2 } 1Gb LPDDR SDRAM
PLU
CS63DR1G / CS66DR1G

CHi

Cover Sheet and Revision Status

%Ll DCC 4 2% p %L HRP w4
(Rev.) No (Eff. Date) (Change Description) (Originator)
1.0 (20180001 | Jan. 02-2018 New issue Hank Lin

2.0 20180003 | Apr. 10-2018 | Revise Industrial grade (-40°C~85 C) to Hank Lin
Wireless grade (-30°C~ 85 C)

Rev. 2.0



CHiPLUS

1Gb LPDDR SDRAM

CS63DR1G / CS66DR1G

GENERAL DESCRIPTION 1
FEATURES 1
PIN DESCRIPTION 2
3.1 PIN DESCRIPTION 2
60 balls (6x10) 2

90 balls (6x15) 2

3.2 Signal Descriptions 3
3.3 Addressing Table 4
BLOCK DIAGRAM 5
4.1 Block Diagram 5
4.2 Simplified State Diagram 6
FUNCTION DESCRIPTION 7
5.1 Initialization 7
5.1.1 Initialization Flow Diagram 8
5.1.2 Initialization Waveform Sequence 9
5.2 Register Definition 9
5.3 Mode Register Definition 10
5.3.1 Burst Length 10
5.3.2 Burst Definition 11
5.3.3 Burst Type 12
5.3.4 Read Latency 12
5.4 Extended Mode Register Description 12
5.4.1 Extended Mode Register Definition 13
5.4.2 Partial Array Self Refresh 13
5.4.3 Automatic Temperature Compensated Self Refresh 13
5.4.4 Output Drive Strength 13
5.5 Status Register Read 13
5.5.1 SRR Register Definition 14
5.5.2 Status Register Read Timing Diagram 15
5.6 Commands 15
5.6.1 Basic Timing Parameters for Commands 16
5.6.2 Truth Table - Commands 16
5.6.3 Truth Table - DM Operations 17
5.6.4 Truth Table - CKE 17
5.6.5 Truth Table - Current State BANKn - Command to BANKn 18
5.6.6 Truth Table - Current State BANKn, Command to BANKm 19
OPERATION 20
6.1 Deselect 20
6.2 No Operation 20
6.2.1 NOP Command 21
6.3 Mode Register Set 21
6.3.1 Mode Register Set Command 21
6.3.2 Mode Register Set Command Timing 22
6.4 Active 22
6.4.1 Active Command 22
6.4.2 Bank Activation Command Cycle 23

ii

Rev. 2.0



CHiPLUS

1Gb LPDDR SDRAM

6.5 Read

6.6 Write

6.7 Precharge

6.8 Auto Precharge

6.10 Auto Refresh

6.11 Self Referesh

6.12 Power Down

6.14 Clock Stop

CS63DR1G / CS66DR1G

23

6.5.1 Read Command 23
6.5.2 Basic Read Timing Parameters 24
6.5.3 Read Burst Showing CAS Latency 25
6.5.4 Read to Read 25
6.5.5 Consecutive Read Bursts 26
6.5.6 Non-Consecutive Read Bursts 26
6.5.7 Random Read Bursts 27
6.5.8 Read Burst Terminate 27
6.5.9 Read to Write 28
6.5 10 Read to Pre-charge 28
6.5.11 Burst Terminate of Read 29
30

6.6.1 Write Command 30
6.6.2 Basic Write Timing Parameters 30
6.6.3 Write Burst (min. and max. tDQSS) 31
6.6.4 Write to Write 32
6.6.5 Concatenated Write Bursts 32
6.6.6 Non-Consecutive Write Bursts 33
6.6.7 Random Write Cycles 34
6.6.8 Write to Read 34
6.6.9 Non-Interrupting Write to Read 34
6.6.10 Interrupting Write to Read 35
6.6.11 Write to Precharge 35
6.6.12 Non-Interrupting Write to Precharge 35
6.6.13 Interrupting Write to Precharge 36
36

6.7.1 Precharge Command 37
37

6.9 Refresh Requirements 37
37

6.10.1 Auto Refresh Command 38
38

6.11.1 Self Refresh Command 39
6.11.2 Auto Refresh Cycles Back-to-Back 39
6.11.3 Self Refresh Entry and Exit 40
40

6.12.11 Power-Down Entry and Exit 41
6.13 Deep Power Down 41
6.13.1 Deep Power-Down Entry and Exit 42
42

6.14.1 Clock Stop Mode Entry and Exit 43
ELECTRICAL CHARACTERISTIC 43
7.1 Absolute Maximum Ratings 43
7.2 Input/Output Capacitance 44
7.3 Electrical Characteristics and AC/DC Operating Conditions 44
7.3.1 Electrical Characteristics and AC/DC Operating Conditions 44
7.4 1DD Specification Parameters and Test Conditions 45
7.4.1 IDD Specification and Test Conditions (x16) 45
7.4.2 1DD Specification and Test Conditions (x32) 46
48

7.5 ACTimings

1il

Rev. 2.0



CHiPLUS

1Gb LPDDR SDRAM

CS63DR1G / CS66DR1G

7.5.1 CAS Latency Definition (With CL=3)

51

7.5.2 Output Slew Rate Characteristics

51

7.5.3 AC Overshoot/Undershoot Specification

52

6.3 AC Overshoot and Undershoot Definition

8. ORDER INFORMATION

52

52

9. PACKAGE DIMENSION

53

60Ball Fine Pitch TFBGA (8.0x9.0mm)

53

90Ball Fine Pitch TFBGA (1) (8.0x13.0mm)

54

90Ball Fine Pitch TFBGA (2) (8.0x13.0mm)

55

iv

Rev. 2.0



C'I‘IinU? 1Gb LPDDR SDRAM

CS63DR1G / CS66DR1G

1. GENERAL DESCRIPTION

This device is a high-speed Low Power double data rate synchronous dynamic random
access memory (LPDDR SDRAM), An access to the LPDDR SDRAM is burst oriented.
Consecutive memory location in one page can be accessed at a burst length of 2, 4, 8 and 16
when a bank and row is selected by an ACTIVE command. Column addresses are
automatically generated by the LPDDR SDRAM internal counter in burst operation. Random
column read is also possible by providing its address at each clock cycle. The multiple bank
nature enables interleaving among internal banks to hide the pre-charging time. By setting
programmable Mode Registers, the system can change burst length, latency cycle, interleave or
sequential burst to maximize its performance. The device supports special low power functions
such as Partial Array Self Refresh (PASR) and Automatic Temperature Compensated Self
Refresh (ATCSR).

2. FEATURES

VDD =1.7~1.95V
vDDQ = 1.7~1.95V,;
Data width: x16 / x32
Clock rate: 200MHz ,166MHz
Standard Self Refresh Mode
Partial Array Self-Refresh(PASR)
Auto Temperature Compensated Self-Refresh(ATCSR)
Power Down Mode
Deep Power Down Mode (DPD Mode)
Programmable output buffer driver strength
Four internal banks for concurrent operation
Data mask (DM) for write data
Clock Stop capability during idle periods
Auto Pre-charge option for each burst access
Double data rate for data output
Differential clock inputs (CK and / CK)
Bidirectional, data strobe (DQS)
PKG Type
x16: 8.0 x 9.0mm 60 Ball TFBGA,
x32 : 8.0 x 13.0mm 90 Ball TFBGA
ICAS Latency: 2 and 3
Burst Length: 2, 4, 8 and 16
Burst Type: Sequential or Interleave
64 ms Refresh period
Interface: LVCMOS compatible

Operating Temperature Range : Wireless grade (-30°C to + 85 °C)
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3. PIN DESCRIPTION

3.1 PIN DESCRIPTION

® 60 balls (6x10)

Top View
(Balls seen through the package)
1 2 3 4 5 6 7 8 9

60-Ball (6x10) CSP
Al 000 ' 0@ 1 2 3 7 8 9
AN Y X 183050 X X | A | vss |Dais| vssa | vDDQ | DQO | vDD
cl o@®@® X X X | B |vDDa|Dai13| Dais DQ1i DQ2 |vssa
X X Je1eleX X ¥ | ¢ |vssa|Dpan | paiz DQ3 DQ4 |vDDQ
Elo®® " T 900® p |vooa| pas | pato DQs5 DQG6 [VSSQ
le®e®e " eee® E |vssa|upas| Das DQ7 | LDQS|vDDQ
s eee® 00 F [vss|[uoM| NC A13 LOM | VDD
|eee: 000 G | CcKE | CK CK WE CAS | RAS
|Joee® 000 H| a9 | ann | a1z cs BAD | BA1
J | A6 | A7 AB AID/AP | AD | Al
K 00® 0@ K| vss | A4 | A5 A2 A3 | VDD
® 90 balls (6x15)
Top View
(Balls seen through the package) 90-Ball (6x15) CSP
12 3 456 1 2 3 7 8 9
IR X X N N A | vss |DQ31| vssaQ vDDQ |DQis| vDD
el @@ @ )X X N | B |vDDa|Do29| DQ30 Da17 | DQ18 |vssa
HE X X 28X03e) X X | ¢ |vssa|opazr| Dazs pals | bazo [voba
E XK X XS X X X | p [vbpa|pazs| Dazs pa21 | pa22 |vssa
El 0O @® i X X | E |vssa|Dpass| Da24 DQ23 |Das2|voba
AR K X & X X X | F |vDD|DM3| NC NC | DM2 | vSS
| 0 @® X X X | G |[CKE | ck | TK WE CAS | RAS
ML X X 28 X X N H| as | an | a2 CS BAD | BAT
J | 08 ® X X X | J| A | A7 AR AAP | AD | A1
AN X X Jeze5er X X | K| a¢ [om | as A2 DMO | A3
L 99 @ 8 X X ) L |vssa|Dast| Das Da7 DQso | vbba
IR X X XO20IeY N X | m |[voboal| pas | paito DQs DQ6 |vssa
R X X RGOS X X N |vssa|Da1 | paiz DQ3 DO4 |vDDQ
JE X X | 2 N X | P |vDDa|DQ13| DQ14 DQ1 paz [vssa
Rl @O @ 90 ® R | vss |pDai5| vssa | vDDe | pao | vDD
2
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3.2 Signal Descriptions
Signal Name | Type Function Description
Provide the row address for ACTIVE commands, and the
column address and AUTO PRECHARGE bit for
Aln: 0] nout | Addr READ/WRITE commands, to select one location out of the
: pu ess memory array in the respective bank. The address inputs
also provide the opcode during a MODE REGISTER SET
command.
Define to which bank an ACTIVE, READ, WRITE or
BAO, BA1 Input | Bank Select PRECHARGE command is being applied.
DQO~DQ15
DQ(OXJS)QM I/O Da(;autlggtuv Data bus: Input / Output.
(%32)
CS enables (registered LOW) and disables (registered
HIGH) the command decoder. All commands are masked
/CS Input | Chip Select When CS is registered HIGH. CS provides for external bank
selection on systems with multiple banks. /CS is
considered part of the command code.
Row Address RAS,/CAS and /WE (along with /CS) define the
/IRAS Input Strobe command being entered.
Column |Referred to /RAS
/ICAS Input Address
/WE | Input |Write Enable [Referred to /RAS .
Input Data Mask: DM is an input mask signal for write data.
Input data is masked when DM is sampled HIGH along with
UDM/ that input data during a WRITE access. DM is sampled on
LDM(x16); both edges of DQS. Although DM pins are input-only, the DM
DMO to DM3 | IMPut | Input Mask  loading matches the DQ and DQS loading.
(x32) x16: LDM: DQO - DQ7, UDM: DQ8 — DQ15
x32: DMO: DQO - DQ7, DM1: DQ8 — DQ15,
DM2: DQ16 — DQ23, DM3: DQ24 — DQ31
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
CK & /CK | Input | Clock Inputs

output data is referenced to the crossing of CK and /CK
(both directions of crossing). Internal clock signals are
derived from CK & /CK.
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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.

