL(DC) are
dependent on VRef.

“VRef” shall be understood as VRef(DC), as defined in above “VRef(DC) Tolerance and VRef AC-Noise
Limits” figure.

This clarifies that dc-variations of VRef affect the absolute voltage a signal has to reach to achieve a valid
high or low level and therefore the time to which setup and hold is measured. Devices will function correctly
with appropriate timing deratings with VREF outside these specified levels so long as VREF is maintained
between 0.44 x VDDQ (or VDDCA) and 0.56 x VDDQ (or VDDCA) and so long as the controller achieves the
required single-ended AC and DC input levels from instantaneous VRef (see 3.2.4.1.1 “Single-Ended AC and
DC Input Levels for CA and CS_n Inputs” table and 3.2.4.1.3 “Single-Ended AC and DC Input Levels for DQ
and DM” table) Therefore, system timing and voltage budgets need to account for VREF deviations outside
of this range.

This also clarifies that the LPDDR2 setup/hold specification and derating values need to include time and

voltage associated with VRef ac-noise. Timing and voltage effects due to ac-noise on VRef up to the
specified limit (£ 1% of VDD) are included in LPDDR2 timings and their associated deratings.
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3.2.4.3 Input Signal

3.2.4.3.1 LPDDR2-800/1066 Input Signal

Minimum VIL and VIH Levels

0.820V. VIH(AC)

MIH(DC)

0.730Vv

0.624V

0.612v

0.600V= =
0.588V

0.57868V

0.470V

\

0.380V

VIL(DC)

Notes:
1. Numbers reflect nominal values.

VIL(AG)

Data Sheet

SCB4BL512XX0AF

Low Power DDR2 SDRAM

VIL and VIH Levels With Ringback

1.550

)

VDD + 0.35V

1.200V

VDD

0.820Vv

VIH(AC)

0.730Vv

VIH(DC)

VREF + AC noise

0.624Vv
0.6812v

VREF + DC error

0.600V - T

0.588V

VREF — DC error

0.57868V

VREF — AC noise

0.470V

VIL(DC)

0.380V

0.000Vv

VIL(AC)

VSS

-0.350Vv

U

55 - 0.35V

2. For CAQ0-9, CK_t, CK_c, and CS_n, VDD stands for VDDCA. For DQ, DM, DQS _t, and DQS_c, VDD stands for VDDQ.
3. For CA0-9, CK_t, CK_c, and CS_n, VSS stands for VSSCA. For DQ, DM, DQS_t, and DQS_c, VSS stands for VSSQ.
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3.2.4.4 AC and DC Logic Input Levels for Differential Signals
3.2.4.4.1 Differential Signal Definition

Differntial tDVAC
voltage

ViHoIFFAOMIN - — o — e —————————(—(——(—( — ( — — — — — — — —

VIHDIFFDCOMIN - + — — — — >— o — — — — — — — —
A, (DC)

A
~ CK_t-CK_c
00 /_ _ _ _ _ _ _ _ _ _\ DQStbQSc
/]

VioPrFOROMAX { — — — — — — — — — — & A\ — — — — — — — — [
/‘\
v

ViorFrpcoMAX | — — — — N 4 -

- Half cycle >

tovac

- time

Figure of Definition of differential ac-swing and “time above ac-level” tDVAC

3.2.4.4.2 Differential Swing Requirements for Clock (CK_t - CK_c) and Strobe (DQS_t - DQS _c)
Table of Differential AC and DC Input Levels

LPDDR2-800/1066 .

Symbol Parameter - Unit | Notes
Min Max
VIHdiff(dc) | Differential input high 2 x (VIH(dc) - Vref) Note 3 \% 1
ViLdiff(dc) | Differential input logic low Note 3 2 x (VIL(de) - Vref) vV 1
VIHdiff(ac) | Differential input high ac 2 x (VIH(ac) - Vref) Note 3 vV 2
ViLdifflac) | Differential input low ac Note 3 2 x (VIL(ac) - Vref) vV 2
Notes:

1. Used to define a differential signal slew-rate. For CK_t - CK_c use VIH/VIL(dc) of CA and VREFCA; for DQS_t - DQS _c, use
VIH/VIL(dc) of DQs and VREFDQ; if a reduced dc-high or dc-low level is used for a signal group, then the reduced level applies also
here.

2. For CK_t - CK_c use VIH/VIL(ac) of CA and VREFCA,; for DQS_t - DQS_c, use VIH/VIL(ac) of DQs and VREFDQ; if a reduced ac-
high or ac-low level is used for a signal group, then the reduced level applies also here.

3. These values are not defined, however the single-ended signals CK_t, CK_c, DQS _t, and DQS_c need to be within the respective
limits (VIH(dc) max, VIL(dc)min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer to section
3.2.5.5 “Overshoot and Undershoot Specifications”.

4. For CK_t and CK_c, Vref = VrefCA(DC). For DQS_t and DQS_c, Vref = VrefDQ(DC).
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Table of Allowed Time before Ringback (tDVAC) for CK_t - CK_c and DQS_t - DQS_c

Slew Rate [VInS] @ |V|Hdiff(ac; E:)\:J:I?L[c?i?f](ac)| = 440mV
>4.0 175
40 170
3.0 167
20 163
18 162
16 161
14 159
1.2 155
1.0 150
<10 150

3.2.4.5 Single-Ended Requirements for Differential Signals

Each individual component of a differential signal (CK_t, DQS _t, CK_c, or DQS_c) has also to comply with
certain requirements for single-ended signals.

CK_t and CK_c shall meet VSEH(ac)min / VSEL(ac)max in every half-cycle.

DQS _t, DQS_c shall meet VSEH(ac)min / VSEL(ac)max in every half-cycle preceeding and following a valid
transition.

Note that the applicable ac-levels for CA and DQ’s are different per speed-bin.

VDDCAorVDDQ + — —m —m — — — — o — — — —
VSEH(@emn -——— — — 4/ — 4+ — %+ — — — — — — —
VDDCARorVDDQR2 - ————F — — F — — ¥ — — — — — —
CK_t,CK_
DQS_t, or DQS_c
VSEL(ac)max —
VSEL(ac)
VSSCAorVSSQ - - — — — — — — + — — — — — ————  time

Figure of Single-Ended Requirement for Differential Signals
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Note that while CA and DQ signal requirements are with respect to Vref, the single-ended components of
differential signals have a requirement with respect to VDDQ/2 for DQS_t, DQS_c and VDDCA/2 for CK t,
CK_c; this is nominally the same. The transition of single-ended signals through the ac-levels is used to
measure setup time. For single-ended components of differential signals the requirement to reach
VSEL(ac)max, VSEH(ac)min has no bearing on timing, but adds a restriction on the common mode
characteristics of these signals.

The signal ended requirements for CK_t, CK_c, DQS_t and DQS_c are found in 3.2.4.1.1 “Single-Ended AC

and DC Input Levels for CA and CS_n Inputs” table and 3.2.4.1.3 “Single-Ended AC and DC Input Levels for
DQ and DM” table, respectively.

Table of Single-Ended Levels for CK_t, DQS_t, CK_c, DQS_c

LPDDR2-800/1066 .
Symbol Parameter - Unit | Notes
Min Max
v Single-ended high-level for strobes (Voba/2) + 0.220 Note 3 \ 1,2
SEH(AC
(") Single-ended high-level for CK_t, CK_c | (VDDca/2) +0.220 Note 3 \ 1,2
v Single-ended low-level for strobes Note 3 (Vbba/2) - 0.220 \% 1,2
SEL(AC
#e) Single-ended low-level for CK_t, CK_c Note 3 (Vpbca/2) - 0.220 \% 1,2
Notes:

1. For CK_t, CK_c use VSEH/VSEL(ac) of CA, for strobes (DQS0_t, DQS0_c, DQS1_t, DQS1_c, DQS2_t, DQS2_c, DQS3_t, DQS3_c)
use VIH/VIL(ac) of DQs.

2. VIH(ac)/VIL(ac) for DQs is based on VREFDQ; VSEH(ac)/VSEL(ac) for CA is based on VREFCA,; if a reduced ac-high or ac-low level
is used for a signal group, then the reduced level applies also here.

3. These values are not defined, however the single-ended signals CK_t, CK_c, DQSO0_t, DQS0_c, DQS1_t, DQS1_c, DQS2_t,
DQS2_c, DQS3_t, DQS3_c need to be within the respective limits (VIH(dc) max, VIL(dc)min) for single-ended signals as well as the
limitations for overshoot and undershoot. Refer to section 3.2.5.5 “Overshoot and Undershoot Specifications”.

3.2.4.6 Differential Input Cross Point Voltage

To guarantee tight setup and hold times as well as output skew parameters with respect to clock and strobe,
each cross point voltage of differential input signals (CK_t, CK_c and DQS_t, DQS_c) must meet the
requirements of above Single-ended levels for CK_t, DQS_t, CK_c, DQS_c table. The differential input cross
point voltage VIX is measured from the actual cross point of true and complement signals to the midlevel
between of VDD and VSS.

VDDCA or VDDQ

- — — CK ¢, DQS ¢

CK_t, DQS_t

VSSCA or VSSQ

Figure of Vix Definition
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Table of Cross Point Voltage for Differential Input Signals (CK, DQS)

LPDDR2-800/1066 .
Symbol Parameter - Unit | Notes
Min Max
Differential Input Cross Point Voltage relative to
VIXCA | \bpeas2 for CK_t, CK_c -120 120 mV 1.2
Differential Input Cross Point VVoltage relative to _
VIXBQ | yppara for DAS_t, DAS_c 120 120 mv. 1.2

Notes:

1. The typical value of VIX(AC) is expected to be about 0.5 x VDD of the transmitting device, and VIX(AC) is expected to track variations
in VDD. VIX(AC) indicates the voltage at which differential input signals must cross.

2. For CK_t and CK_c, Vref = VrefCA(DC). For DQS_t and DQS_c, Vref = VrefDQ(DC).

3.2.4.7 Slew Rate Definitions for Single-Ended Input Signals
See section 3.7.2 “CA and CS_n Setup, Hold and Derating” for single-ended slew rate definitions for
address and command signals.

See section 3.7.3 “Data Setup, Hold and Slew Rate Derating” for single-ended slew rate definitions for data
signals.

3.2.4.8 Slew Rate Definitions for Differential Input Signals
Input slew rate for differential signals (CK_t, CK_c and DQS_t, DQS_c) are defined and measured as shown
in below table and figure.
Table of Differential Input Slew Rate Definition

o Measured .
Description Defined by
from to

Differential input slew rate for rising edge : S e . .
(CK_t - CK_c and DQS. t - DQS_c). ViLdiffmax ViHdiffmin [VIHdiffmin - ViLdiffmax] / DeltaTRdiff
Differential input slew rate for falling edge . ‘ o ) .
(CK_t - CK_c and DQS. t - DQS._c). ViHdiffmin ViLdiffmax [VIHdiffmin - ViLdiffmax] / DeltaTFdiff
Note: The differential signal (i.e. CK_t - CK_c and DQS_t - DQS_c) must be linear between these thresholds.

?5] Delta TRdiff

S ]

Q

o

(>

©

8 £ <] VIHdiffmin
o

;I

2

P 0
o

8

s

5 > VILdiffmax
2

©

=

)

2 ]

a Delta TFdiff

Figure of Differential Input Slew Rate Definition for DQS_t, DQS_c and CK_t, CK_c
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3.2.5 AC and DC Output Measurement Levels

3.2.5.1 Single Ended AC and DC Output Levels
Table of Single-Ended AC and DC Output Levels

Symbol Parameter LPDDR2-800/1066 Unit | Notes
VoH(Dc) | DC output high measurement level (for IV curve linearity) 0.9 x Vbpa V 1
VoLipc) | DC output low measurement level (for IV curve linearity) 0.1 x Vbpa \Y 2
VoH(aC) | AC output high measurement level (for output slew rate) VVREFDQ +0.12 V
VOL(AC) | AC output low measurement level (for output slew rate) VREFDQ - 0.12 Vv
loz Output Leakage current (DQ, DM, DQS_t, DQS_c) Min -5 A
(DQ, DQS_t, DQS_c are disabled;0V < Vout £ VDDQ) Max +5 H
Miin -15
MMpyep | Delta RON between pull-up and pull-down for DQ/DM %
Max +15
Notes:
1. 10H = -0.1mA.
2. 10L = +0.1mA.

3.2.5.2 Differential AC and DC Output Levels
Table of Differential AC and DC Output Levels of (DQS_t, DQS_c)

Symbol Parameter LPDDR2-800/1066 | Unit | Notes
VoHdiffiac) | AC differential output high measurement level (for output SR) +0.20 x Vpopa \
Voudgifflac) | AC differential output low measurement level (for output SR) -0.20 x Vppa \
Notes:
1. 10H = -0.1mA.
2.10L = +0.1mA.

3.2.5.3 Single Ended Output Slew Rate
With the reference load for timing measurements, output slew rate for falling and rising edges is defined and
measured between VOL(AC) and VOH(AC) for single ended signals as shown in below table and figure.

Table of Single-Ended Output Slew Rate Definition

L. Measured .
Description Defined by
from to
Single-ended output slew rate for rising edge VoL(Ac) VOH(AC) [VoH(ac) - VoLac)] / DeltaTRse
Single-ended output slew rate for falling edge VOH(AC) VoL(AC) [VoH(ac) - VoL(ac)] / DeltaTFse
Note: Output slew rate is verified by design and characterization, and may not be subject to production test.
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Delta TRse
 —p
<]
(]
@
g &3 VoH(AC)
o
=
=
H
= VREF
o
=]
D
=]
0
® i i VoL(AC)
=) i
= !
2 |
i
HE
Delta TFse
Figure of Single Ended Output Slew Rate Definition
Table of Output Slew Rate (Single-Ended)
LPDDR2-800/1066 .
Symbol Parameter - Units
Min Max
SRQse Single-ended Output Slew Rate (RON = 40Q + 30%) 1.5 35 V/nS
SRQse Single-ended Output Slew Rate (RON = 60Q £ 30%) 1.0 2.5 VinsS
Output slew-rate matching Ratio (Pull-up to Pull-down) 0.7 14
Description:
SR: Slew Rate

Q: Query Output (like in DQ, which stands for Data-in, Query-Output)
se: Single-ended Signals

Notes:

1. Measured with output reference load.

2. The ratio of pull-up to pull-down slew rate is specified for the same temperature and voltage, over the entire temperature and voltage
range. For a given output, it represents the maximum difference between pull-up and pulldown drivers due to process variation.

3. The output slew rate for falling and rising edges is defined and measured between VOL(AC) and VOH(AC).

4. Slew rates are measured under normal SSO conditions, with 1/2 of DQ signals per data byte driving logic high and 1/2 of DQ signals
per data byte driving logic low.

3.2.5.4 Differential Output Slew Rate
With the reference load for timing measurements, output slew rate for falling and rising edges is defined and
measured between VOLdiff(AC) and VOH(diff(AC) for differential signals as shown in below table and figure.

Table of Differential Output Slew Rate Definition

L. Measured .
Description Defined by
from to
Differential output slew rate for rising edge WOLdiff(AC) | VOHdIiff(AC) [VOHdIff(AC) - VOLJIff(AC)] / DeltaTRdiff
Differential output slew rate for falling edge \VOHdiff(AC) VOLdiff(AC) [VOHdIff(AC) - VOLJIff(AC)] / DeltaTFdiff
Note: Output slew rate is verified by design and characterization, and may not be subject to production test.
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Delta TRdiff
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Figure of Differential Output Slew Rate Definition
Table of Differential Output Slew Rate
LPDDR2-800/1066
Symbol Parameter - Units
Min Max
SRQdiff Differential Output Slew Rate (RON = 40Q + 30%) 3.0 7.0 VInS
SRQdiff Differential Output Slew Rate (RON = 600 + 30%) 2.0 50 VInS
Description:
SR: Slew Rate

Q: Query Output (like in DQ, which stands for Data-in, Query-Output)
diff: differential Signals

Notes:

1. Measured with output reference load.

2. The output slew rate for falling and rising edges is defined and measured between VOLJdiff(AC) and VOH(diff(AC).

3. Slew rates are measured under normal SSO conditions, with 1/2 of DQ signals per data byte driving logic-high and 1/2 of DQ signals
per data byte driving logic-low.
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3.2.5.5 Overshoot and Undershoot Specifications
Table of AC Overshoot/Undershoot Specification

Data Sheet
SCB4BL512XX0AF
Low Power DDR2 SDRAM

VDD
Volts

V)

Notes:

Figure of Overshoot and Undershoot Definition

Maximum Amplitude

Time (ns)

Parameter LPDDR2 Unit
1066 933 800 667 533 400 333
Maximum peak amplitude
allowed for overshoot area. Max 0.35 Vv
(See figure below)
Maximum peak amplitude
allowed for undershoot area. Max 0.35 \Y
(See figure below)
Maximum area above VDD. Max | 015 | 017 | 020 | 024 | 030 | 040 | 048 | V-nS
(See figure below) ’ ; ’ ’ ; ; ’
Maximum area below VSS.
(See figure below) Max 0.15 0.17 0.20 0.24 0.30 0.40 0.48 V-nS
(CA0-9, CS_n, CKE, CK_t. CK_c, DQ, DQS_t, DQS_c, DM)
Notes:
1. For CAD-9, CK_t, CK_c, CS_n, and CKE, VDD stands for VDDCA. For DQ, DM, DQS_t, and DQS_c, VDD stands for VDDQ.
2. For CAQ-9, CK_t, CK_c. CS_n, and CKE, VSS stands for VSSCA. For DQ, DM, DQS_t, and DQS_c, VSS stands for VSsQ.
3. Maximum peak amplitude values are referenced from actual VDD and VSS values.
4. Maximum area values are referenced from maximum operating VDD and VSS values.
Maximum Amplitude
Overshoot Area

Undershoot Area

1. For CA0-9, CK_t, CK_c, CS_n, and CKE, VDD stands for VDDCA. For DQ, DM, DQS_t, and DQS_c, VDD stands for VDDQ.
2. For CA0-9, CK_t, CK_c, CS_n, and CKE, VSS stands for VSSCA. For DQ, DM, DQS_t, and DQS_c, VSS stands for VSSQ.
3. Maximum peak amplitude values are referenced from actual VDD and VSS values.

4. Maximum area values are referenced from maximum operating VDD and VSS values.
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3.2.6 Output buffer characteristics

3.2.6.1 HSUL_12 Driver Output Timing Reference Load

These ‘Timing Reference Loads’ are not intended as a precise representation of any particular system
environment or a depiction of the actual load presented by a production tester. System designers should use
IBIS or other simulation tools to correlate the timing reference load to a system environment. Manufacturers
correlate to their production test conditions, generally one or more coaxial transmission lines terminated at
the tester electronics.

VREF o0— 0.5 x VDDQ

LPDDR2

SDRAM
RTT =500

Output ¢ - W VTT = 0.5 x VDDQ

Cload = 5pF

/4

Figure of HSUL_12 Driver Output Reference Load for Timing and Slew Rate

Note:
All output timing parameter values (like tDQSCK, tDQSQ, tQHS, tHZ, tRPRE etc.) are reported with respect to this reference load. This
reference load is also used to report slew rate.
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3.2.6.2 RONPU and RONPD Resistor Definition

RONPU = (VDDQ - Vout )
ABS (lout )

Note: This is under the condition that RONPD is turned off

RONPD = Vout
ABS (lout )

Note: This is under the condition that RONPU is turned off

Chip in Drive Mode

Output Driver
A | o VDDQ
| |
: ¢IPU i
To I
Other : RONPu :
Cirguityrt I ) ° DQ
é‘(‘?\? : i lout
’ : RONPD : Vout
|
| ¢IPD |
— : VSSQ

Figure of Output Driver Definition of Voltages and Currents
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3.2.6.3 RONPU and RONPD Characteristics with ZQ Calibration

Data Sheet

SCB4BL512XX0AF
Low Power DDR2 SDRAM

Output driver impedance RON is defined by the value of the external reference resistor RZQ. Nominal RZQ

is 240Q.
Table of Output Driver DC Electrical Characteristics with ZQ Calibration
RONNOM Resistor Vout Min Nom Max Unit Note
RON34PD | 0.5 x VDDQ 0.85 1.00 1.15 RzQ/7 1,2,3,4
34.3Q RON34PU | 0.5 xVDDQ 0.85 1.00 1.15 RZQ/7 1,2,3,4
RON40PD | 0.5 x VDDQ 0.85 1.00 1.15 RZQ/6 1,2,3,4
40.00 RON40PU | 0.5 x VDDQ 0.85 1.00 1.15 RZQ/6 1,2,3,4
RON48PD | 0.5xVDDQ 0.85 1.00 1.15 RZQ/5 1,2,3,4
48.00 RON48PU | 0.5xVDDQ 0.85 1.00 1.15 RZQ/5 1,2,3,4
RON60PD | 0.5xVDDQ 0.85 1.00 1.15 RZQ/4 1,2,3,4
60.0Q RON6OPU | 0.5xVDDQ 0.85 1.00 1.15 RZQ/4 1,2,3,4
RONSOPD | 0.5xVDDQ 0.85 1.00 1.15 RZQ/3 1,2,3,4
80.00 RONSOPU | 0.5xVDDQ 0.85 1.00 1.15 RZQ/3 1,2,3,4
RON120PD | 0.5x VvDDQ 0.85 1.00 1.15 RZQ/2 1,2,3,4
120.00 RON120PU | 0.5xVDDQ 0.85 1.00 1.15 RZQ/2 1,2,3,4
Mismatch between pull-up and pull-down MMpurp -15.00 +15.00 Y% 1.2,3.4,5

Notes:

1. Across entire operating temperature range, after calibration.

2. RZQ = 240Q.

3. The tolerance limits are specified after calibration with fixed voltage and temperature. For behavior of the tolerance limits if

temperature or voltage changes after calibration, see following section on voltage and temperature sensitivity.

4. Pull-down and pull-up output driver impedances are recommended to be calibrated at 0.5 x VDDQ.
5. Measurement definition for mismatch between pull-up and pull-down: MMPUPD: Measure RONPU and RONPD, both at 0.5 x VDDQ:

UnilC_Techdoc. Rev. D 2025-05

MMPUPD =

RONPU

- RONPD

RONNOM
For example, with MMPUPD(max) = 15% and RONPD = 0.85, RONPU must be less than 1.0.
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3.2.6.4 Output Driver Temperature and Voltage Sensitivity

Data Sheet
SCB4BL512XX0AF
Low Power DDR2 SDRAM

If temperature and/or voltage change after calibration, the tolerance limits widen according to the tables

shown below.

Table of Output Driver Sensitivity Definition

Resistor Vout Min Max Unit | Notes
:2:“’ 0.5xVDDQ| 85— (dR ONdT x|AT| )= (dRON AV x |AV| ) | 115 + (ARONAT x| AT| )+(dRONdV x |AV]) % 1,2
PU
Notes:
1. AT = T-T (@calibration), AV=V-V(@ calibration).
2. dRONdT and dRONdV are not subject to production test but are verified by design and characterization.
Table of Output Driver Temperature and Voltage Sensitivity
Symbol Parameter Min | Max Unit Note
dRONdT RON Temperature Sensitivity 0.00 | 0.75 % /°C
dRONdV RON Voltage Sensitivity 0.00 | 0.20 % / mV
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3.2.6.5 RONPU and RONPD Characteristics without ZQ Calibration
Output driver impedance RON is defined by design and characterization as default setting.

Table of Output Driver DC Electrical Characteristics without ZQ Calibration

RONNOM Resistor Vout Min Nom Max Unit | Note
3430 RON34PD 0.5 x VbDa 24 34.3 44 6 Q 1
RON34PU 0.5 x Vbba 24 343 446 Q 1
RON40PD 0.5 x Vbpa 28 40 52 Q 1
40.00 RON40PU 0.5 x Vbba 28 40 52 Q 1
RON48PD 0.5 x Vbba 33.6 48 62.4 Q 1
48.00 RON48PU 0.5 x Vbba 33.6 48 62.4 Q 1
RONG0PD 0.5 x Vbbpa 42 60 78 Q 1
60.00 RONG0PU 0.5 x Vbba 42 60 78 Q 1
RONS8OPD 0.5 x Vbpa 56 80 104 Q 1
80.00 RONB80OPU 0.5 x Vbbpa 56 80 104 Q 1
RON120PD | 0.5 x Vppa 84 120 156 Q 1
120.00 RON120PU | 0.5 x VDDaQ 84 120 156 Q 1

Note: Across entire operating temperature range, without calibration.
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3.2.6.6 RZQ I-V Curve

Table of RZQ I-V Curve

Data Sheet

SCB4BL512XX0AF
Low Power DDR2 SDRAM

RON = 2400 (RZQ)
Pull-Down Pull-Up
Current [mA] / RON [Ohms] Current [mA] / RON [Ohms)]
voltageta defa‘gé‘éﬂ;’;“ﬁ” With Calibration d"fa‘é'a;“;::taﬂe’ With Calibration

Min Max Min Max Min Max Min Max

[mA] [mA] [mA] [mA] [mA] [mA] [mA] [mA]
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.05 0.19 0.32 0.21 026 019 032 021 026
0.10 0.38 0.64 0.40 053 038 064 _0.40 053
0.15 0.56 0.94 0.60 0.78 056 094 _0.60 078
0.20 0.74 1.26 0.79 1.04 074 1.26 0.79 -1.04
0.25 0.92 1.57 0.98 1.29 092 1.57 098 129
0.30 1.08 1.86 117 153 108 186 117 153
035 125 217 135 179 125 217 135 179
040 1.40 246 152 203 140 246 152 203
045 1.54 2.74 1.69 2.26 154 274 169 226
0.50 1.68 3.02 1.86 2.49 168 3.02 -1.86 249
055 1.81 3.30 2.02 272 1.81 -3.30 202 272
060 1.92 357 217 294 192 357 217 294
0.65 2.02 3.83 2.32 3.15 202 3.83 232 3.15
0.70 2.11 4.08 246 3.36 211 4.08 246 -3.36
075 2.19 4.31 258 355 219 4.31 258 355
0.80 225 454 270 374 225 454 270 374
0.85 2.30 474 2.81 391 230 474 281 391
0.90 2.34 4.92 2.89 4.05 234 492 2.89 405
0.95 2.37 5.08 297 423 237 5.08 297 423
1.00 2.41 5.20 3.04 433 2.41 520 3.04 433
1.05 2.43 5.31 3.09 4.44 243 5.31 -3.09 444
110 246 541 314 452 246 541 314 452
115 248 548 319 459 248 548 319 459
1.20 2.50 5.55 323 465 250 555 323 465
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6

<& PD Max

—— PD Min
4

~# PU Min

Y€ PU Max e e
2

<,
-2
-4
-6
0 01 02 03 04 05 06 07 08 09 10 11 1.2
Voltage
Figure of RON = 240 Ohms IV Curve after ZQReset
6
- PD Max
= PD Min
4
2
£ |
-2
-4
-6
0 01 ©02 03 04 05 068 07 08 09 10 11 12
Voltage

Figure of RON = 240 Ohms IV Curve after Calibration
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3.2.6.7 Input/Output Capacitance
Table of Input/Output Capacitance

Parameter Symbol Min Max Units Note
Input capacitance, CK_t and CK_c Cck 1 2 pF 1,2
Input capacitance delta, CK_t and CK_c Cbck 0 0.2 pF 1.2,3
Input capacitance, all other input-only pads Ci 1 2 pF 1,2,4
Input capacitance delta, all other input-only pads Coi -04 04 pF 1,2,5
Input/output capacitance, DQ, DM, DQS_t, DQS_c Cio 1.25 25 pF 1,2,86,7
Input/output capacitance delta, DQS_t, DQS_c Cobas 0 0.25 pF 1,2,7.8
Input/output capacitance delta, DQ, DM Coio -0.5 0.5 pF 1,2,7.9
Input/output capacitance, ZQ Pad Cza 0 25 pF 1,2

(-40°C < Tj < 125°C; VDDQ = 1.14- 1.3V; VDDCA = 1.14-1.3V; VDD1 = 1.7-1.95V, LPDDR2-S4 VDD2 =
1.14-1.3V).

Notes:

1. This parameter applies to die device only (does not include package capacitance).

2. This parameter is not subject to production test. It is verified by design and characterization. The capacitance is measured according
to JEP147 (Procedure for measuring input capacitance using a vector network analyzer (VNA) with VDD1, VDD2, VDDQ, VSS, VSSCA,
VSSQ applied and all other pads floating.

Absolute value of CCK_t - CCK_c.

Cl applies to CS_n, CKE, CA0-CA9

CDI=CIl-0.5*(CCK_t + CCK_c).

DM loading matches DQ and DQS.

MR3 1/O configuration DS OP3-OP0 = 0001B (34.3 Ohm typical).

Absolute value of CDQS_t and CDQS_c.

CDIO = CIO - 0.5 * (CDQS_t + CDQS_c) in byte lane.

OCENO G AW
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3.3 IDD Specification Parameters and Test Conditions

3.3.1 IDD Measurement Conditions

The following definitions are used within the IDD measurement tables:
LOW: VIN £ VIL(DC) MAX
HIGH: VIN = VIH(DC) MIN
STABLE: Inputs are stable at a HIGH or LOW level
SWITCHING: See tables below.
3.3.1.1 Definition of Switching for CA Input Signals

Data Sheet

SCB4BL512XX0AF
Low Power DDR2 SDRAM

Switching for CA
CK_t CK_t CK_t CK_t CK_t CK_t CK_t CK_t
(RISING)/ | (FALLING)/ | (RISING)/ | (FALLING)/ | (RISING)/ | (FALLING)/ | (RISING)/ | (FALLING)/
Ck_C ck_C ck C Ck_C ck_C ck_C ck_C ck_C
(FALLING) (RISING) (FALLING) (RISING) (FALLING) (RISING) (FALLING) (RISING)
Cycle N N+1 N+2 N+3
CS_n HIGH HIGH HIGH HIGH
CAD HIGH LOW LOwW LOW LOW HIGH HIGH HIGH
CA1 HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA2 HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CA3 HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA4 HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CA5 HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CAB HIGH LOW LOwW LOW LOW HIGH HIGH HIGH
CA7 HIGH HIGH HIGH LOW LOW LOW LOW HIGH
CA8 HIGH LOW LOwW LOW LOW HIGH HIGH HIGH
CA9 HIGH HIGH HIGH LOW LOW LOW LOW HIGH
Notes:

1. CS_n must always be driven HIGH.
2. 50% of CA bus is changing between HIGH and LOW once per clock for the CA bus.
3. The above pattern (N, N+1, N+2, N+3...) is used continuously during IDD measurement for IDD values that require SWITCHING on

the CA bus.

3.3.1.2 Definition of Switching for IDD4W

Clock CKE CS n Clock Cycle Number Command CAD-CA2 CA3-CA9 All DQ
Rising HIGH LOW N Write_Rising HLL LHLHLHL L
Falling HIGH LOW N Write_Falling LLL LLLLLLL L
Rising HIGH HIGH N+ 1 NOP LLL LLLLLLL H
Falling HIGH HIGH N+ 1 NOP HLH HLHLLHL L
Rising HIGH LOW N+2 Write_Rising HLL HLHLLHL H
Falling HIGH LOW N+2 Write_Falling LLL HHHHHHH H
Rising HIGH HIGH N+3 NOP LLL HHHHHHH H
Falling HIGH HIGH N+3 NOP HLH LHLHLHL L
Notes:

1. Data strobe (DQS) is changing between HIGH and LOW every clock cycle.
2. Data masking (DM) must always be driven LOW.
3. The above pattern (N, N+1...) is used continuously during IDD measurement for IDD4W.
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3.3.2 IDD Specifications
3.3.2.1 LPDDR?2 IDD Specification Parameters and Operating Conditions, -40°C~125°C

Data Sheet
SCB4BL512XX0AF

Low Power DDR2 SDRAM

Parameter/Condition Eymbol Sl::;i:r l}?:; 1}:]15: Unit Hnste
Operating one bank active— 0001 VID1 4 4 i 1
precharge current:
tCE = tCE(avgimin; tEC = tECmin; )

CKE iz HIGH: IID0z Vonz 20 20 m 1

C5_n i1z HIGH between walid VOICA

commands: IO VI 5 5 mh 1,2
Idle power—down standby IODZF: | VDD! | 350 | 350 | wa 1

current:

tCE = tCE(awvg)min; ~

CEE is LOW: CS5.n is HIGH. IODZFPz yonz 00 [ SO0 h 1

11 banlkes/BE=z idle:; VIICA

CA bus inputs are SHTTCHING: IDDZPmN | yppg | B9 | BS | wh | L2
Idle power—down standby

current with clock stop: TDD2ES: Vi +0 350 uh !

CE_t =LOW, CE o =HIGH: )

CKE i= LOW: CS.n is HIGH: IDDZPS:z | vDD2 00 | SO0 uh 1

11 banks/EEz idle; | VIDCA

CA bus inputs are STABELE; IDDZFE1s VIIDG BS BS uh 1,2
Idle non power—down =tandby IIDEH: VID1 0.4 04 mh 1

current:

tCE = tCE(awgimin; ~

CKE iz HIGH; CS_n is HIGH: aall e B M B

11 banks/ BBz idle; VODC A

CA bus inputs are SHITCHING: IDDZRIN | ympg 4 4 mh | 12
Idle non power—down standby

current with clock stop: IDDZNS: | VDD 0.4 1 0.4 mé !

CE_t =LOW, CE_c =HIGH; )

CKE i= HIGH: CS_n is HIGH; 1h2sz | vhe 8 ) 8 ] mh )

A1l banks/EEs idle; YIDCA

CA bus inputs are STAELE; TDDZH5 13 VoD 4 4 mi 1.z
Active power—down standby I003F: VIDi 200 00 ah 1

current:

tCE = tCE(avglmin; _

CEE iz LOW: C5.n is HIGH: IODSEz Vonz 2000 | 2000 | uh 1

One banl/RE actiwe; | ¥DDCA

CA bus inputs are SHITCHING: TDDIFIN | g | 85 | 85 | wh | L2
Active power—down standby

current with clock stop: IDD3ES: Vi 300 300 uh !

CE_+=LOW, CE_c=HIGH; )

CEE is LOW: CS5.n is HIGH. IDD3FS:z | vDDZ2 2000 | 2000 | A 1

One banlk/KOE actiwe; VIDCA

CA bus inputs are STABELE; 1DD3PE s VI BS BS uh 1,2
Active l-mn power—down standby I0D3H: VID1 07 07 A |

current:

tCE = tCK(awg)min; ~

CKE i= HIGH: CS_n is HIGH. IOD3Hz yonz 1251125 | mA 1

One bank/BE actiwve; YODCA

Ch bus inputz are SHTTCHING: IDD3NI | yprg | 4 4o oma | 12
Active non power—down standby

current with clock stop: IND3HE: | VDD 0.7 0.7 m !

CE_t=L0O%, CE_c=HIGH: }

CKE i= HIGH; CS_n iz HIGH: el Ml I M M B

One banl/BDE actiwe; VODC A

CA bus inputs are STARLE; 1DD3HE 1% VIIg 4 4 m 1,2
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Notes:

Data Sheet
SCB4BL512XX0AF
Low Power DDR2 SDRAM
ParameterfCondition Symbol 51:111‘:![:' 1}:]:25 1}:]:-': Tnit ]Inste
Operating bur=t read current:
{CK = 1CK (avgimin: IDD4E: YID1 1.5 1.5 mi 1
Cin iz HIGH between walid
. IDD4Ez Yooz 150 110 mi 1
commands;
One banly/RE active; )
EL = 4: EL = Elmin: IDD4EIx | VODCA 4 4 mi 1
Operating burst write IOD4%: | ¥DDL | 1.5 | 1.5 | mA | 1
current:
tCE = tCK(awg)min; _
CS n is HIGH between walid IID4tz | VIDz | 175 | 120 | ma | 1
commands; VIDCA
One banl/EE active: IND4% 1% VDDQ 19 1z mh 1, 2
All Bank Refresh Burst 0I5, VID1 {5 {5 oA 1
carrent:
tCE = tCK (awgimin; }
CEE iz HIGH between walid IDD5: yonz 49 5 [ 49.5 | mh 1
commands; VIICA
tRC = tEFCabmin: ID0S 1 VDDg 4 4 mh 1, Z
All Bank Refresh Average IODSAE: | vIDL | 1.2 | 1.2 | ma | 1
current:
tCE = tCKE(awgImin; ~
CEF is HTGH between walid IDDSAEz | ¥DDZ 135159 maA 1
commands; YIODCA
Deep Power—Down current: I0DS: VIDi 13.5 | 13.5 | HA 1
CE_t=L0W, CE_c=HIGH;
CEE 1= LOW: IIDE: Yooz 15 15 H A 1
CA bus inputs are ZTAELE;
Data bus inputs are STABLE; INDG TS ?I;]DDCQA BS BS Ha |1, 2

1. IDD values published are the maximum of the distribution of the arithmetic mean.
2. Measured currents are the summation of VDDQ and VDDCA.
3. IDD current specifications are tested after the device is properly initialized.
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3.3.2.2 IDD6 Partial Array Self-Refresh Current, 125°C

Data Sheet
SCB4BL512XX0AF

Low Power DDR2 SDRAM

Parameter Symbol gﬁ;g;y 1}{03626 1}{01666 Condition Unit
08 |00y oo L "
ArTay [Mrham | vDDCA/¥DDG | 95 | 95 g;lfzigﬁreé}}; Ezﬁgﬁt
IDDE Partial drray 1/ |LDDé: YDD1 380 | 380 |oer s iy ’
beli-Refresh Array 1DD62 VDD 740 | 740 C4 bus Z‘Ln]:ﬂ:l‘ts are STAEBLE; H4
Current IDDGzy | WDDCA/VODQ | 95 | 85 | = 0 ’
1/4 |IDD6: YDD1 270 | 270 |opyern
Array IDDAz YOD2 BED | BED ’ Mg
IDDAmx | VDDCA/VDDQ 95 55
Notes:

1. LPDDR2-S4B SDRAM uses the same PASR scheme & IDD6 current value categorization as LPDDR2 (JESD209).
2. IDD values published are the maximum of the distribution of the arithmetic mean.

