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1. General Description

The CS56SD128 SDRAM is a high-speed CMOS synchronous DRAM containing 128 Mbits. It
is internally configured as 4 Banks of 2M word x 16 DRAM with a synchronous interface (all
signals are registered on the positive edge of the clock signal, CLK). Read and write
accesses to the SDRAM are burst oriented; accesses start at a selected location and continue
for a programmed number of locations in a programmed sequence. Accesses begin with the
registration of a BankActivate command which is then followed by a Read or Write command.
The CS56SD128 provides for programmable Read or Write burst lengths of 1, 2, 4, 8, or full
page, with a burst termination option. An auto precharge function may be enabled to provide a
self-timed row precharge that is initiated at the end of the burst sequence. The refresh
functions, either Auto or Self Refresh are easy to use.

By having a programmable mode register, the system can choose the most suitable modes to
maximize its performance. These devices are well suited for applications requiring high
memory bandwidth and particularly well suited to high performance PC applications.

2. Features

. Fast access time from clock: 5/ 5.4 ns o Programmable Mode registers
- CAS Latency: 2, or 3
- Burst Length: 1, 2, 4, 8, or full page

. Fast clock rate: 166/143 MHz

. Fully synchronous operation .
- Burst Type: Sequential or Interleaved

. Internal pipelined architecture - Burst stop function

o 2M word x 16-bit x 4-bank . Auto Refresh and Self Refresh
o CKE power down mode . 4096 refresh cycles/64ms

o Single +3.3V £ 0.3V power supply . Operation Temperature:

Industrial grade: TA= -40~85°C
- Commercial grade: TA = 0~70°C

. Interface: LVTTL

. Packages:
- 54-pin TSOP2-400mil
- 54 ball TFBGA-8x8x1.2mm
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o KEY TIMING PARAMETERS
CS56SD128 -6 -7 unit
tCK3 Clock Cycle time(min.) 6 7
tAC3 Access time from CLK(max.) 5 54
tRAS Row Active time(min.) 42 42 "

tRC

Row Cycle time(min.)

60

63

3. Pin Configurations

54 pin TSOP2-400mil

54 ball TFBGA-8x8x1.2mm

voD [
Do
voDa [
DEt [
DGz ]
v55Q [
D@3 [
D4
vDDag ]
Das ]
Das ]
Vs [

Da7 [
voD
LDGm [
WE# [
CAS#E [
RASE[ |
cs# [ |

Bao ]
BA1 [
ATWNAP [
Al [
A1

A2 [
a3

VoD L

10 54 [ VSS
2 53 [ pais
3 52 vssag
4 51 [ DG4
5 50 ] D@3
B 43 [ vDDQ
T 48 [ ] paiz
B 47 [ pa1
9 48 [ vssg
10 45 ] paio
11 44 D@9
12 43 ] vDopg
13 42 [ ] pas
14 41 [ vss
15 40 [] NCIRFU
16 39 [ DM
17 3 [ JCLK
18 37 [ CKE
19 36 [ NC
20 35 [ A1t
21 34 [] A9
22 33 [ A8
23 32 ] A7
24 3 [ A6
25 30 ] As
26 29 [ a4
27 28 [ vss

DI,
ICICD,
OO,
OOCY

[ @) @)

OIOO)
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3.1 Pin Descriptions

Symbol Type Description

CLK Inout Clock: CLK is driven by the system clock. All SDRAM input signals are sampled on the positive
npu

edge of CLK. CLK also increments the internal burst counter and controls the output registers.
Clock Enable: CKE activates (HIGH) and deactivates (LOW) the CLK signal. If CKE goes low

synchronously with clock (set-up and hold time same as other inputs), the internal clock is
suspended from the next clock cycle and the state of output and burst address is frozen as
CKE Input [long as the CKE remains low. When all banks are in the idle state, deactivating the clock
controls the entry to the Power Down and Self Refresh modes. CKE is synchronous except after
the device enters Power Down and Self Refresh modes, where CKE becomes asynchronous

until exiting the same mode. The input buffers, including CLK, are disabled during Power

Bank Activate: BAO, BA1 input select the bank for operation.