LDQS, UDQS
(x16);
DQS0~DQS3
(x32)

1/0

Data Strobe

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

x16: LDQS: DQO0~DQ7; UDQS: DQ8~DQ15.

x32: DQS0: DQO~DQ7; DQS1: DQ8~DQ15;

DQS2: DQ16~DQ23; DQS3: DQ24~DQ31.

VDD

Supply|

Power

Power supply for input buffers and internal circuit.

VSS

Supply|

Ground

Power supply separated from VDD, used for output drivers
to improve noise.

VDDQ

Supply|

Power for I/O
Buffer

Ground for output drivers.

NC

Supply|

No Connect

No internal electrical connection is present.

*MCP device is connected VSS with VSSQ in the package

3.3 Addressing Table

ITEM 1Gb
Number of banks 4
Bank address pins BAO,BA1
Auto precharge pin A10/AP
Row addresses A0-A13
X16 Column addresses A0-A9
tREFI(us) 7.8
Type Full page
Row addresses A0-A12
x32 Column addresses A0-A9
tREFI(us) 7.8
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4. BLOCK DIAGRAM

4.1 Block Diagram
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4.2 Simplified State Diagram

Power

Power

applied \Dﬂ/

/'.;;HF
DQEP RE l.I'ESI'I
Power
Diown P

P‘ux'h.ar oe

_— Il.:-:l.cL_ RL‘LLI:J
AII Bank |

MRS\ MRS /ﬁ“]

All |'|"‘||'|l|:-|.|
2 precharg:

REFA

CKEL

leh;ﬁ\

Power

]
oo/

— - -
f/.'f'\:':_'h V-I."\\ ACT

I"'um_r

\jwn

CKEH

CKEL

WRITE 1
REALY

".".-'Ill'l'l-fC_'“‘\i

| WRITL |

WRITEA -
. READA

REATF A |

PRE Procharge

PREAL | '
\_ » Automotic Sequence

—|— — Command Sequence

ACT =Active EMRS~ Ext ,Maode Reg, 5t

BT = Burst Termminate MES = Maode Register Set READ = Read wiv Auto Precharge
CE.El= Enter Power=Down PRE = Precharg REEADA = Read with Auto Procharge
CKEH=Exit Power— Down PREALL= Precharge All Bank  WRITE —Write wio Auto Precharge
DPI¥S= Enter Deep Power Down - REFA = Auto Refresh WRITEA — Write with Aute Precharge
DPFDEX =Exit Deep Power Duown REFS = Enter Self Refresh SRR = Status Register Read

Mote: Lse caution with this diagram . It is indemed o provide a floorplan of the porzible zuae transitions and ecommands o contrel tham « not
all details.In particubar sitstions involying more than one bank are net coptured in full detall

REFRY = Exit Self Refresh
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5. FUNCTION DESCRIPTION

5.1 Initialization

LPDDR SDRAM must be powered up and initialized in a predefined manner. Operations

procedures other than those specified may result in undefined operation. If there is any

interruption to the device power, the initialization routine should be followed. The steps to be

followed for device initialization are listed below.

The Mode Register and Extended Mode Register do not have default values. If they are not

programmed during the initialization sequence, it may lead to unspecified operation. The clock

stop feature is not available until the device has been properly initialized from Step 1 through 11.

® Step 1: Provide power, the device core power (VDD) and the device 1/0 power (VDDQ) must
be brought up simultaneously to prevent device latch-up. Although not required, it is
recommended that VDD and VDDQ are from the same power source. Also Assert and hold
Clock Enable (CKE) to a LVCMOS logic high level

® Step 2: Once the system has established consistent device power and CKE is driven high, it
is safe to apply stable clock.

® Step 3: There must be at least 200us of valid clocks before any command may be given to

the DRAM. During this time NOP or DESELECT commands must be issued on the

command bus.

Step 4: Issue a PRECHARGE ALL command.

Step 5: Provide NOPs or DESELECT commands for at least tRP time.

Step 6: Issue an AUTO REFRESH command followed by NOPs or DESELECT command for

at least tRFC time. Issue the second AUTO REFRESH command followed by NOPs or

DESELECT command for at least tRFC time. Note as part of the initialization sequence

there must be two Auto Refresh commands issued. The typical flow is to issue them at Step

6, but they may also be issued between steps 10 and 11.

® Step 7: Using the MRS command, program the base mode register. Set the desired
operation modes.

® Step 8: Provide NOPs or DESELECT commands for at least tMRD time.

® Step 9: Using the MRS command, program the extended mode register for the desired
operating modes. Note the order of the base and extended mode register programmed is not
important.

® Step 10: Provide NOP or DESELECT commands for at least tMRD time.

® Step 11: The DRAM has been properly initialized and is ready for any valid command.
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5.1.1 Initialization Flow Diagram

YD and VDDRO Ramp: CKE must be held high

]

Apply stable clocks

Woait at least 200us with WOP or DESELECT on cormmand bus

PRECHIARGE ALL

Assert NOP or DESELCT for tre time

5]

Issue two AUTO REFRESH commands each followead by
NOP or DESELECT commands for trrc time

Configure Mode Register

Assert NOP ar DESFELEGT for tveD time

Conflaure Fxiended Made Register

Assart MOP or DESELECT for tvRD time

LPDDR SDRAM is ready for any valid command
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5.1.2 Initialization Waveform Sequence
VDD fI
vDDQ |
| Pt 200ps tex Tarc L Tyro bymp

1—?1—?1—?1—F1—Fi—h

oK —

I
R — IIIIII’IIIIIIIII
N BENERY BERA U ARV VARV VARV JERV VANV JARY
|y I I I I I I
Command YRR PRE AFF ARF MRS MRS AT
| . I | L | |
Address | & I | l}f ! .‘)( | ﬂqD%@m
S —— o
I | I N I I I
BAOBAT /- O OO O
| | | | | Al BALH |
I | [ Lo |
/A S A S
aon I I I I I I I
. S {High-7) )| ) ) ) ) ))
Pa.ba I — L O
I I I 1 I |[——————}»
TQ | I | | | | I L4
f b |
WDO /VDDG powered up Load Load
Clock stable Mods Reg.  Ext Mode Reg.
[] = bont Care

5.2 Register Definition

The Mode Register is used to define the specific mode of operation of the LPDDR SDRAM.
This definition includes the definition of a burst length, a burst type, a CAS latency as shown
in the following figure.

The Mode Register is programmed via the MODE REGISTER SET command (with BA0O=0
and BA1=0) and will retain the stored information until it is reprogrammed, the device goes
into Deep Power Down mode, or the device loses power.

Mode Register bits AO-A2 specify the burst length, A3 the type of burst (sequential or
interleave), A4-A6 the CAS latency. A logic 0 should be programmed to all the undefined
addresses bits to ensure future compatibility. The Mode Register must be loaded when all
banks are idle and no bursts are in progress, and the controller must wait the specified time
tMRD before initiating any subsequent operation. Violating either of these requirements will
result in unspecified operation.
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Reserved states should not be used, as unknown operation or incompatibility with future
versions may result.

5.3 Mode Register Definition

| BA1 | BaD | An_. AT | A | A5 | A4 | A3 | A2 | A1 | Al | Address Bus
¥ L J
| o 0 | ot | CAS Latency | BT | Burst Length | Made Reg.
| l_[
¥
AG AL A4 CAS Latency Burst Type Al AD Burst Length
o a a Reserved Sequential 4] o Reserved
o a 1 Reserved Intereave 4] 2
0 1 0 2 1 0 4
0 1 1 3 8
1 a a Reserved 4] o 16
1 0 1 Resered [i] Resarved
1 1 0 Reserved 1 o] Reserved
1 1 1 Reserved Reserved
MNotes:

1. M5B depends on mobile DDR SDRAM density.
2. Allogic 0 should be pregrammed to all unused | undefined bits to ensure future compatibility.

5.3.1 Burst Length

Read and write accesses to the LPDDR SDRAM are burst oriented, with the burst length and
burst type being programmable.

The burst length determines the maximum number of column locations that can be accessed for a
given READ or WRITE command. Burst lengths of 2, 4, or 8 locations are available for both the
sequential and the interleaved burst types.

When a READ or WRITE command is issued, a block of columns equal to the burst length is
effectively selected. All accesses for that burst take place within the block, meaning that the burst
will wrap within the block if a boundary is reached.

The block is uniquely selected by A1-An when the burst length is set to two, by A2-An when the
burst length is set to 4, by A3-An when the burst length is set to 8 (where An is the most significant
column address bit for a given configuration). The remaining (least significant) address bit(s) is
(are) used to select the starting location within the block. The programmed burst length applies to
both read and write bursts.
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5.3.2 Burst Definition
BURST |STARTING COLUMN ADDRESS ORDER OF ACCESSES WITHIN A BURST (HEXADECIMAL NOTATION)
LENGTH
A3 | A2 | A1 A0 SEQUENTIAL INTERLEAVED
) 0 0-1 0-1
1 1-0 1-0
0 0 0-1-2-3 0-1-2-3
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
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 0 0 0 0-1-2-3-4-5-6-7-8-9-A-B-C-D-E-F 0-1-2-3-4-5-6-7-8-9-A-B-C-D-E-F
0 0 0 1 1-2-3-4-5-6-7-8-9-A-B-C-D-E-F-0 1-0-3-2-5-4-7-6-9-8-B-A-D-C-F-E
16 0 0 1 0 2-3-4-5-6-7-8-9-A-B-C-D-E-F-0-1 2-3-0-1-6-7-4-5-A-B-8-9-E-F-C-D
0 0 1 1 3-4-5-6-7-8-9-A-B-C-D-E-F-0-1-2 3-2-1-0-7-6-5-4-B-A-9-8-F-E-D-C
0 1 0 0 4-5-6-7-8-9-A-B-C-D-E-F-0-1-2-3 4-5-6-7-0-1-2-3-C-D-E-F-8-9-A-B
0 1 0 1 5-6-7-8-9-A-B-C-D-E-F-0-1-2-3-4 5-4-7-6-1-0-3-2-D-C-F-E-9-8-B-A
0 1 1 0 6-7-8-9-A-B-C-D-E-F-0-1-2-3-4-5 6-7-4-5-2-3-0-1-E-F-C-D-A-B-8-9
0 1 1 1 7-8-9-A-B-C-D-E-F-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0-F-E-D-C-B-A-9-8
1 0 0 0 8-9-A-B-C-D-E-F-0-1-2-3-4-5-6-7 8-9-A-B-C-D-E-F-0-1-2-3-4-5-6-7
1 0 0 1 9-A-B-C-D-E-F-0-1-2-3-4-5-6-7-8 9-8-B-A-D-C-F-E-1-0-3-2-5-4-7-6
1 0 1 0 A-B-C-D-E-F-0-1-2-3-4-5-6-7-8-9 A-B-8-9-E-F-C-D-2-3-0-1-6-7-4-5
1 0 1 1 B-C-D-E-F-0-1-2-3-4-5-6-7-8-9-A B-A-9-8-F-E-D-C-3-2-1-0-7-6-5-4
1 1 0 0 C-D-E-F-0-1-2-3-4-5-6-7-8-9-A-B C-D-E-F-8-9-A-B-4-5-6-7-0-1-2-3
1 1 0 1 D-E-F-0-1-2-3-4-5-6-7-8-9-A-B-C D-C-F-E-9-8-B-A-5-4-7-6-1-0-3-2
1 1 1 0 E-F-0-1-2-3-4-5-6-7-8-9-A-B-C-D E-F-C-D-A-B-8-9-6-7-4-5-2-3-0-1
1 1 1 1 F-0-1-2-3-4-5-6-7-8-9-A-B-C-D-E F-E-D-C-B-A-9-8-7-6-5-4-3-2-1-0
Notes:
1. For a burst length of two, A1-An selects the two data element block; AO selects the first access within the block.