3. Maximum 1x Self-Refresh rate
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3.4 Clock Specification

The jitter specified is a random jitter meeting a Gaussian distribution. Input clocks violating the min/max
values may result in malfunction of the LPDDR?2 device.

3.4.1 Definition for tCK(avg) and nCK
tCK(avg) is calculated as the average clock period across any consecutive 200 cycle window, where each
clock period is calculated from rising edge to rising edge.
[~ 1
1CK(avg) = I 3k I/N
L=t ]
where N =200

Unit ‘tCK(avg) represents the actual clock average tCK(avg) of the input clock under operation. Unit ‘'nCK’
represents one clock cycle of the input clock, counting the actual clock edges.

tCK(avg) may change by up to + 1% within a 100 clock cycle window, provided that all jitter and timing specs
are met.

3.4.2 Definition for tCK(abs)

tCK(abs) is defined as the absolute clock period, as measured from one rising edge to the next consecutive
rising edge.

tCK(abs) is not subject to production test.

3.4.3 Definition for tCH(avg) and tCL(avg)
tCH(avg) is defined as the average high pulse width, as calculated across any consecutive 200 high pulses.

[ & 1
1CH(avg)= | > «CH |/ (N * tCK(avg))
i=1 J

where N=200
tCL(avg) is defined as the average low pulse width, as calculated across any consecutive 200 low pulses.

1CL(avg) = \FZ\: 1CL j\ /(N * tCK(avg))
]

J=1

where N=200

3.4.4 Definition for tJIT(per)
tJIT(per) is the single period jitter defined as the largest deviation of any signal tCK from tCK(avg).
tJIT(per) = Min/max of {tCKi - tCK(avg) where i = 1 to 200}.
tJIT(per),act is the actual clock jitter for a given system.
tJIT(per),allowed is the specified allowed clock period jitter.
tJIT(per) is not subject to production test.

UnilC_Techdoc. Rev. D 2025-05 107 /131



Q iil Data Sheet

. SCB4BL512XX0AF
UnilC Low Power DDR2 SDRAM

3.4.5 Definition for tJIT(cc)

tJIT(cc) is defined as the absolute difference in clock period between two consecutive clock cycles.
tJIT(cc) = Max of |{tCKi +1 - tCKi}|.

tJIT(cc) defines the cycle to cycle jitter.

tJIT(cc) is not subject to production test.

3.4.6 Definition for tERR(nper)

tERR(nper) is defined as the cumulative error across n multiple consecutive cycles from tCK(avg).
tERR(nper),act is the actual clock jitter over n cycles for a given system.

tERR(nper),allowed is the specified allowed clock period jitter over n cycles.

tERR(nper) is not subject to production test.

’—Hn—l —|
tERR(nper) = } >k, I— n x tCK(avg)
L= ]

tERR(nper),min can be calculated by the formula shown below:
tERR(nper), min = (1 + 0.68LN(n)) x tJIT(per), min
tERR(nper),max can be calculated by the formula shown below:

tERR(nper), max = (1 + 0.68LN(n)) x tJI1(per), max

Using these equations, tERR(nper) tables can be generated for each tJIT(per),act value.

3.4.7 Definition for Duty Cycle Jitter tJIT(duty)
tJIT(duty) is defined with absolute and average specification of tCH / tCL.

tJIT(duty),min = MIN((tCH(abs),min — tCH(avg),min),(tCL(abs),min — tCL(avg),min)) x tCK(avg)
tJIT(duty),max = MAX((tCH(abs),max — tCH(avg),max),(tCL(abs),max — tCL(avg),max)) x tCK(avg)

3.4.8 Definition for tCK(abs), tCH(abs) and tCL(abs)

These parameters are specified per their average values, however it is understood that the following
relationship between the average timing and the absolute instantaneous timing holds at all times.

Table of Definition for tCK(abs), tCH(abs), and tCL(abs)

Parameter Symbol Min Unit
Absolute Clock Period tCK(abs) tCK(avg),min + tJIT(per),min PS
Absolute Clock HIGH Pulse Width tCH(abs) tCH(avg).min + tJIT(duty),min / tCK(avg)min tCK(avg)
Absolute Clock LOW Pulse Width tCL(abs) tCL(avg).min + tJIT(duty).min / tCK(avg)min tCK(avg)

Notes:
1. tCK(avg),min is expressed is pS for this table.
2. tJIT(duty),min is a negative value.
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3.5 Period Clock Jitter

LPDDR2 devices can tolerate some clock period jitter without core timing parameter de-rating. This section
describes device timing requirements in the presence of clock period jitter (tJIT(per)) in excess of the values
found in section 3.7.1 “LPDDR2 AC Timing” table and how to determine cycle time de-rating and clock cycle
de-rating.
3.5.1 Clock Period Jitter Effects on Core Timing Parameters

(trRCD, tRP, tRTP, tWR, tWRA, tWTR, tRC, tRAS, tRRD, tFAW)
Core timing parameters extend across multiple clock cycles. Period clock jitter will impact these parameters
when measured in numbers of clock cycles. When the device is operated with clock jitter within the
specification limits, the LPDDR2 device is characterized and verified to support thPARAM = RU{tPARAM /
tCK(avg)}.

When the device is operated with clock jitter outside specification limits, the number of clocks or tCK(avg)
may need to be increased based on the values for each core timing parameter.

3.5.1.1 Cycle Time De-rating for Core Timing Parameters

For a given number of clocks (tnPARAM), for each core timing parameter, average clock period (tCK(avg))
and actual cumulative period error ({ERR(tnPARAM),act) in excess of the allowed cumulative period error
(tERR(tnPARAM),allowed), the equation below calculates the amount of cycle time de-rating (in nS) required
if the equation results in a positive value for a core timing parameter ({CORE).

CycieTimeDemrz'ng _ ﬁ/fAX{ff tPARAM _ + (ERR (mPARAM ), act — tERR (mPARAM ), allowed K (mgﬂ: o
(\ mPARAM J

[S——

A cycle time derating analysis should be conducted for each core timing parameter. The amount of cycle
time derating required is the maximum of the cycle time de-ratings determined for each individual core timing
parameter.

3.5.1.2 Clock Cycle De-rating for Core Timing Parameters
For a given number of clocks (tnPARAM) for each core timing parameter, clock cycle de-rating should be
specified with amount of period jitter (tJIT(per)).

For a given number of clocks (tnPARAM), for each core timing parameter, average clock period (tCK(avg))
and actual cumulative period error ({ERR(tnPARAM),act) in excess of the allowed cumulative period error
(tERR(tnPARAM),allowed), the equation below calculates the clock cycle derating (in clocks) required if the
equation results in a positive value for a core timing parameter ({CORE).

CZOCI{Q.’cZeDeraﬁHg :RLFJFPARAJM + tERR (mPARAM ). act — tERR (mPARAM ), allowed 1 o PARAM
tCK (avg)

A clock cycle de-rating analysis should be conducted for each core timing parameter.

3.5.2 Clock Jitter Effects on Command/Address Timing Parameters

(tis, tiH, tISCKE, tIHCKE, tISb, tiHb, tISCKEb, tIHCKED)
These parameters are measured from a command/address signal (CKE, CS, CAO - CA9) transition edge to
its respective clock signal (CK_t/CK_c) crossing. The spec values are not affected by the amount of clock
jitter applied (i.e. tJIT(per), as the setup and hold are relative to the clock signal crossing that latches the
command/address. Regardless of clock jitter values, these values shall be met.
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3.5.3 Clock Jitter Effects on Read Timing Parameters

3.5.3.1 tRPRE

When the device is operated with input clock jitter, tRPRE needs to be de-rated by the actual period jitter
(tJIT(per), act, max) of the input clock in excess of the allowed period jitter (tJIT(per),allowed, max). Output
de-ratings are relative to the input clock.

tRPRE(min, derated) = 0.9 — tJIT(per) , act ,max — tJIT (per),allowed ,max

tCK (avg)

For example,

if the measured jitter into a LPDDR2-800 device has tCK(avg) = 2500 pS, tJIT(per),act, min =-172 pS and
tJIT(per),act, max = + 193 pS, then

tRPRE, min, derated = 0.9 - (tJIT(per), act, max - tJIT(per),allowed, max)/tCK(avg) = 0.9 - (193 -
100)/2500= .8628 tCK(avg)

3.5.3.2tLZ(DQ), tHZ(DQ), tDQSCK, tLZ(DQS), tHZ(DQS)

These parameters are measured from a specific clock edge to a data signal (DMn, DQm: n=0,1,2,3. m=0—
31) transition and will be met with respect to that clock edge. Therefore, they are not affected by the amount
of clock jitter applied (i.e. tJIT(per).

3.5.3.3 tQSH, tQSL

These parameters are affected by duty cycle jitter which is represented by tCH(abs)min and tCL(abs)min.
tQSH(abs)min = tCH(abs)min — 0.05

tQSL(abs)min = tCL(abs)min — 0.05

These parameters determine absolute Data-Valid window at the LPDDR2 device pad.

Absolute min data-valid window @ LPDDR?2 device pad =

min { ( tQSH(abs)min * tCK(avg)min — tDQSQmax — tQHSmax ) , ( tQSL(abs)min * tCK(avg)min —
tDQSQmax — tQHSmax ) }

This minimum data-valid window shall be met at the target frequency regardless of clock jitter.

3.5.3.4 tRPST

tRPST is affected by duty cycle jitter which is represented by tCL(abs). Therefore tRPST(abs)min can be
specified by tCL(abs)min.

tRPST(abs)min = tCL(abs)min — 0.05 = tQSL(abs)min

3.5.4 Clock Jitter Effects on Write Timing Parameters

3.5.4.1 tDS, tDH

These parameters are measured from a data signal (DMn, DQm.: n=0,1,2,3. m=0-31) transition edge to its
respective data strobe signal (DQSn_t, DQSn_c: n=0,1,2,3) crossing. The spec values are not affected by
the amount of clock jitter applied (i.e. tJIT(per), as the setup and hold are relative to the clock signal crossing
that latches the command/address. Regardless of clock jitter values, these values shall be met.

3.5.4.2 tDSS, tDSH

These parameters are measured from a data strobe signal (DQSx_t, DQSx_c) crossing to its respective
clock signal (CK_t/CK_c) crossing. The spec values are not affected by the amount of clock jitter applied (i.e.
tJIT(per), as the setup and hold are relative to the clock signal crossing that latches the command/address.
Regardless of clock jitter values, these values shall be met.
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3.5.4.3tDQSS

This parameter is measured from a data strobe signal (DQSx_t, DQSx_c) crossing to the subsequent clock
signal (CK_t/CK_c) crossing. When the device is operated with input clock jitter, this parameter needs to be
de-rated by the actual period jitter tJIT(per),act of the input clock in excess of the allowed period jitter

tJIT(per),allowed.

tDOSS(min, derated) = 0.75 tJIT (per), act ,min — tJIT ( per ),allowed ,min
tCK (avg)

IDQSS(max, derated) = 1.25 — tJIT (per), act ,max — tJIT ( per),allowed ,max
tCK (avg)

For example,
if the measured jitter into a LPDDR2-800 device has tCK(avg) = 2500 pS, tJIT(per), act, min =-172 pS and

tJIT(per),act ,max = + 193 pS, then
tDQSS,(min, derated) = 0.75 - (tJIT(per), act, min - tJIT(per), allowed, min)/tCK(avg) = 0.75 - (-172 +
100)/2500 = .7788 tCK(avg)

and
tDQSS,(max, derated) = 1.25 - (tJIT(per), act, max - tJIT(per), allowed, max)/tCK(avg) = 1.25 - (193 -

100)/2500 = 1.2128 tCK(avg)
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3.6 Refresh Requirements

3.6.1 Refresh Requirement Parameters

Parameter Symbol 512 Mb Umit
Mumber of Banks 4
Refresh Window t
Tcase <= 85°C REFW 32 ms
Refresh Window t g ms
85°C < Tcase = 105°C REFW
Required number of
REFRESH commands {min} R 4,096
Average time between REFRESH commands t
(for reference only)} Tcaze < 85°C REFab m=r 7.8 Uz
; t
Refresh Cycle time —— ag ns
- t
Burst Refresh Wind =4 x & x tRFCab
urst Refresh Window xdx a — 288 s
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3.7 AC Timings

3.7.1 LPDDR2 AC Timing
(Note 6 apply to the entire table)

min/ | min Data Rate .
P t Symbol Unit
arameter ymbo max | tcK | 1066 | 933 | 800 | 667 | 533 | 400 | 333 n
Max. Frequency™ ~ 533 466 400 333 266 200 166 MHz
Clock Timing
MIN 1875 | 215 25 3 375 5 6
Average Clock Period tCK(avg) | | | | | | ns
MAX 100
) ) MIN 045
Average high pulse width tCH(avg) MAX 055 tCK(avg)
MIN 0.45
Average low pulse width tCL(avg) MAX 055 tCK(avg)
Absolute Clock Period tCK(abs) MIN {CK(avg)min + tJIT(per)min pS
i MIN 043
Ab_solute cloci_j HIGH pulse width tCH(abs), tcK(avg)
(with allowed jitter) allowed MAX 057
Absolute clock LOW pulse width tCL(abs), MIN 0.43 tcK(avg)
(with allowed jitter) (allowed) MAX 057
Clock Period Jitter tUIT{pen), MIN 90 95 | 100 | 110 | 120 | -140 | -150 S
(with allowed jitter) (allowed) MAX a0 95 100 110 120 140 150 P
Maximum Clock Jitter between
two consecutive clock cycles uT(cc), MAX 180 | 190 | 200 | 220 | 240 | 280 | 300 pS
) . allowed
(with allowed jitter)
MIN MIN ((tCH(abs),min - tCH(avg),min), pS
Duty cycle Jitter tUIT(duty), (tCL(abs),min - {CL(avg),min)) * tCK(avg)
(with allowed jitter) allowed MAX MAX ((tCH(abs),max - tCH(avg).max), S
(tCL(abs),max - t{CL(avg),max)) * tCK(avg) p
Cumulative error across 2 cycles {ERR(2per), MIN 132 | 140 | 147 | 62 | ATT | 206 | 221 pS
(allowed) MAX 132 140 147 162 177 206 221
. tERR(3per), MIN 157 | 166 | 175 | 192 | 210 | -245 | -262
Cumulat 3 cycl S
UMUIAIVE EITor across 5 cycies (allowed) MAX 157 | 166 | 175 | 192 | 210 | 245 | 262 | P
Cumulative error across 4 cycles | (ERR(4per), MIN 175 | 185 | 194 | o | 233 | 972 | 29 pS
(allowed) MAX 175 185 194 214 233 272 291
_ tERR(5per), MIN 188 | 199 | 200 | 230 | 251 | -203 | -314
Cumulative error across 5 cycles (allowed) MAX 188 199 200 230 251 203 312 pS
) {ERR(Eper). MIN 200 | -211 -222 -244 2266 | -311 2333
Cumulative error across 6 cycles (allowed) MAX 200 11 7] a1 266 31 33 pS
i tERR(7per), MIN 209 | -221 -232 -256 279 | -325 | -348
Cumulative error across 7 cycles (allowed) MAX 209 1 539 556 579 395 38 pS
MIN 217 -229 -241 -266 -290 -338 -362
Cumulative error across 8 cycles LERR(8per), pS
(allowed) MAX 217 229 241 266 290 338 362
Cumulative error across 9 cycles LERR(9per), MIN 224 237 249 274 299 349 374 pS
(allowed) MAX 224 237 249 274 299 349 374
Cumulative error across 10 tERR(10per), MIN -231 -244 -257 282 -308 359 385 pS
cycles (allowed) MAX 231 244 257 282 308 359 385
Cumulative error across 11 tERR(11per), MIN 237 -250 -263 -289 -316 -368 -395 pS
cycles (allowed) MAX 237 250 263 289 316 368 395
Cumulative error across 12 tERR(12per), MIN -242 -256 -269 -296 -323 377 -403 pS
cycles (allowed) MAX 242 256 269 296 323 377 403
Cumulative error across n =13, tERR(nper), MIN tERR(nper),allowed,min = (1 + 0.68In(n)) * tJIT(per),allowed,min pS
14 .49, 50 cycles (allowed) MAX tERR(nper) allowed,max = (1 + 0.68In(n)) * tJIT(per),allowed,max
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Parameter Symbol min/ | min Data Rate Unit
max | tCK | 1066 | 933 | 800 | 667 | 533 | 400 | 333
ZQ Calibration Parameters
Initialization Calibration Time tZQINIT MIN 1 ps
Full Calibration Time tZQCL MIN 6 360 nS
Short Calibration Time tzQcs MIN 6 90 ns
Calbration Reset Time tZQRESET MIN 3 50 nS
Read Parameters™"
DQS output access time from CK_t/CK_c tDQSCK MIN 2500 pS
MAX 5500
DQSCK Delta Short™® tDQSCKDS MAX 330 | 380 | 450 | 540 | 670 | 900 | 1080 psS
DQSCK Delta Medium™® tDQSCKDM MAX 680 | 780 900 | 1050 | 1350 | 1800 | 1900 pS
DQSCK Delta Long™” tDQSCKDL MAX 920 | 1050 | 1200 | 1400 | 1800 | 2400 - pS
DQS - DQ skew tDQsQ MAX 200 | 220 240 | 280 340 400 500 pS
Data hold skew factor tQHS MAX 230 | 260 280 340 | 400 480 600 pS
DQS Output High Pulse Width tQSH MIN tCH(abs) - 0.05 tCK(avg)
DQS Output Low Pulse Width tQsL MIN tCL(abs) - 0.05 tCK(avg)
Data Half Period tQHP MIN min(tQSH, tQSL) tCK(avg)
DQ / DQS output hold time from DQS tQH MIN tQHP - tQHS pS
Read preamble™2'3 tRPRE MIN 09 tCK(avg)
Read postamble™2™ tRPST MIN tCL(abs) - 0.05 tCK(avg)
DQS low-Z from clock ™ tLZ(DQS) MIN tDQSCK(MIN) - 300 pS
DQ low-Z from clock ™2 tLZ(DQ) MIN tDQSCK(MIN) - (1.4 * tQHS(MAX)) pS
DQS high-Z from clock™? tHZ(DQS) MAX tDQSCK(MAX) - 100 pS
DQ high-Z from clock™? tHZ(DQ) MAX tDQSCK(MAX) + (1.4 * tDQSQ(MAX)) pS
Write Parameters™
DQ and DM input hold time (Vref based) tDH MIN 210 | 235 | 270 | 350 | 430 | 480 | 600 psS
DQ and DM input setup time (Vref based) tDS MIN 210 | 235 | 270 | 350 | 430 | 480 | 600 pS
DQ and DM input pulse width tDIPW MIN 0.35 tCK(avg)
Write command to 1st DQS latching tDass MIN 0.75 tcK(ava)
transition MAX 1.25
DQS input high-level width tDQSH MIN 0.4 tCK(avg)
DQ@s input low-level width tDQsL MIN 04 tCK(avg)
DQS falling edge to CK setup time tDSS MIN 0.2 tCK(avg)
DQ@s falling edge hold time from CK tDSH MIN 0.2 tCK(avg)
Write postamble tWPST MIN 0.4 tCK(avg)
Write preamble tWPRE MIN 0.35 tCK(avg)
CKE Input Parameters
CKE min. pulse Wid@h (high and low pulse {CKE MIN 3 3 tCK(avg)
width)
CKE input setup time tISCKE™ MIN 0.25 tCK(avg)
CKE input hold time tIHCKE™ MIN 0.25 tCK(avg)
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Parameter Symbol min / min Data Rate Unit
max | tCK | 1066 | 933 | 800 | 667 | 533 | 400 | 333
Command Address Input Parameters ™!
Address a”d(\‘jfe”ftfa‘;’;gl;' setup time fIs™ MIN 220 | 250 | 290 | 370 | 460 | 600 | 740 pS
Address and control input hold time I MIN 220 | 250 290 370 460 600 740 pS
(Vref based)
Address and control input pulse width tiPW MIN 0.40 tCK(avg)
Boot Parameters (10 MHz - 55 MHz) > "¢
MAX 100
Clock Cycle Time {CKb nsS
MIN 18
CKE Input Setup Time tISCKEb MIN 2.5 ns
CKE Input Hold Time tIHCKED MIN 2.5 ns
Address & Control Input Setup Time tISb MIN 1150 pS
Address & Control Input Hold Time tiHb MIN 1150 pS
DQS Output Data Access Time MIN 2.0
from CK_t/CK_c {DAsCKo MAX 10.0 ns
OuputD Slatasltirc?g: t%{:gg Ct.)c:a -1.2 DAsQp MAX 1.2 nsS
Data Hold Skew Factor tQHSb MAX 1.2 ns
Mode Register Parameters
MODE REGISTER Write command period tMRW MIN 5 5 tCK(avg)
Mode Register Read command period tMRR MIN 2 2 tCK(avg)
LPDDR2 SDRAM Core Parameters™
Read Latency RL MIN 3 8 7 6 5 4 3 3 | tcKavg)
Write Latency WL MIN 1 4 4 3 2 2 1 1 tCK(avg)
ACTIVE to ACTIVE command period tRC MIN e (m‘;‘ :!;_’LZ’LKK?;CC'@%‘?) ns
o i e g et | wowsn | ww | 3 s s
Self refresh exit to next valid command XSR MIN 5 {RFCab + 10 ns
delay
Exit power down to next valid command txp MIN 2 75 ns
delay
CAS to CAS delay tcco MIN 2 2 tCK(avg)
Internal Read to Precharge command delay tRTP MIN 2 7.5 nsS
RAS to CAS Delay tRCD Fast 3 15 nsS
Row Precharge Time (single bank) tRPpb Fast 3 15 nsS
Row Precharge Time (all banks) :i';?,'bk Fast 3 15 nsS
Row Active Time tRAS MIN : 42 ns
MAX - 70 us
Write Recovery Time tWR MIN 3 15 ns
'mzrc:‘:nﬁ:f ézgiad WTR MIN |2 75 10 ns
Active bank A to Active bank B tRRD MIN 2 10 ns
Four Bank Activate Window tFAW MIN 8 50 60 ns
Minimum Deep Power Down Time tDPD MIN 500 S
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i i Data Rate
Parameter Symbol ':_I':: [:g: Unit
1066 | 933 | 800 | 667 | 533 | 400 | 333
LPDDR2 Temperature De-Rating
: tDQSCK

tDQSCK De-Rating (Derated) MAX 5620 6000 pS
tRCD

(Derated) MIN tRCD + 1.875 ns
tRC

(Derated) MIN tRC + 1.875 ns
. . tRAS

Core Timings Temperature De-Rating (Derated) MIN tRAS + 1.875 nS
tRP

(Derated) MIN tRP + 1.875 ns
tRRD

(Derated) MIN tRRD + 1.875 ns

Notes:

1. Input set-up/hold time for signal (CA[0:n], CS_n).

2. CKE input setup time is measured from CKE reaching high/low voltage level to CK_t/CK_c crossing.

3. CKE input hold time is measured from CK_t/CK_c crossing to CKE reaching high/low voltage level.

4. Frequency values are for reference only. Clock cycle time (tCK) shall be used to determine device capabilities.

5. To guarantee device operation before the LPDDR2 device is configured a number of AC boot timing parameters are defined in this
table. Boot parameter symbols have the letter b appended, e.g. tCK during boot is tCKb.

6. Frequency values are for reference only. Clock cycle time (tCK or tCKb) shall be used to determine device capabilities.

7. The SDRAM will set some Mode register default values upon receiving a RESET (MRW) command as specified in “Mode Register
Definition”.

8. The output skew parameters are measured with Ron default settings into the reference load.

9. The min tCK column applies only when tCK is greater than 6nS for LPDDR2-S4 devices.

10. All AC timings assume an input slew rate of 1V/nS.

11. Read, Write, and Input Setup and Hold values are referenced to Vref.

12. For low-to-high and high-to-low transitions, the timing reference will be at the point when the signal crosses VTT. tHZ and tLZ
transitions occur in the same access time (with respect to clock) as valid data transitions. These parameters are not referenced to a
specific voltage level but to the time when the device output is no longer driving (for tRPST, tHZ(DQS) and tHZ(DQ) ), or begins driving
(for tRPRE, tLZ(DQS), tLZ(DQ) ). Below “HSUL_12 Driver Output Reference Load for Timing and Slew Rate” figure shows a method to
calculate the point when device is no longer driving tHZ(DQS) and tHZ(DQ), or begins driving tLZ(DQS), t{LZ(DQ) by measuring the
signal at two different voltages. The actual voltage measurement points are not critical as long as the calculation is consistent.
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VOH ? E ?
tLZ(DQS), tLZ(DQ)

VTT +2¢Y mV+ VOR- AmY

VIT +Y mV VOH - 2x XmV

VIT
Actual waveform /"

VIT -YmV

VTT

tHZ(DQS), tHZ(DQ)
xY | VOL + 2x X mV

VIT-2xYmV 1 VOL + X mV

TIT2 Yo T2

begin driving point=2x T1 -T2 Stop driving point =2 x T1 -T2

Figure of HSUL_12 Driver Output Reference Load for Timing and Slew Rate

The parameters tLZ(DQS), tLZ(DQ), tHZ(DQS), and tHZ(DQ) are defined as single-ended. The timing parameters tRPRE and tRPST
are determined from the differential signal DQS_t-DQS_c.

13. Measured from the start driving of DQS_t - DQS_c to the start driving the first rising strobe edge.

14. Measured from the from start driving the last falling strobe edge to the stop driving DQS_t, DQS_c.

15. tDQSCKDS is the absolute value of the difference between any two tDQSCK measurements (within a byte lane) within a contiguous
sequence of bursts within a 160nS rolling window. tDQSCKDS is not tested and is guaranteed by design. Temperature drift in the
system is < 10°C/s. Values do not include clock jitter.

16. tDQSCKDM is the absolute value of the difference between any two tDQSCK measurements (within a byte lane) within a 1.6us
rolling window. tDQSCKDM is not tested and is guaranteed by design. Temperature drift in the system is < 10°C/s. Values do not
include clock jitter.

17.tDQSCKDL is the absolute value of the difference between any two tDQSCK measurements (within a byte lane) within a 32mS

rolling window. tDQSCKDL is not tested and is guaranteed by design. Temperature drift in the system is < 10°C/s. Values do not include
clock jitter.
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3.7.2 CA and CS_n Setup, Hold and Derating

For all input signals (CA and CS_n) the total tIS (setup time) and tIH (hold time) required is calculated by
adding the data sheet tIS(base) and tIH(base) value (see 3.7.2.1 “CA and CS_n Setup and Hold Base-
Values for 1V/nS” table) to the AtlS and AtIH derating value (see 3.7.2.2 “Derating Values LPDDR2 tIS/tIH -
AC/DC Based AC220” table). Example: tIS (total setup time) = tIS(base) + AtIS.

Setup (tIS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of
VREF(dc) and the first crossing of VIH(ac)min. Setup (tIS) nominal slew rate for a falling signal is defined as
the slew rate between the last crossing of VREF(dc) and the first crossing of VIL(ac)max. If the actual signal
is always earlier than the nominal slew rate line between shaded ‘VREF(dc) to ac region’, use nominal slew
rate for derating value (see 3.7.2.4 “Nominal Slew Rate and tVAC for Setup Time tIS for CA and CS_n with
Respect to Clock” figure). If the actual signal is later than the nominal slew rate line anywhere between
shaded ‘VREF(dc) to ac region’, the slew rate of a tangent line to the actual signal from the ac level to dc
level is used for derating value (see 3.7.2.6 “Tangent Line for Setup Time tIS for CA and CS_n with Respect
to Clock” figure).

Hold (tIH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of
VIL(dc)max and the first crossing of VREF(dc). Hold (tIH) nominal slew rate for a falling signal is defined as
the slew rate between the last crossing of VIH(dc)min and the first crossing of VREF(dc). If the actual signal
is always later than the nominal slew rate line between shaded ‘dc to VREF(dc) region’, use nominal slew
rate for derating value (see 3.7.2.5 “Nominal Slew Rate for Hold Time tIH for CA and CS_n with Respect to
Clock” figure). If the actual signal is earlier than the nominal slew rate line anywhere between shaded ‘dc to
VREF(dc) region’, the slew rate of a tangent line to the actual signal from the dc level to VREF(dc) level is
used for derating value (see 3.7.2.7 “Tangent Line for Hold Time tIH for CA and CS_n with Respect to Clock”
figure).

For a valid transition the input signal has to remain above/below VIH/IL(ac) for some time tVAC (see 3.7.2.3
“Required Time tVAC above VIH(ac) {below VIL(ac)} for Valid Transition” table).

Although for slow slew rates the total setup time might be negative (i.e. a valid input signal will not have
reached VIH/IL(ac) at the time of the rising clock transition) a valid input signal is still required to complete
the transition and reach VIH/IL(ac).

For slew rates in between the values listed in 3.7.2.2 “Derating Values LPDDR2 tIS/tIH - AC/DC Based

AC220” table, the derating values may obtained by linear interpolation. These values are typically not subject
to production test. They are verified by design and characterization.

3.7.2.1 CA and CS_n Setup and Hold Base-Values for 1V/nS

Unit [pS] LPDDR2-1066 LPDDR2-800 reference
tIS(base) 0 70 ViH/L(ac) = VREF(dc) £ 220mV
tiH(base) 90 160 VIH/L(de) = VREF(de) £ 130mV

Note: ac/dc referenced for 1V/nS CA and CS_n slew rate and 2V/nS differential CK_t-CK_c slew rate.
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3.7.2.2 Derating Values LPDDR?2 tIS/tIH - AC/DC Based AC220

AtIS, AtiH derating in [pS] AC/DC based
AC220 Threshold -> VIH(ac)=VVREF(dc)+220mV, VIL{ac)=VREF(dc)-220mV
DC130 Threshold -> VIH(dc)=VREF(dcH#130mV, VIL(dc)=VREF(dc)-130mV
CA.CS_n CK_t,CK_c Differential Slew Rate
Slew Rate 4.0 V/InS 3.0Vv/inS 2.0V/inS 1.8 VInS 1.6 VInS 1.4 V/nS 1.2V/nS 1.0 V/nS
VinS AtIS AtIH AtIS AtIH AtIS AtIH AtIS AtIH AtIS AtIH AtIS AtiH AtIS AtH AtIS AtIH
20 110 65 110 65 110 65 - - - - - - - -
1.5 74 43 73 43 73 43 89 59 - - - - - -
1.0 0 0 0 0 0 0 16 16 32 32 - - - -
09 - - -3 -5 -3 -5 13 11 29 27 45 43 - -
0.8 - - - - -8 -13 8 3 24 19 40 35 56 55
07 - - - - - - 2 -6 18 10 34 26 50 46 66 78
06 - - - - - - - - 10 -3 26 13 42 33 58 65
0.5 - - - - - - - - - - 4 -4 20 16 36 48
04 - - - - - - - - - - - - -7 2 17 34

Note: Cell contents ‘-’ are defined as not supported.

3.7.2.3 Required Time tVAC above VIH(ac) {below VIL(ac)} for Valid Transition

Slew Rate [VInS] _ tAC @ 220mV [pS]
min max
>20 175 i
20 170 i
15 167 i
10 163 i
0.9 162 i
08 161 i
07 159 i
06 155 i
05 150 i
<05 150 i
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3.7.2.4 Nominal Slew Rate and tVAC for Setup Time tIS for CA and CS_n with Respect to Clock

CK_c
CK_t
\Vboca
tvac
: 7]
VIH(ac) min Y— =
. region
VHdeymmn | | ] _ _& _______ __ 1
\ nominal
Slew rate
VREF(de) -—Rg————p———————g F————f———————— T——
nominal
Slew rate
ViL(de) max /_ _______________________ -
VREF to ac
ViL(ac) max \_/ region
P
tvac
VsscCA ] ___
— -— —- -
ATF ATR

Setup Slew Rate = VReF(dc) - ViLagmax Setup Slew Rate = Vinac) min - VREF(dc)
Falling Signal ATF Rising Signal ATR
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3.7.2.5 Nominal Slew Rate for Hold Time tIH for CA and CS_n with Respect to Clock

CK c

CK_t

VbbcA 7T T[T T T T T T T T T T T
ViHa)MInT — |- T 1
ViHocpmin- - — — — 4 ____1____ b ___Q —

DC to VREF
region nominal
N Slew rate
N
VREFDC) T s B —3iF =
nominal
Slew rate ——pm. DC to VRer
region
Vicocmax ~  \ | &% [ R
ViL(ac) max
VsscA - — - — — 1 —— == — ===
— - —» |-
ATR ATF

Hold Slew Rate = VrerpC) - ViLocymax Hold Slew Rate = Vinpoc) min - VREF(DC)
Rising Signal ATR Falling Signal ATF
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3.7.2.6 Tangent Line for Setup Time tIS for CA and CS_n with Respect to Clock

CKe  ~—~——————7- == Fmm——pm———
CK_t
tis
e
Vobca 0 T el He et ety Sl el
nominal
line
VIH(AC) min
\/REF to AC
region
ViHpe)min  j——————— | ____ S ———
~tangent
line
VREF(DC) o —————— St -t =
ViLpc) max
ViLac) max
nominal
line
\/ssca -—-
Setup Slew Rate = tangent line[ViHiac)min - VrRer(pc))
Rising Signal ATR
_-.. _..‘—
ATF Setup Slew Rate = tangent line[\VREF(DC) - VIL(AC)maXx]
Falling Signal ATF
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3.7.2.7 Tangent Line for Hold Time tIH for CA and CS_n with Respect to Clock

nominal
line

__________________________ 1_*1___

DC to VRrer

line
—————————————————— —I—+——{7‘}——————————————f\—“€——{
tangent
DC to Vrer = AN
region nominal
_____ Al fwe L
e [ E— — -—
ATR ATF

Hold Slew Rate = tangent line [VREF(DC) - ViLpc)max

Rising Signal

ATR

Hold Slew Rate = tangent line [ViHpc)min - VREF(DC)]

Falling Signal
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3.7.3 Data Setup, Hold and Slew Rate Derating

For all input signals (DQ, DM) the total tDS (setup time) and tDH (hold time) required is calculated by adding
the data sheet tDS(base) and tDH(base) value (see 3.7.3.1 “Data Setup and Hold Base-Values” table) to the
AtDS and AtDH (see 3.7.3.2 “Derating Values LPDDR2 tDS/tDH - AC/DC Based AC220” table) derating
value respectively. Example: tDS (total setup time) = tDS(base) + AtDS.

Setup (tDS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of
VREF(dc) and the first crossing of VIH(ac)min. Setup (tDS) nominal slew rate for a falling signal is defined as
the slew rate between the last crossing of VREF(dc) and the first crossing of VIL(ac)max (see 3.7.3.4
“Nominal Slew Rate and tVAC for Setup Time tDS for DQ with Respect to Strobe” figure). If the actual signal
is always earlier than the nominal slew rate line between shaded ‘VREF(dc) to ac region’, use nominal slew
rate for derating value. If the actual signal is later than the nominal slew rate line anywhere between shaded
‘VREF(dc) to ac region’, the slew rate of a tangent line to the actual signal from the ac level to dc level is

used for derating value (see 3.7.3.6 “Tangent Line for Setup Time tDS for DQ with Respect to Strobe” figure).

Hold (tDH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of
VIL(dc)max and the first crossing of VREF(dc). Hold (tDH) nominal slew rate for a falling sigbnal is defined
as the slew rate between the last crossing of VIH(dc)min and the first crossing of VREF(dc) (see 3.7.3.5
“Nominal Slew Rate for Hold Time tDH for DQ with Respect to Strobe” figure). If the actual signal is always
later than the nominal slew rate line between shaded ‘dc level to VREF(dc) region’, use nominal slew rate for
derating value. If the actual signal is earlier than the nominal slew rate line anywhere between shaded ‘dc to
VREF(dc) region’, the slew rate of a tangent line to the actual signal from the dc level to VREF(dc) level is
used for derating value (see 3.7.3.7 “Tangent Line for Hold Time tDH for DQ with Respect to Strobe” figure).

For a valid transition the input signal has to remain above/below VIH/IL(ac) for some time tVAC (see 3.7.3.3
“Required Time tVAC above VIH(ac) {below VIL(ac)} for Valid Transition” table).

Although for slow slew rates the total setup time might be negative (i.e. a valid input signal will not have
reached VIH/IL(ac) at the time of the rising clock transition) a valid input signal is still required to complete
the transition and reach VIH/IL(ac).