BA1 BAO Select Bank

0 0 BANK #A
0 1 BANK #B
1 0 BANK #C
1 1 BANK #D

BAO,BA1 Input

Address Inputs: A0-A11 are sampled during the Bank Activate command (row address AO-
A11) and Read/Write command (column address AO-A8 with A10 defining Auto Precharge)
AO0-A11 Input [to select one location out of the 2M available in the respective bank. During a Precharge
command, A10 is sampled to determine if all banks are to be precharged (A10 = HIGH). The

address inputs also provide the op-code during a Mode Register Set command.

Chip Select: CS# enables (sampled LOW) and disables (sampled HIGH) the command
CS# Input |decoder. All commands are masked when CS# is sampled HIGH. CS# provides for external

bank selection on systems with multiple banks. It is considered part of the command code.
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Row Address Strobe: The RAS# signal defines the operation commands in conjunction with
the CAS# and WE# signals and is latched at the positive edges of CLK. When RAS# and CS#
are asserted "LOW" and CAS# is asserted "HIGH," either the Bank Activate command or the
RAS# Input  [Precharge command is selected by the WE# signal. When the WE# is asserted "HIGH," the
Bank Activate command is selected and the bank designated by BA is turned on to the active
state. When the WE# is asserted "LOW," the Precharge command is selected and the bank

designated by BA is switched to the idle state after the precharge operation.

Column Address Strobe: The CAS# signal defines the operation commands in conjunction with

the RAS# and WE# signals and is latched at the positive edges of CLK. When RAS# is held

CAS# Input
"HIGH" and CS# is asserted "LOW," the column access is started by asserting CAS# "LOW."
Then, the Read or Write command is selected by asserting WE# "LOW" or "HIGH."
\Write Enable: The WE# signal defines the operation commands in conjunction with the RAS#
WE# Input  [and CAS# signals and is latched at the positive edges of CLK. The WE# input is used to select

the BankActivate or Precharge command and Read or Write command.

LDQM, UDQM Input Data Input/Output Mask: Controls output buffers in read mode and masks Input data in write

mndao

Input/ [Data I/O: The DQO-15 input and output data are synchronized with the positive edges of CLK.

DQO0-DQ15
Output [The I/Os are maskable during Reads and Writes.
NC/RFU - No Connect: These pins should be left unconnected.
VDDQ Supply |DQ Power: Provide isolated power to DQs for improved noise immunity. ( 3.3V+0.3V )
VSSQ Supply |DQ Ground: Provide isolated ground to DQs for improved noise immunity. (0 V)
VDD Supply |Power Supply: +3.3V 0.3V
VSS Supply |Ground
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4. Block Diagram

CLOCK
CLK
BUFFER = S TE
2 8l ceLL ARRay
CHKE == 8 (BANK #4)
Column Decoder

CS#
RAS# COMMAND — Dao
DECODER DQ Buffe

CAS# CONTROL t
SIGNAL
WE# GENERATOR t Da15
LDGM, UDOM
COLUMN T
AT/ AP m— COUNTER 53 CEE:.‘;I::A‘F
£ & {BANK B
MODE Column Decoder

REGISTER

ADDRESS

Ag BUFFER

AN

BAD = M x 16

BA1 i 'E CELL ARRAY
REFRESH = = (BANK #C)
COUNTER Column Decoder

5 2Mx 16
38|  ceLLarray
[~ & {BANK #D)

Lolumn Decoder

5. Operation Mode

Fully synchronous operations are performed to latch the commands at the positive edges of
CLK. Table 4 shows the truth table for the operation commands.
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Truth Table (Note 1, 2)

Command State CKEn-1| CKEn | DQM |BA0,1| A10 [ A0-9,11 | CS# | RAS# | CAS# | WE#

BankActivate Idle(3) H X X V | Row address L L H H
BankPrecharge Any H X X V L X L L H L
PrechargeAll Any H X X X H X L L H L
Write Active(3) H X v v L |[Column| L H L L
Write and AutoPrecharge Active(3) H X \Y, \Y, H | address| L H L L
Read Active(3) H X Y Y L |[Column| L H L H
Read and Autoprecharge Active(3) H X \Y, \Y, H | address| L H L H
Mode Register Set Idle H X X OP code L L L L
No-Operation Any H X X X X X L H H H
Burst Stop Active(4) H X X X X X L H H L
Device Deselect Any H X X X X X H X X X
AutoRefresh Idle H H X X X X L L L H
SelfRefresh Entry Idle H L X X X X L L L H
. Idle H X X X