2 For a burst length of four, A2-An selects the four data element block; A0-A1 selects the first access within the block.
3. For a burst length of eight, A3-An selects the eight data element block; A0-A2 selects the first access within the block.
R
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4. For the optional burst length of sixteen, A4-An selects the sixteen data element block; A0-A3 selects the first access within
the block.

5. Whenever a boundary of the block is reached within a given sequence, the following access wraps within the block. When
a READ or WRITE command is issued, a block of columns equal to the burst length is effectively selected. All accesses for
that burst take place within the block, meaning that the burst will wrap within the block if a boundary is reached. The block
is uniquely selected by A1-An when the burst length is set to two, by A2-An when the burst length is set to 4, by A3-An
when the burst length is set to 8 and A4-An when the burst length is set to 16(where An is the most  significant column
address bit for a given configuration). The remaining (least significant) address bit(s) is (are) used to select the starting
location within the block. The programmed burst length applies to both read and write bursts.

5.3.3 Burst Type

Accesses within a given burst may be programmed to be either sequential or interleaved; this
is referred to as the burst type and is selected via bit A3. The ordering of accesses within a
burst is determined by the burst length, the burst type and the starting column address, as
shown in the previous table.

5.3.4 Read Latency

The READ latency is the delay between the registration of a READ command and the
availability of the first piece of output data. The latency should be set to 2 or 3 clocks.

If a READ command is registered at a clock edge n and the latency is 3 clocks, the first data
element will be valid at n+ 2 tCK + tAC. If a READ command is registered at a clock edge n and
the latency is 2 clocks, the first data element will be valid at n + tCK + tAC.

5.4 Extended Mode Register Description

The Extended Mode Register controls functions beyond those controlled by the Mode Register;
these additional functions include output drive strength selection and Partial Array Self
Refresh (PASR). PASR is effective in Self Refresh mode only.

The Extended Mode Register is programmed via the MODE REGISTER SET command (with
BA1=1 and BA0=0) and will retain the stored information until it is reprogrammed, the device is
put in Deep Power Down mode, or the device loses power.

The Extended Mode Register must be loaded when all banks are idle and no bursts are in
progress, and the controller must wait the specified time tMRD before initiating any subsequent
operation. Violating either of these requirements will result in unspecified operation.

Address bits A0-A2 specify PASR, A5-A7 the Driver Strength. A logic 0 should be programmed
to all the undefined addresses bits to ensure future compatibility.

Reserved states should not be used, as unknown operation or incompatibility with future versions
may result.

12
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5.4.1 Extended Mode Register Definition
EE An._Ag Y | ar~ms | ae | as | a2 [ a1 | a0 |addresseus
| ) Lo
IERER 0’z | 05 | Reseved | PASR | Estended Mode Reg
AT | AE | AS Drive Strength A2 | a1 | Ao PASR
0 ] 0  |Full Strength Dinver (default) 1] 0 0 Al Banks
] i] Haif Strength Driver ] ] 1 112 array (BA1=0)
0 1 0 |Quarter Strength Deiver 1] 1 0 1/4 amay (BA1=BA0=0)
0 1 Cetant Strength Dever 1] 1 1 Resened
1 ] 0  |Three-Ouarters Strength Driver 1 0 0 Resened
i 1 Reserved
1 ] Resered
1 1 Reserved

Notes:
1. MSB depends on LPDDR SDRAM density.
2. Alogic 0 should be programmed to all unused / undefined bits to ensure future compatibility.

5.4.2 Partial Array Self Refresh

With partial array self refresh (PASR), the self refresh may be restricted to a variable portion of
the total array. The whole array (default), 1/2 array, or 1/4 array could be selected. Data outside
the defined area will be lost. Address bits AO to A2 are used to set PASR.

5.4.3 Automatic Temperature Compensated Self Refresh
The device has an Automatic Temperature Compensated Self Refresh feature. It automatically
adjusts the refresh rate based on the device temperature without any register update needed.

5.4.4 Output Drive Strength

The drive strength could be set to full, half, quarter, octant, and three-quarter strength via address
bits A5, A6 and A7. The half drive strength option is intended for lighter loads or point-to-point
environments.

5.5 Status Register Read

Status Register Read (SRR) is an optional feature in JEDEC, and it is implemented in this
device. With SRR, a method is defined to read registers from the device. The encoding for an
SRR command is the same as a MRS with BA[1:0]="01". The address pins (A[n:0]) encode
which register is to be read. Currently only one register is defined at A[n:0]=0. The sequence to
perform an SRR command is as follos:

R
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All reads/writes must be completed

All banks must be closed

MRS with BA=01 is issued (SRR)

Wait tSRR

Read issued to any bank/page

CAS latency cycles later the device returns the registers data as it would a normal read
The next command to the device can be issued tSRC after the Read command was

issued. The burst length for the SRR read is always fixed to length 2.

5.5.1 SRR Register Definition
Default: (A[n:0] = 0)

| x~pats | pais~paia [peizfpat| bpown-pas | po7-pad | Da3~DRD |RemgEsgeoroasus
Reserved Density OT | DW Refresh Rate CE;#;E;?G" r':;:::_:?;'s; SRR Reglster 0
v v
DE13 | DE14 |DG13| Density DG2 |DE2| DG1 | D@0 Manufacturer
0 1] 0 123 i i 1] 0 JSGC
0 [i] 1 258
0 0 512
0 1 1024 DaT4 Revialon 1D
1 i} 0 2048 [5e8 Motel)
1] 0 | 1 |Reserves 'DD00 and Mcgements by UDOT- 2ch bme a chan I
i : 0 | Reserved the manufacturers specification|as timings, or feature
&1, 1815 (pull un or pull down charactenstics), or OCEss
1 1 1 o4 OCCUrS.
r v
D@12 | Device type DQ10) DG5S | DQE Refresh Rate
4] LPDDR ] 4] 0 Reserved
Reserved ] [i] 1 Resemnved
D 0 Reserved
l, ] 1 Reserved
DG | Device width 1 [i] 0 1
1] 18hit 1 [i] 1 K]
3 2bit 1 i 0 0.25
1 1 1 Reserved
Hotas:

2. The refresh rate muRipler |5 basad on the memony's temperabure sensar.
3. Required awverage perodic refresh interval = tREF| x multlpller
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5.5.2 Status Register Read Timing Diagram

_ .{—tRP—M 55—
YT BENE

CH _II '._II ....................... 4

Cummand} cr.m»(] NG'P [)r.ms (:} 7 DR

wBEOE) 0
e AN
o
IR s i
T}k —
B L
:1: : : ! : L | ! Lo :
PCHA, or FrEH D=|}Jn't are

Notes :
1.SRR can only be issued after power-up sequence is complete.
2.SRR can only be issued with all banks precharged.
3.SRR CL is unchanged from value in the mode register.
4.SRR BL is fixed at 2.
5.tSRR = 2 (min).
6.tSRC = CL + 1; (min time between read to next valid command)
7.No commands other than NOP and DES are allowed between the SRR and the READ.

5.6 Commands
All commands (address and control signals) are registered on the positive edge of clock
(crossing of CK going high and /CK going low).

15
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5.6.1 Basic Timing Parameters for Commands

- tC.HH tcL >

o P fck
S S N S Y S
CK | | [ |
| t|3 | tlH
-

5.6.2 Truth Table - Commands

NOTE: Input= A0 — An, BAG BATLCKE, C8, RAS CAS, WE:

[] : Don't Care

|npm:>( Vallid )( ){ viud }( X vallid X
| ] |

NAME (FUNCTION) CS |RAS |CAS| WE | BA | A10/AP |ADDR |[NOTES
DESELECT (NOP) H X X X X X X 2
NO OPERATION (NOP) L H H H X X X 2
ACTIVE (Select Bank and activate row) L L H H | Valid Row Row
READ (Select bank and column and start read burst) L H L H | Valid L Col
READ with AP (Read Burst with Auto Precharge) L H L H | Valid H Col 3
WRITE (Select bank and column and start write burst) L H L L Valid L Col
WRITE with AP (Write Burst with Auto Precharge) L H L L | Valid H Col 3
BURST TERMINATE or enter DEEP POWER DOWN L H H L X X X 4,5
PRECHARGE (Deactivate Row in selected bank) L L H L Valid L X 6
PRECHARGE ALL (Deactivate rows in all banks) L L H L X H X 6
AUTO REFRESH or enter SELF REFRESH L L L H X X X 7,8,9
MODE REGISTER SET L L L L | Valid Op-code 10
Notes:
1. All states and sequences not shown are illegal or reserved.

DESELECT and NOP are functionally interchangeable.

2.
3. Auto precharge is non-persistent. A10 High enables Auto precharge, while A10 Low disables Auto precharge.
4 Burst Terminate applies to only Read bursts with Autoprecharge disabled. This command is undefined and should not be

used for Read with Auto precharge enabled, and for Write bursts.
This command is BURST TERMINATE if CKE is High and DEEP POWER DOWN entry if CKE is Low.
If A10 is low, bank address determines which bank is to be precharged. If A10 is high, all banks are precharged and

o o

BAO~BA1 are don't care.

BAO and BA1 value select between MRS and EMRS.

a2 0o~
Ao' . .

This command is AUTO REFRESH if CKE is High and SELF REFRESH if CKE is low.
All address inputs and I/O are ‘don’t care’ except for CKE. Internal refresh counters control bank and row addressing.
All banks must be precharged before issuing an AUTO-REFRESH or SELF REFRESH command.

CKE is HIGH for all commands shown except SELF REFRESH and DEEP POWER-DOWN.
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5.6.3 Truth Table - DM Operations
FUNCTION DM DQ NOTES
Write Enable L Valid
Write Inhibit H X
Notes: Used to mask write data, provided coincident with the corresponding data.
5.6.4 Truth Table - CKE
CKEn-1 CKEn CURRENT STATE COMMANDN ACTIONN NOTES
L L Power Down X Maintain Power Down
L L Self Refresh X Maintain Self Refresh
L L Deep Power Down X Maintain Deep Power Down
L H Power Down NOP or DESELECT Exit Power Down 56,9
L H Self Refresh NOP or DESELECT Exit Self Refresh 57,10
L H Deep Power Down NOP or DESELECT Exit Deep Power Down 58
H L All Banks Idle NOP or DESELECT Precharge Power Down Entry
H L Bank(s) Active NOP or DESELECT Active Power Down Entry
H L All Banks Idle AUTO REFRESH Self Refresh Entry
H L All Banks Idle BURST TERMINATE Enter Deep Power Down
H H See the other Truth Tables
Notes
1.  CKEn is the logic state of CKE at clock edge n; CKEn-1 was the state of CKE at the previous clock edge.
2. Current state is the state of LPDDR immediately prior to clock edge n.
3. COMMANDRN is the command registered at clock edge n, and ACTIONN is the result of COMMANDN.
4. All states and sequences not shown are illegal or reserved.
5. DESELECT and NOP are functionally interchangeable.
6. Power Down exit time (tXP) should elapse before a command other than NOP or DESELECT is issued.
7. SELF REFRESH exit time (tXSR) should elapse before a command other than NOP or DESELECT 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.
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5.6.5 Truth Table - Current State BANKn - Command to BANKn

CURRENT STATE CS | RAS |CAS |WE COMMAND ACTION NOTES
H X X X |DESELECT NOP or Continue previous operation
Any L H H H [No Operation NOP or Continue previous operation
L L H H [ACTIVE Select and activate row
Idle L L L H [AUTO REFRESH |Auto refresh 10
L L L L |MRS Mode register set 10
L H L H |READ Select column & start read burst
Row Active L H L L |WRITE Select column & start write burst
L L H L |PRECHARGE Deactivate row in bank (or banks) 4
L H L H |READ Select column & start new read burst 56
L H L L |WRITE Select column & start write burst 5,6,13
Read (Auto precharge L L H L |PRECHARGE Truncate read burst, start precharge
Disabled)
L H H L '?EIEI\S/I-II—NATE Burst terminate 11
H L H |READ Select column & start read burst 5,6,12
Write (Sl;taoblperg)charge H L |WRITE Select column & start new write burst 56
L L |PRECHARGE Truncate write burst & start precharge 12
Notes:

1.

w

o

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.