For slew rates in between the values listed in 3.7.3.2 “Derating Values LPDDR2 tDS/tDH - AC/DC Based
AC220” table, the derating values may obtained by linear interpolation. These values are typically not subject
to production test. They are verified by design and characterization.

3.7.3.1 Data Setup and Hold Base-Values

Unit [pS] LPDDR2-1066 LPDDR2-800 reference
tDS(base) -10 50 VIH/L(ac) = VREF(dc) £ 220mV
tDH(base) 80 140 VIH/L(de) = VREF(dc) £ 130mV

Note: ac/dc referenced for 1V/nS DQ,DM slew rate and 2V/nS differential DQS_t-DQS_c slew rate.

UnilC_Techdoc. Rev. D 2025-05 124 /131



Q iil Data Sheet

UnilC SCB4BL512XX0AF
Low Power DDR2 SDRAM
3.7.3.2 Derating Values LPDDR2 tDS/tDH - AC/DC Based AC220
AtDS, ADH derating in [pS] AC/DC based a
AC220 Threshold -> VIH(ac) = VREF(dc) + 220mV, VIL(ac) = VREF(dc) - 220mV
DC130 Threshold -> VIH(dc) = VREF(dc) + 130mV, VIL(dc) = VREF(dc) - 130mV
DQS_t, DQS_c Differential Slew Rate
DQ, DM Slew 4.0V/nS 3.0VInS 2.0V/nsS 1.8 VInS 1.6VInS 1.4 V/nS 1.2V/nS 1.0V/nS
Rate V/n3S
AMDS | AtDH | AtDS | AtDH | AtDS | AtDH | AIDS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS AtDH AtDS | AtDH
20 110 85 110 65 110 65 - - - - - -
15 74 43 73 43 73 43 89 59 - - - -
1.0 0 0 0 0 0 0 16 16 32 32 - -
0.9 - - -3 -5 -3 -5 13 11 29 27 45 43
0.8 - - - - -8 -13 8 3 24 19 40 35 56 55
0.7 - - - - - - 2 -6 18 10 34 26 50 46 66 78
06 - - - - - - - - 10 -3 28 13 42 33 58 65
05 - - - - - - - - - - 4 4 20 16 36 48
0.4 - - - - - - - - - - - - 7 2 17 34

Note: Cell contents ‘-’ are defined as not supported.

3.7.3.3 Required Time tVAC above VIH(ac) {below ViL(ac)} for Valid Transition

Slew Rate [V/nS] _ tVAC @ 220mV [pS]
min max
>20 175 ]
2.0 170 _
15 167 3
1.0 163 _
0.9 162 _
08 161 3
0.7 159 _
0.6 155 _
0.5 150 ]
<05 150 ]
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3.7.3.4 Nominal Slew Rate and tVAC for Setup Time tDS for DQ with Respect to Strobe

———

DQS_ ¢  --------—]

DQS_t

Vpbppa 0 ————————7

ViHac)min o ——— — ——
VREF to AC

region

VIHDc) min

nominal

/ Slew rate

REF(DC)

ViLioc) max

ViLiac) max

Vss0 e

ATF ATR

Setup Slew Rate = VREF(DC) - VIL(AC)max Setup Slew Rate = ViH@ac)min - VREF(DC)
Falling Signal ATF Rising Signal ATR
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3.7.3.5 Nominal Slew Rate for Hold Time tDH for DQ with Respect to Strobe

DQS_¢c ]

DQS_t

Voba 00— ———1

ViH(ac) min

Vigooymin __
DC to VRrRer

region

nominal —_§
N Slew rate

VREF(DC) _\h _________________ _—t S e

nominal
Slew rate T DC to Vrer
region

WiLDc) max

YViLac) max

Vss@ @ -t -t

ATR ATF

H?':d SIE}‘V Rate = [VRer(pc) - ViLoomaxX.  Hold Slew Rate = [ViHpeymin - VRerpe)
Rising Signal ATR Falling Signal ATF
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3.7.3.6 Tangent Line for Setup Time tDS for DQ with Respect to Strobe

DQS_c
DQS_t
Vopa
nominal
line
ViHagmin e e e e o o o o o o o o D N o
VIH(de) Min
W REF(dc)
ViLide) max
ViL(ac) max g e gl
nominal
line
ATR
VesoQ L _ | _ _ _ _ _ __
Setup Slew Rate = tangent line[ViH@cmin - VREF(dc)
Rising Signal ATR
— - )
ATF | Setup Slew Rate = tangent line[\VreF(dc) - ViLacimax]
Falling Signal ATF
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3.7.3.7 Tangent Line for Hold Time tDH for DQ with Respect to Strobe

DQS_c
DQS _t
\boa
ViHac)min  -———--——f-—-———————— - ————— ———aN - ————
nominal
line
ViHpe)min === ——=====c=====—= R “‘—;/— ==
DC to Vrer
region ta?_gent
ine
V/REF(DC) -——————————————————-—C-',L, ———————————————— ==
fangent
DC to Vrer b=l 78
region
ViLpc) max = -
ViLiac) max I
VesQ T T T T T T T T T T T T T e i
—| |-— — -
ATR ATF
Hold Slew Rate = tangent line [VReF(DC) - ViLipcymax
Rising Signal ATR
Hold Slew Rate = tangent line [ViHpcymin - VReF(DC))
Falling Signal ATF
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Dimenslon In mm
symbol MIN NOM MER
A — — 1.00
Al — 0.22 -—
[ — 0. 68 —
b 0.25 0.30 [0.35
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E 11.40 | 11.50 |11.60
01 10. 50 BSC
EL 6. 50 BSC
e 0. 50 TYP
SE 2.50 TP
S0 1.25 TVP
NOTE:
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2 REFERENCE DOCUMENT: JEDEC MO-276
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1. PRODUCT DESCRIPTION

1.1 Product Information

Data Sheet
SCB4BL512XX0AF-15J
Low power DDR2 SDRAM

512Mbit Low Power DDR2 SDRAM, 4 Banks X 4Mbit X 32 or 4 Banks X 8Mbit X 16.

Parameter LPDDR2
Data Rate 1333
tCK(ns) 1.5
fCK(mHz) 667
1.2 Features
Features Option Marking
- Configuration
- Low Power DDR2 S4B .
- 4 banks x 4M x 32 & 4 banks x 8M x 16 organization * 16Mx32 (4 Bank x4Mbit x32) 51232
- Data Mask for Write Control (DM) * 32Mx16 (4 Bank x8Mbit x16) 51216
- Four Banks controlled by BAO & BA1 - Package
- Programmable CAS Latency: * 221-ball FBGA (11.5mm x 13mm) Lead-free F
Read latency: 10~3 - Speed/Cycle Time
Write latency: 5~1 *1.5ns @ RL10 (LPDDR2-1333) 15J
- Programmable Wrap and No Wrap Sequence: - Temperature
Sequential or Interleave « Commercial 0°C to 85°C Ta C
- Programmable Burst Length: . « Industrial -40°C to 85°C Ta |
4,8 or 16 for Wrap Sequential « Automotive -40°C to 125°C Ta A1
4, 8 for Wrap Interleave
4 for No Wrap
- Automatic and Controlled Precharge Command Description

- Power Down and Deep Power Down Mode
- Auto Refresh and Self Refresh
- Refresh Interval: 4096 cycles/32ms
- Temperature controlled Self Refresh: 4X~0.25X
- Available in 221-ball FBGA
- Double Data Rate (DDR)
- Bidirectional Data Strobe (DQS) for input and
output data, active on both edges
- Differential clock inputs CLK and /CLK
- Power Supply :
VDD1:1.7V - 1.95V
VDD2:1.14V - 1.3V
VDDCA:1.14V - 1.3V
vDDQ:1.14V - 1.3V
- Auto Temperature-Compensated Self Refresh
(Auto TCSR)
- Partial-Array Self Refresh (PASR) Option: Full,
1/2,1/4
- Drive Strength (DS) Option:
34.30hm,400hm,48o0hm,60o0hm,800hm,1200hm
Default 40ohm

UnilC_Techdoc. Rev. C 2025-05

The SCB4BL512XX0AF-15J is a four bank low power
DDR2 DRAM organized as 4 banks x 4M x 32 or 4 banks
x 8M x 16. It achieves high speed data transfer rates by
employing a chip architecture that prefetches multiple bits
and then synchronizes the output data to a system clock.
All of the controls, address, circuits are synchronized
with both edge of an externally supplied clock. 1/O
transactions are possible on both edges of DQS.
Operating the four memory banks in an interleaved
fashion allows random access operation to occur at a
higher rate is possible with standard DRAMs. A sequential
and gapless data rate is possible depending on burst
length, Read/Write latency and speed grade of the device.

Additionally, the device supports low power saving
features like PASR, Auto-TCSR, deep power down, as
well as options for different drive strength. It's ideally
suitable for low power application
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1.3 ORDER INFORMATION

Data Sheet

SCB4BL512XX0AF-15J
Low power DDR2 SDRAM

Product Type" Org. |Speed Clock Package Note"
(MHz)

Commercial Temperature Range (0 °C~ +85 °C)

SCB4BL512320AF-15J x32 LPDDR2-1333 667 PG-TFBGA-221 ®

SCB4BL512160AF-15J x16 LPDDR2-1333 667 PG-TFBGA-221

Industrial Temperature Range (-40 °C~ +85 °C)

SCB4BL512320AF-15J x32 LPDDR2-1333 667 PG-TFBGA-221 ®

SCB4BL512160AF-15J x16 LPDDR2-1333 667 PG-TFBGA-221

Automotive Temperature Range (-40 °C~ +125 °C)

SCB4BL512320AF-15J x32 LPDDR2-1333 667 PG-TFBGA-221 | \)

SCB4BL512160AF-15J x16 LPDDR2-1333 667 PG-TFBGA-221

1) RoHS Compliant Product: Restriction of the use of certain hazardous substances (RoHS) in electrical and electronic equipment as
defined in the directive 2002/95/EC issued by the European Parliament and of the Council of 27 January 2003. These substances
include mercury, lead, cadmium, hexavalent chromium, polybrominated biphenyls and polybrominated biphenyl ethers. For more
information please visit http://www.unisemicon.com/

UnilC_Techdoc. Rev. C 2025-05
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1.4 Block Diagram

1.4.1 Block Diagram X32

Column Addresses Row Addresses
I AQ — A8, BAO, BA1 I | AD - A12, BAD, BA1
Column address Column address Row address Refresh Count
counter buffer buffer efresh Counter

.....................................................................

|R0w decoder | ' | Row decoder I | Row decoder I o | Row deood&r| '

Memory array| . Memory array ' Memory array

]
I
]

]

Memory array

Bank A b Bank B Bank D !

Bank C b

8192 x 512 v

8192 X 512 !
%32 bits \

%32 bits

8192 x 512 L

8192 x 512 L
%32 bits .

%32 bits

Sense amplifier & 1{0) bus
Sense amplifier & [{0) bus
Sense amplifier & 1[0} bus

Sense amplinier & [[0] bus

___________________________

Control logic & timi t
| Input buffer |Du1put buffer | onfrot logic & fiming genarator

DQy-DQ32 J
b4
]
[

CLK, CLKn ‘_j - x

w —
I =<
EUUUU

Cu

Strobe J

Gen.

UDM, LDM

uDQs, LDAs

Data Strobe
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1.4.2 Block Diagram X16

Column Addresses Row Addresses
A0 - A9, BAO, BA1 | | AD - A12, BAD, BA1
Column address Column address Row address Refresh Count
counter buffer buffer efresh Counter

________________________________________________________________________

, |R0w decoder | ' |Row decoder | |R0w decoder | : | Row decoder| .

E - Memory array E ' Memory array ! E 2 Memory array r E 2 Memory array I
' _3 [ [ = [ =3 '
1 8 Bank A L Bank B ) Bank C N e Bank D '
= L N N :
: :_q_i - O o o g '
| = 8192 x 1024 L 8192 x 1024 | B 8192 x 1024 N = 8192 x 1024 '
o x16 bits - x16 bits I x16 bits ' % x16 bits '
I § . N ] S Il :
Control logic & timi t
| Input buffer ‘Outpul buffer | onfrotiogic & fiming generator
I DQy-DQ1g | J
CLK, CLKn ™ ¥ S ) o B B
7 35533338
Q -
=
uDQS, LDQS Strobe =
Can

Data Strobe
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1.5 221 BALL FBGA CONFIGURATION
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UnilC Low power DDR2 SDRAM
1.6 Top View
1 2 3 4 5 6 7 8 9 10 11 12 13 14
DNU NC NC [ Nc [ Nc [ Nc [ NC [ NC NC NC [ NC [ NC NC DNU
NC NC NC | N | Nc | Nc | NC | NC NC NC | NC | NC NC NC
NC NC | Nc | N [ Nc | NC | NC NC NC | NC | NC NC
NC NC | N | Nc | Nc | NC | NC

UnilC_Techdoc. Rev. C 2025-05
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VSS

VSS | DAS3_c VSS
vss | vss | vopq

VDDQ | VDDQ | VSS VSS

vss | Das1_t | vbpa

VSS | DQSI ¢ VSS
VDD2 | VSS VREF (DQ)
VSS | DASO_c VSS
VSS | DQSO_t | vDDQ

VDDQ | VDDQ | VSS VSS

vss | vss | vppq

VSS | DQS2 c

DNU
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1.7 Signal Pin Description

Name Type Description

CK_t,CK_c Input Clock: CK_t and CK_c are differential clock inputs. All Double Data Rate (DDR) CA

Clock Enable: CKE HIGH activates and CKE LOW deactivates internal clock signals and
therefore device input buffers and output drivers. Power savings modes are entered and
CKE Input exited through CKE transitions.

CKE is considered part of the command code.

CKE is sampled at the positive Clock edge.

Chip Select: CS_n is considered part of the command code.

CS_n Input CS_n is sampled at the positive Clock edge.

CA[9:0] Inout DDR Command/Address Inputs: Uni-directional command/address bus inputs.
’ P CA is considered part of the command code.

DQ[31:0] /o Data Inputs/Output: Bi-directional data bus.

DQ[15:0] valid for x32 or x16; DQ[31:16] valid for x32.

Data Strobe (Bi-directional, Differential):

The data strobe is bi-directional (used for read and write data) and differential (DQS _t
and DQS_c). It is output with read data and input with write data. DQS_t is edge-aligned
to read data and centered with write data.

DQSO0_t and DQSO0_c correspond to the data on DQO-7, valid for x32 or x16;

DQS1_t and DQS1_c correspond to the data on DQ8-15, valid for x32 or x16;

DQS2_t and DQS2_c correspond to the data on DQ16-23, valid for x32;

DQS3_t and DQS3_c correspond to the data on DQ24-31, valid for x32.

DQSn_t, DQSn_c 110

Input Data Mask:

DM is the input mask signal for write data. Input data is masked when DM is sampled
HIGH coincident with that input data during a Write access. DM is sampled on both edges
of DQS_t (or DQS_c). Although DM is for input only, the DM loading shall match the DQ
DMn Input and DQS_t (or DQS_c).

DMO is the input data mask signal for the data on DQO-7, valid for x32 or x16;

DM1 is the input data mask signal for the data on DQ8-15, valid for x32 or x16;

DM2 is the input data mask signal for the data on DQ16-23, valid for x32;

DM3 is the input data mask signal for the data on DQ24-31, valid for x32.

VDD1 Supply Core Power Supply 1: Power supply for core.

VDD2 Supply Core Power Supply 2: Power supply for core.

Input Receiver Power Supply: Power supply for CA[n:0], CKE, CS_n, CK_t, and CK_c

VDDCA Supply input buffers.

vDDQ Supply I/O Power Supply: Power supply for Data input/output buffers.
Input Receiver Power Supply: Power supply for CA[n:0], CKE, CS_n, CK_t, and

VREF(CA) Supply CK_c input buffers.

VREF(DQ) Supply Reference Voltage for DQ Input Receiver: Reference voltage for all Data input
buffers.

VSS Supply Ground

VSSCA Supply Ground for CA Input Receivers

VSSQ Supply I/O Ground

ZQ I/O Reference Pad for Output Drive Strength Calibration

UnilC_Techdoc. Rev. C 2025-05
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2. Function description

LPDDR2-S4 devices use a double data rate architecture on the DQ pads to achieve high speed operation.
The double data rate architecture is essentially a 4n prefetch architecture with an interface designed to
transfer two data bits per DQ every clock cycle at the 1/0 pads. A single read or write access for the
LPDDR2-S4 effectively consists of a single 4n-bit-wide, one-clock-cycle data transfer at the internal SDRAM
core and four corresponding n-bit-wide, one-half-clock-cycle data transfers at the I/O pads.

Read and write accesses are burst oriented; accesses start at a selected location and continue for a
programmed number of locations in a programmed sequence.

Prior to normal operation, the LPDDR2 device must be initialized. The following section provides detailed
information covering device initialization, register definition, command description and device operation.

UnilC_Techdoc. Rev. C 2025-05 13 /131
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2.1 Simplified LPDDR2 Bus Interface State Diagram

/r'" "'\\ /.- -
¢ ! ’ \\ —— ic S
Pow_&r { Power DEDX { FEJ::; \| Automatic Sequence
Applied -\.‘ on [+ | Down / ——— % Command Sequence
/"" T M N e
/ Resetting, N Reset kS R
| MR :. ___ MER b ™ rd Y
"\Readiry—'—-—_—_.____"—— / R { ger
e ,,l Resetting I.I DFD ", Refreshing ,|
L, ! Y I
— A J SREF_~~“_
N - i —_
SREFX
,/P;E-Btnng\"' PDX Rese - .%_,/:j"/ S
| Power | o P ~
Down | . wr__| \ REF 3
™ A _ e g » Refreshing |
T / Idle iy g /
( MR " ¢
II.\ Reading \--. -
\____
.'/ Active / Aﬂge y
Power | - | PR, PRA
"\Down e MRR_v, Reading / '

by 'I.' .\ )1'
S EJRA DA M l___,/
WRA RDA
T _L"\-u.\\ ,-—L—-\.H\
{ Wiitng PR, PRA Readlilng \‘-\
| with | | wit |
\Autoprecharge) |Autoprecharge/
PR{A) = Precharge (All) N ! ] \ /__.
ACT = Activate S _,/\ o / —
WR{A) = Write {with Autoprecharge) f./ \\\
RO{A) = Read (with Autoprecharge) | Precharging |
BST = Burst Terminate \ <
Reset = Reset is achieved through MRW command \
MRW = Mode Register Write o

MRR = Mode Register Read
PD = Enter Power Down

PDX = Exit Power Down

SREF = Enter Self Refresh
SREFX = Exit Self Refresh

DPD = Enter Deep Power Down
DPDX = Exit Deep Power Down
REF = Refresh

Note: For LPDDR2-SDRAM in the Idle state, all banks are precharged.
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2.2 Power-up, Initialization, and Power-Off

2.2.1 Timing Parameters for initialization

Symbol - Value Unit Comment
min max

tINITO 20 mS Maximum Power Ramp Time

tINIT1 100 nsS Minimum CKE low time after completion of power ramp

tINIT2 5 tCK Minimum stable clock before first CKE high

tINIT3 200 usS Minimum Idle time after first CKE assertion

tINIT4 1 uS Minimum Idle time after Reset command

tINITS 10 uS Maximum duration of Device Auto-Initialization
tZQINIT 1 usS ZQ Initial Calibration for LPDDR2-S4

tCKb 18 100 usS Clock cycle time during boot

2.2.2 Power Ramp and Initialization Sequence

Tc Td Te Tf Tg

Ta Th
[ 2= 5 tck (min)
SULEN [#)ananaaeaniasiinesan s

o = 20 ms (max) -w

suppiies IR ) | ) Wy o W)

— EIN.‘T:? =200 us {mm) >

tiyT1 = 100 ns (min)

CKE n W ) Wl Wie/h| )

1 fiscke byrs —————™

 tzamr ™

* fir4 = 1 Us (min)

::RESET)—“—I: MRR “—“» zac %\—‘ Valid

CA”

=~
-
i

DQ

"
——
——
P
—

—
—

—
e
—

|

" Midlevel on CA bus meTns: valid NO
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2.2.3 Power Ramp and Device Initialization

The following sequence shall be used to power up an LPDDR2 device. Unless specified otherwise, these
steps are mandatory.

1. Power Ramp

While applying power (after Ta), CKE shall be held at a logic low level (< 0.2 x VDDCA), all other inputs shall
be between VILmin and VIHmax. The LPDDR2 device will only guarantee that outputs are in a high
impedance state while CKE is held low.

On or before the completion of the power ramp (Tb) CKE must be held low.

DQ, DM, DQS_t and DQS_c voltage levels must be between VSSQ and VDDQ during voltage ramp to avoid
latchup. CK_t, CK_c, CS_n, and CA input levels must be between VSSCA and VDDCA during voltage ramp
to avoid latch-up.

The following conditions apply:

Ta is the point where any power supply first reaches 300mV.

After Ta is reached, VDD1 must be greater than VDD2 - 200mV.

After Ta is reached, VDD1 and VDD2 must be greater than VDDCA - 200mV.

After Ta is reached, VDD1 and VDD2 must be greater than VDDQ - 200mV.

After Ta is reached, VREF must always be less than all other supply voltages.

The voltage difference between any of VSS, VSSQ, and VSSCA pads may not exceed 100mV.

The above conditions apply between Ta and power-off (controlled or uncontrolled).

Tb is the point when all supply voltages are within their respective min/max operating conditions. Reference
voltages shall be within their respective min/max operating conditions a minimum of 5 clocks before CKE
goes high.

For supply and reference voltage operating conditions, see 3.2.1.1 “Recommended DC Operating
Conditions” table.

Power ramp duration tINITO (Tb - Ta) must be no greater than 20 mS.

2. CKE and clock

Beginning at Tb, CKE must remain low for at least tINIT1 = 100 nS, after which it may be asserted high.
Clock must be stable at least tINIT2 = 5 x tCK prior to the first low to high transition of CKE (Tc). CKE, CS_n
and CA inputs must observe setup and hold time (1S, tIH) requirements with respect to the first rising clock
edge (as well as to the subsequent falling and rising edges).

The clock period shall be within the range defined for tCKb (18 nS to 100 nS), if any Mode Register Reads
are performed. Mode Register Writes can be sent at normal clock operating frequencies so long as all AC
Timings are met. Furthermore, some AC parameters (e.g. tDQSCK) may have relaxed timings (e.g.
tDQSCKDb) before the system is appropriately configured.

While keeping CKE high, issue NOP commands for at least tINIT3 = 200 uS. (Td).

3. Reset command

After tINIT3 is satisfied, a MRW(Reset) command shall be issued (Td). The memory controller may optionally
issue a Precharge-All command prior to the MRW Reset command. Wait for at least tiNIT4 = 1 uS while
keeping CKE asserted and issuing NOP commands.

UnilC_Techdoc. Rev. C 2025-05 16 /131
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4. Mode Registers Reads and Device Auto-Initialization (DAI) polling:

After tINIT4 is satisfied (Te) only MRR commands and power-down entry/exit commands are allowed.
Therefore, after Te, CKE may go low in accordance to Power-Down entry and exit specification (see section
2.4.24 “Power-Down”).

The MRR command may be used to poll the DAI-bit to acknowledge when Device Auto-Initialization is
complete or the memory controller shall wait a minimum of tiNIT5 before proceeding.

As the memory output buffers are not properly configured yet, some AC parameters may have relaxed
timings before the system is appropriately configured.

After the DAI-bit (MR#0, “DAI”) is set to zero “DAI complete” by the memory device, the device is in idle state
(Tf). The state of the DAI status bit can be determined by an MRR command to MR#0.

The LPDDR2 SDRAM device will set the DAI-bit no later than tiNIT5 (10 uS) after the Reset command. The
memory controller shall wait a minimum of tINIT5 or until the DAI-bit is set before proceeding.

After the DAI-Bit is set, it is recommended to determine the device type and other device characteristics by
issuing MRR commands (MRO “Device Information” etc.).

5. ZQ Calibration:

After tiNIT5 (Tf), an MRW ZQ Initialization Calibration command may be issued to the memory (MR10). This
command is used to calibrate the LPDDR2 output drivers (RON) over process, voltage, and temperature.
Optionally, the MRW ZQ Initialization Calibration command will update MRO to indicate RZQ pad connection.
In systems in which more than one LPDDR2 device exists on the same bus, the controller must not overlap
ZQ Calibration commands. The device is ready for normal operation after tzQINIT.

6. Normal Operation:

After tzQINIT (Tg), MRW commands may be used to properly configure the memory, for example the output
buffer driver strength, latencies etc. Specifically, MR1, MR2, and MR3 shall be set to configure the memory
for the target frequency and memory configuration.

The LPDDR2 device will now be in IDLE state and ready for any valid command.

After Tg, the clock frequency may be changed according to the clock frequency change procedure described
in section 2.4.26 “Input Clock Stop and Frequency Change”.

UnilC_Techdoc. Rev. C 2025-05 17 /131
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2.2.4 Initialization after Reset (without Power ramp)

If the RESET command is issued outside the power up initialization sequence, the reinitialization procedure
shall begin with step 3 (Td).

2.2.5 Power-off Sequence
The following sequence shall be used to power off the LPDDR2 device.

While removing power, CKE shall be held at a logic low level (£ 0.2 x VDDCA), all other inputs shall be
between VILmin and VIHmax. The LPDDR2 device will only guarantee that outputs are in a high impedance
state while CKE is held low.

DQ, DM, DQS_t and DQS_c voltage levels must be between VSSQ and VDDQ during power off sequence to
avoid latch-up. CK_t, CK_c, CS_n and CA input levels must be between VSSCA and VDDCA during power
off sequence to avoid latch-up.

Tx is the point where any power supply decreases under its minimum value specified in 3.2.1.1
“Recommended DC Operating Conditions” table.

Tz is the point where all power supplies are below 300 mV. After Tz, the device is powered off.
The time between Tx and Tz (tPOFF) shall be less than 2s.

The following conditions apply:

Between Tx and Tz, VDD1 must be greater than VDD2 - 200 mV.

Between Tx and Tz, VDD1 and VDD2 must be greater than VDDCA - 200 mV.

Between Tx and Tz, VDD1 and VDD2 must be greater than VDDQ - 200 mV.

Between Tx and Tz, VREF must always be less than all other supply voltages.

The voltage difference between any of VSS, VSSQ, and VSSCA pads may not exceed 100 mV.

For supply and reference voltage operating conditions, see 3.2.1.1 “Recommended DC Operating
Conditions” table.

2.2.6 Timing Parameters Power-Off
Maximum Power-Off Ramp Time is called tPOFF, it is 2s maximum.

2.2.7 Uncontrolled Power-Off Sequence

The following sequence shall be used to power off the LPDDR2 device under uncontrolled condition.

Tx is the point where any power supply decreases under its minimum value specified in the DC operating
condition table. After turning off all power supplies, any power supply current capacity must be zero, except
for any static charge remaining in the system.

Tz is the point where all power supply first reaches 300 mV. After Tz, the device is powered off.
The time between Tx and Tz (tPOFF) shall be less than 2s. The relative levels between supply voltages are
uncontrolled during this period.

VDD1 and VDD2 shall decrease with a slope lower than 0.5 V/uS between Tx and Tz.

Uncontrolled power off sequence can be applied only up to 400 times in the life of the device.
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2.3 Mode Register Definition

2.3.1 Mode Register Assignment and Definition

Each register is denoted as “R” if it can be read but not written, “W” if it can be written but not read, and
“R/W” if it can be read and written.

Mode Register Read command shall be used to read a register. Mode Register Write command shall be
used to write a register.

Mode Register Assignment

MR# MA[7:0] Function Access | OP7 | OP6 | OP5 | OP4 | OP3 | OP2 | OP1 | OPO
0 00H Device Info. R (RFU) RZQl DNVI | DI DAl
1 01H Device Feature 1 W nWR (for AP) wcC | BT BL
2 02H Device Feature 2 W (RFU) RL & WL
3 03H I/O Config-1 W (RFU) DS
4 04H Refresh Rate R TUF | (RFU) Refresh Rate
5 05H Basic Config-1 R LPDDR2 Manufacturer ID
6 06H Basic Config-2 R Revision ID1
7 07H Basic Config-3 R Revision ID2
8 08H Basic Config-4 R 1/0 width Density Type
9 0%H Test Mode W Vendor-Specific Test Mode
10 0AH I/O Calibration W Calibration Code
11-15 0BH~0FH (reserved) - (RFU)
16 10H PASR_Bank W Bank Mask
17 11H (Reserved) W (RFU)
18-19 12H~13H (Reserved) - (RFU)
20-31 14h - 1Fh Reserved for NVM
32 20H DQ Calibration Pattern A R See 6.4.20.2 “DQ Calibration”
33-39 21H~27H (Do Not Use) -
40 28H DQ Calibration Pattern B R See 6.4.20.2 “DQ Calibration”
41-47 29H~2FH (Do Not Use) -
48-62 30H~3EH (Reserved) - (RFU)
63 3FH Reset w X
64-126 40H~TEH (Reserved) - (RFU)
127 7FH (Do Not Use) -
128-190 80H~BEH (Reserved for Vendor Use) - (RFU)
191 BFH (Do Not Use) -
192-254 COH~FEH (Reserved for Vendor Use) - (RFU)
255 FFH (Do Not Use) -
Notes:

1. RFU bits shall be set to ‘0’ during Mode Register writes.

2. RFU bits shall be read as ‘0’ during Mode Register reads.

3. All Mode Registers that are specified as RFU or write-only shall return undefined data when read and DQS shall be toggled.
4. All Mode Registers that are specified as RFU shall not be written.

5. Writes to read-only registers shall have no impact on the functionality of the device.
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2.3.2 MRO_Device Information (MA[7:0] = 00H)

Data Sheet
SCB4BL512XX0AF-15J
Low power DDR2 SDRAM

OP7 | o6 | oPs opa | OP3 oP2 OP1 OP0
(RFU) RZQl DNVI DI DAI
Op: DAl complete
DAl (Device Auto-Initialization Status) Read-only OPO o
1p: DAl still in progress
DI (Device Information) Read-only OP1 Op: S4 SDRAM
DNVI (Data Not Valid Information) Read-only oP2 Op: LPDDR2 SDRAM will not implement DNV functionalit
00b: RZQ self test not executed.
01b: ZQ-pad may connect to VDDCA or float
RZQI (Built in Self Test for RZQ Information) Read-only OP[4:3] 10b: ZQ-pad may short to GND
11b: ZQ-pad self test completed, no error condition detected
(ZQ-pad may not connect to VDDCA or float nor short to GND)

Notes:

1. RZQI will be set upon completion of the MRW ZQ Initialization Calibration command.
2. If ZQ is connected to VDDCA to set default calibration by user, OP[4:3] shall be read as 01. If user does not want to connect ZQ pad to
VDDCA, but OP[4:3] is read as 01 or 10, it might indicate a ZQ-pad assembly error. It is recommended that the assembly error being
corrected first.
3. In the case of possible assembly error (either OP[4:3]=01 or OP[4:3]=10 as defined above), the LPDDR2 device will default to factory
trim settings for RON, and will ignore ZQ calibration commands. In either case, the system may not function as intended.

4. In the case of the ZQ self-test returning a value of 11b, this result indicates that the device has detected a resistor connection to the ZQ
pad. However, this result cannot be used to validate the ZQ resistor value or that the ZQ resistor tolerance meets the specified limits (i.e.,

240 Ohm £ 1%).

2.3.3 MR1_Device Feature 1 (MA[7:0] = 01H)

oFs

or4

OF3 OF1

OP7 |

OP6 |

orz |

OFn0

nWkE (for 4P)

¥

ET EL

EL

¥rite—only

OF[2:0]

010b: BLd (default)

011b: EL=B

100b: EL1A&

411 others: reserved

ET

¥rite—only

OF3

Ob: Sequential (default)

1b: Interleaved

WC

¥rite—only

OFd4

Ob: Sequential (default)

1b: Interleaved

nifk

¥rite—only

OF[7:5]

001b: nWE=2 (default)

010b: nWE=4

011b: nWE=hH

100b: nWR=&

101k: nWRE=Y

110b: nWE=8

111b: nWE=%5

000b: nWE=10

411 others: reserved

Note:

1. Programmed value in nWR register is the number of clock cycles which determines when to start internal precharge operation for a

write burst with AP enabled. It is determined by RU(tWR/tCK).
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SCB4BL512XX0AF-15J

UnilC Low power DDR2 SDRAM
2.3.3.1 Burst Sequence by Burst Length (BL), Burst Type (BT), and Warp Control (WC)
Burst Cycle Number and Burst Address Sequence
C3|C2|C1|C0| WC |BT |BL
112 (3|4 (5(6/7(8/9|10{1112|13[14(15|16
X | X |0g|0g o| 1213
wrap |any
X| X |1g|0g 41213 |01
X|X| X |0g| nw |any y |y+1|y+2|y+3
. ___________________ ______ _____ ____ ______ ______________ __ ___ ________ ___ ____ |
X |Og |Og | Og 0|12 |3 |4|5/6]|7
X |0g|1g |08 2|13 4|5 |6|7(0|1
seq
X |1g|0g | Og 4 (5|6 |7 |0[1]2]3
X 1|1 |0g 6 | 7|01 1]2|3(4|5
wrap 8
X |0g|0g|0g 0|12 |3 |4|5/6]|7
X |0g|1g|0g 2|1 3|10 |1|6|7/4]|5
int
X |1g|0g |0 4 (5|6 |7 |0[1]2]3
X 1|18 |08 6 |7 4|5 (2|3(0]|1
X|X|X|0g| nw |any illegal (not allowed)
. _____ ____ ____ _____ _______________ ____________________ ]
Og |0g|0g|0g 0|12 )|3 |4|,5/6(7/8/9 A|/B|C|D|E|F
Og|0g| 1|08 213 |4 |5 |6|7/8/9/AlB|C|/D|E|F|O0|1
Og|1g|0g|0p 4 5|6 |7 |8/9/AIBICIDIE|F|0|1]2]3
Og|1g|1g|0g 6| 7| 8|9 |ABICIDIE|IF|0|1T[2]|3]|4]|5
seq
18 |0g | Og | Og |wrap 1E;E?,EiABCDEFCJ123456?’
1810g| 18|08 A|lB|C|DIE|FIO|1]|2|3|4|5|6|7|8|9
18|18 |0 | Og C|D|E|F|0|1]2|3|4|5|6|7|8|9|A|B
18|18 | 18| 0B E|F|0|1|2|3|4|5|6|7|8|9|A|B|C|D
X|X|X|0g int illegal (not allowed)
X | X|X|0g| nw |any illegal (not allowed)

Notes:
1. CO input is not present on CA bus. It is implied zero.

2. For BL=4, the burst address represents C[1: 0].
3. For BL=8, the burst address represents C[2:0].
4. For BL=16, the burst address represents C[3:0].

5. For no-wrap (nw), BL4, the burst shall not cross the page boundary and shall not cross sub-page boundary. The variable y may start at
any address with CO equal to 0 and may not start at any address shown in table below.
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Data Sheet
SCB4BL512XX0AF-15J

UnilC Low power DDR2 SDRAM
2.3.3.2 Non Wrap Restrictions
64Mb 128Mb/256Mb 512Mb/1Gb/2Gb 4Gb/6Gb/8GD
Not across full page boundary
X8 IFE. 1FFE. 000, 001 |3FE. 3FF. 000. 001 | 7FE. 7FF. 000, 001 | FFE. FFF. 000, 001
x16 FE. FF. 00, 01 1FE. 1FF. 000. 001 | 3FE, 3FF. 000, 001 | 7FE. 7FF. 000, 001
x32 7E. 7F. 00. 01 FE. FF. 00, 01 1FE. 1FF. 000. 001 | 3FE. 3FF. 000. 001
Not across sub page boundary
O7E. 07F. 080. 081 |OFE. OFF. 100. 101 | 1FE. 1FF. 200. 201 | 3FE. 3FF. 400. 401
X8 OFE. OFF. 100, 101 |1FE. 1FF, 200, 201 | 3FE. 3FF. 400, 401 | 7FE. 7FF. 800, 801
17E. 17F. 180, 181 |2FE. 2FF. 300, 301 | SFE. 5FF. 600, 601 | BFE. BFF. C00. C01
x16 7E. 7F. 80. 81 OFE. OFF. 100. 101 | 1FE. 1FF. 200, 201 | 3FE. 3FF. 400, 401
X32 None None None None
NOTE 1 Non-wrap BL=4 data-orders shown above are prohibited.
2.3.4 MR2_Device Feature 2 (MA[7:0] = 02H)
op7 | ope | ors | oP4 orz | orz | aort | C©FO
R (for AP) RL & WL
0001lb: RL=32/WL=1 (default)
0010b: RL=4/WL=2
0011b: RL=5/WL=2
0100b: RL=R/WL=3
RL & WL ¥rite-only OF[3:0] |0101b: RL=7/WL=4
0110b: RL=8/WL=4
0111b: RL=5%/WL=5
1000b: RL=10/WL=5
411 others: reserved
2.3.5 MR3_1/O Configuration 1 (MA[7:0] = 03H)
oP7 | ope | ops | opra oP3 | oPz2 | oOP1 OP0
(RFU) DS
0000p: reserved
0001p: 34.3-ohm typical
0010p: 40-ohm typical (default)
0011p: 48-ohm typical
DS Write-only OP[3:0] P100b: 60-ohm typical
0101p: reserved
0110p: 80-ohm typical
0111p: 120-ohm typical
All others: reserved
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UnilC Low power DDR2 SDRAM

2.3.6 MR4_Device Temperature (MA[7:0] = 04H)

OP7 oré | oP5 | op4a | oOP3 or2 | opP1 | OPO
TUF (RFU) SDRAM Refresh Rate

000h: SDRAM Low temperature operating limit exceeded
001b: 4x tREFI, 4% iREFW
010p: 2x {REFI, 2X tREFW
SDRAM Read-onl OP[2:0] ?:J;b Lz;ﬁ:é.dﬂ REEREE
Refresh Rate -onty ] b-

101p: 0.25x% tREFI, 0.25x tREFW, do not de-rate SDRAM AC
timing
110p: 0.25% IREFI, 0.25X tREFW, de-rate SDRAM AC timing
111p: SDRAM High temperature operating limit exceeded
Temperature Op: OP[2:0] value has not changed since last read of MR4.
Update Flag (TUF Read-only OP7 . )
pdate Flag (TUF) 1p: OP[2:0] value has changed since last read of MR4.
Notes:
1. A Mode Register Read from MR4 will reset OP7 to ‘0’.
OPY7 is reset to ‘0’ at power-up.
If OP2 equals ‘1, the device temperature is greater than 85°C.
OP7 is set to ‘1’ if OP2:0OP0 has changed at any time since the last read of MR4.
LPDDR2 might not operate properly when OP[2:0] = 000b or 111b.
For specified operating temperature range and maximum operating temperature, refer to “Operating Temperature Conditions” table.
LPDDR2 devices must be derated by adding 1.5 nS to the following core timing parameters: tRCD, tRC, tRAS, tRP, and tRRD.

tDQSCK shall be de-rated according to the tDQSCK de-rating value in “LPDDR2 AC Timing” table. Prevailing clock frequency spec
and related setup and hold timings shall remain unchanged.