SelfRefresh Exit L H X X X X
(SelfRefresh) L H H H
. H X X X

Clock Suspend Mode Entry Active H L X X X X
L \ \% \%
H X X X

Power Down Mode Entry Any(5) H L X X X X
L H H H
Clock Suspend Mode Exit Active L H X X X X X X X X
. Any H X X X

Power Down Mode Exit L H X X X X
(Powe rDown) L H H H
Data Write/Output Enable Active H X L X X X X X X X
Data Mask/Output Disable Active H X H X X X X X X X

Note:
1. V=Valid, X=Don't Care L=Low level H=High level
2. CKEn signal is input level when commands are provided.
CKEn-1 signal is input level one clock cycle before the commands are provided.
3. These are states of bank designated by BA signal.
4. Device state is 1, 2, 4, 8, and full page burst operation.
5. Power Down Mode can not enter in the burst operation.

When this command is asserted in the burst cycle, device state is clock suspend mode.
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5.1 Commands

5.1.1 Bank Activate

(RAS# = "L", CAS# = "H", WE# = "H", BAs = Bank, A0-A11 = Row Address)

The BankActivate command activates the idle bank designated by the BAO, 1 signals. By
latching the row address on AO to A11 at the time of this command, the selected row access is
initiated. The read or write operation in the same bank can occur after a time delay of tRCD
(min.) from the time of bank activation. A subsequent BankActivate command to a different
row in the same bank can only be issued after the previous active row has been precharged
(refer to the following figure). The minimum time interval between successive BankActivate
commands to the same bank is defined by tRC (min.). The SDRAM has four internal banks
on the same chip and shares part of the internal circuitry to reduce chip area; therefore it
restricts the back-to-back activation of the two banks. tRRD (min.) specifies the minimum time
required between activating different banks. After this command is used, the Write command
and the Block Write command perform the no mask write operation.

T0O T T2 T3 Tn+3 Tn+d , Tn+5 Tn+6
CLK ¢ 4 ¢ F
s R B - | B
ADDRESS 2 ot
|

| RAS# {CAS# deldyftuco)

I 1 1 La | [ 1 1 |

COMMAND  —{ Znt M wop | NOP f 2200 b —{ o = wor M wop M Bh A
i | | | RAS# - Cycle timeftuc) | | | |

" 1 1 1

I RAS# - RAS# delay fime{tus) L|

“"‘“E;g?'n“ “ B Don't Care
BankActivate Command Cycle (Burst Length = n)

5.1.2 BankPrecharge command

(RAS# ="L", CAS# = "H", WE# ="L", BAs = Bank, A10 ="L", A0-A9 and A11 = Don't care)

The BankPrecharge command precharges the bank disignated by BA signal. The precharged
bank is switched from the active state to the idle state. This command can be asserted anytime
after tras(min.) is satisfied from the BankActivate command in the desired bank. The
maximum time any bank can be active is specified by tras(max.). Therefore, the precharge
function must be performed in any active bank within tras(max.). At the end of precharge, the
precharged bank is still in the idle state and is ready to be activated again.

7 Rev. 2.0

Chiplus reserves the right to change product or specification without notice.



’ 8Mx16bit Synchronous DRAM (SDRAM)
C'HIPLU}
CS56SD128

5.1.3 PrechargeAll command

(RAS# ="L", CAS# = "H", WE# = "L", BAs = Don'’t care, A10 = "H", A0O-A9 and A11 = Don't
care)

The PrechargeAll command precharges all banks simultaneously and can be issued even
if all banks are not in the active state. All banks are then switched to the idle state.

5.1.4 Read command

(RAS# ="H", CAS# = "L", WE# = "H", BAs = Bank, A10 = "L", A0O-A8 = Column Address)

The Read command is used to read a burst of data on consecutive clock cycles from an
active row in an active bank. The bank must be active for at least trco (min.) before the Read
command is issued. During read bursts, the valid data-out element from the starting column
address will be available following the CAS latency after the issue of the Read command.
Each subsequent data-out element will be valid by the next positive clock edge (refer to the
following figure). The DQs go into high-impedance at the end of the burst unless other
command is initiated. The burst length, burst sequence, and CAS latency are determined by
the mode register, which is already programmed. A full-page burst will continue until
terminated (at the end of the page it will wrap to column 0 and continue).