DESELECT and NOP are functionally interchangeable.

All states and sequences not shown are illegal or reserved.

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

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

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

Current State Definitions:

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

Row 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.

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

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

been terminated.

The following states must not be interrupted by a command issued to the same bank. DESEDECT or 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 bank are determined by its current state and this table, and according to next
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 ACTIVE command and ends when tRCD is met. Once tRCD is met, the
bank will be in the ‘row 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
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has been met. Once tRP is met, the bank will be in the idle state.

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

Refreshing: Starts with registration of an AUTO REFRESH command and ends when tRFC is met. Once tRFC is met, the
LPDDR will be in an ‘all banks idle’ state.

Accessing Mode Register: Starts with registration of a MODE REGISTER SET command and ends when tMRD has been met.
Once tMRD is met, the LPDDR will be in an ‘all banks 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.

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

11.  Not bank-specific. BURST TERMINATE affects the most recent READ burst, regardless of bank.
12. Requires appropriate DM masking.
13. A WRITE command may be applied after the completion of the READ burst; otherwise, a BURST TERMINATE must be used

to end the READ prior to asserting a WRITE command.

5.6.6 Truth Table - Current State BANKn, Command to BANKm

CORRENT | /cS | IRAS |/CAS|/WE | COMMAND ACTION NOTES
H X X X |DESELECT NOP or Continue previous Operation
Any L H H H [NOP NOP or Continue previous Operation
Idle X X X X |ANY Any command allowed to bank m
L L H H [ACTIVE Select and activate row
ROVX\C’:\iSteivaot:ng’ L H L H |READ Select column & start read burst
Precharging L H L L |WRITE Select column & start write burst
L L H L |PRECHARGE Precharge
L L H H [ACTIVE Select and activate row
Read with Auto L H L H |READ Select column & start new read burst 8
Precharge
disabled L H L L [WRITE Select column & start write burst 8,10
L L H L |PRECHARGE Precharge
L L H H [ACTIVE Select and activate row
Write with Auto L H L H |[READ Select column & start read burst 8,9
Precharge
disabled L H L L [WRITE Select column & start new write burst 8
L L H L |PRECHARGE Precharge
L L H H [ACTIVE Select and activate row
Read with Auto L H L H |READ Select column & start new read burst 5,8
Precharge L H L L |WRITE Select column & start write burst 5, 8,10
L L H L |PRECHARGE Precharge
L L H H [ACTIVE Select and activate row
Write with Auto L H L H |READ Select column & start read burst 5,8
Precharge L H L L |WRITE Select column & start new write burst 58
L L H L |PRECHARGE Precharge
19
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Notes:

1.

2.
3.
4

6.

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.

DESELECT and NOP are functionally interchangeable.

All states and sequences not shown are illegal or reserved.

Current State Definitions:

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

Row 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.

Read: A READ burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.
Write: A Write burst has been initiated, with Auto Precharge disabled, and has not yet terminated or been terminated.
Read with AP enabled and Write with AP enabled: The read with Auto Precharge enabled or Write with Auto
Precharge enabled states can be broken into two parts: the access period and the precharge period. For Read with AP,
the precharge period is defined as if the same burst was executed with Auto Precharge disabled and then followed with
the earliest possible PRECHARGE command that still accesses all the data in the burst. For Write with Auto
precharge, the precharge period begins when tWR ends, with tWR measured as if Auto Precharge was disabled. The
access period starts with registration of the command and ends where the precharge period (or tRP) begins. During
the precharge period, of the Read with Auto Precharge enabled or Write with Auto Precharge enabled states, ACTIVE,
PRECHARGE, READ, and WRITE commands to the other bank may be applied; during the access period, only ACTIVE
and PRECHARGE commands to the other banks may be applied. In either case, all other related limitations apply (e.g.
contention between READ data and WRITE data must be avoided).

AUTO REFRESH, SELF REFRESH, and MODE REGISTER SET commands may only be issued when all bank are idle.
A BURST TERMINATE command cannot be issued to another bank; it applies to the bank represented by the current
state only.

READs or WRITEs listed in the Command column include READs and WRITEs with Auto Precharge enabled and
READs and WRITEs with Auto Precharge disabled.

Requires appropriate DM masking.

A WRITE command may be applied after the completion of data output, otherwise a BURST TERMINATE command must
be issued to end the READ prior to asserting a WRITE command.

OPERATION

6.1 Deselect

The DESELECT function (/CS = high) prevents new commands from being executed by the
LPDDR SDRAM. The LPDDR SDRAM is effectively deselected. Operations already in progress
are not affected.

6.2 No Operation

The NO OPERATION (NOP) command is used to perform a NOP to a LPDDR SDRAM that is
selected (/CS=Low). This prevents unwanted commands from being registered during idle or
wait states. Operations already in progress are not affected.
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6.2.1 NOP Command
CE
CK
CKE

|

(High) |

w

AD-An }{

BAD.BA1 }{

2
paanak

[] = Don't Care

6.3 Mode Register Set

The Mode Register and the Extended Mode Register are loaded via the address inputs. The
MODE REGISTER SET command can only be issued when all banks are idle and no bursts
are in progress, and a subsequent executable command cannot be issued until tMRD is met.

6.3.1 Mode Register Set Command

TR

CK

CKE Tia
C5 \

A=A }'. Cod

BAD BAT X Cﬂde b

|:| = Donlt Care
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6.3.2 Mode Register Set Comn|1and Timing I

CK | : | |
a1 N/ N/ \
| | |
Command:X MRS X X NOP X X Valid X
'«——IMRD! >
Address }( code X X X X vaiid X

|:| : Don't Care

Note: Code = Mode Register / Extended Mode Register selection (BAO, BA1) and op-code (AO~An)

6.4 Active

Before any READ or WRITE commands can be issued to a bank in the LPDDR SDRAM,

a row

in that bank must be opened. This is accomplished by the ACTIVE command: BAO and BA1
select the bank, and the address inputs select the row to be activated. More than one bank can

be active at any time.

Once a row is open, a READ or WRITE command could be issued to that row, subject to the trcp

specification.

A subsequent ACTIVE command to another row in the same bank can only be issued after the
previous row has been closed. The minimum time interval between two successive ACTIVE

commands on the same bank is defined by trc.

6.4.1 Active Command

R
oK — A
CKE (Highl)|
CS v
Frs [
cas [/
we ./

|
AG-An N RA N
I

jan

BADBA Y BA )
O = Don't Care

BA=BANK Address, RA=Row
Address
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A subsequent ACTIVE command to another bank can be issued while the first bank is being
accessed, which results in a reduction of total row-access overhead. The minimum time
interval between two successive ACTIVE commands on different banks is defined by trro.

The row remains active until a PRECHARGE command (or READ or WRITE command with Auto
Precharge) is issued to the bank.

A PRECHARGE (or READ with Auto Precharge or Write with Auto Precharge) command
must be issued before opening a different row in the same bank.

6.4.2 Bank Activation Command Cycle

'CR l— l— : l— lu'_" I— I— d—
f | r | I| I|
oK -‘-._.'1- -‘-;.-[ u;ni- '-g-a' ol

Cmnmand} ACT D NOF' D ACT D NOP D NOF' DRD;WRD NoP {

amam}ammmm m

I‘—tHHD—b"itRCD—'—'J '
[]=Dont Care

6.5 Read

The READ command is used to initiate a burst read access to an active row, with a burst
length as set in the Mode Register. BAO and BA1 select the bank, and the address inputs
select the starting column location. The value of A10 determines whether or not Auto Pre-
charge is used. If Auto Pre-charge is selected, the row being accessed will be pre-charged at
the end of the read burst; if Auto Pre-charge is not selected, the row will remain open for
subsequent accesses.

6.5.1 Read Command

Disable AP
BADBA1 W B Y
O =Dnméana

BA=RANK Address CA=Coulmn Address AP=Auto
Frecharge
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The basic Read timing parameters for DQs are shown in following figure; they apply to all Read

operations.

6.5.2 Basic Read Timing Parameters

DOS tACTax H—tRPRE—bf
'l.'DCSf}rm:u-c.i
tace—

[
tLze—

A DQSCK
DOS mcm In ={a]=] E—t:j}"_
4
tac 4—|'|Iﬁ 5

L

hz e, mH

.) DO n=Data Out from column n

1
2.) All DQ are valid tAC after the CK edge
3.) All DQ are valid tDQSQ after the DQS edge, regardless of AC

|:| =Dongt Care

During Read bursts, DQS is driven by the LPDDR SDRAM along with the output data. The initial
Low state of the DQS is known as the read preamble; the Low state coincident with last data-
out element is known as the read post-amble. The first data-out element is edge aligned with

the first rising edge of DQS and the successive data-out elements are edge aligned to
successive edges of DQS. This is shown in following figure with a CAS latency of 2 and 3.

Upon completion of a read burst, assuming no other READ command has been initiated, the

DQs will go to High-Z.
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6.5.3 Read Burst Showing CAS Latency
= e — I, 1' ........ II ,I ......... I, 1' ........ II ,I ......... II_
S B U O O O O

1)
2.)
3.)
4.)

conmn [} 0 (_) 0P D NoP |

](_)( SiS P m j

NDP '
I

o e )

;—n

DaS

0

6.5.4 Read to Read
Data from a read burst may be concatenated or truncated by a subsequent READ command.
The first data from the new burst follows either the last element of a completed burst or the last
desired element of a longer burst that is being truncated. The new READ command should be
issued X cycles after the first READ command, where X equals the number of desired data-out
element pairs (pairs are required by the 2n-prefetch architecture). This is shown in following

figure.

Do n= Data Out from column n
BA, Coln=Bank A, Column n

Burst Length=4;3 subsequrnt elements of Data Out appear in the programmed order following Don
Shown with nominal tAC, tDQSCK and tDQSQ
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6.5.5 Consecutive Read Bursts

ER......I__,_.....IJ |.....| |....,|,_ . N

¥ . i \

CH A “{ i l}‘—-r '|'—/r
Command | ¥ ReaD )Y M}P ,:3( RCAD m noP T Y NOP

T T T
Address [T} BACaR M BACOb ;::)(

\ I i | |

b feooll W Weoelk K K
I o
pas N A AV A A W VA
54 1 | | | |}${DEI HIE |E | IEDO;E

) DO n (or b)=Data Out from column n (or column b)

) Burst Length=4,8 or 16 (if 4. The bursts are concatenated; if 8 or 16, the second burst interrupts the first)
) Read bursts are to an active row in the bank

)

"
2.
3.
4.) Shown with nominal tAC, tDQSCK and tDQSQ

6.5.6 Non-Consecutive Read Bursts
A READ command can be initiated on any clock cycle following a previous READ command. Non-
consecutive Reads are shown in following figure.