8. The recommended frequency for reading MR4 is provided in “Temperature Sensor” section.

NookwN

2.3.7 MR5_Basic Configuration 1 (MA[7:0] = 05H)

OP7 OP& \ OP5 | OP4 | OP3 \ OP2 OP1 OPOD
LPDDR2 Manufacturer ID

LPDDR2 Manufacturer [D |  Read-only | OP[7:0] | 0001 1010b:UniIC |

2.3.8 MR6_Basic Configuration 2 (MA[7:0] = 06H)

OF7 OP& OP5 OoP4 oP3 OoP2 OP1 OF0

Revision ID1

Rewision 1D1 Read-only OP[7:0] 00000000p: A-version
Note: MR6 is Vendor Specific.

2.3.9 MR7_Basic Configuration 3 (MA[7:0] = 07H)

OF7 OPe OPF5 OF4 OF3 OP2 OP1 OF0

Revision ID2

Revision 1D2 Read-only OP[7:0] 00000000p: A-version
Note: MR7 is Vendor Specific.
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UnilC Low power DDR2 SDRAM
2.3.10 MR8_Basic Configuration 4 (MA[7:0] = 08H)
OPT OP& OP5 OP4 oP3 oP2 OoP1 OPOD
/O width Density Type
Type Read-only OP[1:0) 00p: S4 SDRAM

Density Read-only OP[5:2] 0011p: 512Mb

IO width Read-onl OP[7:6 O x32

1O w cad-only [7:6] 01p: x16

2.3.11 MR9_Test Mode (MA[7:0] = 09H)

OP7 OP& OP5 OP4 OP3 OP2 OP1 OF0

Vendor-specific Test Mode

2.3.12 MR10_Calibration (MA[7:0] = 0AH)

OP7 OP& | OP5 | OP4 OP3 OP2 OP1 OPO
Calibration Code

0xFF: Calibration command after initialization
O0xAB: Long calibration

Calibration Code Write-only OP[7:0] 0x56: Short calibration

0xC3: 24 Reset

others: Reserved

Notes:
1. Host processor shall not write MR10 with “Reserved” values.

2. LPDDR2 devices shall ignore calibration command when a “Reserved” value is written into MR10.
3. See AC timing table for the calibration latency.

4. If ZQ is connected to VSSCA through RZQ, either the ZQ calibration function (see section 2.4.23 “Mode Register Write ZQ Calibration
Command”) or default calibration (through the ZQreset command) is supported. If ZQ is connected to VDDCA, the device operates with
default calibration, and ZQ calibration commands are ignored. In both cases, the ZQ connection shall not change after power is applied to
the device.

5. The MRW ZQ Initialization Calibration command will update MRO to indicate RZQ pad connection.
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UnilC Low power DDR2 SDRAM
2.3.13 MR16_PASR_Bank Mask (MA[7:0] = 10H)
o7 | ope | ops | ops op3 | op2 | oP1 | opo
54 SDRAM Reserved Bank Mask
Ob: self-refresh enable to the bank (~unmasked, default)
1b: self-refresh blocked (=masked)
] ) ) OPO0: bank 0
Bank [3:0] Mask Write-only OP[3:0] OP1: bank
OP2: bank 2
OP3: bank 3
R I Write-only OP[74] f;g%r\ézd Any value written to OP[7:4] are ignored by

Note: The MR16 is used to control which bank or banks are to be masked or unmasked in self-refresh mode. It has no effect in auto-
refresh mode because LPDDR2 512Mb device does not support per-bank refresh in auto-refresh mode.

oP Bank Mask 4-Bank S4 SDRAM
0 XXXXXXX1 Bank 0

1 XXXXXX1X Bank 1

2 XXXXX1TXX Bank 2

3 XXXXIXXX Bank 3

4 - -

5 - -

6 - -

7 - -

2.3.14 MR32_DAQ Calibration Pattern A (MA[7:0] = 20H)
Reads to MR32 return DQ Calibration Pattern “A”. See section 2.4.20.2 “DQ Calibration”.

2.3.15 MR40_DQ Calibration Pattern B (MA[7:0] = 28H)
Reads to MR40 return DQ Calibration Pattern “B”. See section 2.4.20.2 “DQ Calibration”.

2.3.16 MR63_Reset (MA[7:0] = 3FH): MRW only

OP7 |

OP6 |

OPS

| OP4 | OP3

OP1 OF0

X

For additonal information on MRW RESET see section 2.4.21 “Mode Register Write Command”.
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UnilC Low power DDR2 SDRAM

2.4 Command Definitions and Timing Diagrams

2.4.1 Activate Command

The SDRAM Activate command is issued by holding CS_n LOW, CAO0 LOW, and CA1 HIGH at the rising
edge of the clock. The bank addresses are used to select the desired bank. The row addresses are used to
determine which row to activate in the selected bank. The Activate command must be applied before any
Read or Write operation can be executed. The LPDDR2 SDRAM can accept a read or write command at time
tRCD after the activate command is sent. Once a bank has been activated it must be precharged before
another Activate command can be applied to the same bank. The bank active and precharge times are
defined as tRAS and tRP, respectively. The minimum time interval between successive Activate commands to
the same bank is determined by the RAS cycle time of the device (tRC). The minimum time interval between
Activate commands to different banks is tRRD.

2.4.1.1 Activate Command Cycle: tRCD = 3, tRP = 3, tRRD = 2
TO T1 T2 T3 Tn Th+1 Tn+2 Tn+3

—l I~ Al = Al = [V l I~ Al [V | I'm
CK_t/CK_cf\ r } f } { W ﬂ r } f } { \1
(S L (R L - (S LI’

Bk A "\ Baud Balk BarkA Bk A
CAQ-9 (RuwﬂderRnwAddr}( }< ){RmﬂddeRmﬂdde memm>’ - ( X X X X X XRWHderRWHddr)

| [ RAS-CAS delay = taep | | | \
L | | | |
[

: I
| Resﬂd Begins

|RAS - RAS delay time = toq, | | _ |
Bank Precharge time = t,; |

| | | | | | | | : : : : N |
A
T
|
|

[Cmd] <Activate>'< Nop >~< Activate >~( Read }----—<Precharge>< Nop >< Nop >-< ctivate}
T T T T T |

T
" Bank Active = teas I T T T I
| . . . ! 1 . : . |
| ! | l ! ! | Row Cycle time = 1. | | | | |
| | I | T T T T I I | | : | l

Note:

A Precharge-All command uses tRPab timing, while a Single Bank Precharge command uses tRPpb timing. In this figure, tRP is used to
denote either an All-bank Precharge or a Single Bank Precharge
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2.4.1.2 Command Input Setup and Hold Timing
T0 T1 T2 T3
e e R B
CK_UCK_c A } A L Iﬁ '%I, f "'.R[I
e — o N — b e —

| |
| |
i I Vinac- _I_.‘,MDC} I
CS_n : \ vIIL'IMI]\— : ?—/VII_[DC] 7 \ \ : / \

| ' |
| :
I

!

i fes{tiv

|

|

|

|

|
[l ca W/ ca W ca¥/ cal II Ciﬂx

CAQ-9 II Rise ))('I Fall } Rise . ( Fall Ii | Rise ,) I_

llllf f

[Cmd]-I,\ Nop /I\Commandfrﬂl Nop
I | | | | | |

[ ] HIGH or LOW (but a defined logic level)

Note: Setup and hold conditions also apply to the CKE pad. See section related to power down for timing diagrams related to the CKE pad.

UnilC_Techdoc. Rev. C 2025-05 271131



Qiil Data Sheet

' SCB4BL512XX0AF-15J
UnilC Low power DDR2 SDRAM

2.4.1.3 CKE Input Setup and Hold Timing

T0 T1 TX Tx+1

I 1
U3 e B . |

CK_t/CK_c ;;{:f P |" " % O

I 1
— A, r—'r — =

|Iil II, i II ‘|{|I I.I|I

|'|I_ _ _.':l'n—.'lll_ _ ||| —l'll_ _ _fllll—lll'l_ __ _n
1 I| 1 1

| ' \ | I
 UHCKE W\ iHCKE
' A\ i

ViHcKE
ViLcke /

|
|
|
CKE |

< -]
liscke

[ ] HIGH or LOW (but a defined logic level)

Notes:
1. After CKE is registered LOW, CKE signal level shall be maintained below VILCKE for tCKE specification (LOW pulse width).
2. After CKE is registered HIGH, CKE signal level shall be maintained above VIHCKE for tCKE specification (HIGH pulse width).
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2.4.2 Read and Write Access Modes

After a bank has been activated, a read or write cycle can be executed. This is accomplished by setting
CS_n LOW, CAO HIGH, and CA1 LOW at the rising edge of the clock. CA2 must also be defined at this time to
determine whether the access cycle is a READ operation (CA2 HIGH) or a WRITE operation (CA2 LOW).

The LPDDR2 SDRAM provides a fast column access operation. A single Read or Write Command will
initiate a burst read or write operation on successive clock cycles.

A new burst access must not interrupt the previous 4-bit burst operation in case of BL = 4 setting. In case
of BL = 8 and BL = 16 settings, Reads may be interrupted by Reads and Writes may be interrupted by Writes
provided that this occurs on even clock cycles after the Read or Write command and tCCD is met.

2.4.3 Burst Read Command

The Burst Read command is initiated by having CS_n LOW, CAO HIGH, CA1 LOW and CA2 HIGH at the
rising edge of the clock. The command address bus inputs, CA5r-CA6r and CA1f-CA9f, determine the starting
column address for the burst. The Read Latency (RL) is defined from the rising edge of the clock on which the
Read Command is issued to the rising edge of the clock from which the tDQSCK delay is measured. The first
valid datum is available RL * tCK + tDQSCK + tDQSQ after the rising edge of the clock where the Read
Command is issued. The data strobe output is driven LOW tRPRE before the first rising valid strobe edge. The
first bit of the burst is synchronized with the first rising edge of the data strobe. Each subsequent data-out
appears on each DQ pad edge aligned with the data strobe. The RL is programmed in the mode registers.

Timings for the data strobe are measured relative to the crosspoint of DQS _t and its complement, DQS_c.
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2.4.3.1 Data Output (Read) Timing (tDQSCKmax)
RL + BL/2

o
t o thz(Das)
tizpas) _ DQSCKmax tash los
= = DQs_c
omr 0
DQS_t \
rPRE
DQ |'/_
toasamax
|
Y zpa) |

Notes:
1. tDQSCK may span multiple clock periods.
2. An effective Burst Length of 4 is shown.
2.4.3.2 Data Output (Read) Timing (tDQSCKmin)
RL-1 RL RL + BL/2

ST T

o S

thzpos)

tbasamax

tzpg) ’-q——-|

tHzoa)

Note: An effective Burst Length of 4 is shown.
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2.4.3.3 Burst Read: RL =5, BL = 4 tDQSCK > tCK

T0 T1 T3 T4 T5 6 T7 T8
| ' ' I

\ W ) I.r_ I IJ’_ - II'_ ) I.I_ = I |
N iatntatntnt s .
(I v | [ | ] S L ]

os (G L)

INEEEN
omd —~ meaa N nop N nNop N neo ) Nopl>‘< nop X N0pl>< NOP.II NOP.I

| . I | | | | . | -
1 1 1 1 1 DQSCH 1 1 1

DQs_c | I | | | il - als -
D(JS_} I 1 I 1 I RL}ZS I 1 I | I \ | I - EJ I v I_J I 1

| ' I ' | ! | ' | I ' I[ : :
DQS 1 1 1 1 : : (

| I | | | I |\

| | | | | |

0Ty X(Dﬂm A }X DOUTA, XIDIII P.;\)}iI

. . . I [ : [

2.4.3.4 Burst Read: RL =3, BL =8, tDQSCK <tCK
TO |

T4 T5 T6 T7 T8
I _ﬂ - ; ~ Ir‘ _“ If_ _ﬂ Ir‘ _“ If_ —“ Ir‘ _TI If
CW“#I II/ SN EERENE
|L. ! | [ _ﬂ : F_ _ﬂ |L_ J: ‘L_ _ﬂ |L_ _ﬂ

CA0-9 III:LIIICMIIIIIIIIII S| Y | | N | S | W | Y | | W |
ol (TR vor .II x o ) op:x Nop:x Nop:x NOP:X o )

DQS_c
DQS_t

DQs

ImeIIwII I -—

- — 7 T+ — —

|

g 1 I
I
|

. |
2.4.3.5 LPDDR2: tDQSCKDL Timing
Tn Tnt1 Tnt2 Tn+3 Tn+4 Tnts Tnt6 Tn+7 Tn+8

Tm Tm+1 Tm+2 Tm+3 Tm+4d Tm+d Tm+6 Tm+7 Tm+8

CK_t/CK_c

CA0-9
[Cmd] ‘ NopX NopX Nopx NopX Nopx NopX Nop
I | I | I | I | | | | toasckn | I I

DQS ¢ [ I I I | ==

_ 1 ] I ] ! ] ! | I ] P I
DQS_t D D yelst T 1y
DQS IlI'I:I:I.I

EEREERES
I

1|
[
)
| |
R T T T
IDOSCKDL =| IDQSCKn tDQSCKm |

Note: tDQSCKDLmax is defined as the maximum of ABS(tDQSCKn - tDQSCKm) for any {tDQSCKn ,tDQSCKm} pair within any 32mS
rolling window.
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2.4.3.6 LPDDR2: tDQSCKDM Timing
Tn Tntl Tn+2 Tn+3 Tntd Tn+d Tn#6 Tn+7 Tn+8 [/Tm  Tm+l Tm+2 Tm+3 Tm+d Tm+H Tm+6 Tm+7 Tm+8

]

[Cmd] NopX NopX Nopx NopX Nopx NopX ‘ NopXNop X NopX Nopx NopX NopX Nopx Nop)
I I I | | | toasckn I I I
ose Lt Sl lagarE
Dast | Iy Tk Ty T, R
]| I I |7 [ 7 |
DQS 1 ] | I I I I I |
I I | I | I | | |
I [ I I 1 ! |
| I ) I I I

I I ]C.. Il I
. IIIIE
N
L I
tDQSCKDM = | tDQSCKn - tDQSCKm |

Note: tDQSCKDMmax is defined as the maximum of ABS(tDQSCKn - tDQSCKm) for any {tDQSCKn,tDQSCKm} pair within any 1.6uS
rolling window.

UnilC_Techdoc. Rev. C 2025-05 32 /131



Qiil Data Sheet
' SCB4BL512XX0AF-15J
UnilC Low power DDR2 SDRAM

2.4.3.7 LPDDR2: tDQSCKDS Timing
Tn Tn+1 Tnt2 Tn+3 Tn+4 Tn+d Tnt6 Tn+7 Tn+8 f/Tm Tm+1 Tm+2 Tm+3 Tm+4 Tm+5 Tm+6 Tm+7 Tm+8

CK_t/CK_c

CA0-9
[Cmd] .(NopXNopXNopXNopX NopX 'NOpXNopXNopX NopXNopXNopXNopXNop)
:|:|:|:|:||moscr<n | Jes T[T sl [ 1] |
DQS_c " B TV
DRSt 1 T TiRlsr T K
L L L L ¢
DQS | IR L B : ' : ' :
| | |
| || | || I || I i i
R H N I B o
tDQSCKDS = | tDQSCKn - tDQSCKm |
Note:

tDQSCKDSmax is defined as the maximum of ABS(tDQSCKn - tDQSCKm) for any {tDQSCKn ,tDQSCKm} pair for reads within a
consecutive burst within any 160nS rolling window

2.4.3.8 Burst Read Followed by Burst Write: RL=3, WL=1,BL =4

TO T T2 T3 T4 T5 T6 T7 T8
! Tl el et el fale

|\_ J\ )|/L _Iu\ /\_ J\;\ |/L _r\ {\_ _}\ |‘|_

oo (EBE_ O e )

CK_t/ CK_c

T

X' S
mmamx»axwwuwxmx BETN TS AT

3 : E tDOSICK ' BL/2 ' | tbassmin | :
DQS_c 1 : Y r' o 1 .
DQS_t | : A : : | 1

: 1 : 1 1 WL\_1

wwwww;

| |
| |
| |
I RL=3 \
T T
| |
T T
| \
| [ f |

|
| |
| I

DQs ! 5 | : e WL=1 o
| |
| |
| |

The minimum time from the burst read command to the burst write command is defined by the Read
Latency (RL) and the Burst Length (BL). Minimum read to write latency is RL + RU(tDQSCKmax/tCK) + BL/2 +
1 - WL clock cycles. Note that if a read burst is truncated with a Burst Terminate (BST) command, the effective
burst length of the truncated read burst should be used as “BL” to calculate the minimum read to write delay.
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2.4.3.9 Seamless Burst Read: RL =3, BL=4,tCCD =2
TO T1 T T3 T4 T5 T6 T7 T8

2
ll :F ﬁl‘ :r ! :F ~ :r = :F I :T ! :F I ;r Tl :1’
ovvecef N AL LA
| S — ] | |\_ i | E— | S— [ | S — ] | -] | S

oroo (I @R

|
[Cmd] -( Read >-< Nop >< Read >< Nop >-< Nop >4< Nop ><|Nop:>< Nop >-<|Nop >—
_\I

] T 1 | 1
1 tC(;D:2 ! . 1
| v :
| l
| 1
I
|
|

DQS_c
DQS_t

RL=3

DQs : :

- — o T = -

The seamless burst read operation is supported by enabling a read command at every other clock for BL
= 4 operation, every 4 clocks for BL = 8 operation, and every 8 clocks for BL=16 operation.

For LPDDR2-SDRAM, this operation is allowed regardless of whether the accesses read the same or
different banks as long as the banks are activated.

2.4.4 Reads Interrupted by a Read
For LPDDR2-S4 device, burst read can be interrupted by another read on even clock cycles after the
Read command, provided that tCCD is met.
2.4.4.1 Read Burst Interrupt Example: RL =3,BL=38,tCCD =2

T0 T7 T8
[ : [

owacef /L J\r j/L 1 W/’L J\F % f “/L J\r ﬁ/L Jx I

CA0-9 (cmanmnX X Xwﬁﬂs)(wm)( X X X

3 |
Cmel {* Read }( Noplx Readl>< Nop'>< Nop }< Nop }( Nop >< Nop }< Nop }

I I ] I ] ] ] ] ] ]
o Loty _ : : : : :
DQS ¢ I ) | \ <1 , F + T -0 N [ -0 [
DQS_t | | | | | | | | | | | | | | | | |
g . C RL-3 . : Lo Lo = - _f -
~ : [ : [ : 1 L
DQs | " | " | " | " \ DOUT Ay | A\ DOUT Ay |} A DOUT Ay | 41 DOUT Ay 1 £ DOUT By f £ DOUT By 41 DOUT By f .4 DOUT By | { DOUT B A | DOUT Bg
| ' | f | f | f | f | . | '
Notes:
1. For LPDDR2-S4 devices, read burst interrupt function is only allowed on burst of 8 and burst of 16.
2. For LPDDR2-S4 devices, read burst interrupt may occur on any clock cycle after the initial read command, provided that tCCD is met.
3. Reads can only be interrupted by other reads or the BST command.
4. Read burst interruption is allowed to any bank inside DRAM.
5. Read burst with Auto-Precharge is not allowed to be interrupted.
6. The effective burst length of the first read equals two times the number of clock cycles between the first read and the interrupting read.
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2.4.5 Burst Write Operation

The Burst Write command is initiated by having CS_n LOW, CAO0 HIGH, CA1 LOW and CA2 LOW at the
rising edge of the clock. The command address bus inputs, CA5r-CA6r and CA1f-CA9f, determine the starting
column address for the burst. The Write Latency (WL) is defined from the rising edge of the clock on which the
Write Command is issued to the rising edge of the clock from which the tDQSS delay is measured. The first
valid data must be driven WL * tCK + tDQSS from the rising edge of the clock from which the Write command
is issued. The data strobe signal (DQS) should be driven LOW tWPRE prior to the data input. The data bits of
the burst cycle must be applied to the DQ pads tDS prior to the respective edge of the DQS_t, DQS_c and
held valid until tDH after that edge. The burst data are sampled on successive edges of the DQS _t, DQS ¢
until the burst length is completed, which is 4, 8, or 16 bit burst.

For LPDDR2-SDRAM devices, tWR must be satisfied before a precharge command to the same bank
may be issued after a burst write operation.

Input timings are measured relative to the cross point of DQS_t and its complement, DQS_c.

2.4.5.1 Data Input (Write) Timing

tDQ SH Sl tDQSL

DQS_c - > >
DQS_c N2 N
DQS_t Nooost A0 _ A A
e

DQ >< D X 'HSC >< D
¥ : i V|L(dc) % ¥
toH o
DM . . / b (dc
DMin DMin X: X DMin
\ / \Vi(de)
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N

UnilC

2.4.5.2 Burst Write: WL =1, BL=4
T0 T1

I
RESERERE
CK_t/CK_c __ﬁ |\ ! L

s BEOLOOO00| B
o (e ) o Yo e o Y

Case 1:with tDbss(ma?()

DQS_c
DQS_t

|
|
DQs |

tDQSSmaJ

I D R

oss| | toss|

x

|
tDQS$min

\
|
\
Case 2:with todss(min)
|
|
|

‘[DSH

DINAD
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2.4.5.3 Burst Write Followed by Burst Read: RL = 3, WL=1, BL=4
T0 T1 T2 T3

J—--1 |j__q1|
CK_t/CK_ ¢ X i K k l
i e e e

CAO-9 (XX X X X
I 1 [ | I 1

[Cmd] —< Write >< Nop >< Nop
i

jaaE  nan)
o [ _( }( -}

T
RLF

T | T T T T T T
I= | | | |
et ol e 1
pasc | | A N T N T N A Y.
DQS t T T er 1 1 ] T ]I l\
| | R | | |
| | | | | | ’I | | | | :
Das i —
| | |
I I T T R T
Notes:
1. The minimum number of clock cycles from the burst write command to the burst read command for any bank is [WL + 1 + BL/2 +
RU( tWTRACK)].

2. tWTR starts at the rising edge of the clock after the last valid input datum.
3. If a write burst is truncated with a Burst Terminate (BST) command, the effective burst length of the truncated write burst should be
used as “BL” to calculate the minimum write to read delay.

UnilC_Techdoc. Rev. C 2025-05 371131



Qiil Data Sheet

' SCB4BL512XX0AF-15J
UnilC Low power DDR2 SDRAM

2.4.5.4 Seamless Burst Write: WL=1, BL =4,tCCD =2
TO T1 T2 T3 T4 TS5 T6

CK_t/CK_ ¢

\
|
|
| |
CAO -9 Ggaﬁdﬂ: Xcm Addr ﬁX X X:nlaala,{:.::dr:I BXCoI Addr BX X
I i
[Cmd] 4< Write X

I tcqD = 2i
I |
DQS_c | l
DQS_t T !
Wii=1 :
l—— |
DQs — i :
|
[ T L I
Note:

The seamless burst write operation is supported by enabling a write command every other clock for BL = 4 operation, every four clocks for
BL = 8 operation, or every eight clocks for BL = 16 operation. This operation is allowed regardless of same or different banks as long as
the banks are activated

2.4.6 Writes Interrupted by a Write

For LPDDR2-S4 devices, burst writes can only be interrupted by another write on even clock cycles after
the write command, provided that tCCD(min) is met.

UnilC_Techdoc. Rev. C 2025-05 38 /131



Qiil Data Sheet
SCB4BL512XX0AF-15J

UnilC Low power DDR2 SDRAM

2.4.6.1 Write Burst Interrupt Timing' WL =1,BL =38, tCCD =2
T0 T1
|

\I

== l'__'l |~ ll__‘- Il__
CK_t/CK Cm w
T e e e e e e e e

CAO'g <cg|a,\:;dhrqx{:ol Addrx X X:SIT:dNr EXCOI Addr B| X X
[Cmd] —< Write X

| : thD— 2 :

T |

DQS ¢ I | [ :
DQS t . i X :
I WL=1 | |

" |

DQs i : i .
| |

T

Notes:

1. For LPDDR2-S4 devices, write burst interrupt function is only allowed on burst of 8 and burst of 16.

2. For LPDDR2-S4 devices, write burst interrupt may only occur on even clock cycles after the previous write commands, provided that
tCCD(min) is met.

3. Writes can only be interrupted by other writes or the BST command.

4. Write burst interruption is allowed to any bank inside DRAM.

5. Write burst with Auto-Precharge is not allowed to be interrupted.

6. The effective burst length of the first write equals two times the number of clock cycles between the first write and the interrupting write.
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2.4.7 Burst Terminate

The Burst Terminate (BST) command is initiated by having CS_n LOW, CA0 HIGH, CA1 HIGH, CA2
LOW, and CA3 LOW at the rising edge of clock. A Burst Terminate command may only be issued to terminate
an active Read or Write burst. Therefore, a Burst Terminate command may only be issued up to and including
BL/2 - 1 clock cycles after a Read or Write command. The effective burst length of a Read or Write command
truncated by a BST command is as follows:

Effective burst length = 2 x {Number of clock cycles from the Read or Write Command to the BST
command}

Note that if a read or write burst is truncated with a Burst Terminate (BST) command, the effective burst
length of the truncated burst should be used as “BL” to calculate the minimum read to write or write to read
delay.

The BST command only affects the most recent read or write command. The BST command truncates an
ongoing read burst RL * tCK + tDQSCK + tDQSQ after the rising edge of the clock where the Burst Terminate
command is issued. The BST command truncates an ongoing write burst WL * tCK + tDQSS after the rising
edge of the clock where the Burst Terminate command is issued.

For LPDDR2-S4 devices, the 4-bit prefetch architecture allows the BST command to be issued on an
even number of clock cycles after a Write or Read command. Therefore, the effective burst length of a Read
or Write command truncated by a BST command is an integer multiple of 4.
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2.4.7.1 Burst Write Truncated by BST: WL =1, BL = 16
TO T1 T2 T3 T4 T3 T6 T7 T8

CA0-9 (% I( X

II
=)

BST'not a Iowec{

|
l I I | WLt K+tD(]SS |

X A
[Cmd] { — X - X Nop X NODIX - X Nop X X
{:)

1
:
| wil=1 I

N i
| I | | | | |
1 S U U e W s
pas ¢ 1 " I,f"r‘}( . Y_h/ | \(I‘y | \;’IX | \, S
DAstt T T T Tl ALALA I A LA A A T T
T O /A '. N R R
DQs L ’t.! {.f' ‘.t ‘..l 'I. i{.: N I I
I T e T I S A S IR S R R
Notes:

1. The BST command truncates an ongoing write burst WL * tCK + tDQSS after the rising edge of the clock where the Burst Terminate
command is issued.

2. For LPDDR2-S4 devices, BST can only be issued at even number of clock cycles after the Write command.

3. Additional BST commands are not allowed after T4 and may not be issued until after the next Read or Write command.

2.4.7.2 Burst Read Truncated by BST: RL = 3, BL = 16

\
CK_t/CK_c

CAQ-9

XXXXXXXXXXXX,IW
, !NopIX!Nop XINopX BSTXINOPIX lNopIX NopI Nop>_
) BTT notlallowpd :

] |
| |
| |
I |
|
| RLES | o
| |
| |
| |
| 1

] | |
L] L) T
I I I
Notes:
1. The BST command truncates an ongoing read burst RL * tCK + tDQSCK + tDQSQ after the rising edge of the clock where the Burst
Terminate command is issued.
2. For LPDDR2-S4 devices, BST can only be issued at even number of clock cycles after the Read command.
3. Additional BST commands are not allowed after T4 and may not be issued until after the next Read or Write command.

[Cmd]

!

|

|

|
DQS ¢ 7
A
|
|
|
|

DQS_t

DQs
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2.4.8 Write Data Mask

One write data mask (DM) pad for each data byte (DQ) will be supported on LPDDR2 devices, consistent
with the implementation on LPDDR SDRAMSs. Each data mask (DM) may mask its respective data byte (DQ)
for any given cycle of the burst. Data mask has identical timings on write operations as the data bits, though
used as input only, is internally loaded identically to data bits to insure matched system timing.

See 2.4.14.2 “Precharge & Auto Precharge Clarification” table for Write to Precharge timings.

2.4.8.1 Write Data Mask Timing
Data Mask Timing

DQS ¢ ST T T T T T N4 \, ____________

DQS_t s AN

___________

SN 777 . S
oM 7222220l ) i L2

tbs ' tDH ‘ tbs ! tDH

Data Mask Function, WL= 2, BL=4 shown,second DQ masked
CK ) -- -- -— -— - -— -
Skt o AN X O X X X X X X
[Cmd] [Wjirte ( ) twR -

= tDQSSmI — -
Case 1: min tDQSS WL=2 A N tWTR

777777770 X "%%%%%%ﬁ
00 7 XN X 77777
om 0000 |\ L

Case 2: max tDQss tDQSSmax

0 I X KX N 7777
N O e T,
o 27777770\ (7777
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2.4.9 Precharge Operation

The Precharge command is used to precharge or close a bank that has been activated. The Precharge
command is initiated by having CS_n LOW, CA0 HIGH, CA1 HIGH, CA2 LOW, and CA3 HIGH at the rising
edge of the clock. The Precharge Command can be used to precharge each bank independently or all banks
simultaneously. For 4-bank devices, the AB flag, and the bank address bits, BAO and BA1 are used to
determine which bank(s) to precharge. The bank(s) will be available for a subsequent row access tRPab after
an All-Bank Precharge command is issued and tRPpb after a Single-Bank Precharge command is issued.

For 4-bank devices, the Row Precharge time (tRP) for an All-Bank Precharge (tRPab) is equal to the Row
Precharge time for a Single-Bank Precharge (tRPpb).

2.4.9.1 Bank Selection for Precharge by Address Bits

Precharged Bank(s
AB (CA4r) BA1 (CAS8r) BAO (CAT7r) 4-bar?k device (®)
0 0 0] Bank 0 only
0 0 1 Bank 1 only
0 1 0 Bank 2 only
0 1 1 Bank 3 only
1 DON'T CARE DON'T CARE All Banks

2.4.10 Burst Read Operation Followed by Precharge

For the earliest possible precharge, the precharge command may be issued BL/2 clock cycles after a
Read command. For an untruncated burst, BL is the value from the Mode Register. For a truncated burst, BL
is the effective burst length. A new bank active (command) may be issued to the same bank after the Row
Precharge time (tRP). A precharge command cannot be issued until after tRAS is satisfied.

For LPDDR2-S4 devices, the minimum Read to Precharge spacing has also to satisfy a minimum analog
time from the rising clock edge that initiates the last 4-bit prefetch of a Read command. This time is called
tRTP (Read to Precharge).

For LPDDR2-S4 devices, tRTP begins BL/2 - 2 clock cycles after the Read command. If the burst is
truncated by a BST command or a Read command to a different bank, the effective “BL” shall be used to
calculate when tRTP begins.

See 2.4.14.2 “Precharge & Auto Precharge Clarification” table for Read to Precharge timings.
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2.4.11 Burst Write Followed by Precharge

For write cycles, a delay must be satisfied from the time of the last valid burst input data until the
Precharge command may be issued. This delay is known as the write recovery time (tWR) referenced from the
completion of the burst write to the precharge command. No Precharge command to the same bank should be
issued prior to the tWR delay.

LPDDR2-S4 devices write data to the array in prefetch quadruples (prefetch = 4). The beginning of an
internal write operation may only begin after a prefetch group has been latched completely. Therefore, the
write recovery time (tWR) starts at different boundaries.

The minimum Write to Precharge command spacing to the same bank is WL + BL/2 + 1 + RU(tWR/tCK)
clock cycles. For an untruncated burst, BL is the value from the Mode Register. For a truncated burst, BL is
the effective burst length.

See 2.4.14.2 “Precharge & Auto Precharge Clarification” table for Write to Precharge timings.

2.4.11.1 Burst Write Followed by Precharge: WL =1, BL =4

ows @ LI
[Cmd] ( Write X Nop X Nop >< Nop >‘<|Nop 3<Precharge N

Case 1:with 'DCISS'[mB’Il] Compll;tlnn nﬁ Burst nte

DQS_c | : |
pDast T T ] | ! |
- wh =1 Rl
DQsS < ) | :

] |
Case Z-with fo ss[mirnh : | >=tRP
E’ WLE 1 | L

DQS_c¢ | N | | !
DQS_t | o
| ! \— L
DQs i : _Wl i |
: | ' |
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2.4.12 Auto Precharge Operation

Before a new row in an active bank can be opened, the active bank must be precharged using either the
Precharge command or the auto-precharge function. When a Read or a Write command is given to the
LPDDR2 SDRAM, the AP bit (CAOf) may be set to allow the active bank to automatically begin precharge at
the earliest possible moment during the burst read or write cycle.

If AP is LOW when the Read or Write command is issued, then normal Read or Write burst operation is
executed and the bank remains active at the completion of the burst.

If AP is HIGH when the Read or Write command is issued, then the auto-precharge function is engaged.
This feature allows the precharge operation to be partially or completely hidden during burst read cycles
(dependent upon Read or Write latency) thus improving system performance for random data access.

2.4.13 Burst Read with Auto-Precharge

If AP (CAOf) is HIGH when a Read Command is issued, the Read with Auto-Precharge function is
engaged.

LPDDR2-S4 devices start an Auto-Precharge operation on the rising edge of the clock BL/2 or BL/2 - 2 +
RU(tRTP/ACK) clock cycles later than the Read with AP command, whichever is greater. Refer to section

2.4.14.2 “Precharge & Auto Precharge Clarification” table for equations related to Auto-Precharge for
LPDDR2-84.

A new bank Activate command may be issued to the same bank if both of the following two conditions are
satisfied simultaneously.

m The RAS precharge time (tRP) has been satisfied from the clock at which the auto precharge begins.
m The RAS cycle time (tRC) from the previous bank activation has been satisfied.

2.4.13.1 Burst Read with Auto-Precharge: RL = 3, BL = 4, RU(tRTP(min)/tCK) = 2
T0 T T2 T3 T4 T3 T6 T7 18
—v--\—v--l— - - - - ==l -y
' ==\ . | I~ r !

CK_t/CK c}

— "

oo GO OBRO 000
[Cmd] lE:cjpzl X I Nop, X | Nopl X l N0p| X Tclivate'l X |Nop. >< l Nop. X I Nopl )’
pasc | i | i " -l l : i | i | i | i
DQS_t NP ! A D B B
. I R
- : : : ,: E“‘R prQMW i : i : i : i

I
I‘
)
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2.4.14 Burst Write with Auto-Precharge

If AP (CAOf) is HIGH when a Write Command is issued, the Write with Auto-Precharge function is engaged.
The LPDDR2 SDRAM starts an Auto Precharge operation on the rising edge which is tWR cycles after the
completion of the burst write.

A new bank activate (command) may be issued to the same bank if both of the following two conditions are
satisfied.

m The RAS precharge time (tRP) has been satisfied from the clock at which the auto precharge begins.
m The RAS cycle time (tRC) from the previous bank activation has been satisfied.