TO T1 T2 T3 T4 T3 T6 17 T8
CLK L fLf1LflLflLflLfL 1.1

COMMAND —<rtEAJ:uﬁ:—):< :\IDF = IHDP' = INDF >—<INDP }-{Imp Y Hop el HOP Y NOP hm

CAS# Latency=2
teke, DQ

i
\P\_‘Yl | | | |
| |
{ DouT &, X DoUT 4, X DOUT A, X DOUT 2, |

| | | | |

| [ | |

|
: {Mm}(mmm}(mmm){mmn,}

CAS# Latency=3
toks. DO

Burst Read Operation (Burst Length = 4, CAS# Latency = 2, 3)

The read data appears on the DQs subiject to the values on the DQM inputs two clocks earlier
(i.e. DQM latency is two clocks for output buffers). A read burst without the auto precharge
function may be interrupted by a subsequent Read or Write command to the same bank or the
other active bank before the end of the burst length. It may be interrupted by a BankPrecharge/
PrechargeAll command to the same bank too. The interrupt coming from the Read command
can occur on any clock cycle following a previous Read command (refer to the following figure).
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T0 T1 T2 T3 T4 T5 T6 7 T8
LK L1 | L1 L1 | L

COMMAND —{READAHHEADE}—{ HOP H NOP H HOP :}-( H NOP H NOP H NOP Y—

i i i i

: : {mmme&XMH }(mmm}{mn,\ ' :

| | | |

CAS# Latency=3 : : : {Dla,_rr,-:HXDIQUTEﬁXEIIDUTB-XE;]UT m}(nlou-r B_->_=_
| | |

CAS# Latency=2
P
teks, DQ T I I I I |

| |
ter, DO | | | | |
Read Interrupted by a Read (Burst Length = 4, CAS# Latency = 2, 3)

The DQM inputs are used to avoid I/O contention on the DQ pins when the interrupt comes
from a Write command. The DQMs must be asserted (HIGH) at least two clocks prior to the
Write command to suppress data-out on the DQ pins. To guarantee the DQ pins against 1/0
contention, a single cycle with

high-impedance on the DQ pins must occur between the last read data and the Write command
(refer to the following three figures). If the data output of the burst read occurs at the second
clock of the burst write, the DQMs must be asserted (HIGH) at least one clock prior to the Write
command to avoid internal bus contention.

TO Lk T2 T3 T4 TS TG 7 T8 9

CLK N I I T T T E -
| | | A ! I : : : !
- ]
pau I I ' Loty I I I I |
! ! s | |
COMMAND < wop ) oe }-{E;P:,g}-( N{ nor Hm@.(mﬁ)_( o )-{ o }.( Nop )—
| | | | | e
CAS# Latency=2_| ' | | N | | |
atency= | I | I | |
toxe. DO Y l l l l T {:3'"”-4 ){ TNA» :){ Tmn: Xlnm&. )—
' |

Read to Write Interval (Burst Length > 4, CAS# Latency = 2)
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. _-All—rﬂ|T1|]:2|T3|T4|T5|TE|T?|TBI_
o AN
COMMAND —{ HOP H HOP Hmnn}—{ Irmp H NOP Hmrea)—{lmp HI HI )_

[
CAS# Latency=2

fmm?ﬁaxwmem%

|

| |
| |

tewa, DQ l }

Read to Write Interval (Burst Length

|
Must be I’ll -Z before
the Write Command

m Don't Care
2 4, CAS# Latency = 2)

T0 T T2 T3 T4 5 T6 7 T8
CLK _T | | LT LT 7 LT LT T L
| | T I | | |
| | / | e |“ | | |
Dam a| | | | \\ [ | | |
| | | | w | | |
COMMAND -{ NOP NOP }-{ HOP _}—{ NOP HIHRJ'I'EEIH }-{ P —

CAS# Latency=3

tews, DO

>¢%¢<

Read to Write Interval (Burst Length =

Hust be Hl Z hef-::re
the Write Command

B Don't Care
4, CAS# Latency = 3)

A read burst without the auto precharge function may be interrupted by a BankPrecharge/
PrechargeAll command to the same bank. The following figure shows the optimum time that
BankPrecharge/ PrechargeAll command is issued in different CAS latency.
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CLK 1L flLf L fLfLf  fLfLfL

ADDRESS

| trp |

COMMAND  —(me 2y wor W wow W Iuop )_(nlim;)_{:mp 3 ow sy e

| |
| |
CAS# Latency=2 | |
tl.':HZE: DQ : :
CAS# Latency=3 ! !
tows, DO I I

T T
| | | | |

{mmm}(mmn.:}{mmn:){mma.} :
| | | | |
| |
|

| |

| |

| |

T T

| |

/ | | | \ | |
] ]

