Sep. 2016 ﬁ

UnilC

SCB18K1G160AF

1Gbit Mobile DDR SDRAM

Data Sheet

Rev. A




)

UnilC

Data Sheet
SCB18K1G160AF
1Gbit Mobile DDR SDRAM

Revision History

Date Version

Subjects(major changes since last revision)

2016-09 A

Initial Release
Format Review (2020-05)

UnilC_Techdoc, Rev. A 2016-09 2743


mailto:info@scsemicon.com

3]

UnilC

1Gbit Mobile DDR SDRAM
4 Banks X 16Mbit X 16

Data Sheet
SCB18K1G160AF
1Gbit Mobile DDR SDRAM

5 6 75
LPDDR400 LPDDR333 LPDDR266
Clock Cycle Time (tck») 12 ns 12ns 12 ns
Clock Cycle Time (tcks) 5ns 6 ns 7.5ns
Clock Cycle Time (tcga) 5ns - -
System Frequency (fCK) 200 MHz 166 MHz 133 MHz
Features Option Marking
o - Configuration
- 4 banks x 16M x 16 organization .
- Data Mask for Write Control (DM) 64Mx16 (4 Bank x16Mbit x16) 1G16
- Four Banks controlled by BAO & BA1 - Package
- Programmable CAS Latency: 2, 3, 4 * 60-ball FBGA (8mm x 10mm) Lead-free F
- Programmable Wrap Sequence: Sequential or - Speed/Cycle Time
Interleave *7.5ns @ CL3 (DDR-266) -75B
- Programmable Burst Length: * 6ns @ CL3(DDR-333) -6B
2, 4 or 8 for Sequential Type *5ns @ CL3 (DDR-400) -5B
2,4 or 8 for Interleave Type - Temperature
- éutomeglc aniAantrolled Precharge Command « Commercial 0°C to 70°C Ta <blank>
- Power Down Mode . ial -40° °
- Auto Refresh and Self Refresh . rljjtlcj)i:r(l)?il\/:o- 4%52 if 1%;’61(: Ta I1|
- Refresh Interval: 8192 cycles/64ms
- Available in 60-ball BGA
- Double Data Rate (DDR) Description

- Bidirectional Data Strobe (DQS) for input and
output data, active on both edges

- Differential clock inputs CLK and /CLK

- Power Supply 1.7V - 1.9V

- Auto Temperature-Compensated Self Refresh
(Auto TCSR)

- Partial-Array Self Refresh (PASR) Option: Full,
1/2, 1/4

- Drive Strength (DS) Option:Full, 1/2, 1/4, 1/8

UnilC_Techdoc, Rev. A 2016-09

The SCB18K1G160AFxx is a four bank mobile DDR
DRAM organized as 4 banks x 16M 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 control, address, circuits are synchronized with the
positive 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
than is possible with standard DRAMs. A sequential and
gapless data rate is possible depending on burst length,
CAS latency and speed grade of the device.

Additionally, the device supports low power saving features

like PASR, Auto-TCSR as well as options for different drive
strength. It’s ideally suitable for mobile application.
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Data Sheet
SCB18K1G160AF

1Gbit Mobile DDR SDRAM

CAS-RCD-RP

Product Type¥ Org. |Speed Latencies2?4 | Clock (MHz) | Package Note®
Commercial Temperature Range (0 °C~ +70 °C)

LPDDR-400 ( 3-3-3)

SCBI18K1G160AF-58 | <16 |LPDDR-400B|3-3-3 | 200 | PG-TFBGA-60

LPDDR-333 ( 3-3-3)

SCB18K1G160AF-6B  |x16 |LPDDR-33383-3-3 | 166 | PG-TFBGA-60 “
LPDDR-266 ( 3-3-3)

SCB18K1G160AF-758 | <16 | LPDDR-2668 |3-3-3 133 | PG-TFBGA-60

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

LPDDR-400 ( 3-3-3)

SCB18K1G160AF-5BI |16 |LPDDR-40083-3-3 [ 200 | PG-TFBGA-60

LPDDR-333 ( 3-3-3)

SCB18K1G160AF-6BI | <16 |LPDDR-3338|3-3-3 | 166 | PG-TFBGA-60 ‘\
LPDDR-266 ( 3-3-3)

SCB18K1G160AF-75B| | x16 |LPDDR-266B]3-3-3 133 | PG-TFBGA-60

1) For detailed information regarding product type of UnilC please see chapter "Product Nomenclature" of this data sheet.

2) CAS: Column Address Strobe
3) RCD: Row Column Delay
4) RP: Row Precharge

5) 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. A 2016-09
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. SCB18K1G160AF
UnilC 1Gbit Mobile DDR SDRAM

Block Diagram

Column Addresses Row Addresses
AO- A9, AP, BAO, BAL | | no-a13,BAO, BAL
Column address Column address Row address Refresh Count
counter buffer buffer efresh Counter

| Row decoder |

| Row decoder |

| Row decoder | | Row decoderl

. Memory arrayf .+ " Memoryarray . | | Memoryarray[ ' ' | |q Memory array|
| = o o [ o o H '
' lgio] Bank A N [51(€) Bank B N [51(€) Bank C N |51©) Bank D '
8= [S[= c = S [=

i N 1 R [0 R =1 X
Els Bl s (8l .
C[E[g [16384x1024| E S [1638ax1024f Ejgl |16384ax1024f | | [E[g{ [16384x1024]
S . = [ . I =] )
L8 o x16 bits o Ble x16 bits Bl x16 bits L8l x16 bits .
2 ol N e |

B B e | B

Control logic & timing generator
| Input buffer |Output buffer | 9 99
DQy-DQ35

CLK, CLK N ¥ X W VYW s
T 7 53 slelz[51= 2
s
Strobe &
UDQS, LDQS | Gen. g

Data Strobe

UnilC_Techdoc, Rev. A 2016-09 5/43
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Data Sheet
. SCB18K1G160AF
UnilC 1Ghit Mobile DDR SDRAM
60 BALL BGA Top View
CONFIGURATION
1 2 3 7 8 9 60Ball(6x10) CSP
/u..‘y‘}_ ..... {..‘}" 1 2 3 7 8 9
B. . . . . . A Vss |DQ15| VssqQ | VbbQ | DQO | VDD
C. ‘ . ' . . B VbobQ |DQ13 | DQ14 | DQ1 | DQ2 | Vssq
D. . . . . . C Vssq |DQ11 |DQ12 | DQ3 | DQ4 | VbDQ
000 | 000 = vare 100 bo8 | 507 |00 v
F. . . . . . F Vss | UDM | NC Al3 | LDM | VoD
000 e00 G |CKE| CK | CK | WE | CAS | RAS
HO @ @ 000 H A9 | All | A12 | CS | BAD | BA1
J . . . ‘ . . J A6 A7 A8 |A10/AP| A0 Al
K@@ @ 000 K | vss | A4 | A5 | A2 | A3 | VoD
Pin Names
CLK, CLK Differential Clock Input DQy—DQy5 Data Input/Output
CKE Clock Enable LDM, UDM Data Mask
CcS Chip Select Vpp Power (1.7V - 1.9V)
RAS Row Address Strobe Vss Ground
CAS Column Address Strobe Vbpo Power for I/O’s (1.7V - 1.9V)
WE Write Enable Vsso Ground for 1/O’s
LDQS, UDQS Data Strobe (Bidirectional)
Ag—Aq Address Inputs
BAO, BA1 Bank Select

UnilC_Techdoc, Rev. A 2016-09
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UnilC

Signal Pin Description

Data Sheet
SCB18K1G160AF
1Gbit Mobile DDR SDRAM

Symbol

Type

Description

CK, CK

Input

Clock: CK and CK are differential clock inputs. All address and control input signals are
sampled on the crossing of the positive edge of CK and negative edge of CK. Input and
output data is referenced to the crossing of CK and CK (both directions of crossing).
Internal clock signals are derived from CK/CK.

CKE

Input

Clock Enable: CKE HIGH activates, and CKE LOW deactivates internal clock signals, and
device input buffers and output drivers. Taking CKE LOW provides PRECHARGE
POWER-DOWN and SELF REFRESH operation (all banks idle), or ACTIVE POWER-
DOWN (row ACTIVE in any bank). CKE is synchronous for all functions except for SELF

REFRESH EXIT, which is achieved asynchronously. Input buffers, excluding CK, CK and
CKE, are disabled during power-down and self refresh mode which are contrived for low
standby power consumption.