2.4.14.1 Burst Write with Auto Precharge: WL=1,BL =4
T0 T T2 T3 T4 15 T6 T7 T8

CK_t/CK_c

CAO 9 <$T£,Xm Ader X

wxwx 1
=)

5
Wy
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Colr:r::)nn;nd To Command “From“g:ion:::rl:;g?ltzx‘gitvéz?:mand” Unit | Notes
Read Precharge (to same Bank as Read) BL/2 + max(2, RU(tRTP/tCK)) - 2 CLK 1
Precharge All BL/2 + max(2, RU(RTP/tCK)) - 2 CLK 1
BST Precharge (to same Bank as Read) 1 CLK 1
(for Reads) Precharge Al 1 CLK 1
Precharge (to same Bank as Read w/AP) BL/2 + max(2, RU(tRTP/tCK)) - 2 CLK 1,2
Precharge All BL/2 + max(2, RU(tRTP/tCK)) - 2 CLK 1
Activate (to same Bank as Read w/AP) BL/2 + max(2, RU(tRTP/tCK)) - 2 + RU(tRPpb/tCK) | CLK 1
Read w/AP Write or Write w/AP (same bank) illegal CLK 3
Write or Write w/AP (different bank) RL + BL/2 + RU(tDQSCKmax/tCK) - WL + 1 CLK 3
Read or Read w/AP (same bank) illegal CLK 3
Read or Read w/AP (different bank) BL/2 CLK 3
Write Precharge (to same Bank as Write) WL + BL/2 + RUfWR/ACK) + 1 CLK 1
Precharge All WL + BL/2 + RUfWR/IACK) + 1 CLK 1
BST Precharge (to same Bank as Write) WL + RU(tWR/ACK) + 1 CLK 1
(for Writes) Precharge Al WL + RU(tWR/CK) + 1 CLK 1
Precharge (to same Bank as Write w/AP) WL + BL/2+ RU(WR/tCK) + 1 CLK 1
Precharge All WL + BL/2+ RU(tWR/tCK) + 1 CLK 1
Activate (to same Bank as Write w/AP) WL + BL/2 + RUIWR/ICK) + 1 + RU(tRPpb/tCK) CLK 1
Write w/AP Write or Write w/AP (same bank) illegal CLK 3
Write or Write w/AP (different bank) BL/2 CLK 3
Read or Read w/AP (same bank) illegal CLK 3
Read or Read w/AP (different bank) WL + BL/2 + RU(WTR/ACK) + 1 CLK 3
Precharge (to same Bank as Precharge) 1 CLK 1
Precharge
Precharge All 1 CLK 1
Precharge Precharge 1 CLK 1
Al Precharge Al 1 CLK 1
Notes:

1. For a given bank, the precharge period should be counted from the latest precharge command, either one bank precharge or precharge

all, issued to that bank. The precharge period is satisfied after tRP depending on the latest precharge command issued to that bank.
2. Any command issued during the specified minimum delay time is illegal.

3. After Read with AP, seamless read operations to different banks are supported. After Write with AP, seamless write operations to

different banks are supported. Read w/AP and Write w/AP may not be interrupted or truncated.
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2.4.15 Refresh Command

The Refresh command is initiated by having CS_n LOW, CA0 LOW, CA1 LOW, and CA2 HIGH at the
rising edge of clock. All Bank Refresh is initiated by having CA3 HIGH at the rising edge of clock.

An All Bank Refresh command, REFab performs a refresh operation to all banks. All banks have to be in
Idle state when REFab is issued (for instance, by Precharge all-bank command). REFab also synchronizes
the bank count between the controller and the SDRAM to zero.

As shown in 2.4.15.1 “Command Scheduling Separations Related to Refresh” table, the REFab command
may not be issued to the memory until the following conditions have been met:

a)The tRFCab has been satisfied after the prior REFab command

b) The tRP has been satisfied after prior Precharge commands

When the All Bank refresh cycle has completed, all banks will be in the Idle state.

As shown in 2.4.15.1 “Command Scheduling Separations Related to Refresh” table, after issuing REFab:
¢) The tRFCab latency must be satisfied before issuing an ACTIVATE command

d) The tRFCab latency must be satisfied before issuing a REFab command

2.4.15.1 Command Scheduling Separations Related to Refresh
Symbol minimum delay from to
REFab

Activate cmd to any bank

tRFCab REFab

tRRD Activate Activate cmd to different bank than prior Activate

Note: A bank must be in the Idle state before it is refreshed.

2.4.16 LPDDR2 SDRAM Refresh Requirements
(1) Minimum number of Refresh commands:

The LPDDR2 SDRAM requires a minimum number of R Refresh (REFab) commands within any rolling
Refresh Window (tREFW = 32 mS @ MR4[2:0] = “011” or Tj < 85°C). The required minimum number of
Refresh commands and resulting average refresh interval (tREFI) are given in 3.6.1 “Refresh Requirement
Parameters” table. See Mode Register 4 for tREFW and tREFI refresh multipliers at different MR4 settings.

(2) Burst Refresh limitation:
To limit maximum current consumption, a maximum of 8 REFab commands may be issued in any rolling
tREFBW (tREFBW = 4 x 8 x tRFCab).

(3) Refresh Requirements and Self-Refresh:
If any time within a refresh window is spent in Self-Refresh Mode, the number of required Refresh
commands in this particular window is reduced to:
R* = R - RU{tSRF / tREFI} = R - RU{R * tSRF / tREFW}; where RU stands for the round-up function.
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2.4.16.1 Definition of tSRF

! Ny =
Exit Self-Refresh Enter Self-Refresh

tSRF=tSRF1+tSRF2

Several examples on how tSRF is calculated:

A: with the time spent in Self-Refresh Mode fully enclosed in the Refresh Window (tREFW).
B: at Self-Refresh entry.

C: at Self-Refresh exit.

D: with several different intervals spent in Self Refresh during one tREFW interval.

! |
A) ™ tREFW I > >
| | iSRF i |
: = B T e
:4 — Enter Self-Refresh > it SelfRefroch
—p
B) i \ | tSRF | i ¥
CKE % \ i J
' [
|~ .
C ! tREFW |
CKI)E i tSRF \ i “ \ i
| | |
\ Exit Self-Refresh
D) Enter Self-Refresh l:—H tREFW i >
nter Sel-Refresh | {SrF1 | = TSRP2 |
|
|

.

i )

Exit Self-Refresh

In contrast to JESD79 and JESD79-2 and JESD79-3 compliant SDRAM devices, LPDDR2-S4 devices allow
significant flexibility in scheduling REFRESH commands, as long as the boundary conditions above are met.
In the most straight forward case a REFRESH command should be scheduled every tREFI. In this case Self-
Refresh may be entered at any time.

The users may choose to deviate from this regular refresh pattern e.g., to enable a period where no refreshes
are required. As an example, using a 1Gb LPDDR2-S4 device, the user can choose to issue a refresh burst of
4096 REFRESH commands with the maximum allowable rate (limited by tREFBW) followed by a long time
without any REFRESH commands, until the refresh window is complete, then repeating this sequence. The
achievable time without REFRESH commands is given by tREFW - (R / 8) * tREFBW = tREFW - R * 4 *
tRFCab.@ Tj < 85°C this can be up to 32 mS - 4096 * 4 * 130 nS = 30 mS.

While both - the regular and the burst/pause - patterns can satisfy the refresh requirements per rolling refresh
interval, if they are repeated in every subsequent 32 mS window, extreme care must be taken when
transitioning from one pattern to another to satisfy the refresh requirement in every rolling refresh window
during the transition.

Figure of 2.4.16.3 shows an example of an allowable transition from a burst pattern to a regular, distributed
pattern. If this transition happens directly after the burst refresh phase, all rolling tREFW interval will have at
least the required number of refreshes.

Figure of 2.4.16.4 shows an example of a non-allowable transition. In this case the regular refresh pattern

starts after the completion of the pause-phase of the burst/pause refresh pattern. For several rolling tREFW
intervals the minimum number of REFRESH commands is not satisfied.
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The understanding of the pattern transition is extremely relevant (even if in normal operation only one pattern
is employed), as in Self-Refresh-Mode a regular, distributed refresh pattern has to be assumed, which is
reflected in the equation for R* above. Therefore it is recommended to enter Self-Refresh-Mode ONLY directly
after the burst-phase of a burst/pause refresh pattern as indicated in figure of 2.4.16.5 and begin with the burst
phase upon exit from Self-Refresh.

2.4.16.2 Regular, Distributed Refresh Pattern

)
|
|
)
@
3|
=~ . :
) |
|
) | .
i i | ; -
:OmS :32m8 :64m8 i96mS w
| ) 28 a2l
8 g1 8 =E 08
| < <l o ©) ol

T
T
B IS

tREFBW treFBw

(I

1. Compared to repetitive burst Refresh with subsequent Refresh pause.

2. For an example, in a 1Gb LPDDR2 device at Tj < 85°C, the distributed refresh pattern would have one REFRESH command per 7.8 uS;
the burst refresh pattern would have an average of one refresh command per 0.52 pS followed by =30 mS without any REFRESH
command.

2.4.16.3 Allowable Transition from Repetitive Burst Refresh

© =) o =

@D D o
S o - =
< <l =

treFBW fREFBW

A

1. Shown with subsequent Refresh pause to regular distributed Refresh pattern.

2. For an example, in a 1Gb LPDDR2 device at Tj < 85°C, the distributed refresh pattern would have one REFRESH command per 7.8 uS;
the burst refresh pattern would have an average of one refresh command per 0.52 uyS followed by =30 mS without any REFRESH
command.
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2.4.16.4 NOT-Allowable Transition from Repetitive Burst Refresh

-
Ll

tREF\fI =32mS /¢
|

@7 Not enough Refresh commands
In this refresh window!!

REFBW trREFBW

i
Notes: —

1. Shown with subsequent Refresh pause to regular distributed Refresh pattern.
2. Only #2048 REFRESH commands (< R which is 4096) in the indicated tREFW window.

2.4.16.5 Recommended Self-Refresh Entry and Exit

A 4

.' Self—Refreslh [ ]
|

REFBW {REFBW

I

1. In conjunction with a Burst/Pause Refresh patterns.
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2.4.16.6 All Bank Refresh Operation
TO

CK_t/CK_c

CAO0-9

[Cmd] —<F'recharge>< Nop

|
>=tRPab
.

1
>=f{RFCab
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2.4.17 Self Refresh Operation

The Self Refresh command can be used to retain data in the LPDDR2 SDRAM, even if the rest of the
system is powered down. When in the Self Refresh mode, the LPDDR2 SDRAM retains data without external
clocking. The LPDDR2 SDRAM device has a built-in timer to accommodate Self Refresh operation. The Self
Refresh Command is defined by having CKE LOW, CS_n LOW, CAO0 LOW, CA1 LOW, and CA2 HIGH at the
rising edge of the clock. CKE must be HIGH during the previous clock cycle. A NOP command must be driven
in the clock cycle following the power-down command. Once the command is registered, CKE must be held
LOW to keep the device in Self Refresh mode.

LPDDR2-S4 devices can operate in Self Refresh in both the Standard or Extended Temperature Ranges.
LPDDR2-S4 devices will also manage Self Refresh power consumption when the operating temperature
changes, lower at low temperatures and higher temperatures.

Once the LPDDR2 SDRAM has entered Self Refresh mode, all of the external signals except CKE, are
“‘don’t care”. For proper self refresh operation, power supply pads (VDD1, VDD2, and VDDCA) must be at
valid levels. VDDQ may be turned off during Self-Refresh. Prior to exiting Self-Refresh, VDDQ must be within
specified limits. VrefDQ and VrefCA may be at any level within minimum and maximum levels (see section 3.1
“Absolute Maximum DC Ratings” table). However prior to exit Self-Refresh, VrefDQ and VrefCA must be
within specified limits (see section 3.2.1.1 “Recommended DC Operating Conditions” table). The SDRAM
initiates a minimum of one all-bank refresh command internally within tCKESR period once it enters Self
Refresh mode. The clock is internally disabled during Self Refresh Operation to save power. The minimum
time that the LPDDR2 SDRAM must remain in Self Refresh mode is tCKESR. The user may change the
external clock frequency or halt the external clock one clock after Self Refresh entry is registered; however,
the clock must be restarted and stable before the device can exit Self Refresh operation.

The procedure for exiting Self Refresh requires a sequence of commands. First, the clock shall be stable
and within specified limits for a minimum of 2 clock cycles prior to CKE going back HIGH. Once Self Refresh
Exit is registered, a delay of at least tXXSR must be satisfied before a valid command can be issued to the
device to allow for any internal refresh in progress. CKE must remain HIGH for the entire Self Refresh exit
period tXSR for proper operation except for self refresh re-entry. NOP commands must be registered on each
positive clock edge during the Self Refresh exit interval tXSR.

The use of Self Refresh mode introduces the possibility that an internally timed refresh event can be
missed when CKE is raised for exit from Self Refresh mode. Upon exit from Self Refresh, it is required that at
least one Refresh command (one all-bank) is issued before entry into a subsequent Self Refresh.

For LPDDR2 SDRAM, the maximum duration in power-down mode is only limited by the refresh
requirements outlined in section 2.4.16 “LPDDR2 SDRAM Refresh Requirements”, since no refresh operations
are performed in power-down mode.
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2.4.17.1 Figure of Self Refresh Operation

2 tCK(min)

\ %

— J

\ 11

Input clock frequency may be changed tIHCKE —! |
|

or stopped during Self-Refresh :

§ §
1

|

|

|

osn [ 11T ) ;/\
o (= Yoo S XW)( }@9(1_)

| I R R I B |
-

—

tCKESR(min) tXSR(min)

Enter Self-Refresh Exit Self-Refresh

Notes:

1. Input clock frequency may be changed or stopped during self-refresh, provided that upon exiting self-refresh, a minimum of 2 clocks of
stable clock are provided and the clock frequency is between the minimum and maximum frequency for the particular speed grad

2. Device must be in the “All banks idle” state prior to entering Self Refresh mode.

3. tXSR begins at the rising edge of the clock after CKE is driven HIGH.

4. A valid command may be issued only after tXSR is satisfied. NOPs shall be issued during tXSR.

2.4.18 Partial Array Self-Refresh: Bank Masking

Each bank of LPDDR2 SDRAM can be independently configured whether a self refresh operation is
taking place. One mode register unit of 4 bits accessible via MRW command is assigned to program the bank
masking status of each bank up to 4 banks. For bank masking bit assignments, see section 2.13.13 Mode
Register 16 “MR16_PASR_Bank Mask (MA[7:0] = 10H)".

The mask bit to the bank controls a refresh operation of entire memory within the bank. If a bank is
masked via MRW, a refresh operation to the entire bank is blocked and data retention by a bank is not
guaranteed in self refresh mode. To enable a refresh operation to a bank, a coupled mask bit has to be
programmed, “unmasked”. When a bank mask bit is unmasked, a refresh to a bank is determined by the
programmed status of segment mask bits.

2.4.19 Mode Register Read Command

The Mode Register Read command is used to read configuration and status data from mode registers.
The Mode Register Read (MRR) command is initiated by having CS_n LOW, CA0 LOW, CA1 LOW, CA2 LOW,
and CA3 HIGH at the rising edge of the clock. The mode register is selected by {CA1f-CAOf, CA9r- CA4r}. The
mode register contents are available on the first data beat of DQ[0:7], RL * tCK + tDQSCK + tDQSQ after the
rising edge of the clock where the Mode Register Read Command is issued. Subsequent data beats contain
valid, but undefined content, except in the case of the DQ Calibration function DQC, where subsequent data
beats contain valid content as described in section 2.4.20.2 “DQ Calibration”. All DQS_t, DQS_c shall be
toggled for the duration of the Mode Register Read burst.

The MRR command has a burst length of four. The Mode Register Read operation (consisting of the MRR
command and the corresponding data traffic) shall not be interrupted. The MRR command period (t(MRR) is 2
clock cycles. Mode Register Reads to reserved and write-only registers shall return valid, but undefined
content on all data beats and DQS_t, DQS_c shall be toggled.
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2.4.19.1 Mode Register Read Timing Example: RL = 3, tMRR = 2
TO T1 T2 T3 T4 T5 T6 7 T8

1H,__u_}|:__ |- = ~j—,
—— l__i __Ji | W

oo QRDOREOE LT,
[Cmd] ( MRR X X MRRX X X X X

CK_t/CK_c

| ' wRken ! |e—MRRE2L ) 0 !
st T I T O
DQS_c Co Coo ' \ | | 4
— I< : | RL!=3 | : | g ,
DQOT 4t
[ I B
DQ[8-max] | ! — . !
.| ) CMD not allowed
Notes:

1. Mode Register Read has a burst length of four.

2. Mode Register Read operation shall not be interrupted.

3. Mode Register data is valid only on DQ[0-7] on the first beat. Subsequent beats contain valid, but undefined data. DQ[8-max] contain
valid, but undefined data for the duration of the MRR burst.

4. The Mode Register Command period is tMRR. No command (other than Nop) is allowed during this period.

5. Mode Register Reads to DQ Calibration registers MR32 and MR40 are described in the section on DQ Calibration.

6. Minimum Mode Register Read to write latency is RL + RU(tDQSCKmax/tCK) + 4/2 + 1 - WL clock cycles.

7. Minimum Mode Register Read to Mode Register Write latency is RL + RU(tDQSCKmax/tCK) + 4/2 + 1 clock cycles.

The MRR command shall not be issued earlier than BL/2 clock cycles after a prior Read command and WL +
1 + BL/2 + RU( tWTR/tCK) clock cycles after a prior Write command, because read-bursts and write-bursts
shall not be truncated by MRR. Note that if a read or write burst is truncated with a Burst Terminate (BST)
command, the effective burst length of the truncated burst should be used as “BL".
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2.4.19.2 Read to MRR Timing Example: RL = 3, tMRR = 2
T0 T1 T2 T3 T4 T5 T6 T7 T8

CK_t/CK_c

CA0-9

[Cmd]

I
r‘

Uoal, ! |
| I |
DQS_c T 1 I
! | ! I ! I
PAS e ks |
DQJo-7] | : | : | :
N
DQ[8-max] i ! . : . !
., | €2 CMD not allowed

Notes:

1. The minimum number of clocks from the burst read command to the Mode Register Read command is BL/2.
2. The Mode Register Read Command period is tMRR. No command (other than Nop) is allowed during this period.

2.4.19.3 Burst Write Followed by MRR: RL=3, WL=1,BL =4

\
CK_t/ CK_c

(Cmgxwx X X
cma { e Y Y

—
__‘___>< ]
~—

RL=

DASc | 1 | | e \’ IREREN L |L ] i
DQS t T i T \ \ Iy vy / T i T i T i T T

- | | N Ly I W Y [V g W | | | | |
T I e ot o sl s A S 1 SR S iMFlR 21 |

! I T : DIN AD DINA1 DIN AZ DIN A3 : ! : |H : ! : :

I i T (") cMD not allowed |

I L e e L T — |

Notes:

1. The minimum number of clock cycles from the burst write command to the Mode Register Read command is [WL + 1 + BL/2 +
RU( tWTRACK)].
2. The Mode Register Read Command period is tMRR. No command (other than Nop) is allowed during this period.
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2.4.20 Temperature Sensor

LPDDR2 SDRAM features a temperature sensor whose status can be read from MR4. This sensor can be
used to determine an appropriate refresh rate, determine whether AC timing derating is required in the
Extended Temperature Range and/or monitor the operating temperature. Either the temperature sensor or the
device operating temperature (See 3.2.3 “Operating Temperature Conditions” table) may be used to determine
whether operating temperature requirements are being met.

LPDDR2 devices shall monitor device temperature and update MR4 according to tTSI. Upon exiting self-
refresh or power-down, the device temperature status bits shall be no older than tTSI.

When using the temperature sensor, the actual device junction temperature may be higher than the
operating temperature specification (See 3.2.3 “Operating Temperature Conditions” table) that applies for the
Standard or Extended Temperature Ranges. For example, Tj may be above 85°C when MR4[2:0] equals 011b.

To assure proper operation using the temperature sensor, applications should consider the following
factors:

TempGradient is the maximum temperature gradient experienced by the memory device at the
temperature of interest over a range of 2°C.

Readlnterval is the time period between MR4 reads from the system.

TempSensorinterval (tTSI) is maximum delay between internal updates of MR4.

SysRespDelay is the maximum time between a read of MR4 and the response by the system.

LPDDR2 devices shall allow for a 2°C temperature margin between the point at which the device
temperature enters the Extended Temperature Range and point at which the controller re-configures the
system accordingly.

In order to determine the required frequency of polling MR4, the system shall use the maximum
TempGradient and the maximum response time of the system using the following equation:

TempGradient x (ReadlInterval + tTSI| + SysRespDelay) < 2°C

In this case, Readlnterval shall be no greater than 167 mS.
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tTSI

MR4=0x03
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MR4=0x86

MR4=0x86
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p Time
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A

A

Sensor
Update

Readinterval

-

SysRespDeIa¥
>

Host
MR4 Read

MRR MR4=0x03

2.4.20.2 DQ Calibration
LPDDR2 device features a DQ Calibration function that outputs one of two predefined system timing
calibration patterns. A Mode Register Read to MR32 (Pattern “A”) or MR40 (Pattern “B”) will return the
specified pattern on DQ[0] and DQ[8] for x16 devices, and DQ[0] , DQ[8] , DQ[16] , and DQ[24] for x32

devices.

MRR MR4=0x86

For x16 devices, DQ[7:1] and DQ[15:9] may optionally drive the same information as DQ[0] or may drive Ob
during the MRR burst. For x32 devices, DQ[7:1], DQ[15:9], DQ[23:17], and DQ[31:25] may optionally drive the
same information as DQ[0] or may drive Ob during the MRR burst.

For LPDDR2-S4 devices, MRR DQ Calibration commands may only occur in the Idle state.

2.4.20.2 Table of Data Calibration Pattern Description

Pattern MR# | BitTime0 | BitTime1 | BitTime2 | Bit ;ime Description

Pattern A MR32 1 0 1 0 Read to MR32 return DQ calibration pattern A

Pattern B MR40 0 0 1 1 Read to MR40 return DQ calibration pattern B
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2.4.20.3 MR32 and MR40 DQ Calibration Timing Example: RL = 3, tMRR = 2
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papts] +——1+—F+H—1—+—1—+— ii\ \\'\ |
R R N N N N B -
| | CMD notallowed KNy  Optionally driven the same as DQO or to Ob ! | |
Notes:

1. Mode Register Read has a burst length of four.
2. Mode Register Read operation shall not be interrupted.

3. Mode Register Reads to MR32 and MR40 drive valid data on DQ[O0] during the entire burst. For x16 devices, DQ[8] shall drive the same
information as DQIO0] during the burst. For x32 devices, DQ[8], DQ[16], and DQ[24] shall drive the same information as DQ[0] during the

burst.

4. For x16 devices, DQ[7:1] and DQ[15:9] may optionally drive the same information as DQJ0] or they may drive Ob during the burst.
For x32 devices, DQ[7:1], DQ[15:9], DQ[23:17], and DQ[31:25] may optionally drive the same information as DQ[0] or they may drive Ob

during the burst.

5. The Mode Register Command period is tMRR. No command (other than Nop) is allowed during this period.
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2.4.21 Mode Register Write Command

The Mode Register Write command is used to write configuration data to mode registers. The Mode
Register Write (MRW) command is initiated by having CS_n LOW, CAO0 LOW, CA1 LOW, CA2 LOW, and CA3
LOW at the rising edge of the clock. The mode register is selected by {CA1f-CAOf, CA9r-CA4r}. The data to be
written to the mode register is contained in CA9f-CA2f. The MRW command period is defined by tMRW. Mode
Register Writes to read-only registers shall have no impact on the functionality of the device.

For LPDDR2-S4 devices, the MRW may only be issued when all banks are in the idle precharge state.
One method of ensuring that the banks are in the idle precharge state is to issue a Precharge-All command.

2.4.21.1 Mode Register Write Timing Example: RL = 3, tMRW = 5
10 T1 T2 TX Tx+1  Tx+2

CK £/ CK ¢

oc: T

[Cmd] < MRW X D( MRW X ><

| I | '
| | iy | | |
! L
D CMD not allowed |
Notes:

1. The Mode Register Write Command period is tMRW. No command (other than Nop) is allowed during this period.
2. Attime Ty, the device is in the idle state.

— —

2.4.21.2 Truth Table for Mode Register Read (MRR) and Mode Register Write (MRW)

Current State Command Intermediate State Next State
MRR Mode Register Reading (All Banks Idle) All Banks Ildle
All Banks ldle MRW Mode Register Writing (All Banks Idle) All Banks Ildle
MRW (RESET) Resetting (Device Auto-Initialization) All Banks Idle
MRR Mode Register Reading (Bank(s) Active) Bank(s) Active
Bank(s) Active MRW Not Allowed Not Allowed
MRW (RESET) Not Allowed Not Allowed
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2.4.22 Mode Register Write Reset (MRW Reset)

Any MRW command issued to MRWG63 initiates an MRW Reset. The MRW Reset command brings the device
to the Device Auto-Initialization (Resetting) State in the Power-On Initialization sequence (see step 3 in
sections 2.2.1 “Power Ramp and Device Initialization”). The MRW Reset command may be issued from the
Idle state for LPDDR2-S4 devices. This command resets all Mode Registers to their default values. No
commands other than NOP may be issued to the LPDDR2 device during the MRW Reset period (tINIT4). After
MRW Reset, boot timings must be observed until the device initialization sequence is complete and the device
is in the Idle state. Array data for LPDDR2-S4 devices are undefined after the MRW Reset command.

For the timing diagram related to MRW Reset, refer to 2.2.3 “Power Ramp and Initialization Sequence” figure.
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2.4.23 Mode Register Write ZQ Calibration Command

The MRW command is also used to initiate the ZQ Calibration command. The ZQ Calibration command is
used to calibrate the LPDDR2 output drivers (RON) over process, temperature, and voltage. LPDDR2-S4
devices support ZQ Calibration.

There are four ZQ Calibration commands and related timings times, tZQINIT, tZQRESET, tZQCL, and
tZQCS. tZQINIT corresponds to the initialization calibration, tZQRESET for resetting ZQ setting to default,
tZQCL is for long calibration, and tZQCS is for short calibration. See Mode Register 10 (MR10) for description
on the command codes for the different ZQ Calibration commands.

The Initialization ZQ Calibration (ZQINIT) shall be performed for LPDDR2-S4 devices. This Initialization
Calibration achieves a RON accuracy of £15%. After initialization, the ZQ Long Calibration may be used to re-
calibrate the system to a RON accuracy of +15%. A ZQ Short Calibration may be used periodically to
compensate for temperature and voltage drift in the system.

The ZQReset Command resets the RON calibration to a default accuracy of +30% across process,
voltage, and temperature. This command is used to ensure RON accuracy to +30% when ZQCS and ZQCL
are not used.

One ZQCS command can effectively correct a minimum of 1.5% (ZQCorrection) of RON impedance error
within tZQCS for all speed bins assuming the maximum sensitivities specified in the ‘Output Driver Voltage
and Temperature Sensitivity’. The appropriate interval between ZQCS commands can be determined from
these tables and other application-specific parameters.

One method for calculating the interval between ZQCS commands, given the temperature (Tdriftrate) and
voltage (Vdriftrate) drift rates that the LPDDR2 is subject to in the application, is illustrated. The interval could
be defined by the following formula:

ZQCorrecti on
(T'Sens x* Tdriftrate )+ (VSens X Vdriftrate )

where TSens = max(dRONdT) and VSens = max(dRONdV) define the LPDDR2 temperature and voltage
sensitivities.

For example, if TSens = 0.75% / C, VSens =0.20% / mV, Tdriftrate =1 C/sec and Vdriftrate = 15 mV /
sec, then the interval between ZQCS commands is calculated as:

15
(075 x1)+(0.20 x 15)

For LPDDR2-S4 devices, a ZQ Calibration command may only be issued when the device is in Idle state
with all banks precharged.

=04s

No other activities can be performed on the LPDDR2 data bus during the calibration period (tZQINIT,
tZQCL, tZQCS). The quiet time on the LPDDR2 data bus helps to accurately calibrate RON. There is no
required quiet time after the ZQ Reset command. If multiple devices share a single ZQ Resistor, only one
device may be calibrating at any given time. After calibration is achieved, the LPDDR2 device shall disable the
ZQ pad’s current consumption path to reduce power.

In systems that share the ZQ resistor between devices, the controller must not allow overlap of tZQINIT,
tZQCS, or tZQCL between the devices. ZQ Reset overlap is allowed. If the ZQ resistor is absent from the
system, ZQ shall be connected to VDDCA. In this case, the LPDDR2 device shall ignore ZQ calibration
commands and the device will use the default calibration settings (See section 3.2.6.5 “RONPU and RONPD
Characteristics without ZQ Calibration” Output Driver DC Electrical Characteristics without ZQ Calibration
table).
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2.4.23.1 ZQ Calibration Initialization Timing Example
T0 T T2 T3 T4 T Tx Tx+1 Tx+2

[ l——— PR
!

e LTS

o BEEEEEN

-
L el
[ N S NN S E T B

- : (:) CMD not allowed : i : i :

1. The ZQ Calibration Initialization period is tZQINIT. No command (other than Nop) is allowed during this period.
2. CKE must be continuously registered HIGH during the calibration period.
3. All devices connected to the DQ bus should be high impedance during the calibration process.

2.4.23.2 ZQ Calibration Short Timing Example
TO T1 T2 T3 T4

| !
CK_t/CK ¢ ){
oo

|
| |
| | | | |
: () oM notaliowed : :
| | |

Notes:

1. The ZQ Calibration Short period is tZQCS. No command (other than Nop) is allowed during this period.
2. CKE must be continuously registered HIGH during the calibration period.

3. All devices connected to the DQ bus should be high impedance during the calibration process.
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2.4.23.3 ZQ Calibration Long Timing Example
T0 T T2 T3 T4 T5 Tx Tx+1 Tx+2

i !
CK_t/CK ¢ X
(-

Notes:

1. The ZQ Calibration Long period is tZQCL. No command (other than Nop) is allowed during this period.
2. CKE must be continuously registered HIGH during the calibration period.

3. All devices connected to the DQ bus should be high impedance during the calibration process.

2.4.23.4 ZQ Calibration Reset Timing Example
T0 T1 T2 T3

lpmme| -

|'| | | :P_ \
CK t/CK ¢ I
r__JI L |

BN

| S —

[ . I . |
[Cmd] ><
I T T e R B I T .
[, | | [ [ | tZQRESET | | I | | I | I | I
™~ I ' [ T I T I ' I T | | |
e
| (:::} CMD not allowed | : | : | : | : | : | :
| WV— I | I e S S
Notes:

1. The ZQ Calibration Reset period is tZQRESET. No command (other than Nop) is allowed during this period.
2. CKE must be continuously registered HIGH during the calibration period.
3. All devices connected to the DQ bus should be high impedance during the calibration process.
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2.4.23.5 ZQ External Resistor Value, Tolerance, and Capacitive Loading
To use the ZQ Calibration function, a 240 Ohm + 1% tolerance external resistor must be connected
between the ZQ pad and ground. A single resistor can be used for each LPDDR2 device or one resistor can
be shared between multiple LPDDR2 devices if the ZQ calibration timings for each LPDDR2 device do not
overlap. The total capacitive loading on the ZQ pad must be limited (See section 3.2.6.7 “Input/Output
Capacitance” table).

2.4.24 Power-Down

For LPDDR2 SDRAM, power-down is synchronously entered when CKE is registered LOW and CS _n
HIGH at the rising edge of clock. CKE must be registered HIGH in the previous clock cycle. A NOP command
must be driven in the clock cycle following the power-down command. CKE is not allowed to go LOW while
mode register, read, or write operations are in progress. CKE is allowed to go LOW while any of other
operations such as row activation, precharge, autoprecharge, or refresh is in progress, but power-down IDD
spec will not be applied until finishing those operations. Timing diagrams are shown in the following pages with
details for entry into power down.

For LPDDR2 SDRAM, if power-down occurs when all banks are idle, this mode is referred to as idle
power- down; if power-down occurs when there is a row active in any bank, this mode is referred to as active
power-down.

Entering power-down deactivates the input and output buffers, excluding CK_t, CK_c, and CKE. In power-
down mode, CKE must be maintained LOW while all other input signals are “Don’t Care”. CKE LOW must be
maintained until tCKE has been satisfied. VREF must be maintained at a valid level during power down.

VDDQ may be turned off during power down. If VDDQ is turned off, then VREFDQ must also be turned off.
Prior to exiting power down, both VDDQ and VREFDQ must be within their respective min/max operating
ranges (See 3.2.1.1 “Recommended DC Operating Conditions” table).

For LPDDR2 SDRAM, the maximum duration in power-down mode is only limited by the refresh
requirements outlined in section 2.4.16 “LPDDR2 SDRAM Refresh Requirements”, as no refresh operations
are performed in power-down mode.

The power-down state is exited when CKE is registered HIGH. The controller shall drive CS_n HIGH in
conjunction with CKE HIGH when exiting the power-down state. CKE HIGH must be maintained until tCKE
has been satisfied. A valid, executable command can be applied with power-down exit latency, tXP after CKE
goes HIGH. Power-down exit latency is defined in section 3.7.1 “LPDDR2 AC Timing” table.

UnilC_Techdoc. Rev. C 2025-05 66 /131



Qiil Data Sheet
' SCB4BL512XX0AF-15J
UnilC Low power DDR2 SDRAM

2.4.24.1 Basic Power Down Entry and Exit Timing

CK c | S U 2|E:}<|(n11rl)| N N
CK_t X \j k L(% » va LSO

T T 1 A} = [ T r . rr 11
_N It|HC|'I<E: : Input clock frequency may be changed tlHCKE_’Il‘_‘ [ : : : : : : :
I T or the input clock stopped during Power-Down | t T Ta
CKE | [ |gg gg I/ /: I |Sg| l% \_‘
| T O I | | | I T I IR A
) |
| Hlettso | ﬂrt.'scrﬁ: NN
|
cs.n (LI5S ST T
L1 | [
oM <va~d><Emef<~op>%s S xmmh
|
*: ="‘<—>
tCKE(min) tXP(min)
Enter Power-Down mode Exit Power-Down mode -
tCKE(min)
Note:

Input clock frequency may be changed or the input clock stopped during power-down, provided that upon exiting power-down, the clock is
stable and within specified limits for a minimum of 2 clock cycles prior to power-down exit and the clock frequency is between the
minimum and maximum frequency for the particular speed grade.
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2.4.24.2 Example of CKE Intensive Environment

2.4.24.3 Refresh to Refresh Timing with CKE Intensive Environment

CK_¢ v v -\\ e
eict jLJ L] L L

CKE

—g———t—--

|
| | |
| | |
| | |
| | |
| teke : t : | . !
! Pk ! 3 !
| b | e i | bp | | toe |
| — | | l¢——p
| ! eV Y e ¥ L
(Cmd] ! | ' REF H ' ' ' . ReF | |
e N e s =
| {ReF ' |
R e ST I
Note:

The pattern shown above can repeat over a long period of time. With this pattern, LPDDR2 SDRAM guarantees all AC and DC timing &
voltage specifications with temperature and voltage drift.
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2.4.24.4 Read to Power-Down Entry
TO T1 T2 Tx Tx+1  Tx+2 Tx+3 Txt4d Tx+5 Tx+6 Tx+7 Tx+8 Tx+9

CK_c e
CK_t T S S
[Cmd] I I I Redd operation starts with alread command land
| [ ; | PKE shquid be Kept HIGH until thhe end of burst operation.
CKE ! [ HL( | ! ! :\ I
pQ A

| | | |

I | 1 I | 1

) L€ tISCKE | | I | |
] afaXaxaj I i | | T ]
i | | | | |

1 ] ] 1 1

1 | | | |

Ti+8 _'Ij|<+9

I | 1 I

| | | |

| I CKElshould e kept HIGH un
i |

I |

/4/—’: fiIscke

DQS_t
DQS_c
Note:

CKE may be registered LOW RL + RU(tDQSCK(MAX)/tCK)+ BL/2 + 1 clock cycles after the clock on which the Read command is
Registered.

_———f e e = —

|
|
il the er1|d of burkt operation.
|
|
|
|
1
|
|

i
|
bQ 4
|
|
1

2.4.24.5 Read with Auto precharge to Power-Down Entry

| ] | | ]
0 '|J|1 'IJ;2 Tk 'IJ|x+1 '|Jp<+2 '|J|x+3 T'|x+4 ‘Ij|x+5 T'p(+6 T;(+7 Tx+8 T1'<+9

TO T1 T2 TX Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9
CK_c
CK t _ ! —_ _ _ . _ _ !
- ] ! - —— Y Start ihternal grecharg ! [
oma) (RO — A e
| l  BL=U T | | I CKH should be kept HIGH |
! II N ! » : it tere = 7.505 : : -'—-’;Jl:lﬂﬂ thle end of:burst opIeration. :
CKE N T T T T T T T /:/v I I I I
! i | RO I Y = I I I )
1 tiSCKi
. I | | I M — I I I I
DQ | i [ [ i Q @@ QT 1 I I I ]
DQS t ! I I L ST Y T T ! ! ! ! !
I ] I I d- Lt | 1 I I | |
DQS_c ! | | | | | |
! !
1 X
I

R (-

' I A _A Start iriternal pr:echarge: ' '

|
| | |
Cmd {
[Cmd] ! RDA ) s \_PRE /T ™ CKE should be kept HIGH
—————

I
|
1
|
\ith tre = 7.5ns until the end ofiburst operation. |
I
!
I

& tras min satisfied I :

| |

' I | : : : L A% I
CKE |

I Ny R R R B B o A
DQ ' ! ! ! ! ! V Ay |

; i i | \ {afafafafaXafafa) , , |
DQs_t ! I | D itttV i /SN I I
DQs_c ! I l I \ . . \ \ | | | l
Note:

CKE may be registered LOW RL + RU(tDQSCK(MAX)/tCK)+ BL/2 + 1 clock cycles after the clock on which the Read command is
registered.
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2.4.24.6 Write to Power-Down Entry

TO T1 Tm Tm+1 Tm+2 Tm+3 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6
| | | 1 1 | |
I

CK_ ¢
CK t

[Cmd]

X Mx+1 Tk+2 Tk+3 T

'IlO 1{1 'Ij|m 'I}m+1 'Ill'm+2 'im+3 Tm+4 'Ii'm+5

i )
; |

//

[Cmd]

CKE

DQ

DQS_t
DQS_c
Note:

CKE may be registered LOW WL + 1 + BL/2 + RU(tWR/tCK) clock cycles after the clock on which the Write command is registered.