T 1, ' I, | | .|_ I
Ck -"{ ':I"- -"{I i\ -"{ ! -'T
|

I
H—U:‘
|

| | |
EEE i
| | | | | |

[] =mont Carer
1.) DO n (or b)=Data Out from column n (or column b)
2.) BA, Coln (b)=Bank A, Column n (b)
3.) Burst Length=4;3 subsequrnt elements of Data Out appear in the programmed order following Don (b)
4.) Shown with nominal tAC, tDQSCK and tDQSQ
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6.5.7 Random Read Bursts
Full-speed random read accesses within a page or pages can be performed as shown in
following figure.

I 1 [ | | | )
S g - g - g 65 g - gn -
Command :} READ D READ \C:}( READ )C:\ READ C:{ NOP \:::; NOF ;,:
,!.c-rra-ﬁ:}Eﬁ..ﬂnlnD‘BhﬂjlxmmalhmBA,ﬂlnlg:C:( ' )'C:( ' )E
I I I I
|-‘—C|_E2_|...| | | | | | | |
| | [J— | Lo —
N W (W
'8} : )fnengnerﬂlmmxlmmﬁamhmmHEDGI.;; Do g
pu—— i o B M
Bas Y i i”i |/ :'* I'f ixu
| | | | | |
s] Enenﬁmrﬂmnmﬁmfﬁmh ooH
| | | |

"[O=0ort Care

Do n, etc = Data Out from column n, etc.N, x, etc = Data Out elements, according to the programmed burst order
BA, Colun=Bank A, Column n
Burst Length=2,4,8 or 16, in cases shown (if burst of 4,8 or 16, the burst is interrupted)

1
2
3.
4.) Reads are to active rows in any banks

~— — — ~—

6.5.8 Read Burst Terminate

Data from any READ burst may be truncated with a BURST TERMINATE command, as shown
in figure. The BURST TERMINATE latency is equal to the read (CAS) latency, i.e., the BURST
TERMINATE command should be issued X cycles after the READ command where X equals
the desired data-out element pairs.

D S S S G S S S G S S S

Command ) HE.-’-D W EsT W) noe T mor T wor T mor T
Address j BA. I:r.:ul n I::).': : )‘C::k : )C:‘.( : ’j : [:( I )E
o2y | ! ! ! ! ! |
oes —:j : i ' : i L T T T T T
Da A X
* e |
DoS Vo P AT S . .
pa ' L I
| | 1 | | 1 | | | D . D,:I,n'“l Care

1.) DO n = Data Out from column n

2.) BA, Coln =Bank A, Column n

3.) Cases shown are bursts of 4,8 or 16 terminated after 2 data elements.
4.) Shown with nominal tAC, tDQSCK and tDQSQ
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6.5.9 Read to Write

Data from READ burst must be completed or truncated before a subsequent WRITE
command can be issued. If truncation is necessary, the BURST TERMINATE command must
be used, as shown in following figure for the case of nominal tDQSS

A S S - ‘x—% ‘«—F -
command [T} Reap W)W BT WK N X WHITE nor YT ) wor (T
Adldress :}. EIA.I?Dl n l: i | i i Elﬁ- Cl:|| b- | m f }:::
e clbr— lp | | | | |
Das | | /! i T { i \_E_ i \_
| | | | S
b JCET) OBOBOBN

- EOGO00M0OE

Addmﬁﬁj:gﬂﬁ.,l?olna{ :l: , :1:: ' }:IK | t::x:ag:(:;ulb:,m_f_x:

}: T T T
el L Lo
o | C| |\Il i H i\lH i | i i _E__
DQ . . . . KDO”E W e
oM | }:’;‘j{

| | | | | | | |
[]=Dont Care

1.) DO n =Data Out from column n; DI b= Data in to column b
5.) Burst Length=4;8, or 16 in the casea shown; if the burst length is 2, the BST command can be omitted
6.) Shown with nominal tAC, tDQSCK and tDQSQ

6.5 10 Read to Pre-charge

A Read burst may be followed by or truncated with a PRECHARGE command to the same
bank (provided Auto Pre- charge was not activated). The PRECHARGE command should be
issued X cycles after the READ command, where X equal the number of desired data-out
element pairs. This is shown in following figure. Following the PRECHARGE command, a
subsequent command to the same bank cannot be issued until treis met. Note that part of the
row pre- charge time is hidden during the access of the last data-out elements.

In the case of a Read being executed to completion, a PRECHARGE command issued at
the optimum time (as described above) provides the same operation that would result from
Read burst with Auto Pre-charge enabled. The disadvantage of the PRECHARGE command is
that it requires that the command and address buses be available at the appropriate time to
issue the command. The advantage of the PRECHARGE command is that it can be used to
truncate bursts.
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ok E J
oK }

d i i I
command [ ReAD (o YT PRe YEI( nor IR vor )T
P TN 0 G S R 0 D L D B R
I -

|

I
Das \

DO Mool K

.) DO n=Data Out from column n

.) Cases shown are either uninterrupted of 4, or interrupted butsts of 8 or 16

.) Shown with norminal tAC, tDQSCK anf tDQSQ

.) Precharge maybe applied at (BL/2) tCK after the READ command

.) Note that Precharge may not be issued before tRAS ns after the ACTIVE command for applicable banks.
.) The ACTIVE command maybe applied if tRC had been met.

OO WN -

6.5.11 Burst Terminate of Read

The BURST TERMINATE command is used to truncate read bursts (with Auto Pre-charge
disabled). The most recently registered READ command prior to the BURST TERMINATE
command will be truncated. Note that the BURST TERMINATE command is not bank specific.
This command should not be used to terminate write bursts.

CK I
[l
EKE —agny|

o5
s T
or I
we

AR
BM.B:":‘I H

L

1
[ =Dt Care
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6.6 Write

The WRITE command is used to initiate a burst write access to an active row, with a burst
length as set in the Mode Register. BAO and BA1 select the bank, and the address inputs
select the starting column location. The value of A10 determines whether or not Auto Pre-
charge is used. If Auto Pre-charge is selected, the row being accessed will be pre-charged at
the end of the write burst; if Auto Pre-charge is not selected, the row will remain open for
subsequent accesses.

6.6.1 Write Command

AL S

BAD BA IR

O =Dont Care

BA=BAHE Address
Cle=Coulmn Address
HP=dhurin Precharge

6.6.2 Basic Write Timing Parameters

Basic Write timing parameters for DQs are shown in figure below; they apply to all Write
operations.

Input data appearing on the data bus, is written to the memory array subject to the DM input
logic level appearing coincident with the data. If a given DM signal is registered Low, the
corresponding data will be written to the memory; if the DM signal is registered High, the
corresponding data inputs will be ignored, and a write will not be executed to that byte / column
location.

30
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o T” o & e i > |
2 S S O G I A
el a0 e
Case . 4 —p— M |
1S5 = —!——u' —— },_:_W |
o W i A
[ T | | I '
e |
e |
| | | / \

DQ,DM | ." N C) Q | D .: |
| TR | loss (D

Case2: Iq thass| : | ook Ir'"F'J:'hss: 55| b
D% = | I —— < «—

max DQS o l | ! 1r ! | w f

i | ol ir| H_l_pl_'— I
i 1 g 0T gy ! !
I ' ' I .tns'd| I : :
I I I 1 1

oo [ | : )%—b | o 0

1) DI neData In for column

2) 3subsequent elements of Data In are applied in the programmed order following DI n.

3)tDQASS: each rising edge of DQS must fall within the +=25% window of the comesponding positive
clock edge.

[[]=Dont Care

6.6.3 Write Burst (min. and max. tDQSS)

During Write bursts, the first valid data-in element will be registered on the first rising edge
of DQS following the WRITE command, and the subsequent data elements will be registered
on successive edges of DQS. The Low state of DQS between the WRITE command and the
first rising edge is called the write preamble, and the Low state on DQS following the last
data-in element is called the write post-amble.

The time between the WRITE command and the first corresponding rising edge of DQS (tpass)
is specified with a relatively wide range - from 75% to 125% of a clock cycle.

Following figure shows the two extremes of toass for a burst of 4, upon completion of a burst,
assuming no other commands have been initiated, the DQs will remain high-Z and any
additional input data will be ignored.
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S G D G G SR G SRR G SN G S
Command | ¥ wanEH NOP Y NDP J NOF' Y HDP L NDP '
Address |} Emc-:.lb:{ y . Y. X X X

T T T

| | |
lQSSITI | 1 |
| 1 |

E}Dﬁ
ﬂn

toassman

oo IR T\

o0 OEOBOBE | .
o SWAWLSWLW '

JHP

1) B b =Diaia In to column b, [ = Dorit Care
) X subsaquent elements of Data In are spplied i nthe pregrammed arder fellowing T b

3 A narmnlenupted bust ol 4 s shown,

43 A0 i LOW with the WRITE command (Auto Precharge i disabledy

6.6.4 Write to Write

Data for any WRITE burst may be concatenated with or truncated with a subsequent WRITE
command. In either case, a continuous flow of input data, can be maintained. The new WRITE
command can be issued on any positive edge of the clock following the previous WRITE
command.

The first data-in element from the new burst is applied after either the last element of a
completed burst or the last desired data element of a longer burst which is being truncated. The
new WRITE command should be issued X cycles after the first WRITE command, where X
equals the number of desired data-in element pairs.

6.6.5 Concatenated Write Bursts
An example of concatenated write bursts is shown in figure below.
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|
m—‘x I e W e W /o N o W =

bo @ OBOE B EE@ BO@C
B : D W o W o N o Y

| | | | | |
O = Bond Camsa

A3 Bl b ind= Brono I 1o colamn b {column e

23 aubsaguent alemsans of Data b are apglied in the prodramemed ardear Talkowing OH b
A wubsecgusnt wleerserss of By bnoare spgolisd inoche programrmed ordere followdng B4 n.

3y Mor-intarrupted bursia of 4 are shoswn.

4y Bash WRITE sesmamarsd may beaa s any asslve Bank

6.6.6 Non-Consecutive Write Bursts
An example of non-consecutive write bursts is shown in figure below.

command:}:meED NDP f NCP DWHITE ){::{ NI:IIP J NOP
Address :::IIEIA..CDI bD D UEIA. Col I'IEI: :I:::',l.’:

7

M M

oas i;:f\if\iﬁif{—\if_

e | Iﬁ Iﬁ | Ii_\ |

g WVww W V.V
[]= Bon't Care

1) DI b in)= Diata in to cobumn b for column nj

23 subseguent sherments of Dets in sre spplisd in the programmed eeder following D b,
Jzubsequent slements of D in ane applied in the pragrarmmed oder fallowing O n.

I Nominterrupted bursts of 4 are shown,

4) Each WRITE command may ba to any sctive bank and may be to the same o differant devices
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6.6.7 Random Write Cycles
Full-speed random write accesses within a page or pages can be performed as shown in figure
below.

Command |} | .".'HIITE D .".'HITE X .".'HITE ”{:}{ .".'F!ITE D WRITE NoP 18
Mdrp%jB#ColbDEhﬂoluD{Bhﬂoln E:.ﬁ..I!IL:-IaDB.ﬁ. X N
i S B

mﬁ:;_ | SRR [\
e : EQL{]&WM;{:
ou I AAAMAAMAMAMA

O= Dm’t Care

.-' |

\

—_—————— ] Q--

D b etc=Data In 1o column b, et

b, etc=the next Data In fellowing DI by efc, according to the pregrommed basst arder
ZFrogrammed burst lengthi=2, 4, 8 or 18in cases shown, If burstof 4 8 or 16, burst would be uncated
B Ezch WRITE command may ba io any aciive bank and may be to the eame or different devices,

6.6.8 Write to Read
Data for any Write burst may be followed by a subsequent READ command.

6.6.9 Non-Interrupting Write to Read
To follow a Write without truncating the write burst, twrr should be met as shown in the figure
below.