Cs

Input

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

RAS, CAS, WE

Input

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

LDM, UDM

Input

Input Data Mask: DM is an input mask signal for write data. Input data is masked when
DM is sampled HIGH along with that input data during a WRITE access. DM is sampled
on both edges of DQS. Although DM pins are input-only, the DM loading matches the DQ
and DQS loading.

For x16 devices, LDM corresponds to the data on DQ0-DQ7, UDM corresponds to the
data on DQ8-DQ15.

BAO, BA1

Input

Bank Address Inputs: BAO and BA1 define to which bank an ACTIVE, READ, WRITE or
PRECHARGE command is being applied.

AO0-A13

Input

Address Inputs: provide the row address for ACTIVE commands, and the column address
and AUTO PRECHARGE bit for READ / WRITE commands, to select one location out of
the memory array in the respective bank. The address inputs also provide the opcode
during a MODE REGISTER SET command.

DQ, DQO0-DQ15

I/0

Data Bus: Input / Output

LDQS,UDQS

I/0

Data Strobe: Output with read data, input with write data. Edge-aligned with read data,
centered with write data. Used to capture write data.

For x16 device, LDQS corresponds to the data on DQ0-DQ7, UDQS corresponds to the
data on DQ8-DQ15.

NC

No Connect: No internal electrical connection is present

VDDQ

Supply

I/O Power Supply

VSSQ

Supply

I/0 Ground

VDD

Supply

Power Supply

VSS

Supply

Ground

UnilC_Techdoc, Rev. A 2016-09
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Mode Register Set

Data Sheet
SCB18K1G160AF
1Gbit Mobile DDR SDRAM

The mode register stores the data for controlling the various operating modes of the mobile DDR, includes
CAS latency, addressing mode, burst length, test mode, and various vendor specific options. The default
value of the mode register is not defined. Therefore the mode register must be written after power up to
operate the mobile DDR. The device should be activated with the CKE already high prior to writing into the

Mode Register.

The Mode Register is written by using the MRS command. The state of the address signals registered in the
same cycle as MRS command is written in the mode register. The value can be changed as long as all

banks are in the idle state.

The mode register is divided into various fields depending on functionality. The burst length uses A2.. AQ,
CAS latency (read latency from column address) uses A6.. A4. BAO must be set to low for normal operation.

A9.. A13 is reserved for future use.

BA1 selects Extended Mode Register Setup operation when set to 1. Refer to the table for specific
codes for various burst length, addressing modes and CAS latencies.

Mode Register Bitmap
| ‘ ‘ A13-A10(A/P) A9 ‘ | ‘ ‘ ‘ ‘ I ‘ ‘ Address Bus
| | | | | | | CAS Latency | | Burst Length Mode Register
Mode Register l
Access Burst Type
BA1 Accessed Register A3 Type
0 Mode Register 0 Sequential
1 Extend. Mode Reg. 1 Interleaved
CAS Latency v
A6 A5 A4 Latency
0 1 0
0 1 1
1 0 0
Burst Length v
Length
A2 Al A0
Sequential Interleave
0 0 1 2 2
0 1 0 4 4
0 1 1 8 8
All other Reserved

UnilC_Techdoc, Rev. A 2016-09 8/43
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EMRS

Data Sheet
SCB18K1G160AF
1Gbit Mobile DDR SDRAM

The Extended Mode Register is responsible for setting the Drive strength options and Partial array Self
Refresh. The EMRS can be programmed by performing a normal Mode Register Setup operation and
setting the BA1=1 and BAO=0. In order to save power consumption, the mobile DDR SDRAM has three
(PASR) options: Full array, 1/2, 1/4 of Full Array. Additionally, the device has internal temperature sensor
to control self refresh cycle automatically. This is the device internal Temperature Compensated Self
Refresh(TCSR). The device has four drive strength options: Full, 1/2, 1/4 or 1/8.

Extended Mode Register Set

‘ BAL ‘ BAO ‘ A13-A10(A/P) ‘ A9 ‘ A

A0 ’ Address Bus

o [w [ = [ m [ = ] n
|¢|¢|¢ v v ¢|¢¢¢|¢¢¢¢¢

TCSR PASR Mode Register

\ 2

Extended Mode
Register Access

BA1 | BAO Accessed Register
0 0 Mode Register
1 0 Extend. Mode Reg.
All other Reserved

Drive Strength

A7 | A6 | A5

Drive Strength

TCSR

Full

1/2

1/4

On-die temperature sensor
is used in place of TCSR.
Setting these bits will have
no effect.

r|lO|O|O| O
oO|r|(Fk|O|O
o|lr|[O| ]| O

1/8

3/4

v

Partial Array Self Refresh

A2 | A1 | A0 | Size of Refreshed Area

0 0 0 | Full Array

0 0 1 |1/2 of Full Array (Banks 0, 1)
0 1 0 | 1/4 of Full Array (Bank 0)

UnilC_Techdoc, Rev. A 2016-09
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SCB18K1G160AF

UnilC 1Gbit Mobile DDR SDRAM

Signal and Timing Description

General Description

The 1G bit mobile DDR is a 128M byte mobile DDR SDRAM. It consists of four banks. Each bank is
organized as 16384 rows x 1024 columns x 16 bits.

Read and Write accesses are burst oriented. Accesses begin with the registration of an Activate command,
which is then followed by a Read or Write command. The address bits registered coincident with the Activate
command are used to select the bank and the row to be accessed. BA1 and BAO select the bank, address
bits A13.. A0 select the row. Address bits A9.. A0 registered coincident with the Read or Write command
are used to select the starting column location for the burst access.

The regular Single Data Rate SDRAM read and write cycles only use the rising edge of the external clock
input. For the mobile SDRAM the special signals DQSx (Data Strobe) are used to mark the data valid
window. During read bursts, the data valid window coincides with the high or low level of the DQSx signals.
During write bursts, the DQSx signal marks the center of the valid data window. Data is available at every
rising and falling edge of DQSX, therefore the data transfer rate is doubled.

For Read accesses, the DQSx signals are aligned to the clock signal CLK.

Special Signal Description

Clock Signal

The mobile DDR operates with a differential clock (CLK and CLK) input. CLK is used to latch the address
and command signals. Data input and DMx signals are latched with DQSx. The minimum and maximum
clock cycle time is defined by tck.

The minimum and maximum clock duty cycle are specified using the minimum clock high time tcy and

the minimum clock low time tc| respectively.

Command Inputs and Addresses

Like single data rate SDRAMSs, each combination of RAS, CAS and WE input in conjunction with CS
input at a rising edge of the clock determines a mobile DDR command.

Command and Address Signal Timing

e XA AN

Address, pm— : 1
CS#, RASH, >< Valid >< ><Valid ><
CASH#, WE#, . !

CKE

UnilC_Techdoc, Rev. A 2016-09 10/43
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SCB18K1G160AF

UnilC 1Gbit Mobile DDR SDRAM

Data Strobe and Data Mask

Operation at Burst Reads

The Data Strobes provide a 3-state output signal to the receiver circuits of the controller during a read burst.
The data strobe signal goes 1 clock cycle low before data is driven by the mobile DDR and then toggles low
to high and high to low till the end of the burst. CAS latency is specified to the first low to high transition.
The edges of the Output Data signals and the edges of the data strobe signals during a read are nominally
coincident with edges of the input clock.

The tolerance of these edges is specified by the parameters tyc and tposck and is referenced to the
crossing point of the CLK and /CLK signal. The tpogq timing parameter describes the skew between the
data strobe edge and the output data edge.

The following table summarizes the mapping of LDQS, UDQS, LDM and UDM signals to the data bus.

Mapping of LDQS, UDQS, LDM and UDM

Data strobe signal Data mask signal Controlled data bus
LDQS LDM DQ7 .. DQO
uDQS UDM DQ8 .. DQ15

The minimum time during which the output data is valid is critical for the receiving device. This also applies
to the Data Strobe DQS during a read since it is tightly coupled to the output data. The parameters toH and

tpgsq define the minimum output data valid window. Prior to a burst of read data, given that the device is

not currently in burst read mode, the data strobe signals transit from Hi-Z to a valid logic low. This is referred
to as the data strobe “read preamble” tgprg. This transition happens one clock prior to the first edge of valid

data.
Once the burst of read data is concluded, given that no subsequent burst read operation is initiated, the

data strobe signals transit from a valid logic low to Hi-Z. This is referred to as the data strobe “read
postamble” trpgT.