N N | EESSOUIO IOU N A HNSNON  RNN S

2.4.24.7 Write with Auto Precharge to Power-Down Entry
TO T1 Tm Tm+1l Tm+2 Tm+3 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6

CK ¢
CK_t
[Cmd]

WStarhInternarPrecharge
{ PRE )2 T

a7 I
|
|

=

CKE

DQ

DQS_t
DQS_c

Start Intern

|
\t—n' HISCKE

Note:
CKE may be registered LOW WL + 1 + BL/2 + RU(tWR/tCK) + 1 clock cycles after the Write command is registered.
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2.4.24.8 Refresh Command to Power-Down Entry

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
I | I I I | | I | I | I |
CKc ! ' I I l I I | | | | i
. I
CKt | == I~ == | l l l
| I I I I I | I | I | I I
(Cmd) - +—( ReF HH————————————
| | | | | [ | [ | | | |
l | ' | | ' l | l | l | l
I I I I I
I | | I | I I
CKE I I : : : : l : l I I I [
e e 0 T
1 | 1 : : : 1 : 1 1 1 | 1
Note:

CKE may go LOW tIHCKE after the clock on which the Refresh command is registered.

2.4.24.9 Activate Command to Power-Down Entry
T0 T1 T2 T3 T4 T5 T6 T7 T8 T9 T10  T11

CK ¢
CK t

[Cmd]

CKE

TIU TI1 T2 T3 T4 T5 TE; T7 T8I T€|9 T|1 0o T 1|1 |
CK | - _\ll : : : : | : | | | | :
- |
CKt | | | I == I | I | I
I I | | [ I | I [ I | I |
I I I | | 1 | 1 | 1 I
[Cmd] PRE t t t } } ; | ! ] ] |
I I I | I l I | I | [
I I I I I I I I I I I I I
| E— | | | | | | | | | | |
CKE | | | | I | | | | | | |
' tHoke M } } } | 1 { 1 ] | ] I
| | | | | | | |
I [ 1—b:t|SCKE : : : | : | | I I |
! ! | | | { l 1 I 1 | 1 |
Note:

CKE may go LOW tIHCKE after the clock on which the Precharge/Precharge-All command is registered.
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2.4.24.11 Mode Register Read to Power-Down Entry
TO T1 T2 Tx Tx+1 Tx+2 Tx+3 Tx+4 Tx+5 Tx+6 Tx+7 Tx+8 Tx+9

/

- L — 1

#tar{s with_a_M RF\]‘ commahd and

_ L —J —

Mode Pegister:Read oqeration

CKE:shouId He kept HIGH unt? the end of burst:operation.
v I

-1t

| | | |
| | [ | |
CKE A I I I I
| | | ( [ | |
ba | eltsoe | 1 L L
| | | | | | | |
| | | | | | | |
DQS_t | S D S SO IR
DQS_ci I I I i i i i
| | | | | | | |
| | | | | | | |
Note:

CKE may be registered LOW RL + RU(tDQSCK(MAX)/tCK)+ BL/2 + 1 clock cycles after the clock on which the Mode Register Read
command is registered.

2.4.24.12 MRW Command to Power-Down Entry

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11
[
CK_c :
|
Cmd] | ' ' ' ' l ' l : | | |
[Cmd] | MRW H : : . T l I I T T T
! ! KE car go to LOW turiv after 4 Mode Register! Write cbmman !
I | | 1 1 | |
CKE | | : | L‘ ! ! | I ! I I I
! I | | | I | | | ] | [ |
| | tISCKE | | | | | |
1 - : tMRwW : g : [ I 1 1 I I I
1 I [ ] [ [ 1 ] 1 ] I I I
Note:

CKE may be registered LOW tMRW after the clock on which the Mode Register Write command is registered.

2.4.25 Deep Power-Down

Deep Power-Down is entered when CKE is registered LOW with CS_n LOW, CAO HIGH, CA1 HIGH, and
CA2 LOW at the rising edge of clock. A NOP command must be driven in the clock cycle following the power-
down command. CKE is not allowed to go LOW while mode register, read, or write operations are in progress.
All banks must be in idle state with no activity on the data bus prior to entering the Deep Power Down mode.
During Deep Power-Down, CKE must be held LOW.

In Deep Power-Down mode, all input buffers except CKE, all output buffers, and the power supply to
internal circuitry may be disabled within the SDRAM. All power supplies must be within specified limits prior to
exiting Deep Power- Down. VrefDQ and VrefCA may be at any level within minimum and maximum levels
(See 3.1 “Absolute Maximum DC Ratings”). However prior to exiting Deep Power-Down, Vref must be within
specified limits (See 3.2.1.1 “Recommended DC Operating Conditions”).

The contents of the SDRAM may be lost upon entry into Deep Power-Down mode.

The Deep Power-Down state is exited when CKE and CS_n are registered HIGH, while meeting tISCKE
with a stable clock input. The SDRAM must be fully re-initialized by controller as described in the Power up
initialization Sequence. The SDRAM is ready for normal operation after the initialization sequence.
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2.4.25.1 Deep Power Down Entry and Exit Timing

P 2 {CK (min)

o
\

OO0
I;“:'Ix
—~ 0
— -
-t -
I
| —
Y _
|
- _
e
-
=)
|
|
I
— — — _.1
J
|
T
r
T
]
-r
I

[ 11
I .
— | tIHCKE | : . INIT3 = 200 ps (min) =X
BRI Input clock frequency may be changed I | .
Lty 1 1 or the input clock stopped during Deep Power-Down b Tt
CKE v vl N R
bl NN RN
I M tISCKE : : H“{’[ISGKI?
1 1 I I
I |
I |
|

—— —— ————— = ) —

es n DL s
o) (G el SN 5 0 2

foPD

tRP

Enter Deep Power-Down mode Exit Deep Power-Down mode

Notes:

1. Initialization sequence may start at any time after TC.

2. tINIT3 and TC refer to timings in the LPDDR2 initialization sequence. For more detail, see section 2.2 “Power-up, Initialization, and
Power- Off”.

3. Input clock frequency may be changed or the input clock stopped during deep power-down, provided that upon exiting deep power-
down, the clock is stable and within specified limits for a minimum of 2 clock cycles prior to deep power-down exit and the clock frequency
is between the minimum and maximum frequency for the particular speed grade.

2.4.26 Input Clock Stop and Frequency Change

LPDDR?2 devices support input clock frequency change during CKE LOW under the following conditions:
« tCK(abs)min is met for each clock cycle;

* Refresh Requirements apply during clock frequency change;

« During clock frequency change, only REFab commands may be executing;

* Any Activate, or Precharge commands have executed to completion prior to changing the frequency;

* The related timing conditions (tRCD, tRP) have been met prior to changing the frequency;

* The initial clock frequency shall be maintained for a minimum of 2 clock cycles after CKE goes LOW;

* The clock satisfies tCH(abs) and tCL(abs) for a minimum of 2 clock cycles prior to CKE going HIGH.

After the input clock frequency is changed and CKE is held HIGH, additional MRW commands may be
required to set the WR, RL etc. These settings may need to be adjusted to meet minimum timing requirements
at the target clock frequency.

LPDDR?2 devices support clock stop during CKE LOW under the following conditions:

* CK _tis held LOW and CK_c is held HIGH during clock stop;

» Refresh Requirements apply during clock stop;

* During clock stop, only REFab commands may be executing;

* Any Activate, or Precharge commands have executed to completion prior to stopping the clock;

* The related timing conditions (tRCD, tRP) have been met prior to stopping the clock;

* The initial clock frequency shall be maintained for a minimum of 2 clock cycles after CKE goes LOW;
* The clock satisfies tCH(abs) and tCL(abs) for a minimum of 2 clock cycles prior to CKE going HIGH.
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LPDDR2 devices support input clock frequency change during CKE HIGH under the following conditions:

« t{CK(abs)min is met for each clock cycle;

» Refresh Requirements apply during clock frequency change;

* Any Activate, Read, Write, Precharge, Mode Register Write, or Mode Register Read commands must have
executed to completion, including any associated data bursts prior to changing the frequency;

* The related timing conditions (tRCD, tWR, tWRA, tRP, tMRW, tMRR, etc.) have been met prior to changing
the frequency;

* CS_n shall be held HIGH during clock frequency change;

« During clock frequency change, only REFab commands may be executing;

» The LPDDR?2 device is ready for normal operation after the clock satisfies tCH(abs) and tCL(abs) for a
minimum of 2tCK + tXP.

After the input clock frequency is changed, additional MRW commands may be required to set the WR, RL etc.
These settings may need to be adjusted to meet minimum timing requirements at the target clock frequency.

LPDDR2 devices support clock stop during CKE HIGH under the following conditions:

* CK _tis held LOW and CK_c is held HIGH during clock stop;

* CS_n shall be held HIGH during clock stop;

» Refresh Requirements apply during clock stop;

* During clock stop, only REFab commands may be executing;

* Any Activate, Read, Write, Precharge, Mode Register Write, or Mode Register Read commands must have
executed to completion, including any associated data bursts prior to stopping the clock;

* The related timing conditions (tRCD, tWR, tWRA, tRP, tMRW, tMRR, etc.) have been met prior to stopping
the clock;

» The LPDDR2 device is ready for normal operation after the clock is restarted and satisfies tCH(abs) and
tCL(abs) for a minimum of 2tCK + tXP.

2.4.27 No Operation Command

The purpose of the No Operation command (NOP) is to prevent the LPDDR2 device from registering any
unwanted command between operations. Only when the CKE level is constant for clock cycle N-1 and clock
cycle N, a NOP command may be issued at clock cycle N. A NOP command has two possible encodings:

1. CS_n HIGH at the clock rising edge N.

2. CS_n LOW and CAO0, CA1, CA2 HIGH at the clock rising edge N.

The No Operation command will not terminate a previous operation that is still executing, such as a burst
read or write cycle.

2.5 Truth Tables

The truth tables provide complementary information to the state diagram, they clarify the device behavior
and the applied restrictions when considering the actual state of all the Banks.

Operation or timing that is not specified is illegal, and after such an event, in order to guarantee proper
operation, the LPDDR2 device must be powered down and then restarted through the specified initialization
sequence before normal operation can continue.
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2.5.1 Command Truth Table

Command Pins DDR CA Pins (10) CK t
Command CKE EDEE
K i) | CK_tim) |CS-N| CAO | CAT | CA2 | CA3 | CA4 | CAS | CAS | CAT | CA8 | CAS
L L L L L MAO MA1 MA2 | MA3 | MA4 | mas | F
MRW H H
X | MA6 | MA7 | OPO | OP1 | OP2 op3 | opa | Ops | ope | op7 | |
L L L L H MAD | MA1 | MA2 | MA3 | mA4 | MmAs | _f
MRR H H
X | MAG | MA7 X T
Refresh H H L L L H ‘ H ‘ X —r
(all bank) X x 1
Enter H L L L ‘ L ‘ H ‘ % _r
Self Refresh X X X _L
Activate L L H R8 RO R10 R11 R12 | BAO | BA1 X ¥
bank H H
(bank) X | RO | Ri R2 | R3 R4 R5 Re | R7 X X L
Write L H L L RFU | RFU cl c2 BAO | BAT X ¥
hank) H H
(ban X |AP=a| c3 | c4 | 5 cé c7 c8 X X X L
Read L H L H RFU | RFU c1 c2 BAD | BAT X F
bank H H
(bank) X |AaP=s| c3 | ca | o5 | cs c7 c8 X X X +
Precharge y y L H H L H AB X X BAD | BAT X ¥
(per bank, all bank) X X _L
L H ‘ H ‘ L ‘ L ‘ X ¥
BST H H
X x T
Enter Deep H L L H ‘ H ‘ L ‘ X —r
Power Down X X X _L
L H ‘ H ‘ H ‘ X F
NOP H H
X X i3
Maintain L H ‘ H ‘ H ‘ X ¥
PD,SREF,DPD L L
(NOP) X X _L
H X F
NOP H H
X X L
Maintain H X F
PD,SREF,DPD L L
(NOP) X X k=
Enter H L H X —r
Power Down X X X _L
Exit PD, L ) H X £
SREF,DPD X X X 1
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Notes:

1. All LPDDR2 commands are defined by states of CS_n, CAO, CA1, CA2, CA3, and CKE at the rising edge of the clock.
2. For LPDDR2 SDRAM, Bank addresses BAO and BA1 (BA) determine which bank is to be operated upon.

3. AP is significant only to SDRAM.

4. AP *high” during a READ or WRITE command indicates that an auto-precharge will occur to the bank associated with the READ or

WRITE command.

5. “X” means “H or L (but a defined logic level)”.

6. Self refresh exit and Deep Power Down exit are asynchronous.
7. VREF must be between 0 and VDDQ during Self Refresh and Deep Power Down operation.

wm

8. CAxr refers to command/address bit “x” on the rising edge of clock.

wn

9. CAxf refers to command/address bit “x” on the falling edge of clock.
10. CS_n and CKE are sampled at the rising edge of clock.

11. The least-significant column address CO is not transmitted on the CA bus, and is implied to be zero.
12. AB “high” during Precharge command indicates that all bank Precharge will occur. In this case, Bank Address is do-not-care.

2.5.2 CKE Truth Table

Device Current State™ | CKEn-1" | CKEn™ | CS_n?| Command n* Operation n™ Device Next State | Notes
) L L X X Maintain Active Power Down |  Active Power Down
Active Power Down
L H H NOP Exit Active Power Down Active 6,9
L L X X Maintain Idle Power Down Idle Power Down
Idle Power Down
L H H NOP Exit Idle Power Down Idle 6,9
L L X X Maintain Resetting
Resetting Power Down Resetting Power Down Power Down
L H H NOP Exit Resetting Power Down Idle or Resetting 6,9, 12
Maint;
L L X X antam Deep Power Down
Deep Power Down Deep Power Down
L H H NOP Exit Deep Power Down Power On 8
L L X X Maintain Self Refresh Self Refresh
Self Refresh -
L H H NOP Exit Self Refresh Idle 7,10
Enter
Bank(s) Acti H L H NOP Active P D
ank(s) Active Active Power Down ctive Power Down
Enter
H L H NOP Idle P D
Idle Power Down e rowerbow
Enter Enter
All Banks Idle H L L Seif Refresh Self Refresh Self Refresh
Enter
H L L Deep Power Down Deep Power Down
P Deep Power Down P
) Enter .
Resetting H L H NOP Resetfing Power Down Resetting Power Down
Others states H H Refer to the Command Truth Table

Notes:

. “CKEN” is the logic state of CKE at clock rising edge n; “CKEn-1" was the state of CKE at the previous clock edge.
. “CS_n"is the logic state of CS_n at the clock rising edge n;
. “Current state” is the state of the LPDDR2 device immediately prior to clock edge n.
. “Command n” is the command registered at clock edge N, and “Operation n” is a result of “Command n”.

. Power Down exit time (tXP) should elapse before a command other than NOP is issued.
. Self-Refresh exit time (tXSR) should elapse before a command other than NOP is issued.
. The Deep Power-Down exit procedure must be followed as discussed in the Deep Power-Down section of the Functional Description.

1
2
3
4
5. All states and sequences not shown are illegal or reserved unless explicitly described elsewhere in this document.
6
7
8
9

. The clock must toggle at least once during the tXP period.
10. The clock must toggle at least once during the tXSR time.

11. X’ means ‘Don’t care’.

12. Upon exiting Resetting Power Down, the device will return to the Idle state if tINIT5 has expired.
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2.5.3 Current State Bank n - Command to Bank n Truth Table

Cg{;::t Command Operation Next State Notes
Any NOP Continue previous operation Current State
ACTIVATE Select and activate row Active
Refresh (All Bank) Begin to refresh Refreshing(All Bank)
MRW Load value to Mode Register MR Writing
dle MRR Read value from Mode Register Idle MR Reading
Reset Begin Device Auto-Initialization Resetting 6,7
Precharge Deactivate row in bank or banks Precharging 8, 14
Read Select column, and start read burst Reading
Row Active Write Select column, and start write burst Writing
MRR Read value from Mode Register Active MR Reading
Precharge Deactivate row in bank or banks Precharging 8
Read Select column, and start new read burst Reading 9,10
Reading Write Select column, and start write burst Writing 9,10, 1
BST Read burst terminate Active 12
Write Select column, and start new write burst Writing 9 10
Writing Read Select column, and start read burst Reading 9,10, 13
BST Write burst terminate Active 12
Power On Reset Begin Device Auto-Initialization Resetting 6,8
Resetting MRR Read value from Mode Register Resetting MR Reading
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Notes:

1. The table applies when both CKEn-1 and CKEn are HIGH, and after tXSR or tXP has been met if the previous state was Power
Down.

2. All states and sequences not shown are illegal or reserved.

3. Current State Definitions:

Idle: The bank or banks have been precharged, and tRP has been met.

Active: A row in the bank has been activated, and tRCD has been met. No data bursts / accesses and no register accesses are in
progress.

Reading: A Read burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.

Writing: A Write burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.

4. The following states must not be interrupted by a command issued to the same bank. NOP commands or allowable commands to
the other bank should be issued on any clock edge occurring during these states. Allowable commands to the other banks are determined
by its current state and 2.5.3 “Current State Bank n - Command to Bank n Truth Table”, and according to 2.5.4 “Current State Bank n -
Command to Bank m Truth Table”.

Precharging: starts with the registration of a Precharge command and ends when tRP is met. Once tRP is met, the bank will be in the
idle state.

Row Activating: starts with registration of an Activate command and ends when tRCD is met. Once tRCD is met, the bank will be in
the ‘Active’ state.

Read with AP Enabled: starts with the registration of the Read command with Auto Precharge enabled and ends when tRP has been
met. Once tRP has been met, the bank will be in the idle state.

Write with AP Enabled: starts with registration of a Write command with Auto Precharge enabled and ends when tRP has been met.
Once tRP is met, the bank will be in the idle state.

5. The following states must not be interrupted by any executable command; NOP commands must be applied to each positive clock
edge during these states.

Refreshing (All Bank): starts with registration of a Refresh (All Bank) command and ends when tRFCab is met. Once tRFCab is met,
the device will be in an ‘all banks idle’ state.

Idle MR Reading: starts with the registration of a MRR command and ends when tMRR has been met. Once tMRR has been met, the
bank will be in the Idle state.

Resetting MR Reading: starts with the registration of a MRR command and ends when tMRR has been met. Once tMRR has been
met, the bank will be in the Resetting state.

Active MR Reading: starts with the registration of a MRR command and ends when tMRR has been met. Once tMRR has been met,
the bank will be in the Active state.

MR Writing: starts with the registration of a MRW command and ends when tMRW has been met. Once tMRW has been met, the
bank will be in the Idle state.

Precharging All: starts with the registration of a Precharge-All command and ends when tRP is met. Once tRP is met, the bank will be
in the idle state.

6. Not bank-specific; requires that all banks are idle and no bursts are in progress.

7. Not bank-specific reset command is achieved through Mode Register Write command.

8. This command may or may not be bank specific. If all banks are being precharged, they must be in a valid state for pre- charging.

9. A command other than NOP should not be issued to the same bank while a Read or Write burst with Auto Precharge is enabled.

10. The new Read or Write command could be Auto Precharge enabled or Auto Precharge disabled.

11. A Write command may be applied after the completion of the Read burst; otherwise, a BST must be used to end the Read prior to
asserting a Write command.

12. Not bank-specific. Burst Terminate (BST) command affects the most recent read/write burst started by the most recent
Read/Write command, regardless of bank.

13. A Read command may be applied after the completion of the Write burst; otherwise, a BST must be used to end the Write prior to
asserting a Read command.

14. If a Precharge command is issued to a bank in the Idle state, tRP shall still apply.
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2.5.4 Current State Bank n - Command to Bank m Truth Table

Current State of Conflmand . Next State for
Bank n 5 or Operation Bank m Notes
ank m
Any NOP Continue previous operation Current State of Bank m
Idle Any Any command allowed to Bank m - 18
Activate | Select and activate row in Bank m Active 7
Read Select column, and start read burst from Bank m Reading 8
Row Activating, Write Select column, and start write burst to Bank m Writing 8
Active, or Precharge |Deactivate row in bank or banks Precharging 9
Precharging MRR Read value from Mode Register Iiiti?:l\:: a;i;r;{g;i:r 10,] ; 1.
BT | penawite romo sk Actve 18
Read Select column, and start read burst from Bank m Reading 8
Reading Write Select column, and start write burst to Bank m Writing 8, 14
(Autoprecharge - - - -
disabled) Activate | Select and activate row in Bank m Active
Precharge |Deactivate row in bank or banks Precharging 9
Read Select column, and start read burst from Bank m Reading 8,16
Writing Write Select column, and start write burst to Bank m Writing 8
(Autoprecharge - - - -
disabled) Activate | Select and activate row in Bank m Active
Precharge |Deactivate row in bank or banks Precharging 9
Read Select column, and start read burst from Bank m Reading 8,15
Reading with Write Select column, and start write burst to Bank m Writing 8, 14,15
Autoprecharge Activate | Select and activate row in Bank m Active
Precharge |Deactivate row in bank or banks Precharging 9
Read Select column, and start read burst from Bank m Reading 8,15, 16
Writing with Write Select column, and start write burst to Bank m Writing 8,15
Autoprecharge Activate | Select and activate row in Bank m Active
Precharge |Deactivate row in bank or banks Precharging 9
Power On Reset Begin Device Auto-Initialization Resetting 12,17
Resetting MRR Read value from Mode Register Resetting MR Reading
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Notes:

1. The table applies when both CKEn-1 and CKEn are HIGH, and after tXSR or tXP has been met if the previous state was Self
Refresh or Power Down.

2. All states and sequences not shown are illegal or reserved.

3. Current State Definitions:

Idle: the bank has been precharged, and tRP has been met.

Active: a row in the bank has been activated, and tRCD has been met. No data bursts/accesses and no register accesses are in
progress.

Reading: a Read burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.

Writing: a Write burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.

4. Refresh, Self-Refresh, and Mode Register Write commands may only be issued when all bank are idle.

5. A Burst Terminate (BST) command cannot be issued to another bank; it applies to the bank represented by the current state only.

6. The following states must not be interrupted by any executable command; NOP commands must be applied during each clock
cycle while in these states:

Idle MR Reading: starts with the registration of a MRR command and ends when tMRR has been met. Once tMRR has been met, the
bank will be in the Idle state.

Resetting MR Reading: starts with the registration of a MRR command and ends when tMRR has been met. Once tMRR has been
met, the bank will be in the Resetting state.

Active MR Reading: starts with the registration of a MRR command and ends when tMRR has been met. Once tMRR has been met,
the bank will be in the Active state.

MR Writing: starts with the registration of a MRW command and ends when tMRW has been met. Once tMRW has been met, the
bank will be in the Idle state.

7.t1RRD must be met between Activate command to Bank n and a subsequent Activate command to Bank m.

8. Reads or Writes listed in the Command column include Reads and Writes with Auto Precharge enabled and Reads and Writes with
Auto Precharge disabled.

9. This command may or may not be bank specific. If all banks are being precharged, they must be in a valid state for pre- charging.

10. MRR is allowed during the Row Activating state (Row Activating starts with registration of an Activate command and ends when
tRCD is met).

11. MRR is allowed during the Precharging state. (Precharging starts with registration of a Precharge command and ends when tRP
is met.

12. Not bank-specific; requires that all banks are idle and no bursts are in progress.

13. The next state for Bank m depends on the current state of Bank m (ldle, Row Activating, Precharging, or Active). The reader shall
note that the state may be in transition when a MRR is issued. Therefore, if Bank m is in the Row Activating state and Precharging, the
next state may be Active and Precharge dependent upon tRCD and tRP respectively.

14. A Write command may be applied after the completion of the Read burst; otherwise a BST must be issued to end the Read prior
to asserting a Write command.

15. Read with auto precharge enabled or a Write with auto precharge enabled may be followed by any valid command to other banks
provided that the timing restrictions in 2.4.14.2 “Precharge & Auto Precharge Clarification” table are followed.

16. A Read command may be applied after the completion of the Write burst; otherwise, a BST must be issued to end the Write prior
to asserting a Read command.

17. Reset command is achieved through Mode Register Write command.

18. BST is allowed only if a Read or Write burst is ongoing.

2.5.5 Data Mask Truth Table

Name (Functional) DM DQs Note
Write enable L Valid 1
Write inhibit H X 1
Note:

1. Used to mask write data, provided coincident with the corresponding data.
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3 ELECTRICAL CHARACTERISTIC

3.1 Absolute Maximum DC Ratings

Stresses greater than those listed may cause permanent damage to the device. This is a stress rating
only, and functional operation of the device at these or any other conditions above those indicated in the
operational sections of this specification is not implied. Exposure to absolute maximum rating conditions for
extended periods may affect reliability.

Parameter Symbol Min Max Units | Notes
VbD1 supply voltage relative to Vss VDD1 -04 +2.3 Vv 2
VbD2 supply voltage relative to Vss \VDD2 04 +1.6 \% 2
VDDcA supply voltage relative to Vssca VDDCA 04 +1.6 \% 2,4
Voba supply voltage relative to Vssa VoDa 04 +1.6 \% 2,3
Voltage on any ball relative to Vss VIN, VouTt -04 +1.6 \
Storage Temperature TsTG -55 +125 °C 5

Notes:

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability.

2. See “Power Ramp” in section 2.2.1 “Power Ramp and Device Initialization” for relationships between power supplies.

3. VREFDQ = 0.6 x VDDQ; however, VREFDQ may be = VDDQ provided that VREFDQ < 300mV.

4. VREFCA < 0.6 x VDDCA, however, VREFCA may be = VDDCA provided that VREFCA < 300mV.

5. Storage Temperature is the junction temperature of the LPDDR2 device.

3.2 AC & DC Operating Conditions

Operation or timing that is not specified is illegal, and after such an event, in order to guarantee proper
operation, the LPDDR2 Device must be powered down and then restarted through the specialized initialization
sequence before normal operation can continue.

3.2.1 Recommended DC Operating Conditions
3.2.1.1 Recommended DC Operating Conditions

LPDDR2-S4B .
Symbol - DRAM Unit
Min Typ Max
\VDD1 1.70 1.80 1.95 Core Power1 \%
\VDD2 1.14 1.20 1.30 Core Power2 V
VDDCA 1.14 1.20 1.30 Input Buffer Power vV
\VVDDQ 1.14 1.20 1.30 1/O Buffer Power \

Note: VDD1 uses significantly less power than VDD2.
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3.2.2 Input Leakage Current
Parameter/Condition Symbol Min Max Unit | Notes

Input Leakage current
For CA, CKE, CS_n, CK_t, CK_c

e e B R IL 2 2 A 2
Any input OV = VIN < VDDCA H
(All other pads not under test = 0V)

VREF supply leakage current
VREFDQ = VDDQ/2 or VREFCA = VDDCA/2 IVREF -1 1 HA 1
(All other pads not under test = 0V)

Notes:
1. The minimum limit requirement is for testing purposes. The leakage current on VREFCA and VREFDQ pads should be minimal.

2. Although DM is for input only, the DM leakage shall match the DQ and DQS_t/DQS_c output leakage specification.

3.2.3 Operating Temperature Conditions

Parameter/Condition Symbol Min Max Unit
Standard T -40 85 °C
Extended : 85 125 °C

Notes:

1. Operating Temperature is the junction temperature of the LPDDR2 device.

2. Some applications require operation of LPDDR2 in the maximum temperature conditions in the Extended Temperature Range between
85°C and 125°C. For LPDDR2 devices, some derating is necessary to operate in this range. See the MR4 Device Temperature (MA[7:0] =
04h) table.

3. Either the device operating temperature or the temperature sensor (See section 2.4.20 “Temperature Sensor”) may be used to set an
appropriate refresh rate, determine the need for AC timing derating and/or monitor the operating temperature. When using the

temperature sensor, the actual device junction temperature may be higher than the Tj rating that applies for the Standard or Extended

3.2.4 AC and DC Input Measurement Levels

3.2.4.1 AC and DC Logic Input Levels for Single-Ended Signals
3.2.4.1.1 Single-Ended AC and DC Input Levels for CA and CS_n Inputs

LPDDR2-1333
Symbol Parameter - Unit | Notes
Min Max
ViHca(AC) | AC input logic high Vref + 0.220 Note 2 vV 1,
ViLca(AC) | AC input logic low Note 2 Vref - 0.220 \Y 1,
Vinca(DC) | DC input logic high Vref + 0.130 VDDCA \ 1
Viea(DC) | DC input logic low VsSscA Vref - 0.130 \Y 1
Vrerca(DC) | Reference Voltage for CA and CS_n inputs 0.49 * VDDCA 0.51 *VDDCA \Y 3,4
Notes:
1. For CA and CS_n input only pads. Vref = VrefCA(DC).
2. See section 7.2.5.5 “Overshoot and Undershoot Specifications”.
3. The ac peak noise on VRefCA may not allow VRefCA to deviate from VRefCA(DC) by more than + 1% VDDCA (for reference: approx.
£ 12 mV).
4. For reference: approx. VDDCA/2 £ 12 mV.
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3.2.4.1.2 Single-Ended AC and DC Input Levels for CKE
Symbol Parameter Min Max Unit Note
V/HCKE CKE Input High Level 0.8 * VDDCA Note 1 W 1
ViLcke CKE Input Low Level Note 1 0.2 *VDDCA W 1

Note 1: See section 7.2.5.5 “Overshoot and Undershoot Specifications”.

3.2.4.1.3 Single-Ended AC and DC Input Levels for DQ and DM

LPDDR2-1333
Symbol Parameter - Unit | Notes
Min Max

Vimba(AC) | AC input logic high Vref + 0.220 Note 2 \% 1,
Viba(AC) | AC input logic low Note 2 Vref - 0.220 V 1,
Vinpa(DC) | DC input logic high Vref + 0.130 VDDQ \% 1
Vioa(DC) | DC input logic low VSSQ Vref - 0.130 \% 1
Vrema(DC) | Reference Voltage for DQ, DM inputs 0.49 *VDDQ 0.51 *VDDQ \% 3,4
Notes:

1. For DQ input only pads. Vref = VrefDQ(DC).

2. See section 7.2.5.5 “Overshoot and Undershoot Specifications”.

3. The ac peak noise on VRefDQ may not allow VRefDQ to deviate from VRefDQ(DC) by more than + 1% VDDAQ (for reference: approx.
+12 mV).

4. For reference: approx. VDDQ/2 £ 12 mV.

3.2.4.2 Vref Tolerances

The DC tolerance limits and ac-noise limits for the reference voltages VRefCA and VRefDQ are illustrated
in below “VRef(DC) Tolerance and VRef AC-Noise Limits” figure. It shows a valid reference voltage VRef(t) as
a function of time. (VRef stands for VRefCA and VRefDQ likewise). VDD stands for VDDCA for VRefCA and
VDDAQ for VRefDQ. VRef(DC) is the linear average of VRef(t) over a very long period of time (e.g. 1 sec) and
is specified as a fraction of the linear average of VDDQ or VDDCA also over a very long period of time (e.g. 1
sec). This average has to meet the min/max requirements in 3.2.4.1.1 “Single-Ended AC and DC Input Levels
for CA and CS_n Inputs” table. Furthermore VRef(t) may temporarily deviate from VRef(DC) by no more than
1 1% VDD. Vref(t) cannot track noise on VDDQ or VDDCA if this would send Vref outside these specifications.
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3.2.4.2.1 VRef(DC) Tolerance and VRef AC-Noise Limits
A Voltage
VDD
A
"N
VRef ac-noise YRef (9
VDD/2
VRef (DC)min
N
VSS
—»
time

The voltage levels for setup and hold time measurements VIH(AC), VIH(DC), VIL(AC) and VIL(DC) are
dependent on VRef.

“VRef” shall be understood as VRef(DC), as defined in above “VRef(DC) Tolerance and VRef AC-Noise
Limits” figure.

This clarifies that dc-variations of VRef affect the absolute voltage a signal has to reach to achieve a valid
high or low level and therefore the time to which setup and hold is measured. Devices will function correctly
with appropriate timing deratings with VREF outside these specified levels so long as VREF is maintained
between 0.44 x VDDQ (or VDDCA) and 0.56 x VDDQ (or VDDCA) and so long as the controller achieves the
required single-ended AC and DC input levels from instantaneous VRef (see 3.2.4.1.1 “Single-Ended AC and
DC Input Levels for CA and CS_n Inputs” table and 3.2.4.1.3 “Single-Ended AC and DC Input Levels for DQ
and DM” table) Therefore, system timing and voltage budgets need to account for VREF deviations outside
of this range.

This also clarifies that the LPDDR2 setup/hold specification and derating values need to include time and

voltage associated with VRef ac-noise. Timing and voltage effects due to ac-noise on VRef up to the
specified limit (+ 1% of VDD) are included in LPDDR?2 timings and their associated deratings.
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3.2.4.3 Input Signal

3.2.4.3.1 LPDDR2-1333 Input Signal

Minimum VIL and VIH Levels

VIH(AC)

0.820V.

VIH(DC)

0.730Vv

0.624Vv

0.612v

0.600V- | — 4+ —— — — ===

0.588Vv

0.576V

0.470v

0.380Vv \

VIL(DG)

Notes:
1. Numbers reflect nominal values.

VIL(AC)

Data Sheet

SCB4BL512XX0AF-15J
Low power DDR2 SDRAM

VIL and VIH Levels With Ringback

1.550V~

A

1.200V

VDD + 0.35V

vDD

0.820Vv

0.730Vv

0.624Vv

0.612V

0.600V - |
0.588V

0.576V

VIH(AC)

VIH(DC)

VREF + AC noise
VREF + DC error

VREF — DC error
VREF — AC noise

0.470Vv

0.380Vv

0.000Vv

VIL(DC)

VIL(AC)

VSS

-0.350Vv

U

VSS — 0.35V

2. For CA0-9, CK_t, CK_c, and CS_n, VDD stands for VDDCA. For DQ, DM, DQS_t, and DQS_c, VDD stands for VDDQ.
3. For CA0-9, CK_t, CK_c, and CS_n, VSS stands for VSSCA. For DQ, DM, DQS _t, and DQS_c, VSS stands for VSSQ.
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3.2.4.4 AC and DC Logic Input Levels for Differential Signals
3.2.4.4.1 Differential Signal Definition

Differntial tDVAC
voltage

ViHoIFFAOMIN - — o — e ——(——————————(——(——(— ( — — — — — — — —

VHDFFDCOMIN - + — — — — >— o — — — — — — — —
N\ ©0)

~ CK_t-CK_c
00 J/ __ _ _ _ _ _ _ _ _ _\ beS+bQSc
/
VioFFOROMAX { — — — — — — — — — — & A\ — — — — — — — — [
Y
ViorFrpcoMAX | — — — N _ 4 -
- Half cycle >

tovac

- time

Figure of Definition of differential ac-swing and “time above ac-level” tDVAC

3.2.4.4.2 Differential Swing Requirements for Clock (CK_t - CK_c) and Strobe (DQS_t - DQS_c)
Table of Differential AC and DC Input Levels

LPDDR2-1333
Symbol Parameter - Unit | Notes
Min Max
VIHdiff(dc) | Differential input high 2 X (VIH(dc) - Vref) Note 3 vV 1
ViLdiff(dc) | Differential input logic low Note 3 2 x (VIL(dc) - Vref) \ 1
VIHdiff(ac) | Differential input high ac 2 x (VIH(ac) - Vref) Note 3 \Y 2
ViLdiff(ac) | Differential input low ac Note 3 2 x (VIL(ac) - Vref) V 2
Notes:

1. Used to define a differential signal slew-rate. For CK_t - CK_c use VIH/VIL(dc) of CA and VREFCA; for DQS_t - DQS_c, use
VIH/VIL(dc) of DQs and VREFDQ; if a reduced dc-high or dc-low level is used for a signal group, then the reduced level applies also here.
2. For CK_t - CK_c use VIH/VIL(ac) of CA and VREFCA; for DQS_t - DQS_c, use VIH/VIL(ac) of DQs and VREFDQ; if a reduced ac-high
or ac-low level is used for a signal group, then the reduced level applies also here.

3. These values are not defined, however the single-ended signals CK_t, CK_c, DQS_t, and DQS_c need to be within the respective limits
(VIH(dc) max, VIL(dc)min) for single-ended signals as well as the limitations for overshoot and undershoot. Refer to section 3.2.5.5
“Overshoot and Undershoot Specifications”.