S - - . 0 . -
conrn ]I@D_J:K o B ED @ S

| |
D b = Data in to colurmn b
A susbsmquant slamente of Dats In s applied in the programmed order flloving B b, [=Dont Care
21 A nonHinterruptad harst of 495 shown,
3 bwrn s referenced Fom the positive clock edge efier the last Deta In pal,
4y A1z LOW with the WRITE command (fuitn Prarhana iz dirablad
) The RCAD and WRITC comemands 858 (0 the sema device but not neceesarily 1o the sama benk.
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6.6.10 Interrupting Write to Read

Data for any Write burst may be truncated by a subsequent READ command as shown in the
figure below. Note that the only data-in pairs that are registered prior to the twrtr period are

written to the internal array, and any subsequent data-in must be masked with DM.

EEJ\I“IR_JN_!\_}’—x_I‘

Gmmarr]:ﬂ"-.'ﬂTED woP W) WO K mean ) WoR K Mu:-r- O nor T
Aud-mj«ﬂmwa T s I D

Iﬂ-'l:-:l | I e =:= | CL=3 : - :
pos \ Ny P \ h
I I ! I I I I |
™ . HEOOmOR | DD |
| R | | | |
e T 1IIL E’ 'llr—l—IIIr U III" T T T
1} D1 b=DCiata in e column b DO aeData ouk fom eobamn I:I=D¢'“ Came

2 An irdeerupled borel of 4 js shown, 2 dala elements are wrilten
3 pahisaspend alwnents af Data b aea agplioed in tha peorammed arder following Df b
B Gypeis refersncad from the posilive cock edge alter the last Daia In pas
Ap&10§s LOW with the WRITE command (Auta Prechange & disabled)
5 The READ amd WRITE cormmands e o the sarme devics bl mol recessarily 10 e same bank,

6.6.11 Write to Precharge

Data for any WRITE burst may be followed by a subsequent PRECHARGE command to the

same bank (provided Auto Precharge was not activated). To follow a WRITE without

truncating the WRITE burst, twr should be met as shown in the figure below.

6.6.12 Non-Interrupting Write to Precharge
A (RS G SHE G S G SR G S S S
l:-::-nnlan-:ij.'l.'l'ﬁl'l'r K HoP K NOP X NOP p NOP | PRE b
m.dmjsm.bm ' X ' Wy ' NN ' DBM(.; o
|

tras s | : : I"M! :

|"—|_"' | »

cos I e e S '

" - ﬂ*d}m' f f

1 | |

ou I I\ AW aWs , .
Bl b=Bara In to column b [= Dot Care

3 subsequent elemanis of Data In are applied In the programmed arder following O b,
ﬁ_l'\. r|ur|—i||l:." (T |_|||:|] Lmmial wf 4 i :||‘|-:mn.
Ty typ i relemwmmsd iom the posliive clock edge aftar the last Cata In palr,
A5 A401s LEW with the WRITE command (Aulo Precharge is disabled)
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6.6.13 Interrupting Write to Precharge

Data for any WRITE burst may be truncated by a subsequent PRECHARGE command as shown
in figure below. Note that only data-in pairs that are registered prior to the twr period are written
to the internal array, and any subsequent data-in should be masked with DM, as shown in
figure. Following the PRECHARGE command, a subsequent command to the same bank
cannot be issued until trris met.

— | I . I, T ) T
ok P O S G S G S S S

Command :It: WR!ITE D NL'LP \Dﬂ: NOP B N':I’P \D{ FllltE D MI‘_‘I}P \C
I I I I I I
Address :!t: |3.-"-,|:I3I?-| bD : X K : D : WTE’:I_—'_H\C

tDoSsma - Bz,

o A M LYW W W

13 Dl b= Dt i 1 calurmin s, I:l- Den't Cars
2 An imarrupted burst of 4, & or 165 shown, 2 data elements ane writien,

Bty is referenced from the positive dock edge after the last desired Data [n pair,

4 a0 is LOW with the WRITE command (Auto Precharge is disablod)

S} *1=can be Dont Care for programmed burst length of 4

&) *Z=for programmed burst length of 4, DOS becomes Don't Care at this point

6.7 Precharge

The PRECHARGE command is used to deactivate the open row in a particular bank or the open
row in all banks. The

bank(s) will be available for a subsequent row access a specified time (tre) after the
PRECHARGE command is issued.

Input A10 determines whether one or all banks are to be precharged. In case where only one
bank is to be precharged, inputs BAO, BA1 select the bank. Otherwise BAO, BA1 are treated
as “Don’t Care”.

Once a bank has been precharged, it is in the idle state and must be activated prior to any
READ or WRITE command being issued. A PRECHARGE command will be treated as a

NOP if there is no open row in that bank, or if the previously open row is already in the
process of precharging.
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6.7.1 Precharge Command

cK (High) |
cS l /
I
rAs TN\ | [
|
cAs L/
I
we I\ | /mm
]
Address X X
All Banks
A0
One'f!ank
BAO,BA1 X Ba X

[ = bon't Care

BA=BANK Addrcas
(if A10 = L,otherwise Don't Care)

6.8 Auto Precharge

Auto Precharge is a feature which performs the same individual bank precharge function as
described above, but without requiring an explicit command. This is accomplished by using A10
(A10 = High), to enable Auto Precharge in conjunction with a specific READ or WRITE
command. A precharge of the bank / row that is addressed with the READ or WRITE command
is automatically performed upon completion of the read or write burst. Auto Precharge is non
persistent in that it is either enabled or disabled for each individual READ or WRITE command.
Auto Precharge ensures that a precharge is initiated at the earliest valid stage within a burst.
The user must not issue another command to the same bank until the precharing time (tre) is
completed. This is determined as if an explicit PRECHARGE command was issued at the
earliest possible time, as described for each burst type in the Operation section of this
specification.

6.9 Refresh Requirements

LPDDR SDRAM devices require a refresh of all rows in any rolling 64ms interval. Each refresh
is generated in one of two ways: by an explicit AUTO REFRESH command, or by an
internally timed event in SELF REFRESH-mode. Dividing the number of device rows into the
rolling 64ms interval defines the average refresh interval (treri), which is a guideline to
controllers for distributed refresh timing.

6.10 Auto Refresh

AUTO REFRESH command is used during normal operation of the LPDDR SDRAM. This
command is non persistent, so it must be issued each time a refresh is required.

The refresh addressing is generated by the internal refresh controller. The LPDDR SDRAM
requires AUTO REFRESH commands at an average periodic interval of trer!.
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6.10.1 Auto Refresh Command

6.11 Self Referesh

The SELF REFRESH command can be used to retain data in the LPDDR SDRAM, even if the
rest of the system is powered down. When in the Self Refresh mode, the LPDDR SDRAM
retains data without external clocking. The LPDDR SDRAM device has a built-in timer to
accommodate Self Refresh operation. The SELF REFRESH command is initiated like an AUTO
REFRESH command except CKE is LOW. Input signals except CKE are “Don’t Care” during
Self Refresh. The user may halt the external clock one clock after the SELF REFRESH
command is registered.

Once the command is registered, CKE must be held low to keep the device in Self Refresh
mode. The clock is internally disabled during Self Refresh operation to save power. The
minimum time that the device must remain in Self Refresh mode is trrc.

The procedure for exiting Self Refresh requires a sequence of commands. First, the clock must
be stable prior to CKE going back High. Once Self Refresh EXxit is registered, a delay of at least
txs must be satisfied before a valid command can be issued to the device to allow for completion
of any internal refresh in progress.

The use of Self Refresh mode introduceghe 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 an extra AUTO REFRESH command is recommended.

In the Self Refresh mode, Partial Array Self Refresh (PASR) function is described in the
Extended Mode Register section.
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6.11.1 Self Refresh Command

CK
CKE —

s I
ms I

e I

Alhn
BAD BAT III.

(AR

[] =pont Care

6.11.2 Auto Refresh Cycles Back-to-Back

S RNaEEEuNREE RN

IJ I? LI | bre LIJ

&l
Cmmand}FREDNPD.ﬂ.RFDNI‘PI{EN”POARFDNP@NPB-&WE

e N OO 0000000 0
mmﬁqm[}[ @( 8§ )@ 8 ID[ @ me

I I I I I I I
, Higez | I I I I I
| | | | | | |

00 "fr"

Ba & Row s =Bank & Rown
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6.11.3 Self Refresh Entry and Exit

T T ) i'_jf:—h
o 1 l_‘m ; ;*h:r.’ _,: 1'_4|_ Ir_ 'hr

SHRE vrT',DTD I
Command)f PHEDN?”D AHFII: f’ }:mll I

-

' S8 e e300
e (ENDENOE D OC0EOROEER
ma:m}mﬂ ]E( 0

I ) I
E—
I I ._lu_

i o=

]
| Hge | | ) | y |
0d } o | i | .
| : Tl 1 * 1 ‘lr [ i
Enter Exit from Any Command [] Dok Care
Self Refiesh Self Refiesh F;'!‘ééﬁ E%gergr'l :

Mode Maode

6.12 Power Down

Power-down is entered when CKE is registered Low (no accesses can be in progress). If power-
down occurs when all banks are idle, this mode is referred to as precharge 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, CK and CKE. In
power-down mode, CKE Low must be maintained, and all other input signals are “Don’t
Care”. The minimum power-down duration is specified by tcke. However, power-down duration
is limited by the refresh requirements of the device.

The power-down state is synchronously exited when CKE is registered High (along with a NOP or
DESELECT command). A valid command may be applied txe after exit from power-down.

For Clock Stop during Power-Down mode, please refer to the Clock Stop subsection in this
specification.
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6.12.11 Power-Down Entry and Exit
I e s S
I tye I obe | I | b [
WO ) O e
camvad | PRE T 0P Y0P I ) o Y P B P Y i T

- ——| &

O

D |
aageess ) O O J} O ):E( 8 Vi C
iy e )T T ) { K

| I I I “ I I I I
| Hghz I | L) | L) I
ba — | T 1 T — T
Power Down Ezit from Any Command
Entry Power Diown
Precharge Power-Down mode shownt all banks are idle-and tep [l =Dort Care

is met when Power-down Entry command is issued

6.13 Deep Power Down

The Deep Power-Down (DPD) mode enables very low standby currents. All internal voltage
generators inside the LPDDR SDRAM are stopped and all memory data is lost in this mode. All
the information in the Mode Register and the Extended Mode Register is lost.

Deep Power-Down is entered using the BURST TERMINATE command except that CKE is
registered Low. All banks must be in idle state with no activity on the data bus prior to entering
the DPD mode. While in this state, CKE must be held in a constant Low state.