UnilC_Techdoc, Rev. A 2016-09 11/43
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. SCB18K1G160AF
UnilC 1Gbit Mobile DDR SDRAM

Data Output Timing - taoc and tpgsck

TO

S S x éx « < ; P < .
| Nop? NOP1 (/) Nopt

Command /7,

READ

tbosck thosck tyz
47»‘ - -

iz trPRE -
trpS
DQS or LDQS/UDQS > 7/ j// / % %\_ﬁ f l/—\l\j

3 JHIT777
All DQ values, collectively V /

() =z (9 @ 1) G (9 (= j@

tac4 tyz

VA Don’t Care

Notes: 1. Commands other than NOP can be valid during this cycle.
DQ transitioning after DQS transitions define tbgsg window.
All DQ must transition by bosq after DQS transitions, regardless of tac.

tac is the DQ output window relative to CK and is the long-term component of
DQ skew.

pOwD

UnilC_Techdoc, Rev. A 2016-09 12/43
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UnilC 1Gbit Mobile DDR SDRAM

Operation at Burst Write

During a write burst, control of the data strobe is driven by the memory controller. The LDQS, UDQS
signals are centered with respect to data and data mask. The tolerance of the data and data mask edges
versus the data strobe edges during writes are specified by the setup and hold time parameters of data
(tQDQSS & tQDQSH) and data mask (tDMDQSS & tDMDQSH). The input data is masked in the same
cycle when the corresponding LDM, UDM signal is high (i.e. the LDM,UDM mask to write latency is zero.)

LDOS, UDQS, LDM, and UDM Timing at Write

LDQS,
UDQS S

DMDQSS

N .
LDM, _i:;r*:%: _i:;f_::gz;_

o
v]
e}
0
0

UDM tomposh ] : : tDMDQL
<—>t“‘ o
DQx K Q Q+1 Q+2 >< Q+3 >< Q+4 ><

Input Data masked

Prior to a burst of write data, given that the controller is not currently in burst write mode, the data strobe
signal LDQS, UDQS changes from Hi-Z to a valid logic low. This is referred to as the data strobe Write
Preamble. Once the burst of write data is concluded, given no subsequent burst write operation is initiated,
the data strobe signal LDQS,UDQS transits from a valid logic low to Hi-Z. This is referred the data strobe W
rite Postamble, tywpsT. For mobile DDR data is written with a delay which is defined by the parameter
tDQSS, write latency). This is different than the single data rate SDRAM where data is written in the same
cycle as the Write command is issued.

DQS Pre/Postamble at Write

L thass ]
L]

WPREH

1 ‘- ! |
LDQS. '!| : " \ I } f—
uDQs \ Preamble / i | !

Pt | | LN

"Postamble

DQx { Q X Q.H X Q+2 X Q+3 }

UnilC_Techdoc, Rev. A 2016-09 13/43
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. SCB18K1G160AF
UnilC 1Gbit Mobile DDR SDRAM

Power-Up Sequence

The following sequence is highly recommended for Power-Up:

. Apply power and start clock. Maintain CKE and the other pins are in NOP conditions at the input
- Apply Vpp before or at the same time as Vppq

. Start clock, maintain stable conditions for 200 us

. Apply NOP and set CKE to high

. Apply All Bank Precharge command

. Issue Auto Refresh command twice and must satisfy minimum tgrgc

. Issue MRS (Mode Register Set command)
. Issue a EMRS (Extended Mode Register Set command), not necessary

0o ~N O 0Ol W NP

Power Up Sequence

- psnnpssinnnnn

Command (NOP) (NC%P )(PF:(EA} (AR:EF\ (ARZEF)—(MRZS) ’EM:RS\, "A:CT\

/ .

H 1 H 3 H ' H 3 H 1 ) H i .
200 us trp Rrc Rrc MRD MRD

Mode Register Set Timing

The mobile DDR should be activated with CKE already high prior to writing into the mode register. Two
clock cycles are required complete the write operation in the mode register. The mode register contents

can be changed using the same command and clock cycle requirements during operation as long as all
banks are in the idle state.

Mode Register Set Timing

S ainipZdnininip
commana (e Jrer X or ) (s X e X o0 )

UnilC_Techdoc, Rev. A 2016-09 14/ 43
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. SCB18K1G160AF
UnilC 1Gbit Mobile DDR SDRAM

Bank Activation Command (ACT)

The Bank Activation command is initiated by issuing an ACT command at the rising edge of the clock.
The mobile DDR has 4 independent banks which are selected by the two Bank select Addresses (BAO,
BA1). The Bank Activation command must be applied before any Read or Write operation can be executed.
The delay from the Bank Activation command to the first read or write command must meet or exceed the
minimum of RAS to CAS delay time (trcprp min. for read commands and trcpwRr min. for write
commands). Once a bank has been activated, it must be precharged before another Bank Activate
command can be applied to the same bank. The minimum time interval between interleaved Bank Activate
commands (Bank A to Bank B and vice versa) is the Bank to Bank activation delay time (tRrp min).

Activate to Read or Write Command Timing (one bank)

- AV

READ
Command < ACT > < or > < PRE > m ACT
WRITE
|

I I

} tRCDRD for read } }
-

| t | |

| 'RCDWR for write | I

|

| |
Bank A Bank A Bank A
Addresses Row Add Col. Add. Bank A Row Add
i \ | | |
| |
< >

Activate Bank A to Activate Bank B Timing

« /N

Command ACT NOP ACT
[ [ T
[ \ \
|
Bank A Bank B
Addresses Row Add - Row Add,
\ | \
| |
- >
[

UnilC_Techdoc, Rev. A 2016-09 15/43
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Precharge Command

This command is used to precharge or close a bank that has been activated. Precharge is initiated by
issuing a Precharge command at the rising edge of the clock. The Precharge command can be used to
precharge each bank respectively or all banks simultaneously. The Bank addresses BAO and BAL select
the bank to be precharged. After a Precharge command, the analog delay trp has to be met until a new

Activate command can be initiated to the same bank.

Data Sheet
SCB18K1G160AF

1Gbit Mobile DDR SDRAM

Table
Precharge Control
A10/ AP BA1 BAO Precharged

0 0 0 Bank A Only
0 0 1 Bank B Only
0 1 0 Bank C Only
0 1 1 Bank D Only
1 X X All Banks

Precharge Command Timing

Clk

ERV/ARV/ARV/ARV/an

Command ( act ) (wor ) (eme) (o) (act)

Addresses <RBO§,U,‘;§(,> < > < Bank A> < > <R%?,5‘§§d>

UnilC_Techdoc, Rev. A 2016-09
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UnilC 1Gbit Mobile DDR SDRAM

Self Refresh

The Self Refresh mode can be used to retain the data in the mobile DDR if the chip is powered down. To set
the mobile DDR into a Self Refreshing mode, a Self Refresh command must be issued and CKE held low at
the rising edge of the clock. Once the Self Refresh command is initiated, CKE must stay low to keep the
device in Self Refresh mode. During the Self Refresh mode, all of the external control signals are disabled
except CKE. The clock is internally disabled during Self Refresh operation to reduce power. An internal
timing generator guarantees the self refreshing of the memory content.

Self Refresh timing

Clk

1 1
Any NOP NOP
Command < NOP X REFS ) ( REFX X Comm_> <DESEL X DESELX >

CKE | \ /5_// i i i

N
E
NN

_‘\

UnilC_Techdoc, Rev. A 2016-09 17 /43
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Data Sheet
SCB18K1G160AF
1Gbit Mobile DDR SDRAM

Auto Refresh

The auto refresh function is initiated by issuing an Auto Refresh command at the rising edge of the clock. All
banks must be precharged and idle before the Auto Refresh command is applied. No control of the external
address pins is required once this cycle has started. All necessary addresses are generated in the device
itself. When the refresh cycle has completed, all banks will be in the idle state. A delay between the Auto
Refresh command and the next Activate Command or subsequent Auto Refresh Command must be greater
than or equal to the trec(min).