4. For CK_t and CK_c, Vref = VrefCA(DC). For DQS_t and DQS_c, Vref = VrefDQ(DC).
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Table of Allowed Time before Ringback (tDVAC) for CK_t - CK_c and DQS_t - DQS_c
Slew Rate [V/nS] @ |V|Hdiff(ac; E:)\:J:I?L[c?i?f](ac)| = 440mV

>4.0 175

4.0 170

3.0 167

2.0 163

18 162

16 161

14 159

1.2 155

1.0 150

<1.0 150

3.2.4.5 Single-Ended Requirements for Differential Signals

Each individual component of a differential signal (CK_t, DQS_t, CK_c, or DQS_c) has also to comply
with certain requirements for single-ended signals.

CK_t and CK_c shall meet VSEH(ac)min / VSEL(ac)max in every half-cycle.

DQS _t, DQS_c shall meet VSEH(ac)min / VSEL(ac)max in every half-cycle preceeding and following a
valid transition.

Note that the applicable ac-levels for CA and DQ’s are different per speed-bin.

VDDCAorVDDQ - — —m — — — —
VSEH(ac)mn - — — — — — A — 4+ — %+ — — — — — — —
VDDCARorVDDQR2 - —m—— — 4+ — — + — — ¥ — — — — — —
CK_t,CK_
DQS_t, or DQS_c
VSEL(ac)max —
VSEL(ac)
VSSCA or VSSQ ——— —  time

Figure of Single-Ended Requirement for Differential Signals
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Note that while CA and DQ signal requirements are with respect to Vref, the single-ended components of
differential signals have a requirement with respect to VDDQ/2 for DQS_t, DQS_c and VDDCA/2 for CK_t,
CK _c; this is nominally the same. The transition of single-ended signals through the ac-levels is used to
measure setup time. For single-ended components of differential signals the requirement to reach
VSEL(ac)max, VSEH(ac)min has no bearing on timing, but adds a restriction on the common mode
characteristics of these signals.

The signal ended requirements for CK_t, CK_c, DQS_t and DQS_c are found in 3.2.4.1.1 “Single-Ended

AC and DC Input Levels for CA and CS_n Inputs” table and 3.2.4.1.3 “Single-Ended AC and DC Input Levels
for DQ and DM” table, respectively.

Table of Single-Ended Levels for CK_t, DQS_t, CK_c, DQS_c

LPDDR2-1333 ]
Symbol Parameter - Unit | Notes
Min Max
v Single-ended high-level for strobes (Voba/2) + 0.220 Note 3 \ 1,
SEH(AC
() Single-ended high-level for CK_t, CK_c | (Vpbca/2) +0.220 Note 3 \ 1,2
v Single-ended low-level for strobes Note 3 (Vopa/2) - 0.220 \% 1,2
SEL(AC
() Single-ended low-level for CK_t, CK_c Note 3 (Vpbpca/2) - 0.220 \% 1,2
Notes:

1. For CK_t, CK_c use VSEH/VSEL(ac) of CA; for strobes (DQS0_t, DQS0_c, DQS1_t, DQS1_c, DQS2_t, DQS2_c, DQS3_t, DQS3_c)
use VIH/VIL(ac) of DQs.

2. VIH(ac)/VIL(ac) for DQs is based on VREFDQ; VSEH(ac)/VSEL(ac) for CA is based on VREFCA; if a reduced ac-high or ac-low level is
used for a signal group, then the reduced level applies also here.

3. These values are not defined, however the single-ended signals CK_t, CK_c, DQSO0_t, DQS0_c, DQS1_t, DQS1_c, DQS2_t, DQS2_c,
DQS3_t, DQS3_c need to be within the respective limits (VIH(dc) max, VIL(dc)min) for single-ended signals as well as the limitations for
overshoot and undershoot. Refer to section 3.2.5.5 “Overshoot and Undershoot Specifications”.

3.2.4.6 Differential Input Cross Point Voltage

To guarantee tight setup and hold times as well as output skew parameters with respect to clock and
strobe, each cross point voltage of differential input signals (CK_t, CK_c and DQS_t, DQS_c) must meet the
requirements of above Single-ended levels for CK_t, DQS_t, CK_c, DQS_c table. The differential input cross
point voltage VIX is measured from the actual cross point of true and complement signals to the midlevel
between of VDD and VSS.

VDDCA or VDDQ

- — — CK ¢, DQS ¢
/
/

/
) {__*____________\_J_’DDCNZ or VDDQ/2

CK_t, DQS_t

VSSCA or VSSQ

Figure of Vix Definition
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Table of Cross Point Voltage for Differential Input Signals (CK, DQS)
LPDDR2-1333

Symbol Parameter - Unit | Notes
Min . Max
Differential Input Cross Point Voltage relative to
VIXCA | \/ppear2 for CK_t, CK_c -120 120 mv | 1.2
Differential Input Cross Point Voltage relative to _
VIXDQ | yppar for DQS.t, DQS_c 120 120 mv | 1.2
Notes:

1. The typical value of VIX(AC) is expected to be about 0.5 x VDD of the transmitting device, and VIX(AC) is expected to track variations
in VDD. VIX(AC) indicates the voltage at which differential input signals must cross.
2. For CK_t and CK_c, Vref = VrefCA(DC). For DQS_t and DQS_c, Vref = VrefDQ(DC).

3.2.4.7 Slew Rate Definitions for Single-Ended Input Signals
See section 3.7.2 “CA and CS_n Setup, Hold and Derating” for single-ended slew rate definitions for
address and command signals.

See section 3.7.3 “Data Setup, Hold and Slew Rate Derating” for single-ended slew rate definitions for
data signals.

3.2.4.8 Slew Rate Definitions for Differential Input Signals
Input slew rate for differential signals (CK_t, CK_c and DQS_t, DQS_c) are defined and measured as
shown in below table and figure.
Table of Differential Input Slew Rate Definition

o Measured .
Description Defined by
from to

Differential input slew rate for rising edge ‘ e e ) .
(CK_t - CK_c and DQS. t - DQS. c). ViLdiffmax VIHdiffmin [VIHdiffmin - ViLdiffmax] / DeltaTRdiff
Differential input slew rate for falling edge o ‘ e : .
(CK_t - CK_c and DQS._t - DQS._¢). ViHdiffmin ViLdiffmax [ViHdiffmin - ViLdiffmax] / DeltaTFdiff
Note: The differential signal (i.e. CK_t - CK_c and DQS_t - DQS_c) must be linear between these thresholds.

S| Delta TRdiff

b el —

Q

!I

(&)

ol

b2 &b VIHdiffmin
-

;|

g

P 0
©

8

2

= 3t VILdiffmax
g

©

=

o

g | ]

) Delta TFdiff

Figure of Differential Input Slew Rate Definition for DQS_t, DQS_c and CK_t, CK_c

UnilC_Techdoc. Rev. C 2025-05 89 /131



Qiil Data Sheet
SCB4BL512XX0AF-15J

UnilC Low power DDR2 SDRAM

3.2.5 AC and DC Output Measurement Levels

3.2.5.1 Single Ended AC and DC Output Levels
Table of Single-Ended AC and DC Output Levels

Symbol Parameter LPDDR2-1333 Unit | Notes
VOH(DC) | DC output high measurement level (for IV curve linearity) 0.9 x Vpbpa Vv 1
VoL(Dc) | DC output low measurement level (for IV curve linearity) 0.1 x Vopa Vv 2
VOH(AC) | AC output high measurement level (for output slew rate) VREFDQ + 0.12 Vv
VOL(AC) | AC output low measurement level (for output slew rate) VREFDQ - 0.12 vV
loz Output Leakage current (DQ, DM, DQS_t, DQS_c) Min -5 A
(DQ, DQS_t, DQS_c are disabled;0V < Vout < VDDQ) Max +5 H
Miin -15
MMpyep | Delta RON between pull-up and pull-down for DQ/DM %
Max +15
Notes:
1. 10H = -0.1mA.
2. 10L = +0.1mA.

3.2.5.2 Differential AC and DC Output Levels
Table of Differential AC and DC Output Levels of (DQS _t, DQS ¢)

Symbol Parameter LPDDR2-1333 Unit | Notes
Vondifiiac) | AC differential output high measurement level (for output SR) +0.20 x Vpba \
Voudiff(ac) | AC differential output low measurement level (for output SR) -0.20 x Vopa \
Notes:
1. 10H = -0.1mA.

2.10L = +0.1mA.

3.2.5.3 Single Ended Output Slew Rate
With the reference load for timing measurements, output slew rate for falling and rising edges is defined and
measured between VOL(AC) and VOH(AC) for single ended signals as shown in below table and figure.

Table of Single-Ended Output Slew Rate Definition

L. Measured .
Description Defined by
from to
Single-ended output slew rate for rising edge VoL(ac) VOH(AC) [VoH(ac) - VoL(ac)] / DeltaTRse
Single-ended output slew rate for falling edge VOH(AC) VoL(AC) [VoH(ac) - VoL(ac)] / DeltaTFse
Note: Output slew rate is verified by design and characterization, and may not be subject to production test.
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Delta TRse
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<]
o
@
g &3 VoH(AC)
o
=)
=
H
= VREF
o
=]
D
=]
i
® i i VoL(AC)
=) i
= !
o |
i
HE
Delta TFse
Figure of Single Ended Output Slew Rate Definition
Table of Output Slew Rate (Single-Ended)
LPDDR2-1333 .
Symbol Parameter - Units
Min Max
SRQse Single-ended Output Slew Rate (RON = 40Q £ 30%) 1.5 3.5 VinS
SRQse Single-ended Output Slew Rate (RON = 60Q + 30%) 1.0 25 V/nS
Qutput slew-rate matching Ratio (Pull-up to Pull-down) 0.7 1.4
Description:
SR: Slew Rate

Q: Query Output (like in DQ, which stands for Data-in, Query-Output)
se: Single-ended Signals

Notes:

1. Measured with output reference load.

2. The ratio of pull-up to pull-down slew rate is specified for the same temperature and voltage, over the entire temperature and voltage
range. For a given output, it represents the maximum difference between pull-up and pulldown drivers due to process variation.

3. The output slew rate for falling and rising edges is defined and measured between VOL(AC) and VOH(AC).

4. Slew rates are measured under normal SSO conditions, with 1/2 of DQ signals per data byte driving logic high and 1/2 of DQ signals
per data byte driving logic low.

3.2.5.4 Differential Output Slew Rate
With the reference load for timing measurements, output slew rate for falling and rising edges is defined
and measured between VOLdiff(AC) and VOH(diff(AC) for differential signals as shown in below table and figure.

Table of Differential Output Slew Rate Definition

L. Measured .
Description Defined by
from to
Differential output slew rate for rising edge WOLdiff(AC) | VOHdIiff(AC) [VOHdIff(AC) - VOLJIff(AC)] / DeltaTRdiff
Differential output slew rate for falling edge \VOHdiff(AC) VOLdiff(AC) [VOHdIff(AC) - VOLJIff(AC)] / DeltaTFdiff
Note: Output slew rate is verified by design and characterization, and may not be subject to production test.
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Delta TRdiff
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Delta TFdiff
Figure of Differential Output Slew Rate Definition
Table of Differential Output Slew Rate
LPDDR2-1333
Symbol Parameter - Units
Min Max
SRQdiff Differential Output Slew Rate (RON = 40Q £ 30%) 30 7.0 VinS
SRQiff Differential Output Slew Rate (RON = 60Q * 30%) 2.0 5.0 VinS
Description:
SR: Slew Rate

Q: Query Output (like in DQ, which stands for Data-in, Query-Output)
diff: differential Signals

Notes:

1. Measured with output reference load.
2. The output slew rate for falling and rising edges is defined and measured between VOLJdiff(AC) and VOH(diff(AC).
3. Slew rates are measured under normal SSO conditions, with 1/2 of DQ signals per data byte driving logic-high and 1/2 of DQ signals
per data byte driving logic-low.
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Table of AC Overshoot/Undershoot Specification

Parameter LPDDR2 Unit
1333 800 667 533 400
Maximum peak amplitude
allowed for overshoot area. Max 0.35 \Y
(See figure below)
Maximum peak amplitude
allowed for undershoot area. Max 0.35 Vv
(See figure below)
Maximum area above VDD.
(See figure balor) Max | 012 | 020 | 024 | 030 | 040 V-nS
Maximum area below VSS.
(See figure below) Max | 012 | 020 | 024 | 030 | 040 V-nS

Notes:

(CA0-9, CS_n, CKE. CK_t. CK_c. DQ. DQS_t. DQS_c. DM)

1. For CA0-9, CK_t, CK_c, CS_n, and CKE, VDD stands for VDDCA. For DQ, DM, DQS_t, and DQS_c, VDD stands for VDDQ.
2. For CAQ-9, CK_t, CK_c, CS_n, and CKE, VSS stands for VSSCA. For DQ, DM, DQS_t, and DQS_c, VSS stands for VSSQ.
3. Maximum peak amplitude values are referenced from actual VDD and VSS values.

4. Maximum area values are referenced from maximum operating VDD and VSS values.

VDD

Volts VSS

V)

Notes:

Maximum Amplitude

Overshoot Area

Undershoot Area

Maximum Amplitude

Time (ns)

Figure of Overshoot and Undershoot Definition

1. For CA0-9, CK_t, CK_c, CS_n, and CKE, VDD stands for VDDCA. For DQ, DM, DQS_t, and DQS_c, VDD stands for VDDQ.
2. For CA0-9, CK_t, CK_c, CS_n, and CKE, VSS stands for VSSCA. For DQ, DM, DQS_t, and DQS_c, VSS stands for VSSQ.
3. Maximum peak amplitude values are referenced from actual VDD and VSS values.

4. Maximum area values are referenced from maximum operating VDD and VSS values.
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3.2.6 Output buffer characteristics

3.2.6.1 HSUL_12 Driver Output Timing Reference Load

These ‘Timing Reference Loads’ are not intended as a precise representation of any particular system
environment or a depiction of the actual load presented by a production tester. System designers should use
IBIS or other simulation tools to correlate the timing reference load to a system environment. Manufacturers
correlate to their production test conditions, generally one or more coaxial transmission lines terminated at the
tester electronics.

VREF o0— 0.5 x vVDDQ

LPDDR2

SDRAM
RTT =500

Output ¢ . W VTT = 0.5 x VDDQ

Cload = 5pF

/4

Figure of HSUL_12 Driver Output Reference Load for Timing and Slew Rate
Note:
All output timing parameter values (like tDQSCK, tDQSQ, tQHS, tHZ, tRPRE etc.) are reported with respect to this reference load. This
reference load is also used to report slew rate.
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3.2.6.2 RONPU and RONPD Resistor Definition

RONPU = (VDDQ - Vout )
ABS (lout )

Note: This is under the condition that RONPD is turned off
Vout

ABS (Iout )

RONPD =

Note: This is under the condition that RONPU is turned off

Chip in Drive Mode

Output Driver
— | o VDDQ
| |
: i¢IPU i
To I
Other : . RONPu :
Circ_uityrt I I ° DQ
Like b L | [~ Tou
’ : RONPD : Vour
|
| IPD |
; $¢ : VSSQ

Figure of Output Driver Definition of Voltages and Currents
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3.2.6.3 RONPU and RONPD Characteristics with ZQ Calibration
Output driver impedance RON is defined by the value of the external reference resistor RZQ. Nominal RZQ is
240Q.

Table of Output Driver DC Electrical Characteristics with ZQ Calibration

RONNOM Resistor Vout Min Nom Max Unit Note
RON34PD 0.5 x vDDQ 0.85 1.00 1.15 RZQ/7 1,.2,3,.4
34.30 RON34PU 0.5 xVDDQ 0.85 1.00 1.15 RZQ/7 1,2,3, 4
RON40PD 0.5 x vDDQ 0.85 1.00 1.15 RZQ/6 1,.2,3,.4
40.00 RON40PU 0.5 x vDDQ 0.85 1.00 1.15 RZQ/6 1,.2,3,.4
RON48PD 0.5 x vDDQ 0.85 1.00 1.15 RZQ/5 1,2,3,4
48.00 RON48PU 0.5xVvVDDQ 0.85 1.00 1.15 RZQ/5 1,2, 3,4
RONG0OPD 0.5 xvDDQ 0.85 1.00 1.15 RZQ/4 1,23, 4
60.00 RONG0OPU 0.5xVvVDDQ 0.85 1.00 1.15 RZQ/4 1,2, 3,4
RONSOPD 0.5xVvVDDQ 0.85 1.00 1.15 RZQ/3 1,2, 3,4
80.00 RONBSOPU 0.5 xVvVDDQ 0.85 1.00 1.15 RZQ/3 1,2,3,4
RON120PD | 0.5xVDDQ 0.85 1.00 1.15 RZQ/2 1,2, 3,4
120.00 RON120PU | 0.5xVDDQ 0.85 1.00 1.15 RZQ/2 1,2,3,4
Mismatch between pull-up and pull-down MMpurp -15.00 +15.00 % 1.2.3,4,5
Notes:
1. Across entire operating temperature range, after calibration.
2. RZQ = 240Q.

3. The tolerance limits are specified after calibration with fixed voltage and temperature. For behavior of the tolerance limits if temperature
or voltage changes after calibration, see following section on voltage and temperature sensitivity.

4. Pull-down and pull-up output driver impedances are recommended to be calibrated at 0.5 x VDDQ.

5. Measurement definition for mismatch between pull-up and pull-down: MMPUPD: Measure RONPU and RONPD, both at 0.5 x VDDQ:

MMPUPD = RONPU - RONPD % 100

RONNOM
For example, with MMPUPD(max) = 15% and RONPD = 0.85, RONPU must be less than 1.0.
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3.2.6.4 Output Driver Temperature and Voltage Sensitivity
If temperature and/or voltage change after calibration, the tolerance limits widen according to the tables

shown below.
Table of Output Driver Sensitivity Definition

Resistor Vout Min Max Unit | Notes
RONpp
~on 0.5xVDDQ| 85— (dR ONdT %|AT|)— (dRONAV = |AV|) | 115 + (dRONAT x| AT| )+(dRONdV * |AV]) % 1,2
PU
Notes:

1. AT = T-T (@calibration), AV=V-V(@ calibration).
2. dRONdT and dRONdV are not subject to production test but are verified by design and characterization.

Table of Output Driver Temperature and Voltage Sensitivity

Symbol Parameter Min | Max Unit Note
dRONdT RON Temperature Sensitivity 0.00 | 0.75 %/°C
dRONdV RON Voltage Sensitivity 000 | 020 | %/ mV
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3.2.6.5 RONPU and RONPD Characteristics without ZQ Calibration
Output driver impedance RON is defined by design and characterization as default setting.

Table of Output Driver DC Electrical Characteristics without ZQ Calibration

RONNOM Resistor Vout Min Nom Max Unit | Note
RON34PD 0.5 x Vbba 24 343 446 Q 1
34.30 RON34PU 0.5 x Vbbpa 24 343 446 Q 1
RON40PD 0.5 x Vbba 28 40 52 Q 1
40.00 RON40PU 0.5 x Vbba 28 40 52 Q 1
48.00 RON48PD 0.5 x Vbpa 33.6 48 62.4 Q 1
RON48PU 0.5 x Vbbpa 33.6 48 62.4 Q 1
RONG0OPD 0.5 x Vbba 42 60 78 Q 1
60.00 RONG0OPU 0.5 x Vbpa 42 60 78 Q 1
RONS8OPD 0.5 x Vbba 56 80 104 Q 1
80.00 RONS8OPU 0.5 x Vbba 56 80 104 Q 1
190.00 RON120PD | 0.5 x VDDa 84 120 156 Q 1
RON120PU | 0.5 x VDDa 84 120 156 Q 1

Note: Across entire operating temperature range, without calibration.
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Table of RZQ I-V Curve
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RON = 2400 (RZQ)
Pull-Down Pull-Up
Current [mA] / RON [Ohms] Current [mA] / RON [Ohms]
voltagelV] defa‘gé‘g;‘;“““ With Calibration d"fa;'a;“:::taﬂe’ With Calibration

Min Max Min Max Min Max Min Max

[mA] [mA] [mA] [mA] [mA] [mA] [mA] [mA]
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
005 0.19 032 021 0.26 019 032 021 026
010 038 0.64 0.40 053 038 064 040 053
0.15 0.56 0.94 0.60 078 056 004 0,60 078
020 0.74 126 0.79 104 074 126 0.79 104
025 0.92 157 0.98 129 092 157 0.98 129
030 108 186 117 153 108 186 117 153
035 125 217 135 179 125 217 135 179
040 140 246 152 203 140 246 152 203
045 154 274 169 226 154 274 169 226
0.50 168 3.02 186 249 168 3.02 186 249
055 181 330 202 272 181 330 202 272
060 192 357 217 204 192 357 217 EYY)
065 202 383 232 3.15 202 383 232 315
0.70 211 408 246 3.36 211 408 246 336
075 2.19 431 258 355 219 431 258 355
080 225 454 270 374 225 454 270 374
0.85 230 474 281 391 230 474 281 391
0.90 234 492 2389 405 234 492 289 405
0.95 237 5.08 207 423 237 508 297 423
100 241 520 3.04 433 241 520 304 433
105 243 531 3.09 444 243 531 309 444
110 246 541 314 152 246 541 314 452
115 248 5.48 3.19 159 248 548 319 459
120 250 5.55 3.23 465 250 555 323 465
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- PD Max

= PD Min

—& PU Min

2 pPU Max

< o
-2
-4
-6
0 01 02 03 04 05 06 07 08 09 10 11 1.2
Voltage
Figure of RON = 240 Ohms IV Curve after ZQReset
6
- PD Max
=  PD Min
a4
2
£ !

-2

-4

-6

0 0.1 0.2 0.3 0.4 0.5 0.6 0
Voltage
Figure of RON = 240 Ohms IV Curve after Calibration
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3.2.6.7 Input/Output Capacitance
Table of Input/Output Capacitance

Parameter Symbol Min Max Units Note
Input capacitance, CK_t and CK_c Cck 1 2 pF 1,2
Input capacitance delta, CK_t and CK_c Cbck 0 0.2 pF 1.2,3
Input capacitance, all other input-only pads Ci 1 2 pF 1,2,4
Input capacitance delta, all other input-only pads Coi -04 04 pF 1,2,5
Input/output capacitance, DQ, DM, DQS_t, DQS_c Cio 1.25 25 pF 1,2,86,7
Input/output capacitance delta, DQS_t, DQS_c Cobas 0 0.25 pF 1,2,7.8
Input/output capacitance delta, DQ, DM Coio -0.5 0.5 pF 1,2,7.9
Input/output capacitance, ZQ Pad Cza 0 25 pF 1,2

(-40°C < Tj < 125°C; VDDQ = 1.14- 1.3V; VDDCA = 1.14-1.3V; VDD1 = 1.7-1.95V, LPDDR2-S4 VDD2 = 1.14-
1.3V).

Notes:

1. This parameter applies to die device only (does not include package capacitance).

2. This parameter is not subject to production test. It is verified by design and characterization. The capacitance is measured according to
JEP147 (Procedure for measuring input capacitance using a vector network analyzer (VNA) with VDD1, VDD2, VDDQ, VSS, VSSCA,
VSSQ applied and all other pads floating.

. Absolute value of CCK_t - CCK_c.

4. Cl applies to CS_n, CKE, CA0-CA9

.CDI=Cl-0.5*(CCK_t + CCK_c).

. DM loading matches DQ and DQS.

. MR3 I/0 configuration DS OP3-OP0 = 0001B (34.3 Ohm typical).

. Absolute value of CDQS_t and CDQS_c.

.CDIO =CIO-0.5* (CDQS_t + CDQS_c) in byte lane.

w

©oo~NO O
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3.3 IDD Specification Parameters and Test Conditions

3.3.1 IDD Measurement Conditions

The following definitions are used within the IDD measurement tables:
LOW: VIN < VIL(DC) MAX
HIGH: VIN = VIH(DC) MIN
STABLE: Inputs are stable at a HIGH or LOW level
SWITCHING: See tables below.

3.3.1.1 Definition of Switching for CA Input Signals

Data Sheet
SCB4BL512XX0AF-15J

Low power DDR2 SDRAM

Switching for CA
CK_t CK_t CK_t CK_t CK_t CK_t CK_t CK_t
(RISING)/ | (FALLING)/ | (RISING)/ | (FALLING)/ | (RISING)/ | (FALLING)/ | (RISING)/ | (FALLING)/
Ck_C ck_C Ck_C ck_C ck_C ck_C ck_C ck_C
(FALLING) (RISING) (FALLING) (RISING) (FALLING) (RISING) (FALLING) (RISING)
Cycle N N+1 N+2 N+3
CS_n HIGH HIGH HIGH HIGH
CAOQ HIGH LOW LOwW LOW LOW HIGH HIGH HIGH
CA1 HIGH HIGH HIGH LOW LOW LOwW Low HIGH
CA2 HIGH LOW LOW LOW LOW HIGH HIGH HIGH
CA3 HIGH HIGH HIGH LOW LOW LOW Low HIGH
CA4 HIGH LOW LOwW LOW LOW HIGH HIGH HIGH
CA5 HIGH HIGH HIGH LOW LOW LOW LOwW HIGH
CAB HIGH LOW LOwW LOW LOW HIGH HIGH HIGH
CA7 HIGH HIGH HIGH LOW LOW LOW Low HIGH
CA8 HIGH LOW LOwW LOW LOW HIGH HIGH HIGH
CA9 HIGH HIGH HIGH LOW LOW LOW Low HIGH
Notes:

1. CS_n must always be driven HIGH.
2. 50% of CA bus is changing between HIGH and LOW once per clock for the CA bus.
3. The above pattern (N, N+1, N+2, N+3...) is used continuously during IDD measurement for IDD values that require SWITCHING on the

CA bus.

3.3.1.3 Definition of Switching for IDD4W

Clock CKE CS n Clock Cycle Number Command CA0-CA2 CA3-CA9 All DQ
Rising HIGH LOW N Write_Rising HLL LHLHLHL L
Falling HIGH LOW N Write_Falling LLL LLLLLLL L
Rising HIGH HIGH N+ 1 NOP LLL LLLLLLL H
Falling HIGH HIGH N+ 1 NOP HLH HLHLLHL L
Rising HIGH LOW N+2 Write_Rising HLL HLHLLHL H
Falling HIGH LOW N+2 Write_Falling LLL HHHHHHH H
Rising HIGH HIGH N+3 NOP LLL HHHHHHH H
Falling HIGH HIGH N+3 NOP HLH LHLHLHL L
Notes:

1. Data strobe (DQS) is changing between HIGH and LOW every clock cycle.
2. Data masking (DM) must always be driven LOW.
3. The above pattern (N, N+1...) is used continuously during IDD measurement for IDD4W.

UnilC_Techdoc. Rev. C 2025-05
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3.3.2 IDD Specifications

3.3.2.1 LPDDR2 IDD Specification Parameters and Operating Conditions, -40°C~125°C
- Fower (1333|1333 - Hote

Parameter/Condition Symbol Supply | X32 | X16 Uni t s

Operating one bank active- 1ono: | vooni | 3.3 | 3.3 | ma 1

precharge current:

tCKE = tCE(awg)min; tRC = tECmin;

CEE is HIGH. IDD0: Yooz 20 20 mi 1

Ei;:a;z;m}}[ between walid IDDO0 ?;DDCQ"‘ oz |0z | ma | 12

Idle power—down standby I002F: | voDni | =zoo | zoo | wa 1

current

tCE = tCE(avglmin; .

CKE i= LOW: 5. n is HIGH: IDDZ2Fz Yooz 420 420 h 1

111 banlk=/ BBz idle; VIDCA

CA bus inputs are SWITCHING: IDDZFIN | yppg | 105 | 105 | wh | L2

ITdle power—down standby

current with clock stop: TIDEES: Voo =00 200 uh 1

CE_t =L0OW, CE_ec =HIGH; ~

CKE i= LOW: 3. n is HIGH: IDINZF3z Yooz 420 420 h 1

111 banlk=/ BBz idle; VIDCA

CA bus inputs are STABLE: IDD2FPS1x VI 105 105 h 1,2

Idle non power—down standby | .ooop | yrny | ga | 0a | ma 1

current

tCK = tCE(avgimin;

CKE i= HIGH: CS.m is HIGH: IDDZHz Yooz .2 .2 mi 1

111 banle=/EE=s idle; VIDCA

Ch bus inputs are SWITCHING: IDDZNIN [ yppg [ 943 | 0.3 | ma | 1.2

Tdle non power—down standby

current with eclock stop: TIDENS: VID1 0.4 0.4 mé 1

CE_t =L0OW, CE_c =HIGH;

CEE i= HIGH: CS_n iz HIGH: LDDzhsz | VDD2 | 7.5 | 7.5 | mh !

111 banle=/EE=s idle; VIDCA

CA bus inputs are STABLE: IDDZHS 1% YIog 0.3 0.3 mi L.z

::::::tlz"”" down standby IDD3F: | vDD1 | 210 | 210 | wA 1

tCK = tCE(avgimin; ~

CEE iz LOW: CS_n is HIGH: IND5Fz ¥ooz- 2100 | 2100 1l 1

One banl/BE actiwve; YIDCA

Ch bus inputs are SWITCHING: TO0SFTS | yppg | B4 | 8% | wA | L2

Active power—down standby

caorrent with clock stop: TIDSES: VLDl =00 200 uh 1

CE_+=L0%, CK c=HIGH; ~

CEE iz LOW: CS_n is HIGH: IND3FSz Yooz 2100 | 2100 1l 1

One banl/BDE actiwe; YODCA

CA bus inputs are STABLE: IDDEFS s YIIg 4 4 uh L.z

::::_::t’:"“ power—down standby| ;pop | vonr | 0.4 | 0.4 | ma 1

tCE = tCE (avgimin;

CEE i= HIGH: CS.n iz HIGH: IND5Hz Yooz 10.1 | 10.1 mi 1

One banl/BE actiwe; YODCA

CA bus inputs are SWITCHING: IDDSHD: | yppg | 92 | 02 | mho L2

Active non power—down standby

current with clock stop: IIDSNS: VIOl 0.4 0.4 mé 1

CE_+=L0W, CEK_ c=HIGH;

CEE i= HIGH: CS.n iz HIGH: IND3HSz Yooz 9.6 9.6 mi 1

One banl/BDE actiwe; YODCh

Ch bus inputs are STAELE: IDDaNS1x VIDQ 0.z 0.z mi 1,2
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Notes:

Data Sheet

SCB4BL512XX0AF-15J
Low power DDR2 SDRAM

ParameterfCondition Symbol 51:111‘:![:' 1}{3;23 lff: Tnit ]Inste

Operating bur=t read current:
{CK = 1CK (avgimin: IDD4E: YID1 0S| 05 mi 1
C5_n iz HIGH between walid

. IDD4Ez Yooz 140 104 mi 1
commands;
One banly/RE active; )
EL = 4: EL = Elmin: IDD4EIx | VODCA 11 11 mi 1
Operating burst write IOD4%: | VDDL | 0.5 | 0.5 | ma | 1
current:
tCE = tCK(awg)min; )
CS n is HIGH between walid IID4tz | VIDz | 178 | 123 | mh | 1
commands; VIDCA
One banl/EE active: IND4% 1% VDDQ 25 16 mh 1, 2
All Bank Refresh Burst IDDS: | vint | 14.2 | 14.2 | ma | 1
carrent:
tCE = tCK (awgimin; }
CEE iz HIGH between walid IDD5: yonz 41.2 [ 41.2 | mh 1
commands; VIICA
tRC = tEFCabmin: ID0S 1 VDDg 03| o3 mh 1, Z
A1l Bank Refresh A

T helresh Average IDDSAE: | VIDL | 0.6 | 0.6 | ma | 1
current:
tCE = tCKE(awgImin; ~
CEF is HTGH between walid IDDSAEz | ¥DDZ 126 | 126 mA 1
commands; VOICA
R0 = tEEFI: IDDSAE T VIDg 0.3 | 03 mh |1, Z
Deep Power—Down current: I0DS: VIDi 11 11 H A 1
CE_t=L0W, CE_c=HIGH;
CEE 1= LOW: IIDE: Yooz a5 a5 H A 1
CA bus inputs are ZTAELE;
Data bus inputs are STABLE; IIDS 1'?;]]]]]':;‘ g5 a5 My |1, 2

1. IDD values published are the maximum of the distribution of the arithmetic mean.

2. Measured currents are the summation of VDDQ and VDDCA.

3. IDD current specifications are tested after the device is properly initialized.
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UnilC Low power DDR2 SDRAM
3.3.2.2 IDD6 Partial Array Self-Refresh Current, 125°C
1333|1333
Farameter Symbol (Fower Supply 132 | 116 Condition Tnit
Fa1 |10 VI 480 | 460
ir IDDG: YDz 950 a0 H A
"* | 1pperx | vmpcasvoDg G5 | o5 |Self Refresh Current
IIDE Fartial Array 1jp | LIDE: VI 350 | 350 |CE_t=LOW, CK_c=HIGH;
Self-Refrezh i 100Gz YIDZ 740 T40 |CEE 1= LOY; H
Current YA T ImDEIn | VDDCA/YDIDQ 95 | 95 |CA bus inputs are STABLE:
14 IDDG: YID1 270 270 |Data bus inputs are STABLE;
Arra IDDG: YDz SE0 G600 H A
¥ | 1omers | voncasvong | es | es

Notes:
1. LPDDR2-S4B SDRAM uses the same PASR scheme & IDD6 current value categorization as LPDDR2 (JESD209).

2. IDD values published are the maximum of the distribution of the arithmetic mean.
3. Maximum 1x Self-Refresh rate
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3.4 Clock Specification

The jitter specified is a random jitter meeting a Gaussian distribution. Input clocks violating the min/max values
may result in malfunction of the LPDDR2 device.

3.4.1 Definition for tCK(avg) and nCK

tCK(avg) is calculated as the average clock period across any consecutive 200 cycle window, where each
clock period is calculated from rising edge to rising edge.

tCK(avg) =

where N=200

Unit tCK(avg)’ represents the actual clock average tCK(avg) of the input clock under operation. Unit ‘nCK’
represents one clock cycle of the input clock, counting the actual clock edges.

tCK(avg) may change by up to + 1% within a 100 clock cycle window, provided that all jitter and timing
specs are met.

3.4.2 Definition for tCK(abs)

tCK(abs) is defined as the absolute clock period, as measured from one rising edge to the next
consecutive rising edge.

tCK(abs) is not subject to production test.

3.4.3 Definition for tCH(avg) and tCL(avg)

tCH(avg) is defined as the average high pulse width, as calculated across any consecutive 200 high
pulses.

EN.
iCH(avg) = | > tCH |/ (N x iCK(avg))
i=1 J
where N=200
tCL(avg) is defined as the average low pulse width, as calculated across any consecutive 200 low pulses.

1CL(avg) = \FZ\: 1CL j\ /(N * tCK(avg))
]

J=1

where N=200

3.4.4 Definition for tJIT(per)
tJIT(per) is the single period jitter defined as the largest deviation of any signal tCK from tCK(avg).
tJIT(per) = Min/max of {tCKi - tCK(avg) where i = 1 to 200}.
tJIT(per),act is the actual clock jitter for a given system.
tJIT(per),allowed is the specified allowed clock period jitter.
tJIT(per) is not subject to production test.
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3.4.5 Definition for tJIT(cc)

tJIT(cc) is defined as the absolute difference in clock period between two consecutive clock cycles.
tJIT(cc) = Max of |{tCKi +1 - tCKi}|.

tJIT(cc) defines the cycle to cycle jitter.

tJIT(cc) is not subject to production test.

3.4.6 Definition for tERR(nper)

tERR(nper) is defined as the cumulative error across n multiple consecutive cycles from tCK(avg).
tERR(nper),act is the actual clock jitter over n cycles for a given system.

tERR(nper),allowed is the specified allowed clock period jitter over n cycles.

tERR(nper) is not subject to production test.

’—H-n—l —|
tERR(nper) = } > ik, I— n x tCK(avg)
L]

tERR(nper),min can be calculated by the formula shown below:
tERR(nper), min = (1 + 0.68LN(n)) x tJI1(per), min

tERR(nper),max can be calculated by the formula shown below:
tERR(nper), max = (1 + 0.68LN(n)) x tJIT(per), max

Using these equations, tERR(nper) tables can be generated for each tJIT(per),act value.

3.4.7 Definition for Duty Cycle Jitter tJIT(duty)
tJIT(duty) is defined with absolute and average specification of tCH / tCL.

tJIT(duty),min = MIN((tCH(abs),min — tCH(avg),min),(tCL(abs),min — tCL(avg),min)) x tCK(avg)
tJIT(duty),max = MAX((tCH(abs),max — tCH(avg),max),(tCL(abs),max — tCL(avg),max)) x tCK(avg)

3.4.8 Definition for tCK(abs), tCH(abs) and tCL(abs)

These parameters are specified per their average values, however it is understood that the following
relationship between the average timing and the absolute instantaneous timing holds at all times.
Table of Definition for tCK(abs), tCH(abs), and tCL(abs)

Parameter Symbol Min Unit
Absolute Clock Period tCK(abs) tCK(avg).min + tJIT(per),min PS
Absolute Clock HIGH Pulse Width tCH(abs) tCH(avg).min + tJIT(duty),min / tCK(avg)min tCK(avg)
Absolute Clock LOW Pulse Width tCL(abs) tCL(avg),min + tJIT(duty),min / tCK(avg)min tCK(avg)

Notes:
1. tCK(avg),min is expressed is pS for this table.
2. tJIT(duty),min is a negative value.
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3.5 Period Clock Jitter

LPDDR2 devices can tolerate some clock period jitter without core timing parameter de-rating. This section
describes device timing requirements in the presence of clock period jitter (tJIT(per)) in excess of the values
found in section 3.7.1 “LPDDR2 AC Timing” table and how to determine cycle time de-rating and clock cycle
de-rating.