To exit the DPD mode, CKE is taken high after the clock is stable and NOP commands must be
maintained for at least 200us. After 200us a complete re-initialization is required following steps
4 through 11 as defined for the initialization sequence.
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6.13.1 Deep Power-Down Entry and Exit
_ ™ T | Ta Tai T
oK — : P , 1 1 [ | |_l
—_— | ) | | % |
cely O b VAR B
! ! ) ! ! ; !
command T NoP TN oPD YT K ) nop m valid |
Address | l I:)::‘ | | T Valid '
[ ! [ [ L
s ] ]
I I Y I I L I
DQ J
| KN | | L |
DM J
] [ T ] 1 I ]
e | ! ! LooT=200us !
" Enter DPD ' ' " Exit DPD '
Mode Mode

[[]= Don't Care
1) Clock must be stable before exiting Deep PowerDown minde, That ks, the chock must be cycling
within specifications by Tal
2) Dovice must bo in the all banks idle state priorio entering Doop PowerDewn mode
3) 20Dus |5 required befors any command can be appiled upen exiing Desp-Down mode
4y Upon exiting Deep PowerDown made 2 PRECHARGE ALL command must be issuac followed
by two REFRESH commands nd a load mode register sequance

6.14 Clock Stop

Stopping a clock during idle periods is an effective method of reducing power consumption. The

LPDDR SDRAM supports clock stop under the following conditions:

® the last command (ACTIVE, READ, WRITE, PRECHARGE, AUTO REFRESH or MODE
REGISTER SET) has executed to completion, including any data-out during read bursts; the
number of clock pulses per access command depends on the device’s AC timing
parameters and the clock frequency;

® the related timing conditions (trco, twr, tre, trFc, tvrD) has been met;

® CKE is held High

When all conditions have been met, the device is either in “idle state” or “row active state” and

clock stop mode may be entered with CK held Low and CK held High.

Clock stop mode is exited by restarting the clock. At least one NOP command has to be

issued before the next access command may be applied. Additional clock pulses might be

required depending on the system characteristics.

The following Figure shows clock stop mode entry and exit.

® |Initially the device is in clock stop mode
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® The clock is restarted with the rising edge of TO and a NOP on the command inputs
® \With T1 a valid access command is latched; this command is followed by NOP commands
in order to allow for clock stop as soon as this access command is completed

® Tnis the last clock pulse required by the access command latched with T1
® The clock can be stopped after Tn

6.14.1 Clock Stop Mode Entry and Exit

. 'IIL':I '|I'I ':'3 'll'n |
{.‘K ...... I..I-,v .- 1 ar \ A r{v 1; - rl-.v-: ...........
\ 3 I W
K —3 oA ho A A )
(i [ [ [ [ [ i
CKE ) ! ! ! ! ! )

:4— Ti{'ning {'unditinlln —i-:

|
|
Command I NOP X oMD [ NOP ‘{}E\“ NOP X NOP I
B I I I I
| | |
|

=

Address & 0 N vatia X j{@( IR
) | | | | | ~
DQDQS ( ' e ' ' i
) | | | | [ )
T T T ! ! ? |:| = Dwm't Care
Clock Exit Clock Valid Enter Clock
Stopped  Stop Mode  Command Stop Mode
6. ELECTRICAL CHARACTERISTIC
7.1 Absolute Maximum Ratings
VALUES
PARAMETER SYMBOL UNITS
MIN MAX
Voltage on VDD relative to VSS VDD -0.5 2.3 \Y
Voltage on VDDA relative to VSS vDDQ -0.5 23 Y
\/oltage on any pin relative to VSS VIN, VOUT | -0.5 23 \Y
Storage Temperature TSTG -55 150 °C
Short Circuit Output Current IOUT +50 mA
Power Dissipation PD 1.0 w

NOTE: 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
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7.2 Input/Output Capacitance
PARAMETER SYMBOL | MIN | MAX | UNITS NOTES
Input capacitance, CK, /CK CCK 1.5 3.0 pF
Input capacitance delta, CK, /CK CDCK 0.25 pF
Input capacitance, all other input-only pins Cl 1.5 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 0.50 pF

Notes:

1. These values are guaranteed by design and are tested on a sample base only.
These capacitance values are for single monolithic devices only. Multiple die packages will have parallel capacitive

loads.

3. 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

7.3 Electrical Characteristics and AC/DC Operating Conditions

All values are recommended operating conditions unless otherwise noted.

7.3.1 Electrical Characteristics and AC/DC Operating Conditions

PARAMETER/CONDITION SYMBOL MIN MAX UNITS | NOTES
Supply Voltage VDD 1.70 1.95 V
I/O Supply Voltage VDDQ 1.70 1.95 V
ADDRESS AND COMMAND INPUTS (A0~An, BA0,BA1,CKE, /ICS, RAS, ICAS, WE)
Input High Voltage VIH 0.8*vDDQ | VvDDQ + 0.3 \%
Input Low Voltage VIL -0.3 0.2*vDDQ Y
CLOCK INPUTS (CK, /CK)
DC Input Voltage VIN -0.3 vDDQ + 0.3 \%
DC Input Differential Voltage VvVID (DC) | 0.4*vDDQ | VvDDQ + 0.6 \%
AC Input Differential Voltage VID (AC) | 0.6*vDDQ |VvDDQ + 0.6 \Y
AC Differential Crossing Voltage VIX 0.4*VDDQ 0.6*vDDQ Vv
DATA INPUTS (DQ, DM, DQS)
DC Input High Voltage VIHD (DC) | 0.7*vDDQ | vDDQ + 0.3 \Y
DC Input Low Voltage VILD (DC) -0.3 0.3*VDDQ V
AC Input High Voltage VIHD (AC) | 0.8*vDDQ | VvDDQ + 0.3 \Y
AC Input Low Voltage VILD (AC) -0.3 0.2*VDDQ V
DATA OUTPUTS (DQ, DQS)
DC Output High Voltage (IOH=-0.1mA) VOH 0.9*vDDQ - \Y
DC Output Low Voltage (IOL=0.1mA) VOL - 0.1*VDDQ V
Leakage Current
Input Leakage Current liL -1 1 | uA | 4
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Output Leakage Current

loL -5 5

uA

Notes:
All voltages referenced to VSS and VSSQ must be same potential.
VID (DC) and VID (AC) are the magnitude of the difference between the input level on CK and /CK
The value of VIX is expected to be 0.5*VDDQ and must track variations in the DC level of the same.
Any input OV < VIN < VDD. All other pins are not tested under VIN=0V.
Any output OV < VOUT < VDDQ. DOUT is disabled.

7.4 IDD Specification Parameters and Test Conditions
7.4.1 IDD Specification and Test Conditions (x16)

[Recommended Operating Conditions; Notes 1-4]

oo

PARAMETER | SYMBOL TEST CONDITION -5 -6 UNIT

Operating one tRC = tRCmin ; tCK = tCKmin ; CKE is HIGH;/CS is HIGH

bank active- between valid commands; address inputs are SWITCHING;

precharge current IDDO data bus inputs are STABLE 70 6o mA

Precharge power- all banks idle, CKE is LOW; /CS is HIGH, tCK = tCKmin ;

down standby IDD2P |address and control inputs are SWITCHING; data bus inputs 06 | 0.6 mA

current are STABLE

Precharge power- all banks idle, CKE is LOW; /CS is HIGH, CK =LOW, /CK =

down standby HIGH; address and control inputs are SWITCHING; data bus

current with dlock | '°D27S  finouts are STABLE 0.6 | 06 | mA

stop

Precharge non all banks idle, CKE is HIGH; /CS is HIGH, tCK = tCKmin;

power-down IDD2N [address and control inputs are SWITCHING; data bus inputs 15 15 mA

standby current are STABLE

Precharge non all banks idle, CKE is HIGH; /CS is HIGH, CK = LOW,/CK =

power-down HIGH; address and control inputs are SWITCHING; data bus

standby current IDD2NS inputs are STABLE 8 8 mA

with clock stop

Active power- one bank active, CKE is LOW; /CS is HIGH, tCK =

down standby IDD3P  [tCKmin;address and control inputs are SWITCHING; data bus 36 | 3.6 mA

current inputs are STABLE

Active power- one bank active, CKE is LOW; /CS is HIGH, CK = LOW, /CK

down standby = HIGH; address and control inputs are SWITCHING; data bus

current with clock | '°DoTS  finputs are STABLE 36 | 36 | mA

stop

Active non power- one bank active, CKE is HIGH; /CS is HIGH, tCK = tCKmin;

down standby IDD3N [address and control inputs are SWITCHING; data bus inputs 25 25 mA

current are STABLE

Active non power- one bank active, CKE is HIGH; /CS is HIGH, CK = LOW, /CK

down standby = HIGH; address and control inputs are SWITCHING; data bus

current with clock IDD3NS inputs are STABLE 15 15 mA

stop

Operating burst one bank active; BL = 4; CL = 3; tCK = tCKmin ; continuous

read current IDD4R  |read bursts; IOUT = 0 mA; address inputs are SWITCHING; 115 | 105 mA
50% data change each burst transfer

Operating burst one bank active; BL = 4; t CK = t CKmin ; continuous write

write current IDD4W  |bursts; address inputs are SWITCHING; 50% data change each| 115 | 105 mA
burst transfer

Auto-Refresh tRC = tRFCmin ; tCK = tCKmin ; burst refresh; CKE is

Current IDD5 HIGH; address and control inputs are SWITCHING; data bus 120 | 120 mA
inputs are STABLE

Deep Power- Address and control inputs are STABLE; data bus inputs are
Down current IDD8(4) STABLE 10 10 uA
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7.4.2 IDD Specification and Test Conditions (x32)

[Recommended Operating Conditions; Notes 1-4]

PARAMETER SYMBOL TEST CONDITION -5 -6 UNIT

Operating one tRC = tRCmin ; tCK = tCKmin ; CKE is HIGH; /CS is HIGH

bank active- IDDO between valid commands; address inputs are SWITCHING; 70 60 A

precharge current data bus inputs are STABLE m

Precharge power- all banks idle, CKE is LOW; /CS is HIGH, tCK = tCKmin ;

down standby IDD2P |address and control inputs are SWITCHING; data bus inputs 06 | 06 mA

current are STABLE

Precharge power- all banks idle, CKE is LOW; /CS is HIGH, CK =LOW, /CK =

down standby HIGH; address and control inputs are SWITCHING; data bus

current with dlock | '°D27S  finouts are STABLE 0.6 | 06 ] mA

stop

Precharge non all banks idle, CKE is HIGH; /CS is HIGH, tCK = tCKmin;

power-down IDD2N [address and control inputs are SWITCHING; data bus inputs 15 15 mA

standby current are STABLE

Precharge non all banks idle, CKE is HIGH; /CS is HIGH, CK = LOW,

power-down CK = HIGH; address and control inputs are SWITCHING; data

standby current IDD2NS bus inputs are STABLE 8 8 mA

with clock stop

Active power- one bank active, CKE is LOW; /CS is HIGH, tCK = tCKmin;

down standby IDD3P |address and control inputs are SWITCHING; data bus inputs 36 | 3.6 mA

current are STABLE

Active power- one bank active, CKE is LOW; /CS is HIGH, CK = LOW, /CK

down standby = HIGH; address and control inputs are SWITCHING; data bus

current with clock IDD3PS inputs are STABLE 36 | 36 mA

stop

Active non power- one bank active, CKE is HIGH; /CS is HIGH, tCK = tCKmin;

down standby IDD3N [address and control inputs are SWITCHING; data bus inputs 25 25 mA

current are STABLE

Active non power- one bank active, CKE is HIGH; /CS is HIGH, CK = LOW, /CK

down standby = HIGH; address and control inputs are SWITCHING; data bus

current with clock IDD3NS inputs are STABLE 15 15 mA

stop

Operating burst one bank active; BL = 4; CL = 3; tCK = tCKmin ; continuous

read current IDD4R  [read bursts; IOUT = 0 mA; address inputs are SWITCHING; 115 | 105 mA
50% data change each burst transfer

Operating burst one bank active; BL = 4; t CK =t CKmin ; continuous write

write current IDD4W  |bursts; address inputs are SWITCHING; 50% data change each| 115 | 105 mA
burst transfer

Auto-Refresh tRC = tRFCmin ; tCK = tCKmin ; burst refresh; CKE is

Current IDD5 HIGH; address and control inputs are SWITCHING; data bus 120 | 120 mA
inputs are STABLE

Deep Power- IAddress and control inputs are STABLE; data bus inputs are

Down current IDD8(4) |[STABLE 10 10 uA

Notes:

46

Rev. 2.0



CHiPLUS

1Gb LPDDR SDRAM
CS63DR1G / CS66DR1G

1. IDD specifications are tested after the device is properly initialized.

2. Input slew rate is 1V/ns.

3. Definitions for IDD:
LOW is defined as VIN <0.1 * VDDQ; HIGH is defined as VIN = 0.9 * VDDQ;
STABLE is defined as inputs stable at a HIGH or LOW level; SWITCHING is defined as:
. Address and command: inputs changing between HIGH and LOW once per two clock cycles;

. Data bus inputs: DQ changing between HIGH and LOW once per clock cycle; DM and DQS are STABLE.