Autorefresh timing

| |
AR B
C el
T P R LN
oKE | o fr N
o S,
} e : /// I or ACT
-
tRP/ / I /’ /) Rrc

Power Down Mode

The Power Down Mode is entered when CKE is set low and exited when CKE is set high. The CKE signal is
sampled at the rising edge of the clock. Once the Power Down Mode is initiated, all of the receiver circuits
except CLK and the CKE circuits are gated off to reduce power consumption. All banks can be set to idle
state or stay activate during Power Down Mode, but burst activity may not be performed. After exiting from
Power Down Mode, at least one clock cycle of command delay must be inserted before starting a new
command. During Power Down Mode, refresh operations cannot be performed; therefore, the device
cannot remain in Power Down Mode longer than the refresh period (trgp) of the device.

Power Down Mode timing

I I I T | e | e I
clk | | | ) ! | M y M
R I e
| | | | | | | |
Command < FRE X NOP X NOP > ( Xmﬁ%m) (DNE%ELX > i
| | | | | | | | |
| ! | - ! 7~ | | - | |
e — N\ ([N (i
B ) N TP Ay RV
Power Down Power Down } :
Mode entry Mode exit | |
| |
UnilC_Techdoc, Rev. A 2016-09 18/43
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Burst Mode Operation

Data Sheet
SCB18K1G160AF

1Gbit Mobile DDR SDRAM

Burst mode operation is used to provide a constant flow of data to the memory (write cycle) or from the
memory (read cycle). The burst length is programmable and set by address bits AO - A3 during the Mode
Register Setup command. The burst length controls the number of words that will be output after a read
command or the number of words to be input after a write command. One word is 32 bits wide. The
sequential burst length can be set to 2, 4 or 8 data words.

Burst Mode and Sequence

Burst Length

Starting Column Address

Order of Access within a Burst

A3 A2 Al AO Type = Sequential Type = Interleaved
0 0-1 0-1
2
1 1-0 1-0
0 0 0-1-2-3 0-1-2-3
4 0 1 1-2-3-0 1-0-3-2
1 0 2-3-0-1 2-3-0-1
1 1 3-0-1-2 3-2-1-0
0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
0 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
8 0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1
1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0
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Burst Read Operation: (READ)

Data Sheet
SCB18K1G160AF
1Gbit Mobile DDR SDRAM

The Burst Read operation is initiated by issuing a READ command at the rising edge of the clock after
trRcD from the bank activation. The address inputs (A8.. AO) determine the starting address for the burst.
The burst length (2, 4 or 8) must be defined in the Mode Register. The first data after the READ command
is available depending on the CAS latency. The subsequent data is clocked out on the rising and falling
edge of LDQS, UDQS until the burst is completed. The LDQS, UDQS signals are generated by the mobile

DDR during the Burst Read Operation.

Burst Read Operation

a XN

CcL=2

Command Read X NOP X NOP

CAS latency = 2

DQx

Read
Postamble

LDGS, “Read ] <
uDas Preamble !

]

I

]

]

/D—out D-out Y D-out | D—out\
0 1 2 3

Burst length = 4

LDQS, i

uDQs
CAS latency = 3

'
1
I
'
-
L]
1
i

-+
Read \
Preamble i !
I
I
I

Read
Postamble

DQx

Bt it el

)

D-out Y D-out
oM 1
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Burst Write Operation (WRITE)

The Burst Write is initiated by issuing a WRITE command at the rising edge of the clock. The address
inputs (A8 .. A0O) determine starting column address. Data for the first burst write cycle must be applied on
the DQ pins on the first rise edge of LDQS, UDQS follow WRITE command. The time between the WRITE
command and the first corresponding edge of the data strobe is tpQss. The remaining data inputs must be
supplied on each subsequent rising and falling edge of the data strobe until the burst length is completed.
When the burst has been finished, any additional data supplied to the DQ pins will be ignored.

Burst Write Operation

B ¢ XX XXX XD
CLK | . | 3
i ! i |
| | | |
COMMAND 4( WRITE X NOP X NOP X NOP >7
|
i | i i i
foass | | Lwpst
) i ! i | ) !
, | H i
LDQS, - v —
upas —\\_4_ i i S
- : i
Cwpres :"—' i i
twpren !
,1" Data-in Datla—in Datla—in Data-in \
DGx \ o 1 2 3
! ! | i Burst length = 4
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Burst Stop Command (BST)

Data Sheet

SCB18K1G160AF
1Gbit Mobile DDR SDRAM

A Burst Stop is initiated by issuing a BURST STOP command at the rising edge of the clock. The Burst Stop
Command has the fewest restrictions, making it the easiest method to terminate a burst operation before it
has been completed. When the Burst Stop Command is issued during a burst read cycle, read data and
LDQS, UDQS go to a high-Z state after a delay which is equal to the CAS latency set in the Mode Register.
The Burst Stop latency is equal to the CAS latency CL. The Burst Stop command is not supported during a

write burst operation. Burst Stop is also illegal during Read with Auto-Precharge.

Burst Stop for Read

JCLK

S S D S S S S5 G S S G5 5 S G G
Command READ >< BST >< NOP >< N?P X NOP >< N?P X N?P >< NOP>

cL=2
—-
Burst Stop Latency = 2 i
p Latency >
LDQs, §
uDQs ;
CAS latency = 2 |
DQx / D-out |/ D-out
Lo T
CL=3 >

Burst Stop Latency =3

LDas, i
uUDQs : /

CAS latency = 3

DO ( Dgut )( D?ut '}

-
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Data Mask (LDM, UDM) Function

The mobile DDR has a Data Mask function that can be used only during write cycles. When the Data Mask
is activated, active high during burst write, the write operation is masked immediately. The LDM, UDM to
data-mask latency zero. LDM and UDM can be issued at the rising or negative edge of Data Strobe.

Data Mask Timing
RS O G . G0 60 65 65 00 6 60 60 68 .
Command < WR‘lTE >< ‘ |

NOP >< NOP >< NOP >< NOP X NOP >< NOP >

)
[\

e — N\
DQx —( !
B\ N\

Data is masked out Burst length = 8
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Read Concurrent Auto Precharge

Burst length = 4 CAS latency = 3

T T2 T4 5 T6 7
ICLK

Y Y
Command <A%§’T\"SA$EX NOP X NOP >< REAEPA X NOP X NOP X NOP X NOP >< NOP >

t RCD(min)

—
o

\

t RAS(min)

[
Y

- -
-

Begin of
BL/2 Auto Precharge

LDQS, 5 / / \I\I_
uDQs | cLoa
DOx | [D-out\/D-out\/D-out |/ D-out

i VoAt A2 A3

A
]

4
Y

Concurrent Read Auto Precharge Support

Asserted For same Bank For different Bank
Command T4 T5 T6 T4 T5 T6
READ NO NO NO NO YES YES
READ+AP YES YES NO NO YES YES
ACTIVATE NO NO NO YES YES YES
PRECHARGE YES YES NO YES YES YES

Note: This table is for the case of Burst Length = 4, CAS Latency =3 and tyyr=2 clocks

When READ with Auto Precharge is asserted, new commands can be asserted at T4,T5 and T6 as shown in
Table

An Interrupt of a running READ burst with Auto Precharge i.e. at T4 and T5 to the same bank with another

READ+AP command is allowed, it will extend the begin of the internal Precharge operation to the last
READ+AP command.

Interrupts of a running READ burst with Auto Precharge i.e. at T4 are not allowed when doing concurrent
command to another active bank. ACTIVATE or PRECHARGE commands to another bank are always
possible while a READ with Auto Precharge operation is in progress.
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UnilC 1Gbit Mobile DDR SDRAM

Write with Autoprecharge (WRITEA)
If A8 is high when a Write command is issued, the Write with Auto-Precharge function is performed. The
internal precharge begins after the write recovery time tyyr and tras(min) are satisfied.

If a Write with Auto Precharge command is initiated, the mobile DDR automatically enters the precharge
operation at the first rising edge of CLK after the last valid edge of DQS (completion of the burst) plus the
write recovery time tyyR. Once the precharge operation has started, the bank cannot be reactivated and the

new command can not be asserted until the Precharge time (trp) has been satisfied.
If trAas(min) has not been satisfied yet, an internal interlock will delay the precharge operation until it is
satisfied.