3.5.1 Clock Period Jitter Effects on Core Timing Parameters

(trcD, tRP, tRTP, tWR, tWRA, tWTR, tRC, tRAS, tRRD, tFAW)

Core timing parameters extend across multiple clock cycles. Period clock jitter will impact these parameters
when measured in numbers of clock cycles. When the device is operated with clock jitter within the
specification limits, the LPDDR2 device is characterized and verified to support tnhPARAM = RU{tPARAM /
tCK(avg)}.

When the device is operated with clock jitter outside specification limits, the number of clocks or tCK(avg) may
need to be increased based on the values for each core timing parameter.

3.5.1.1 Cycle Time De-rating for Core Timing Parameters
For a given number of clocks (tnPARAM), for each core timing parameter, average clock period (tCK(avg))
and actual cumulative period error (tERR(tnPARAM),act) in excess of the allowed cumulative period error
(tERR(tnPARAM),allowed), the equation below calculates the amount of cycle time de-rating (in nS) required if
the equation results in a positive value for a core timing parameter ({tCORE).
M AX{W {PARAM + tERR (mPARAM ), act — tERR (mPARAM ). allowed
tmPARAM

A cycle time derating analysis should be conducted for each core timing parameter. The amount of cycle
time derating required is the maximum of the cycle time de-ratings determined for each individual core timing
parameter.

CycleTimeDerating = ]k-

— tCK (avg )} 0

3.5.1.2 Clock Cycle De-rating for Core Timing Parameters
For a given number of clocks (tnPARAM) for each core timing parameter, clock cycle de-rating should be
specified with amount of period jitter (tJIT(per)).

For a given number of clocks (tnPARAM), for each core timing parameter, average clock period (tCK(avg))
and actual cumulative period error (tERR(tnPARAM),act) in excess of the allowed cumulative period error
(tERR(tnPARAM),allowed), the equation below calculates the clock cycle derating (in clocks) required if the
equation results in a positive value for a core timing parameter (tCORE).

ClockCycleDerating = RU{“PMM + tERR (MPARAM ), .:zcr —)rERR (MPARAM ), allowed l o PARAM
ICK (avg ]

A clock cycle de-rating analysis should be conducted for each core timing parameter.

3.5.2 Clock Jitter Effects on Command/Address Timing Parameters

(tis, tiH, tISCKE, tIHCKE, tISb, tiHb, tISCKEb, tIHCKED)
These parameters are measured from a command/address signal (CKE, CS, CAOQ - CA9) transition edge to
its respective clock signal (CK_t/CK_c) crossing. The spec values are not affected by the amount of clock
jitter applied (i.e. tJIT(per), as the setup and hold are relative to the clock signal crossing that latches the
command/address. Regardless of clock jitter values, these values shall be met.
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3.5.3 Clock Jitter Effects on Read Timing Parameters

3.5.3.1 tRPRE

When the device is operated with input clock jitter, tRPRE needs to be de-rated by the actual period jitter
(tJIT(per), act, max) of the input clock in excess of the allowed period jitter (tJIT(per),allowed, max). Output de-
ratings are relative to the input clock.

(RPRE(min, derated) = 0.9 tJIT(per) . act ,max — tJIT (per),allowed ,max

tCK (avg)

For example,

if the measured jitter into a LPDDR2-800 device has tCK(avg) = 2500 pS, tJIT(per),act, min =-172 pS and
tJIT(per),act, max = + 193 pS, then

tRPRE, min, derated = 0.9 - (JIT(per), act, max - tJIT(per),allowed, max)/tCK(avg) = 0.9 - (193 -
100)/2500= .8628 tCK(avg)

3.5.3.2 tLZ(DQ), tHZ(DQ), tDQSCK, tLZ(DQS), tHZ(DQS)

These parameters are measured from a specific clock edge to a data signal (DMn, DQm: n=0,1,2,3.
m=0-31) transition and will be met with respect to that clock edge. Therefore, they are not affected by the
amount of clock jitter applied (i.e. tJIT(per).

3.5.3.3 tQSH, tQSL

These parameters are affected by duty cycle jitter which is represented by tCH(abs)min and tCL(abs)min.

tQSH(abs)min = tCH(abs)min — 0.05

tQSL(abs)min = tCL(abs)min — 0.05

These parameters determine absolute Data-Valid window at the LPDDR2 device pad.

Absolute min data-valid window @ LPDDR2 device pad =

min { ( tQSH(abs)min * tCK(avg)min — tDQSQmax — tQHSmax ) , ( tQSL(abs)min * tCK(avg)min —
tDQSQmax — tQHSmax ) }

This minimum data-valid window shall be met at the target frequency regardless of clock jitter.

3.5.3.4 tRPST

tRPST is affected by duty cycle jitter which is represented by tCL(abs). Therefore tRPST(abs)min can be
specified by tCL(abs)min.

tRPST(abs)min = tCL(abs)min — 0.05 = tQSL(abs)min

3.5.4 Clock Jitter Effects on Write Timing Parameters

3.5.4.1 tDS, tDH

These parameters are measured from a data signal (DMn, DQm.: n=0,1,2,3. m=0-31) transition edge to
its respective data strobe signal (DQSn_t, DQSn_c: n=0,1,2,3) crossing. The spec values are not affected by
the amount of clock jitter applied (i.e. tJIT(per), as the setup and hold are relative to the clock signal crossing
that latches the command/address. Regardless of clock jitter values, these values shall be met.

3.5.4.2 tDSS, tDSH

These parameters are measured from a data strobe signal (DQSx_t, DQSx_c) crossing to its respective
clock signal (CK_t/CK_c) crossing. The spec values are not affected by the amount of clock jitter applied (i.e.
tJIT(per), as the setup and hold are relative to the clock signal crossing that latches the command/address.
Regardless of clock jitter values, these values shall be met.
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3.5.4.3 tDQSS

This parameter is measured from a data strobe signal (DQSx_t, DQSx_c) crossing to the subsequent
clock signal (CK_t/CK_c) crossing. When the device is operated with input clock jitter, this parameter needs to
be de-rated by the actual period jitter tJIT(per),act of the input clock in excess of the allowed period jitter
tJIT(per),allowed.

tDOSS(min, derated) = 0.75 — tJIT (per), act ,min — tJIT ( per),allowed ,min
tCK (avg)

IDQSS(max, derated) = 1.25 — tJIT (per), act ,max — tJIT ( per),allowed ,max
tCK (avg)

For example,

if the measured jitter into a LPDDR2-800 device has tCK(avg) = 2500 pS, tJIT(per), act, min = -172 pS
and tJIT(per),act ,max = + 193 pS, then

tDQSS,(min, derated) = 0.75 - (tJIT(per), act, min - tJIT(per), allowed, min)/tCK(avg) = 0.75 - (-172 +
100)/2500 = .7788 tCK(avg)

and

tDQSS,(max, derated) = 1.25 - (tJIT(per), act, max - tJIT(per), allowed, max)/tCK(avg) = 1.25 - (193 -
100)/2500 = 1.2128 tCK(avg)
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3.6 Refresh Requirements

3.6.1 Refresh Requirement Parameters

Parameter Symbol 512 Mb Unit
Number of Banks 4
Refrezh Window t
Tcaze = 25°C REFW 32 ms
Refresh Window t 5 ms
85°C < Tcase < 105°C REFW
Reguired number of
REFREZH commands (min} R 4,096
Average time between REFRESH commands t
(for reference onhy) Tcase < 85°C REFab REF 7.8 us
. t
Refresh Cycle time —— a0 ns
i t
Burst Refresh Window = 4 x & x tRFCab
urst Refresh Window =4 x 8 x a SEFEW 288 s
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3.7 AC Timings

3.7.1 LPDDR2 AC Timing
(Note 6 apply to the entire table)

Data Sheet
SCB4BL512XX0AF-15J
Low power DDR2 SDRAM

. LFDDR2 i
Parameter Symbaol min max min toK Unit
1333
Max. Fregquency ~ 68T MHz
Clock Timing
A Clock Peri tokd i —
verage Clock Period cwclaval ne
d CHiEvE) - 100
. i min 0.48
Awverage high pulse width toHiavg) p— 052 towlava)
. nin 0.48
Average low pulse width topiavg) p— Dz toilavg)
Absolute Clock Pariod topiabs) nin min + tJI T{per},min s
Absolute Clock Period toyiabs) nin 1.45 ps
Absolute clock HIGH pulse width tCH{abs), nin 048 ps
(with allowed jitter) sllowed ma 0.54 ps
Absolute clock HIGH pulse width toHisbs), min 0.46 towlava)
(with allowed jitter) sllowed ma 0.54 towlava)
Absolute clock LOW pulse width toLisbs), min 0.45 towlavg)
(with allowsd jitter) allcwed s 0.54 tolavg)
P min -5
Clock Period Jitter {with allowsd jitter) tariper) s
alkowed TN i)
Wk Chock JImer Detwesn TWo CORSRcUTNe clock opoies r{CC), _ 120 -
[l aliowed JRar) zllowed e
by min -45 o
Dty eycle Jitter (with sllowed jitter) LyTiduty).
sllowed mea 45 e
t [Zp=r), msin 100
Cumulstive ermor across 2 cycles ERRL-p= ps
sllowed miax 100
t [Iper), min =100
Cumulstive emror across 3 cycles ERRLpEL) s
sllowed M3 100
t [dpar), nin 100
Cumulstive emor across 4 cycles ERRLTRE ps
sliowed a0 100
t [Eper), min =100
Cumulstive emor across § cycles ERRIZPE ps
sllowed M3 100
t {Biper), i -150
Cumulstive emmor across & cycles ERRIEpEL) s
alipwed s 150
t {Tper), min 150
Cumulstive emor across T cycles ERRLF= ps
aligwed s 150
t {Bper), iy -150
Cumulstive smror aocross B oycles ERRIEpEL) ps
alipwed s 150
t {Sper), i -150
Cumulstive emor across 3 cycles ERRIZRE ps
alkowed meax 150
t; {10per), i 150
Cumulstive ermmor soross 10 oycles ERRLISp= s
alipwed s 150
t; 1iper), i 150
Cumulstive emor across 11 cycles ERRLITRE] ps
sliowed M 150
t {12par), nin ~150
Cumulstive emor across 12 cycles ERRLLSp= ps
alipwed s 150
Cumulative emror across n= 13, 14 . . . 45, 50 | teppr{nper), min -150 ~
i allowed M 150 B=
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. LPDDRZ .
Farameter Symbol min max min tCp Unit
1333
Z Calibration Parame
Initizlzation Calibration Time tﬂ i min 1 us
Long Calibration Time tz}:_ miin i} 50 ns
Short Calibration Time tz:»:a min ] 20 ns
Calibration Reset Time tz:-izszr min 3 i} ns
-1
Read Parameters
o somesc fime from CH 40 t min 2500 i
D25 output access time from CH_t'CK_c — p— P o=
ol | 5 - T
C25CHK Delts Short DoECHnE max 330 ps
DO5CK Delta Medium e 1] s G0 ps
0 - ™o -
DM2SCK Delta Long — — max 520 ps
C25 - O shew —— max 250 o=
Data hold shew factor 12_5 N 250 o=
DQS Output High Fulsa Width 125_ min Same toklavg)
D25 Ourtpart Low Pulse Width t:a_ min SaMme top{avg)
Diata Half Pericd 12_5 miin a3me towiaval
D2 / D25 ourtpurt heodd time from D5 t]_ min same o=
=1 E'.'"'E" t rrir S F . 1
Read preamble s=s2 2 top{avg)
157 t rmin same {avg)
Read postamble RPST = toklavg)
=15 t - =3 =
D25 bow-Z from clock Lzoas min e L=
{5 t - SEITRE =]
D2 kow-Z from clock e riin = ps
15 t - p—— c
D25 high-Z from clock HEDGS) max me p=
“15 t . — .
D2 high-Z from clock zma max me p=
*1
Write Parameters
DO amed DM input hodd time (Vref based) tj_ min 220 o=
e and CoM input setup time (Vref based) t:E_ min ] o=
02 and DM input pulse width t:‘ _— min 0.35 topiavg)
e _ i e . t miin 0.75 .
Write command to 1st DQS latching transition —— p— £ toxdavgl
DQE inpurt high-level width t::a— rin 0.44 toklavg)
D25 inpurt bow-lewel width t:u:a_ min 0.44 toxlavg)
DQE falling edge to CK setup time 1355 min 0.2 toklavg)
D5 falling edge hold time from CK t:ﬁ_ min 0.z topiavg)
Write postamble tw=~5r min 0.4 towlavg)
Write preamble t‘.-\'=*iz mnin 0.5 tCklavg)
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. LPDDR2 .
Parameter Symbol min max min teg Unit
1333
CKE Input Parameters
CKE min. pulse width (high and low pulse width) t_:._E rrin 3 ] toplavg)
CKE input s=tup time t 5»:-:;2 min 035 topiava)
CKE input hold time t_:':;?:- min 035 topiava)
=14
Command Address Input Parameters

Address and control input setup time (Viefbased) 151 rrin FiLi] S

Address and control input hold time {(Vrefbessd) tiH=1 rrin FiLi] S
Address and control input pulse width t =0 min 06 toplavg)

Boot Parameters (10 MHz - 35 MHz}*8,10,11
ok T t M 100
Clock Cycle Time - - ns
¥ m S rin 18

~ " t H - o F =

CHE Input Sstup Time — min 2.5 ns

r 4 Tirme t ; - -5 -

CKE Input Hold Time — min 25 ns

Address & Control Input Setup Time t = rrin - 1150 ps

Address & Control Input Hold Time t - min - 1150 o=

D25 Output Data Access Time t min ) 2 ne

from CK_t/CK_c DRSCRD max 10 s

Data Strobe Edge to t max . i3 e

Owput Crata Edge tDN2500 - 1.2 o2sa ) =

DCiats Hold Skew Factor t:—a:- M - 1.2 ns

Mode Register Parameters

MODE REGISTER Write command pericd tr.'-'-_'..\' myvin ] 5 topiavg)
Mode Register Read command peried tr_,i__‘ min 2 2 topiava)
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. LPODRZ .
Parameter Jymbol min max min toK Unit
1333
12
LPDDR? SDRAM Core Parameters
Read Latency AL mmin 1 10 toklavg)
Write Latency WL YRin & tokfavg)
R P _ ) t ) tRAS + tRPsb {with al-bank Prachargs) ~
ACTIVE to ACTIVE command period - i {RAS + tRPpb (with per-bank Precharge) ns
CHE min. pulse width during Self-Refresh
rrlr -FIL:F" w .l.nr, SeifF _r\ t._ _ miin 3 1E ne
{low pulse width during Self-Refresh) SHEER
Self refresh exit to next valid command delay txa-'\ i 2z tRFCab +10 ns
Exit power down to next valid command delay tx= i 2z 7.5 ns
LPDDRZ-54 CAS to CAS delay t.}:: iy Z £ tCklavgd
LPDDR2-52 CAS to CAS delay t.}:: iy toklavgy
Internal Read to Precharge command delay t__ﬂ_, i 2z 7.5 ns
Fast 3 15 ne
RAS to CAS Delay t Typ 3 18 ns
Show 3 24 ns
Fast 3 i5 s
Row Prechange Time t - =
(single bank) = AL 2 2 =
Show 3 24 ns
Fast 3 i5 s
Row Prechange Time
o g ) i SFan Typ 3 i8 ns
(all banks) P
Show 3 24 ns
Fast 3 i5 s
Row Prechange Time
o g ) i SFan Typ 3 i8 ns
(all banks) P
Show 3 24 ns
. . t min 3 24 ns
Row Active Time —_
™ s - 70 us
Wirite Recoveny Time t.lﬁ i 3 15 ns
Internal Write to Read t
. - 1 c
Command Delay WTR i = - "
Active bank A to Active bank B t__‘__‘j min z 10 ns
Four Bank Activate Window t:_,M. i B 50 ns
Minimum Deep Power Down Time tj,j i i us
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LPDDR2
Parameter Symbol min max min Tck Unit
1333
LPDDR2 temperature De-Rating
Tdgsck De-Rating (t 5 g;g; max 5820 ps
(dteRrthd) min tRCD +1.5 ns
(dcetrRa?ed) min tRC +1.5 ns
Core Timings
Temperature De- (é};{;’?esd) min tRCAS+1.5 ns
Rating for DRAM
(detg:’ed) min tRP +1.5 ns
tRRD .
(derated) min tRRD +1.5 ns

Notes:

1. Input set-up/hold time for signal (CA[0:n], CS_n).

2. CKE input setup time is measured from CKE reaching high/low voltage level to CK_t/CK_c crossing.

3. CKE input hold time is measured from CK_t/CK_c crossing to CKE reaching high/low voltage level.

4. Frequency values are for reference only. Clock cycle time (tCK) shall be used to determine device capabilities.

5. To guarantee device operation before the LPDDR2 device is configured a number of AC boot timing parameters are defined in this
table. Boot parameter symbols have the letter b appended, e.g. tCK during boot is tCKb.

6. Frequency values are for reference only. Clock cycle time (tCK or tCKb) shall be used to determine device capabilities.

7. The SDRAM will set some Mode register default values upon receiving a RESET (MRW) command as specified in “Mode Register
Definition”.

8. The output skew parameters are measured with Ron default settings into the reference load.

9. The min tCK column applies only when tCK is greater than 6nS for LPDDR2-S4 devices.

10. All AC timings assume an input slew rate of 1V/nS.

11. Read, Write, and Input Setup and Hold values are referenced to Vref.

12. For low-to-high and high-to-low transitions, the timing reference will be at the point when the signal crosses VTT. tHZ and tLZ
transitions occur in the same access time (with respect to clock) as valid data transitions. These parameters are not referenced to a
specific voltage level but to the time when the device output is no longer driving (for tRPST, tHZ(DQS) and tHZ(DQ) ), or begins driving
(for tRPRE, tLZ(DQS), tLZ(DQ) ). Below “HSUL_12 Driver Output Reference Load for Timing and Slew Rate” figure shows a method to
calculate the point when device is no longer driving tHZ(DQS) and tHZ(DQ), or begins driving tLZ(DQS), tLZ(DQ) by measuring the signal
at two different voltages. The actual voltage measurement points are not critical as long as the calculation is consistent.
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VOH % g ?
tLZ(DQS), tLZ(DQ)

VTT + 2 Y mV- VOR- Am

VT +Y my VOH - 2x X mV

VTT VTT
Actual waveform ¥ HZIDS), HZ0DQ)
VIT -YmV 2xY ( VOL + 2x X mV
T112 Yo T2
begin driving point=2x T1 -T2 Stop driving point=2 x T1 -T2

Figure of HSUL_12 Driver Output Reference Load for Timing and Slew Rate
The parameters tLZ(DQS), tLZ(DQ), tHZ(DQS), and tHZ(DQ) are defined as single-ended. The timing parameters tRPRE and tRPST
are determined from the differential signal DQS_t-DQS_c.
13. Measured from the start driving of DQS_t - DQS_c to the start driving the first rising strobe edge.
14. Measured from the from start driving the last falling strobe edge to the stop driving DQS_t, DQS_c.
15. tDQSCKDS is the absolute value of the difference between any two tDQSCK measurements (within a byte lane) within a contiguous
sequence of bursts within a 160nS rolling window. tDQSCKDS is not tested and is guaranteed by design. Temperature drift in the
system is < 10°C/s. Values do not include clock jitter.
16. tDQSCKDM is the absolute value of the difference between any two tDQSCK measurements (within a byte lane) within a 1.6us
rolling window. tDQSCKDM is not tested and is guaranteed by design. Temperature drift in the system is < 10°C/s. Values do not
include clock jitter.
17.tDQSCKDL is the absolute value of the difference between any two tDQSCK measurements (within a byte lane) within a 32mS
rolling window. tDQSCKDL is not tested and is guaranteed by design. Temperature drift in the system is < 10°C/s. Values do not include
clock jitter.
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3.7.2 CA and CS_n Setup, Hold and Derating

For all input signals (CA and CS_n) the total tIS (setup time) and tIH (hold time) required is calculated by
adding the data sheet tIS(base) and tIH(base) value (see 3.7.2.1 “CA and CS_n Setup and Hold Base-Values
for 1V/InS” table) to the AtlS and AtlH derating value (see 3.7.2.2 “Derating Values LPDDR2 tIS/tIH - AC/DC
Based AC220” table). Example: tIS (total setup time) = tIS(base) + AtIS.

Setup (tIS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of
VREF(dc) and the first crossing of VIH(ac)min. Setup (tIS) nominal slew rate for a falling signal is defined as
the slew rate between the last crossing of VREF(dc) and the first crossing of VIL(ac)max. If the actual signal is
always earlier than the nominal slew rate line between shaded ‘VREF(dc) to ac region’, use nominal slew rate
for derating value (see 3.7.2.4 “Nominal Slew Rate and tVAC for Setup Time tIS for CA and CS_n with
Respect to Clock” figure). If the actual signal is later than the nominal slew rate line anywhere between shaded
‘VREF(dc) to ac region’, the slew rate of a tangent line to the actual signal from the ac level to dc level is used
for derating value (see 3.7.2.6 “Tangent Line for Setup Time tIS for CA and CS_n with Respect to Clock”
figure).

Hold (tIH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of
VIL(dc)max and the first crossing of VREF(dc). Hold (tIH) nominal slew rate for a falling signal is defined as
the slew rate between the last crossing of VIH(dc)min and the first crossing of VREF(dc). If the actual signal is
always later than the nominal slew rate line between shaded ‘dc to VREF(dc) region’, use nominal slew rate
for derating value (see 3.7.2.5 “Nominal Slew Rate for Hold Time tIH for CA and CS_n with Respect to Clock”
figure). If the actual signal is earlier than the nominal slew rate line anywhere between shaded ‘dc to VREF(dc)
region’, the slew rate of a tangent line to the actual signal from the dc level to VREF(dc) level is used for
derating value (see 3.7.2.7 “Tangent Line for Hold Time tIH for CA and CS_n with Respect to Clock” figure).

For a valid transition the input signal has to remain above/below VIH/IL(ac) for some time tVAC (see
3.7.2.3 “Required Time tVAC above VIH(ac) {below VIL(ac)} for Valid Transition” table).

Although for slow slew rates the total setup time might be negative (i.e. a valid input signal will not have
reached VIH/IL(ac) at the time of the rising clock transition) a valid input signal is still required to complete the
transition and reach VIH/IL(ac).

For slew rates in between the values listed in 3.7.2.2 “Derating Values LPDDR?2 tIS/tIH - AC/DC Based

AC220” table, the derating values may obtained by linear interpolation. These values are typically not subject
to production test. They are verified by design and characterization.

3.7.2.1 CA and CS_n Setup and Hold Base-Values for 1V/nS

Unit [pS] LPDDR2-1333 reference
tis(base) -10 ViH/L(ac) = VREF(dc) + 220mV
tiH(base) 80 VIH/L(dc) = VREF(dc) £ 130mV

Note: ac/dc referenced for 1V/nS CA and CS_n slew rate and 2V/nS differential CK_t-CK_c slew rate.
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3.7.2.2 Derating Values LPDDR2 tIS/tIH - AC/DC Based AC220
AtIS, AtiH derating in [pS] AC/DC based
AC220 Threshold -> VIH(ac)=VREF(dc)+220mV, VIL{ac)=VREF(dc)-220mV
DC130 Threshold -> VIH(dc)=VREF(dc)+130mV, VIL(dc)=VREF(dc)-130mV
CA.CS_n CK_t,CK_c Differential Slew Rate
Slew Rate 4.0 V/nS 3.0V/ns 2.0VInS 1.8 V/nS 1.6 VInS 1.4 V/InS 1.2VinS 1.0 V/nS
VinS AtIS AtIH AtIS AtIH AtIS AtIH AtIS AtIH AtIS AtIH AtIS AtiH AtIS AtH AtIS AtIH
20 110 65 110 65 110 65 - - - - - - - -
1.5 74 43 73 43 73 43 89 59 - - - - - -
1.0 0 0 0 0 0 0 16 16 32 32 - - - -
0.9 - - -3 -5 -3 -5 13 11 29 27 45 43 - -
0.8 - - - - -8 -13 8 3 24 19 40 35 56 55
0.7 - - - - - - 2 -6 18 10 34 26 50 46 66 78
06 - - - - - - - - 10 -3 26 13 42 33 58 65
05 - - - - - - - - - - 4 -4 20 16 36 48
04 - - - - - - - - - - - - -7 2 17 34

Note: Cell contents ‘-’ are defined as not supported.

3.7.2.3 Required Time tVAC above VIH(ac) {below VIL(ac)} for Valid Transition

Slew Rate [VInS] _ tAC @ 220mV [pS]
min max
>20 175 i
20 170 i
15 167 i
10 163 i
0.9 162 i
08 161 i
07 159 i
06 155 i
05 150 i
<05 150 i
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3.7.2.4 Nominal Slew Rate and tVAC for Setup Time tIS for CA and CS_n with Respect to Clock
CK ¢
CK_t
Vbbca
tvac
-
VIH(ac) min g
(ac) VREF to ac -
. region
ViHdeymin | | ] _ _‘_\( _______ __ 1
\ nominal
Slew rate
VREF(de) - ————F———————o I F— -
nominal
Slew rate
Vicdemax [T NN W~ "~~~ """ "7 -
VREF to ac
region
ViL(ac) max \_/ gl
—
tvac
VssCA -_—t 4
— -— —_— -
ATF ATR

Setup Slew Rate = VREF(dc) - ViLaomax  Setup Slew Rate = Virac) min - VREF(de)
Falling Signal ATF Rising Signal ATR
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UnilC
3.7.2.5 Nominal Slew Rate for Hold Time tIH for CA and CS_n with Respect to Clock
CK c
CK t
VbbcA 7T T[T T T
VHaAc)MINT - -~~~ |-~~~ T T T T~ o
ViHocmin- - — — 1 _ _ __ __ __1____ L ___Q ——
DC to VReF
region nominal—
N Slew rate
N
VREFDC) T ——————— ———e === — ===
nominal
Slew rate ———p DC to VRer
region
Vicocmax | & [ R
ViL(ac) max
VsscA - —m— - — — 1 —— = ===
— - — |-
ATR ATF
Hold Slew Rate = VRrRerDC) - ViLocymax Hold Slew Rate = Vinpoce) min - VREF(DC)
Rising Signal ATR Falling Signal ATF
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3.7.2.6 Tangent Line for Setup Time tIS for CA and CS_n with Respect to Clock
CK_c rTTTrTTTTT
CKt  —— 1 /| e~
Vooca T Tttty
nominal
line
VIH(AC) min
VREF to AC
region
VHpemin f——————— -t A __ -
~.tangent
line
VREF(DC) o —————— o o ks =
ViLpc) max
ViLac) max
nominal
line
Vssca -—-
Setup Slew Rate = tangent line[ViHiac)min - VRer(pe))
Rising Signal ATR
_-._ _..‘—
ATF Setup Slew Rate = tangent line[\VREF(DC) - VIL(AC)maXx]
Falling Signal ATF
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3.7.2.7 Tangent Line for Hold Time tIH for CA and CS_n with Respect to Clock

CK_c

CK_t

\/DbDca

ViHiac) min

VIHDc) min

VREF(DC)

ViLiDc) max

ViLac) max

Vasca

Rising Signal

tis
-
__________________________ ~\\ |nominal
line
__________________________ XN -
DC to VRrer
line
———————————————————— P F— A ——— ————— —— —E— ¥
t t i
angen
DC to Vrer 95 ANy
region nominal
_____ Al fwe | ___L
___________________ o _____l___
ATR ATF
Hold Slew Rate = tangent line [VREF(DC) - ViLipcymax
ATR
Hold Slew Rate = tangent line [ViHpc)min - VREF(DC)]
Falling Signal ATF
123 /131
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3.7.3 Data Setup, Hold and Slew Rate Derating

For all input signals (DQ, DM) the total tDS (setup time) and tDH (hold time) required is calculated by
adding the data sheet tDS(base) and tDH(base) value (see 3.7.3.1 “Data Setup and Hold Base-Values” table)
to the AtDS and AtDH (see 3.7.3.2 “Derating Values LPDDR2 tDS/tDH - AC/DC Based AC220” table) derating
value respectively. Example: tDS (total setup time) = tDS(base) + AtDS.

Setup (tDS) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of
VREF(dc) and the first crossing of VIH(ac)min. Setup (tDS) nominal slew rate for a falling signal is defined as
the slew rate between the last crossing of VREF(dc) and the first crossing of VIL(ac)max (see 3.7.3.4 “Nominal
Slew Rate and tVAC for Setup Time tDS for DQ with Respect to Strobe” figure). If the actual signal is always
earlier than the nominal slew rate line between shaded ‘VREF(dc) to ac region’, use nominal slew rate for
derating value. If the actual signal is later than the nominal slew rate line anywhere between shaded ‘VREF(dc)
to ac region’, the slew rate of a tangent line to the actual signal from the ac level to dc level is used for derating
value (see 3.7.3.6 “Tangent Line for Setup Time tDS for DQ with Respect to Strobe” figure).

Hold (tDH) nominal slew rate for a rising signal is defined as the slew rate between the last crossing of
VIL(dc)max and the first crossing of VREF(dc). Hold (tDH) nominal slew rate for a falling sigbnal is defined as
the slew rate between the last crossing of VIH(dc)min and the first crossing of VREF(dc) (see 3.7.3.5 “Nominal
Slew Rate for Hold Time tDH for DQ with Respect to Strobe” figure). If the actual signal is always later than
the nominal slew rate line between shaded ‘dc level to VREF(dc) region’, use nominal slew rate for derating
value. If the actual signal is earlier than the nominal slew rate line anywhere between shaded ‘dc to VREF(dc)
region’, the slew rate of a tangent line to the actual signal from the dc level to VREF(dc) level is used for
derating value (see 3.7.3.7 “Tangent Line for Hold Time tDH for DQ with Respect to Strobe” figure).

For a valid transition the input signal has to remain above/below VIH/IL(ac) for some time tVAC (see
3.7.3.3 “Required Time tVAC above VIH(ac) {below VIL(ac)} for Valid Transition” table).

Although for slow slew rates the total setup time might be negative (i.e. a valid input signal will not have
reached VIH/IL(ac) at the time of the rising clock transition) a valid input signal is still required to complete the
transition and reach VIH/IL(ac).

For slew rates in between the values listed in 3.7.3.2 “Derating Values LPDDR2 tDS/tDH - AC/DC Based
AC220” table, the derating values may obtained by linear interpolation. These values are typically not subject
to production test. They are verified by design and characterization.

3.7.3.1 Data Setup and Hold Base-Values

Unit [pS] LPDDR2-1333 reference
tiS(base) 0 ViH/L(ac) = VREF(de) £ 220mV
tiH(base) 90 VIH/L(dc) = VREF(dc)  130mV

Note: ac/dc referenced for 1V/nS DQ,DM slew rate and 2V/nS differential DQS_t-DQS_c slew rate.
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AtDS, ADH derating in [pS] AC/DC based a
AC220 Threshold -> ViH(ac) = VREF(dc) + 220mV, VIL(ac) = VREF(dc) - 220mV
DC130 Threshold -> VIH(dc) = VREF(dc) + 130mV, VIL(dc) = VREF(dc) - 130mV
DQS_t, DQS_c Differential Slew Rate
P2 oMo | 40vims 3.0 V/nS 2.0 Vins 1.8 V/nS 1.6 V/nS 1.4V/nS 1.2VinS 1.0 V/nS
ADS | AMDH | ADS | AtDH | AtDS | AtDH | AtDS | ADH | ADS | AtDH | AtDS | AtDH | AtDS | AtDH | AtDS | AtDH
20 110 | 65 | 110 | 65 | 110 | €5 - - - -
15 74 43 | 73 | 43 | 73 | 43 | 89 | 59 - - -
10 0 0 0 0 0 0 16 16 | 32 | 32 - -
09 - - -3 -5 3 5 13 11 20 | 27 45 43
08 - - - 8 | -13 8 3 24 19 40 35 | 56 55
0.7 - - - - 2 -6 18 10 34 26 | 50 46 66 78
06 - - - - - 10 -3 26 13 | 42 33 58 65
05 - - - - - - 4 -4 20 16 36 48
04 - - - - - - - - -7 2 17 34
Note: Cell contents ‘-’ are defined as not supported.
3.7.3.3 Required Time tVAC above VIH(ac) {below VIL(ac)} for Valid Transition
tVAC @ 220mV [pS]
Slew Rate [V/nS] -
min max
>20 175 -
2.0 170 -
15 167 -
1.0 163 -
0.9 162 -
0.8 161 -
0.7 159 -
0.6 155 -
0.5 150 -
<05 150 -
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3.7.3.4 Nominal Slew Rate and tVAC for Setup Time tDS for DQ with Respect to Strobe

———

DQS_c  ---------]

DQS_t

Vobpa 0 ————————

ViHac)min . o 1 __ _ghr N ___ | _____
REF to AC

region

VIH(DC) min

nominal
Slew rate

VREFDC) —  —Rge————F————— ————— D — — — — _ _— —— _— _ _ __ ___ __ gE——
nominal

ViLoc) max

ViLiac) max

VesQ g e

ATF ATR

Setup Slew Rate = VREF(DC) - VIL{AC)max Setup Slew Rate = ViHac)min - VREF(DC)
Falling Signal ATF Rising Signal ATR
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3.7.3.5 Nominal Slew Rate for Hold Time tDH for DQ with Respect to Strobe
DQs . c
DQS_t
Voba 0 =7
ViHacymin —— 7 7T 77
ViHpooymin ___ ____ _ _
DC to VRer
region nominal —_4
N Slew rate
VREF(DC) _\¥ _________________ e ————h
nominal
Slew rate T DC to VRrer
region
ViLDe) max
ViLac) max
Vessqg @ ---——-""-"-"-""""""""""“"“""—""F-———————————— e
— - — -——
ATR ATE

HF’l_d SIE:W Rate = [Vrer(pC) - ViLoomax  Held Slew Rate = [Viroeymin - VRer(pc)
Rising Signal ATR Falling Signal ATF
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3.7.3.6 Tangent Line for Setup Time tDS for DQ with Respect to Strobe
DQS_c
DQS_t
Voba
nominal
line
ViHagmin === o-—-—-— - - - — —— - — O o ___
VIH(de) min
V' REF(dc)
ViL(de) max
ViL{ac) max e
nominal
line
ATR
VesQ - _ | _ _{__ _ _ o _____
Setup Slew Rate = tangent line[ViH@cmin - VVrREF(dc)
Rising Signal ATR
—» - )
ATF | Setup Slew Rate = tangent line[\Vrer(dc) - ViLiagmax]
Falling Signal ATF
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3.7.3.7 Tangent Line for Hold Time tDH for DQ with Respect to Strobe
DQS_c
DQS_t
\boa
ViHacymin -—-———————t-————————— - ———— —— Ao
nominal
line
VIHDe)MIn ===t —----- Fe—————— = ;/— ==
DC to Vrer
region ta?gent
ine
VREF(DC) -——————————————————---C'é ———————————————— =
fangent
DC to Vrer b=l 78
region
ViLpc) max 1
ViLiac) max A
VesQ T T T T T T T T T T T T T T T T T T T T T T T T T T —TTo T
ATR ATF
Hold Slew Rate = tangent line [VRerF(DC) - ViLipcymax
Rising Signal ATR
Hold Slew Rate = tangent line [ViHpcymin - VReF(DC))
Falling Signal ATF

UnilC_Techdoc. Rev. C 2025-05 129 /131



Q Data Sheet
' SCB4BL512XX0AF-15J
UnilC Low power DDR2 SDRAM

4 Package Diagram
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Legal Disclaimer

THE INFORMATION GIVEN IN THIS INTERNET DATA SHEET SHALL IN NO EVENT BE REGARDED AS A
GUARANTEE OF CONDITIONS OR CHARACTERISTICS. WITH RESPECT TO ANY EXAMPLES OR HINTS GIVEN
HEREIN, ANY TYPICAL VALUES STATED HEREIN AND/OR ANY INFORMATION REGARDING THE APPLICATION
OF THE DEVICE, UNIIC HEREBY DISCLAIMS ANY AND ALL WARRANTIES AND LIABILITIES OF ANY KIND,
INCLUDING WITHOUT LIMITATION WARRANTIES OF NON-INFRINGEMENT OF INTELLECTUAL PROPERTY
RIGHTS OF ANY THIRD PARTY.

Information
For further information on technology, delivery terms and conditions and prices please contact your nearest UnilC Office.

Warnings

Due to technical requirements components may contain dangerous substances. For information on the types in question
please contact your nearest UnilC Office.

UnilC Components may only be used in life-support devices or systems with the express written approval of UnilC, if a
failure of such components can reasonably be expected to cause the failure of that life-support device or system, or to
affect the safety or effectiveness of that device or system. Life support devices or systems are intended to be implanted in
the human body, or to support and/or maintain and sustain and/or protect human life. If they fail, it is reasonable to
assume that the health of the user or other persons may be endangered.
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