4. IDD8 is a typical value at 25°C.

IDD6 Conditions :

Self Refresh
Current

IDD6

CKE is LOW; CK = LOW, /CK = HIGH;
Extended Mode Register set to all 0’s;
address and control inputs are STABLE; data
bus inputs are STABLE

PASR Range | 45°C | 85°C | Units
Full Array TBD | 1300
1/2 Array TBD TBD uA
1/4 Array TBD | TBD
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7.5 AC Timings
[Recommended Operating Conditions: Notes 1-9]
- 50 - 60
PARAMETER SYMBOL UNIT| NOTES
MIN MAX MIN MAX
CL=3 2.0 5.0 2.0 5.0
DQ output access time from CK//CK TAC ns
CL=2 2.0 6.5 2.0 6.5
CL=3 2.0 5.0 2.0 5.0
DQS output access time from CK//CK tDQSCK ns
CL=2 2.0 6.5 2.0 6.5
Clock high-level width tCH 0.45 0.55 0.45 0.55| tCK
Clock low-level width tCL 0.45 0.55 0.45 0.55| tCK
- Min Min
Clock half period tHP {CL, tCH) (tCL, tCH) ns 10,11
CL=3 5 6 ns 12
Clock cycle time tCK
CL=2 12 12 ns 12
fast 0.48 0.6 ns |[13,14,15
DQ and DM input setup time tDS
slow 0.58 0.7 ns |[13,14,16
fast 0.48 0.6 ns |[13,14,15
DQ and DM input hold time tDH
slow 0.58 0.7 ns |13,14,16
DQ and DM input pulse width tDIPW 1.4 1.6 ns 17
fast 0.9 1.1 ns 15,18
Address and control input setup time tIS
slow 1.1 1.3 ns 16,18
fast 0.9 1.1 ns 15,18
Address and control input hold time tiH
slow 1.1 1.3 ns 16,18
IAddress and control input pulse width tIPW 2.3 2.6 ns 17
DQ & DQS low-impedance time from CK, /CK tLZ 1.0 1.0 ns 19
CL=3 5.0 5.0
DQ & DQS high-impedance time from CK, /CK tHZ ns 19
CL=2 6.5 6.5
DQS-DQ skew tDQSQ 04 05| ns 20
DQ/DQS output hold time from DQS tQH tHP - tQHS tHP - tQHS ns 11
Data hold skew factor tQHS 0.5 065 | ns 11
\Write command to 1st DQS latching transition tDQSS 0.75 1.25 0.75 1.25( tCK
DQS input high-level width tDQSH 0.4 0.6 0.4 0.6 | tCK
DQS input low-level width tDQSL 0.4 0.6 0.4 0.6 | tCK
DQS falling edge to CK setup time tDSS 0.2 0.2 tCK
DQS falling edge hold time from CK tDSH 0.2 0.2 tCK
MODE REGISTER SET command period tMRD 2 2 tCK
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- 50 - 60
PARAMETER SYMBOL UNIT | NOTES
MIN MAX MIN MAX

\Write preamble setup time tWPRES 0 0 ns 21
\Write postamble tWPST 04 0.6 04 0.6 tCK 22
\Write preamble tWPRE 0.25 0.25 tCK

CL=3 0.9 1.1 0.9 1.1 tCK 23
Read preamble tRPRE

CL=2 0.5 1.1 0.5 1.1 tCK 23
Read postamble tRPST 0.4 0.6 0.4 0.6 tCK
IACTIVE to PRECHARGE command period tRAS 40 70,000 42 70,000 | ns

. tRAS+ tRAS+

IACTIVE to ACTIVE command period tRC {RP {RP ns
AUTO REFRESH to ACTIVE/AUTO
REFRESH command period RFC | 72 2 ns
IACTIVE to READ or WRITE delay tRCD 15 18 ns
PRECHARGE command period tRP 3 3 tCK
IACTIVE bank A to ACTIVE bank B delay tRRD 10 12 ns
WRITE recovery time tWR 15 15 ns 24
IAuto precharge write recovery + precharge time tDAL - - tCK 25
Internal write to Read command delay tWTR 1 1 tCK
Self Refresh exit to next valid command delay tXSR 120 120 ns 26
Exit power down to next valid command delay tXP 2 1 tCK 27
CKE min. pulse width (high and low pulse width) tCKE 1 1 tCK
Refresh Period tREF 64 64 ms
Average periodic refresh interval tREFI 7.8 7.8 us 28,29
MRS for SRR to READ tSRR 2 2 tCK
READ of SRR to next valid command tSRC CL+1 CL+1 tCK
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Notes:

1.
2.
3.

4.

10.

11.

12.
13.

14.
15.
16.
17.
18.
19.
20.

21.

22.

All voltages referenced to VSS.

All parameters assume proper device initialization.

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.

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 10pF 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.

Time Reference Load Zo =50 Ohms
—— 20pF

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.

The timing reference voltage level is VDDQ/2.

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

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

/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 ; with CL = 2 the first data element is valid at (tCK + tAC) after the clock at which the READ
command was registered

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 of tCL and tCH)

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.

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

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.

Input slew rate = 1.0 V/ns.

Input slew rate = 0.5 V/ns and < 1.0 V/ns.

These parameters guarantee device timing but they are not necessarily tested on each device.

The transition time for address and command inputs is measured between VIH and VIL.

tHZ and tLZ 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 (HZ), or begins driving (LZ).

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

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.

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 deg.;rade accordingly.
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23.

24.
25.
26.
. There must be at least one clock pulse during the tXP period.
28.
29.

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).

At least one clock cycle is required during tWR time when in auto precharge mode.

tDAL = (tWR/tCK) + (tRP/tCK): for each of the terms, if not already an integer, round to the next higher integer.

There must be at least two clock pulses during the tXSR period.

tREFI values are dependent on density and bus width.
A maximum of 8 Refresh commands can be posted to any given LPDDR, meaning that the maximum absolute interval
between any Refresh command and the next Refresh command is 8*tREFI.

7.5.1 CAS Latency Definition (With CL=3)

) ™ T2 T T3 Ton ™ Tin T Ton TB
i — I S e JE R M S M
CK 1 ll' { A — i 1 { I|l ]|I /
' ! T S S S R
Command Y READ ¥ NOP )} NoP ;Dj Nop ) ) Nop )T ) Noe ) Nop
' TR T T o I
ICL=3 N | | | | | | |
) | loasoira | ot R A
R T L
s R
i b7en t : | ' I : I ' : ' |'
A"ml ! I |'| 1 I| 1 1 1 1
collectively : : : lli {ml::' q'a? (m)l Fﬁ {Lr‘:} {le) Uﬁ'l Tsﬁl )_
| T T T R

)00 tranitioning after DOS fransition defne OGS0 window,
2ALL DQ must transition by tDASQ afer DOS transitions, regardless of tALC
3pAC is the DO output window relative to CRland is the long term component of DO skew.

7.5.2 Output Slew Rate Characteristics

PARAMETER MIN MAX UNIT | NOTES

Pull-up and Pull-Down Slew Rate for Full Strength Driver 0.7 2.5 V/ns 1,2
Pull-up and Pull-Down Slew Rate for Three-Quarter Strength Driver 0.5 1.75 V/ns 1,2
Pull-up and Pull-Down Slew Rate for Half Strength Driver 0.3 1.0 V/ns 1,2
Output Slew rate Matching ratio (Pull-up to Pull-down) 0.7 1.4 - 3

Notes:

1. Measured with a test load of 20 pF connected to VSSQ.

2. Output slew rate for rising edge is measured between VILD(DC) to VIHD(AC) and for falling edge between VIHD(DC) to

3. }I'/LLeDr(aj\At\ig)c.)f pull-up slew rate 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 pull-down
drivers due to process variation.
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7.5.3 AC Overshoot/Undershoot Specification

PARAMETER SPECIFICATION
Maximum peak amplitude allowed for overshoot 0.5V
Maximum peak amplitude allowed for undershoot 05V
The area between overshoot signal and VDD must be less than or equal to 3 V-ns
The area between undershoot signal and GND must be less than or equal to 3 V-ns
6.3 AC Overshoot and Undershoot Definition
Overshoot Area
25
20
Arnln]
1.5
=
E Max Amplitude = 0.5V Max Area = 3-ns
0.5
V55
i Undershoot Area
Time
(ns)
8. ORDER INFORMATION
¥ Y
Package: Speed:
3: 60 ball TFBGA-8x9mm 50: 200MHZ
9: 90 ball TFBGA-8x13mm 60: 166MHZ
|
1/O::
3:x32| | Temperature:

6:x16 W (wireless): -30~85°C
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9. PACKAGE DIMENSION

60Ball Fine Pitch TFBGA (8.0x9.0mm)

AL CORNER
INDEX AREA 8.00(FKG OUTLINEY | 0.80£0,1 08PITCH x 8 = 6,40
( a0 BALL MARK
Z a0}
o e
] IR
q DO O QOO |-
=10 O O ONORONE
(OROR®; ONORONK
g g o)eRe: OO0 |»
. £ of [ OO0 00O |+
g 5] OO0 OO0 |
E & OO0 OO |e
ORGR®; COO |-
OO0 COO |
2O O (3\\) O =
g /M60Ball $0.45+0.050
< [ [Z015@[a[B[C]
TOP VIEW BOTTOM VIEW
[=1
85| 5
[=T = =
Tl 8
s =
(=]
M, 7 P -
. AN/ 1040
1| | N
. T 1] [ 1 SEATING
f T — _L_,.'___!.__ J L] chaE
T
UL
=
fanl )
*h = —
¥ —]oao]c]
.
SIDE VIEW
NOTE :

1. ALL DIMENSION ARE W MILLIMETERS,

2. &PDST REFLOW SOLDER BALL DIAMETER.

i Pre Reflow diameter : 0.45£0.02)

3. /2\ TOLERANCE INCLUDES WARPAGE.
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CS63DR1G / CS66DR1G
90Ball Fine Pitch TFBGA (1) (8.0x13.0mm)
A1 CORNER 8.00+0.10 ﬂr‘
KDEX ARE - A
TOP VIEW
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1Gb LPDDR SDRAM
CS63DR1G / CS66DR1G

CHiPLUS

90Ball Fine Pitch TFBGA (2) (8.0x13.0mm)

don e 10.8 PITCH x 8.0 = 6.40|—
I e
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BOTTOM VIEW
NOTE -
1, ALL DIMEMNSION ARE IN MILLIMETERS,

2, iﬁ. POST REFLOW S0OLDER BALL DIAMETER
{Pre Refllow Diameter o 0,35460,02)

3. ﬁ\. TOLERANCE INCLUDES WARPAGE.
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