Write Burst with Auto Precharge

Burst length = 4

T T2 T3 T4 TS T T7 T8
ICLK

SRE: Y D D D D e D

t RAS(min)

tWR
BL/2 /
Begin of
Auto Precharge
LDQs, , / v\_/
uDas .
DOx i [ D4n \/ Doin \/ D-in \/ D-in
: VoA 2 3

Note: tyR starts at the first rising edge of clock after the last valid edge of the 4 DQSKx.

tRP

A

A
Y

Concurrent Write Auto Precharge Support

Asserted For same Bank For different Bank
Command T3 T4 T5 T6 T7 T8 T3 T4 T5 T6 T7
WRITE NO NO NO NO NO NO NO YES YES YES YES
WRITE+AP YES NO NO NO NO NO NO YES YES YES YES
READ NO NO NO NO NO NO NO NO NO NO YES
READ+AP NO NO NO NO NO NO NO NO NO NO YES
ACTIVATE NO NO NO NO NO NO YES YES YES YES YES
PRECHARGE NO NO NO NO NO NO YES YES YES YES YES

When Write with Auto Precharge is asserted, new commands can be asserted at T3.. T8 as shown in Table.

An Interrupt of a running WRITE burst with Auto Precharge i.e. at T3 to the same bank with another
WRITE+AP command is allowed as long as the burst is running, it will extend the begin of the internal
Precharge operation to the last WRITE+AP command.

Interrupts of a running WRITE burst with Auto Precharge i.e. at T3 are not allowed when doing concurrent
WRITE s to another active bank. Consecutive WRITE or WRITE+AP bursts (T4.. T7) to other open banks

are possible. ACTIVATE or PRECHARGE commands to another bank are always possible while a WRITE
with Auto Precharge operation is in progress.
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1Gbit Mobile DDR SDRAM

/CLK
CLK

LDQs
uDQs

DQx

LDM
UDM

—

§ tDOSS(min)
-

Last valid
data

D-in

D-in

A\

X1i

Data is masked

Burst length = 8
CL=3
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Write Interrupted by a Precharge

A Burst Write operation can be interrupted before completion of the burst by a Precharge of the same bank.
Random column access is allowed. A Write Recovery time (tyr) is required from the last data to

Precharge command. When Precharge command is asserted, any residual data from the burst write cycle
must be masked by LDM, UDM.

Write interrupted by Precharge
- S (I G0 S 65 G G G G5 65 6
Command < b\gﬁ >< NC:)P >< NCI)P >< NOP >< PRE >< b\’;r:ilfeB >< NCI)P >< NCI)P >

tD(:lSSmln Last valid I tWR - tDOSSmln ,
d'lt'l v ' - :
! ; '
LDQS |
ubDas : i
| i
Da D- |n D |n Y D-in \/ D-in \/ D-in |/ D-in \ D-in \/ D-in
X 0 2 3 1 5 [ h 4 0 1
Y 4 f i /i
1 i \‘\ I."I
| / “'\ |'r
LDM \ o \
\ |
UDM \/ -
Data must be Data is masked Burst length = 8
masked by Precharge
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Command Table

Table Command Overview

Operation Code (;Kf CEE CS# | RAS# | CAS# | WE# | BAO BA1 A10 A?.(])._]?Z
Device Deselect DESEL H X H X X X X X X X
No operation NOP H X L H H H X X
Mode Register Setup MRS H X L L L L 0 OPCODE
Extended Mode Register Setup EMRS H X L L L L OPCODE
Bank Activate ACT H X L L H H BA BA Row Address
Read READ H X L H L H BA BA L Col.
Read with Auto Precharge READA H X L H L H BA BA H Col.
Write Command WRITE H X L H L L BA BA L Col.
Write Command with Auto Precharge | WRITEA H X L H L L BA BA H Col.
Burst Stop BST H X L H H L X X X X
Precharge Single Bank PRE H X L L H L BA BA L X
Precharge All Banks PREAL H X L L H L X X H X
Autorefresh REF H H L L L H X X X X
Self Refresh Entry REFX H L L L L H X X X X
Self Refresh Exit SREFEX t : |I-_| )H( )H( E i i i §
Power Down Mode Entry (Note 1) PWDNEN E t |I-_| E E E i § § §
Power Down Mode Exit PWDNEX L H H X. X. X. X X X X
L valid | valid | valid

Note: 1: The Power Down Mode Entry command is illegal during Burst Read or Burst Write operations.
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SCB18K1G160AF
1Gbit Mobile DDR SDRAM

Cgtrarlteent Command Address Action Notes
DESEL X NOP 3
NOP X NOP 3
BST X NOP 3
READ / READA BA,CA,AL10 ILLEGAL 1
IDLE WRITE / WRITEA BA,CAA10 ILLEGAL 1
ACT BA, RA Bank Active
PRE / PREAL BA, A10 NOP
AREF / SREF X AUTO-Refresh or Self-Refresh 4
MRS/ EMRS Op-Code Mode Register Set or Extended Mode Register Set
DESEL X NOP
NOP X NOP
BST X NOP
READ / READA BA, CA, A10 Begin Read, Determine Auto Precharge 9
A'é('?lv\\//E WRITE / WRITEA BA, CA, A10 Begin Write, Determine Auto Precharge 9
ACT BA, RA ILLEGAL 1,5
PRE / PREAL BA, A10 Precharge / Precharge All 6
AREF / SREF X ILLEGAL
MRS / EMRS OP-Code ILLEGAL
DESEL X Continue burst to end
NOP X Continue burst to end
BST X Terminate Burst
READ / READA BA. CA, A10 ;fér:ri]rg];::urst, Begin New Read, Determine Auto- 7
READ WRITE / WRITEA BA, CA, A10 ILLEGAL 2,7
ACT BA, RA ILLEGAL 1
PRE / PREAL BA ,A10 Terminate Burst/ Precharge
AREF / SREF X ILLEGAL
MRS / EMRS Op-Code ILLEGAL
DESEL X Continue burst to end, Precharge
NOP X Continue burst to end, Precharge
BST X ILLEGAL
READ with READ / READA BA, CA, A10 ILLEGAL
Auto WRITE / WRITEA BA, CA, A10 ILLEGAL
Precharge ACT BA, RA ILLEGAL 1
PRE / PREAL BA ,A10 ILLEGAL 1
AREF / SREF X ILLEGAL
MRS /EMRS Op-Code ILLEGAL
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Cgtrerlte;t Command Address Action Notes
DESEL Continue burst to end
NOP Continue burst to end
BST X ILLEGAL
READ / READA BA, CA, A10 ;?;?AZ?QZ,BWSL Begin Read, Determine Auto- 7.8
WRITE WRITE / WRITEA BA. CA, A10 Terminate Burst, Begin new Write, Determine Auto- 2.7
Precharge
ACT BA, RA ILLEGAL 1
PRE / PREAL BA, A10 Terminate Burst, Precharge 8
AREF / SREF X ILLEGAL
MRS/ EMRS OP-Code ILLEGAL
DESEL X Continue burst to end, Precharge
NOP X Continue burst to end, Precharge
BST X ILLEGAL
WRITE with READ / READA BA, CA, A10 ILLEGAL
Auto WRITE / WRITEA BA, CA, A10 ILLEGAL
Precharge ACT BA, RA ILLEGAL 1
PRE / PREAL BA, A10 ILLEGAL 1
AREF / SREF X ILLEGAL
MRS/ EMRS OP-Code ILLEGAL
DESEL X NOP ( Row Active after trcp)
NOP X NOP ( Row Active after trcp)
BST X NOP ( Row Active after trcp)
READ / READA BA, CA, A10 ILLEGAL 1,9
ACTII?\(/)X'\I/'ING WRITE / WRITEA BA, CA, A10 ILLEGAL 1,9
ACT BA, RA ILLEGAL 1,5
PRE / PREAL BA, A10 ILLEGAL 1,6
AREF / SREF X ILLEGAL
MRS / EMRS OP-Code ILLEGAL
DESEL X NOP ( Row Idle after trp)
NOP X NOP ( Row Idle after trp)
BST X NOP ( Row Idle after trp)
READ / READA BA, CA, A10 ILLEGAL 1
PRECHARGE |WRITE/WRITEA BA, CA, A10 ILLEGAL 1
ACT BA, RA ILLEGAL 1
PRE / PREAL BA, A10 NOP ( Row Idle after trp) 1
AREF / SREF X ILLEGAL
MRS / EMRS OP-Code ILLEGAL
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Cgtr;f:t Command Address Action Notes
DESEL X NOP (Row Active after tyyr)
NOP X NOP (Row Active after tyR)
BST X NOP (Row Active after tyRr)
READ / READA BA, CA, A10 Begin Read, Determine Auto-Precharge 2
RE(\t/él)F\\;II-Erll‘::’ING WRITE / WRITEA BA, CA, A10 Begin Write, Determine Auto-Precharge
ACT BA, RA ILLEGAL 2
PRE / PREAL BA ,A10 ILLEGAL 1,10
AREF / SREF X ILLEGAL
MRS / EMRS OP-Code ILLEGAL
DESEL X NOP (Precharge after tyyr)
NOP X NOP (Precharge after tyR)
BST X NOP (Precharge after tyR)

WRITE READ / READA BA, CA, A10 ILLEGAL 1,2
Riﬁﬁxg_‘sg\le WRITE / WRITEA BA, CA, A10 ILLEGAL 1
PRECHARGE |ACT BA, RA ILLEGAL 1

PRE / PREAL BA ,A10 ILLEGAL 1
AREF / SREF X ILLEGAL
MRS / EMRS OP-Code ILLEGAL
DESEL X NOP (Idle after trc)
NOP X NOP (Idle after trc)
BST X NOP (Idle after trc)
READ / READA BA, CA, A10 ILLEGAL
REFRESH WRITE / WRITEA BA, CA, A10 ILLEGAL
ACT BA, RA ILLEGAL 11
PRE / PREAL BA ,A10 ILLEGAL
AREF / SREF X ILLEGAL
MRS /EMRS OP-Code ILLEGAL
DESEL X NOP (ldle after two clocks)
NOP X NOP (ldle after two clocks)
BST X NOP (ldle after two clocks)
(EXTENDED) |READ/READA BA, CA, A10 ILLEGAL
RE'\zIB(I)SI?TEER WRITE / WRITEA BA, CA, A10 ILLEGAL
SET ACT BA, RA ILLEGAL
PRE / PREAL BA ,A10 ILLEGAL
AREF / SREF X ILLEGAL
MRS /EMRS OP-Code ILLEGAL
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Note: All entries assume the CKE was High during the preceding clock cycle

Data Sheet
SCB18K1G160AF
1Gbit Mobile DDR SDRAM

Note: 1. lllegal to bank specified states; function may be legal in the bank indicated by BAx, depending

on the state of that bank

Note: 2. Must satisfy bus contention, bus turn around, write recovery requirements.
Note: 3. If both banks are idle, and CKE is inactive, the device will enter Power Down Mode. All input

buffers except CKE, CLK and CLK# will be disabled.

Note: 4. If both banks are idle, and CKE is deactivated coincidentally with an AutoRefresh command, the
device will enter SelfRefresh Mode. All input buffers except CKE will be disabled. Note: 5. lllegal,

if tRRD is not satisfied.
Note: 6. lllegal, if tRAS is not satisfied.
Note: 7. Must satisfy burst interrupt condition.

Note: 8. Must mask two preceding data bits with the DM pin. Note: 9. lllegal, if tRCD is not satisfied.

Note: 10. lllegal, if tWR is not satisfied.
Note: 11. lllegal, if tRC is not satisfied.

Abbreviations:

H High Level

L Low Level

X Don’t Care

\Y Valid Data Input
RA Row Address
BA Bank Address
PA Precharge All
NOP No Operation
CA Column Address
AX Address Line x
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FUNCTION TRUTH TABLE for CKE
CS”tr;fem CKE | CKE | cs# | Ras#| cas#| we# | Address Action Notes
H L L L L H X Self Refresh Entry 1
L H H X X X X Exit Self-Refresh 1
L H L H H H X Exit Self-Refresh 1
RESFIIE?LI;SH L H L H H L X ILLEGAL 1
L H L H H X X ILLEGAL 1
L H L L L X X ILLEGAL 1
L L X X X X X NOP ( Maintain Self Refresh) 1
H X X X X X X INVALID
PDOOV\VNENR L H X X X X X Exit Power Down ( Idle after tppgx) 1
L L X X X X X NOP ( Maintain Power Down)
H H X X X X X Refer to Function Truth Table 2
H L L L L H X Enter Self Refresh 3
H L H X X X X Enter Power-Down 2
ALL H L L H H H X Enter Power-Down 2
BANKS
IDLE H L L H H L ILLEGAL 2
H L L H L X ILLEGAL 2
H L L L X X ILLEGAL 2
L X X X X X X Refer to Power Down in this table
All other states H H X X X X Refer to Funtion Truth Table

Note: 1. CKE low-to-high transition re-enables inputs asynchronously. A minimum setup time to CLK

must be satisfied before any commands other than EXIT are executed.
Note: 2. Power Down can be entered when all banks are idle (banks can be active or precharged)
Note: 3. Self Refresh can be entered only from the Precharge / Idle state.

Abbreviations:

H High Level

L Low Level

X Don’t Care

\% Valid Data Input
RA Row Address
BA Bank Address
PA Precharge All
NOP No Operation
CA Column Address
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Mobile DDR SDRAM operation
State Diagram

Power POWER DPDSX P(D)E'E:E}R ACT :
applied ON DOWN Active

l A BST :

Burst

PCG. CKEL :
ALL Enter Power-

BANKS DPPS Down

l. CKEH :
Exit Power-Down
SELF

REFRESH DPDS :
Enter Deep

REFS Power-Down

DPDSX :
~ REFSX
e IDLE Exit Deep Power-
""""""""""""""""""" *  ALL BANK DownEMRS

CKEL PCG.

REFA EMRS :
Ext. Mode Reg.

Set
PCG CKEH

POWI%R ————— MRS :
REFRESH | :
DOWN AT Mode Register Set

PRE :
Precharge

PREALL :
Precharge All
Banks

REFA :
Auto Refresh

REFS :
Enter Self Refresh

Exit Self Refresh

READ :
Read w/o Auto
Precharge

READA :
Read with Auto
Precharge

WRITE :
Write w/o Auto
Precharge

WRITEA :
_________________________________ Write with Auto

Precharge
COMMAND Input

1
I
I
1
1
1
1
I
I
1
1
1
1
I
1
1
:
1
I
1
i
1
1
I
1
1
i
1
' | REFSX :
1
1
1
1
1
1
1
1
1
1
1
1
:
1
1
1
i
1
1
1
i
I
1
1
1
1
I
I
1
]

AUTOMATIC

Sequence
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IDD Max Specifications and Conditions

Version
Parameter

Symbol | -5 -6 | -75| Unit

Operating Current: one bank; active/ precharge; tgc = tremini tex = tekmin: DQ, DM,
and DQS inputs changing once per clock cycle; address and control inputs changing | 1DDO 90 80 75 | mA
once every two clock cycles. CS = high between valid commands.

Operating Current: one bank; active/read/precharge; Burst = 4;CS = high between IDD1 115 | 100 | 85 | ma

valid commands
Precharge Power-Down Standby Current: all banks idle; power-down mode; CKE

<V wax: tex = termns Vin = Vrer for DQ, DQS and DM IDD2P | 12 | 12 | 12 | MA

Precharge Floating Standby Current: CS > V. all banks idle;CKE =V yuin; tex
=texwiny @ddress and other control inputs changing once per clock cycle, Vi = Vger IDD2F 35 30 25 | MA
for DQ, DQS and DM.

Precharge Quiet Standby Current: CS > V. all banks idle; CKE > Vi tex =
tekmine @ddress and other control inputs stable at > Vv 0F < Viiwaxs Vin=Veer for DD2Q 35 25 25 | mA
DQ, DQS and DM.

Active Power-Down Standby Current: one bank active; power-down mode; CKE < 3
Vi tex= texamns Vin = Vier for DQ, DQS and DM. IDD3P | 40 | 35 | 35 | MA

Active Standby Current: one bank active; CS >V yuini CKE =V iuuini tre = trasmaxs
tek = tekmn: DQ, DM and DQS inputs changing twice per clock cycle; address and IDD3N 65 60 | 55 | MA
control inputs changing once per clock cycle

Operating Current: one bank active; Burst = 2; reads; continuous burst; address
and control inputs changing once per clock cycle; 50% of data outputs changing on
every clock edge; CL = 2 for DDR200 and DDR266A, CL = 3 for DDR333; t, = IDDAR 1 180 | 150 | 130 | MA
Lok lour = 0 MA

Operating Current: one bank active; Burst = 2; writes; continuous burst; address

and control inputs changing once per clock cycle; 50% of data outputs changing on IDDAW | 165 | 135 | 120 | MA
every clock edge; CL = 2 for DDR200 and DDR266A, CL = 3 for DDR333; t., =

Auto-Refresh Current: tzc = tgeemin: burst refresh IDD5 190 | 175 | 165 | mA
Self-Refresh Current: CKE < 0.2 V; external clock on; to, = teun IDD6 14 14 14 | mA
Operating Current: four bank; four bank interleaving with BL = 4 IDD7 255 | 215 | 185 | mA
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Partial Array Self Refresh Current (PASR)
Extended Mode
Parameter & Test Condition Register  A[2:0] Symb. max. Unit Note

Tcase [°C]

Self Refresh Current
Self Refresh Mode o
CKE = 0.2V, tck = infinity, 85°C max. ICC6 - mA -

full array activations, all banks

Self Refresh Current
Self Refresh Mode o
CKE = 0.2V, tck = infinity, 85°C max. ICC6 - mA -

1/2 array activations

Self Refresh Current
Self Refresh Mode o
CKE = 0.2V, tck = infinity, 85°C max. ICC6 - mA -

1/4 array activation

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vgg Vine Vour -0.5~27 \Y
Voltage on Vpp supply relative to Vgg Voo, Voo -05~27 \
Storage temperature Tsto -55 ~ +150 °C
Power dissipation Pp 1.0 w
Short circuit current los 50 mA

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

Capacitance (Vpp = 1.8V, Ty =25°C, f = 1MHz)

PARAMETER SYMBOL MIN MAX UNIT NOTES
Input capacitance, CK, CK CCK 15 3.0 pF -
Input capacitance delta, CK, CK CDCK - 0.25 pF -
Input capacitance, all other input-only pins Cl 15 3.0 pF -
Input capacitance delta, all other input-only pins CDI - 0.5 pF -
Input/output capacitance, DQ, DM, DQS CIO 3.0 5.0 pF !
Input/output capacitance delta, DQ, DM, DQS CDIO - 0.5 pF !

Note:

1. Although DM is an input-only pin, the input capacitance of this pin must model the input capacitance of the DQ and DQS pins. This is
required to match signal propagation times of DQ, DQS and DM in the system.

Power & DC Operating Conditions (LVCMOS In/Out)
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1Gbit Mobile DDR SDRAM

PARAMETER/CONDITION SYMBOL MIN MAX UNIT NOTES
Supply Voltage VDD 1.7 1.9 \% -
1/0 Supply Voltage VDDQ 1.7 1.9 \% -
Address and Command Inputs (AO - An, BAO, BA1, CKE, CS, RAS, CAS, WE)

Input High Voltage VIH 0.8 x VDDQ| VDDQ +0.3 \% -
Input Low Voltage VIL -0.3 0.2 ¥ VDDQ \% -
Clock Inputs (CK, CK)

DC Input Voltage VIN -0.3 VvDDQ +0.3 \% -
DC Input Differential Voltage VID(DC)| 0.4 xVDDQ| VDDQ +0.6 \% 2
AC Input Differential Voltage VID(AC) | 0.6 x VDDQ| VvDDQ +0.6 \% 2
AC Differential Crosspoint Voltage VIX 0.4 x VDDQ| 0.6 ¥ VDDQ \Y; 3
Data Inputs (DQ, DM, DQS)

DC Input High Voltage VIHD(DC) | 0.7 * VDDQ | VDDQ +0.3 v -
DC Input Low Voltage VILD(DC) -0.3 0.3 ¥ VDDQ \% -
AC Input High Voltage VIHD(AC) | 0.8 x VDDQ | VDDQ +0.3 \% -
AC Input Low Voltage VILD(AC) -0.3 0.2 x VDDQ Y, -
Data Outputs (DQ, DQS)

DC Output High Voltage (IOH = -0.1mA) VOH 0.9 ¥ VDDQ - \ -
DC Output Low Voltage (IOL = 0.1mA) VOL - 0.1 x VDDQ -

NOTES:

1. All voltages referenced to VSS and VSSQ must be same potential.

2. VID(DC) and VID(AC) are the magnitude of the difference between the input level on CK and the input level on CK.™—

3. The value of VIX is expected to be 0.5 * VDDQ and must track variations in the DC level of the same.

UnilC_Techdoc, Rev. A 2016-09
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AC Timing Parameters & Specification

LPDDR266 LPDDR333 LPDDR400

PARAMETER SYMBOL UNIT [NOTES
MIN MAX MIN MAX | MIN | MAX
DQ output access time from CK/CK tAC 2.0 6.5 2.0 55 2.0 5.0 ns
DQS output access time from CK/CK tDQSCK | 2.0 6.5 2.0 5.5 2.0 5.0 ns
Clock high-level width tCH 0.45 | 055 | 0.45 | 0.55 | 0.45 | 0.55 | tCK
Clock low-level width tCL 0.45 | 0.55 | 045 | 0.55 | 0.45 | 0.55 | tCK
) min min min
Clock half period tHP (tCL, B (tCL, - (tCL, R ns 10,11
tCH) tCH) tCH)
CL=4 - - 5.0
Clock cycle time CL=3 tCK 75 - 60 | 100 | 50 | 100 | ns 12
CL=2 12 12 12
DQ and DM fast slew rate s 08 - 0.6 - 0.48 - ns | 131415
input setup time slow slew rate 0.9 - 0.7 - 0.58 - ns | 131416
DQ and DM fast slew rate . 0.8 - 0.6 - 0.48 - ns | 31415
input hold time slow slew rate 0.9 - 0.7 - 0.58 - ns | 131416
DQ and DM input pulse width tDIPW 1.8 - 21 - 1.8 - ns 7
Address and fast slew rate 1.3 _ 1.1 _ 0.9 _ ns 15,18
control input tIs
setup time slow slew rate 15 - 1.3 - 1.1 - ns | '©18
Address and fast slew rate 13 - 1.1 - 0.9 - ns | 1518
control input tIH
hold time slow slew rate 15 - 1.3 - 1.1 - ns | %%
Address and control input pulse width tIPW 3.0 - 27 - 23 - ns v
DQ & DQS low-impedance time from 19
CK/CK tLz 1.0 - 1.0 - 10| - s
DQ & DQS high-impedance time from 19
CKICK tHZ - 6.5 - 55 | - | 50 | ;g
DQS - DQ skew tDQSQ - 0.6 - 0.5 - 04 | ns 20
DQ / DQS output hold time from DQS tHP- - tHP- - tHP- u
Q/DQS outp Q QH | ions tQHS tQHS ns
Data hold skew factor tQHS 0.75 0.65 05 ns 1

Write command to 1st DQS latching
tDQSS 0.75 | 1.25 | 0.75 | 1.25 | 0.75 | 1.25 |

transition

DQS input high-level width tDQSH 0.4 - 0.4 - 0.4 - tCK
DQS input low-level width tDQSL 0.4 - 0.4 - 0.4 - tCK
DQS falling edge to CK setup time tDSS 0.2 - 0.2 - 0.2 - tCK
DQS falling edge hold time from CK tDSH 0.2 - 0.2 - 0.2 - tCK
MODE REGISTER SET command period tMRD 2 - 2 - 2 - tCK
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LPDDR266 | LPDDR333 | LPDDR400
PARAMETER SYMBOL UNIT [NOTES
MIN | MAX | MIN | MAX | MIN | MAX

Write preamble setup time 21
tWPRES 0 - 0 - 0 - ns

Write postamble 22
tWPST 0.4 0.6 0.4 0.6 0.4 0.6 | tCK

Write preamble

tWPRE 0.25 - 0.25 - 0.25 - tCK
CL=2 0.5 1.1 0.5 11 | 05 | 11
Read preamble CL=3 tRPRE | 0.9 1.1 0.9 11 | 09 | 11 [tcK| *
CL=4 - - - - 09 | 11
Read postamble tRPST | 0.4 0.6 04 | 06 | 04 | 06 |tCK
ACTIVE to PRECHARGE command
period tRAS 45 70,000 42 |70,000/ 40 |70,000| ns
ACTIVE to ACTIVE command period re |RAS+H) [IRASH IRAS+H
tRP tRP tRP
AUTO REFRESH to ACTIVE / AUTO
REFRESH command period RFC 140 140 140 ns
- 24
ACTIVE to READ or WRITE delay P 18 ] 15 L
30 - 30 20 ns 2
- 24
PRECHARGE command period tRP 225 18 - 15 - ns
30 - 30 20 ns »
ACTIVE bank A to ACTIVE bank B delay tRRD 15 - 12 - 10 - ns
WRITE recovery time tWR 15 - 15 - 15 - ns
Auto precharge write recovery + 26
precharge time DAL N ) i ) N ) tCK
Internal write to Read command delay tWTR 1 - 2 - 2 - tCK
Self refresh exit to next valid command 27
tXSR 200 - 200 - 200 - ns
delay
Exit power down to next valid command 28
tXP 25 - 25 - 25 - ns

delay

CKE min. pulse width (high and low pulse
width) tCKE 2 ’ 2 ) 2 T teK

Refresh Period

tREF 64 64 64 64 64 64 ms

Average periodic refresh interval
verage periodi ner tREFI | 78 | 78 | 78 | 78 | 78 | 78 | pus | 2%

MRS for SRR to READ
S for SRR to {SRR 2 - 2 ; 2 - | ek

READ of SRR to next vali mman
of SRR to next valid command {SRC CL +1 ) CL +1 ) CL +1 i tCK
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NOTES:

1. All voltages referenced to VSS.

2. All parameters assume proper device initialization.

3. Tests for AC timing may be conducted at nominal supply voltage levels, but the related specifications and device
operation are guaranteed for the full voltage and temperature range specified.

4. The circuit shown below represents the timing reference load used in defining the relevant timing parameters of the
part. It is not intended to be either a precise representation of the typical system environment nor a depiction of the
actual load presented by a production tester. System designers will use IBIS or other simulation tools to correlate the
timing reference load to system environment. Manufacturers will correlate to their production test conditions (generally
a coaxial transmission line terminated at the tester electronics). For the half strength driver with a nominal 10 pF load
parameters tAC and tQH are expected to be in the same range. However, these parameters are not subject to
production test but are estimated by design / characterization. Use of IBIS or other simulation tools for system design
validation is suggested.

Timing Reference Load I/O ’—O:)—_’_
Z, =50 Ohms 20 pF

5. The CK/CK input reference voltage level (for timing referenced to CK/CK) is the point at which CK and CK cross; the
input reference voltage level for signals other than CK/CK is VDDQ/2.

6. The timing reference voltage level is VDDQ/2.

7. AC and DC input and output voltage levels are defined in the section for Electrical Characteristics and AC/DC
operating conditions.

8. A CK/CK differential slew rate of 2.0 V/ns is assumed for all parameters.

9. CAS latency definition: with CL = 3 the first data element is valid at (2 * tCK + tAC) after the clock at which the READ
command was registered (see figure); with CL = 2 the first data element is valid at (tCK + tAC) after the clock at which
the READ command was registered; with CL = 4 the first data element is valid at (3 * tCK + tAC) after the clock at
which the READ command was registered.

T0 T1 T2 T2n T3 T3n

Comma(i\z:X READX X NC;P X . X NOP X . X NOP)( X NOP)( X N

——— CL=3 ——>]

[
|
| t
|
|

| tDQSCKmin, « DQSCKminy
| | trpRe |
DQS ! t L |
g v AR
All DQ, ,
collectively | T2} (j‘2r) <T3)
I
|

|
t. .
LZ]
miny,| |g |

1) DQ transitioning after DQS transition define tDQSQ window.
2) ALL DQ must transition by tDQSQ after DQS transitions, regardless of tAC
3) tAC is the DQ output window relative to CK, and is the long term component of DQ skew.

10.Min (tCL, tCH) refers to the smaller of the actual clock low time and the actual clock high time as provided to the
device (i.e. this value can be greater than the minimum specification limits for tCL and tCH)
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11.tQH = tHP - tQHS, where tHP = minimum half clock period for any given cycle and is defined by clock high or clock low
(tCL, tCH). tQHS accounts for 1) the pulse duration distortion of on-chip clock circuits; and 2) the worst case push-out
of DQS on one transition followed by the worst case pull-in of DQ on the next transition, both of which are, separately,
due to data pin skew and output pattern effects, and p-channel to n-channel variation of the output drivers.

12.The only time that the clock frequency is allowed to change is during clock stop, power-down or self-refresh modes.

13.The transition time for DQ, DM and DQS inputs is measured between VIL(DC) to VIH(AC) for rising input signals, and
VIH(DC) to VIL(AC) for falling input signals.

14.DQS, DM and DQ input slew rate is specified to prevent double clocking of data and preserve setup and hold times.
Signal transitions through the DC region must be monotonic.

15.Input slew rate > 1.0 V/ns.

16.Input slew rate > 0.5 V/ns and < 1.0 V/ns.

17.These parameters guarantee device timing but they are not necessarily tested on each device.
18.The transition time for address and command inputs is measured between V|4 and V.

19.ty7 and t, 7 transitions occur in the same access time windows as valid data transitions. These parameters are not
referred to a specific voltage level, but specify when the device is no longer driving (z), or begins driving (| 7).

20.tpgsq consists of data pin skew and output pattern effects, and p-channel to n-channel variation of the output drivers
for any given cycle.

21.The specific requirement is that DQS be valid (HIGH, LOW, or some point on a valid transition) on or before the
corresponding CK edge. A valid transition is defined as monotonic and meeting the input slew rate specifications of the

device. When no writes were previously in progress on the bus, DQS will be transitioning from Hi-Z to logic LOW. If a
previous write was in progress, DQS could be HIGH, LOW, or transitioning from HIGH to LOW at this time, depending

on tDQSS'
22.The maximum limit for this parameter is not a device limit. The device operates with a greater value for this parameter,
but system performance (bus turnaround) will degrade accordingly.

23.A low level on DQS may be maintained during High-Z states (DQS drivers disabled) by adding a weak pull-down
element in the system. It is recommended to turn off the weak pull-down element during read and write bursts (DQS
drivers enabled).

24.Speed bin (CL-tRCD -tRP)=3-3-3

25.Speed bin (CL - tRCD - tRP) =3 - 4 - 4 (all speed bins except DDR200)

26.tDAL = (tWR/tCK) + (tRP/CK): for each of the terms, if not already an integer, round to the next higher integer.
27.There must be at least two clock pulses during the tXSR period.

28.There must be at least one clock pulse during the tXP period.

29.trep Vvalues are dependant on density and bus width.

30.A maximum of 8 Refresh commands can be posted to any given DDR, meaning that the maximum absolute interval
between any Refresh command and the next Refresh command is 8*tgrgp;.

UnilC_Techdoc, Rev. A 2016-09 41/43



Q i il Data Sheet

. SCB18K1G160AF
UnilC 1Gbit Mobile DDR SDRAM

Package Diagram

60-BALL 0.8mm pitch BGA

BOTTOM VIEW _TOP VIEW
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: THE WINDOW-SIDE

60 X ob  ENCAPSULANT

SOLDER BALL DIAMETER REFERS g A \ } !
TO POST REFLOW CONDITION. U U s A3
& ddd@][clAlB f
eee()|C
DIMENSIONAL REFERENCES (mm)
REF. MIN NOM MAX
//Tobb]C] A _ _ 1.20
. Al 0.30 0.35 0.40
Al E= A2 - - 0.84
A3 0.10 0.15 0.20
b 0.40 0.45 0.50
D 9.90 10.00 10.10
D1 7.20 BSC
E 7.90 8.00 8.10
E1 6.40 BSC
ek 0.80 BSC
eD 0.80 BSC
F 2.00 BSC
L aaa — — 0.10
bbb — — 0.10
ccc — — 0.10
SEATING PLANE dad - - 0.1
eee — - 0.08
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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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