,\::omnq)(n:cmm}(:n:ommXD:wmr | |

Read to Precharge (CAS# Latency = 2, 3)

5.1.5 Read and AutoPrecharge command

(RAS# ="H", CAS# ="L", WE# = "H", BAs = Bank, A10 = "H", AO-A8 = Column Address)

The Read and AutoPrecharge command automatically performs the precharge operation after
the read operation. Once this command is given, any subsequent command cannot occur
within a time delay {tre (min.) + burst length}. At full-page burst, only the read operation is
performed in this command and the auto precharge function is ignored.

5.1.6 Write command

(RAS# ="H", CAS# ="L", WE# ="L", BAs = Bank, A10 = "L", A0O-A8 = Column Address)

The Write command is used to write a burst of data on consecutive clock cycles from an active
row in an active bank. The bank must be active for at least treo (min.) before the Write
command is issued. During write bursts, the first valid data-in element will be registered
coincident with the Write command.

Subsequent data elements will be registered on each successive positive clock edge (refer to
the following figure). The DQs remain with high-impedance at the end of the burst unless
another command is initiated. The burst length and burst sequence are determined by the
mode register, which is already programmed. A full-page burst will continue until terminated (at
the end of the page it will wrap to column 0 and continue).
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. _}“I,”ITEIT3|Tf‘|T?|TE|T?ITF‘I_
COMMAND -(NDP HWEA}-{ HWH )_(w)_( G
DQ _:_«;mm).{m}_{m,)_{m)_m i i i

Thee first umE slament and the writs
are reglatersd on the same clock sdge

Burst Write Operation (Burst Length = 4)

A write burst without the auto precharge function may be interrupted by a subsequent
Write, BankPrecharge/PrechargeAll, or Read command before the end of the burst length. An
interrupt coming from Write command can occur on any clock cycle following the previous
Write command (refer to the following figure).

TO T T2 T3 T4 T5 T6 T7 T8

CLK | | | | | | l l L

COMMAND —(: No HHRJTE.U.HWH.ITEBH e }-{ NOP H >—<INDP >—<IMOF HINDF }-
| | | | |

DaQ —l—{nmm)—{nmm}—(nma)—{nm E,Hnms_.} ! ! !

Write Interrupted by a Write (Burst Length = 4)

The Read command that interrupts a write burst without auto precharge function should be
issued one cycle after the clock edge in which the last data-in element is registered. In
order to avoid data contention, input data must be removed from the DQs at least one clock
cycle before the first read data appears on the outputs (refer to the following figure). Once
the Read command is registered, the data inputs will be ignored and writes will not be
executed.
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TO T T2 T3 T4 T5 T6 T7 T8
CLK 1L flLfLfLfLflLfLfLfL

COMMAND —< ;I}F' HW%LITEA}—(R;EADBH !mp H!mn H!NDP H!NDF' HTNDP HIMOP )—

CAS# Latency=2
texz, DO

CAS# Latency=3
texs, DQ

least one clock cycle before the Read data
appears on the outputs to avoid data contention

Write Interrupted by a Read (Burst Length = 4, CAS# Latency = 2, 3)

The BankPrecharge/PrechargeAll command that interrupts a write burst without the auto
precharge function should be issued m cycles after the clock edge in which the last data-in
element is registered, where m equals twr/tck rounded up to the next whole number. In addition,
the DQM signals must be used to mask input data, starting with the clock edge following the
last data-in element and ending with the clock edge on which the
BankPrecharge/PrechargeAll command is entered (refer to the following figure).

T0 T T2 T3 T4 T5 T6 T7
CLK rl F I-._I I F I .-I._I I F I

| | [ | [ | |
Dam N/ N

| | } |

—+ ey
| |
| |

ADDRESS

| | i
T e )

| | 1 | |

| I | |

DaQ

Write to Precharge

Note: The DQMs can remain low in this example if the length of the write burst is 1 or 2
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5.1.7 Write and AutoPrecharge command (RAS# = "H", CAS# = "L", WE# = "L", BAs = Bank, A10 = "H", A0-
A8= Column Address)

The Write and AutoPrecharge command performs the precharge operation automatically
after the write operation. Once this command is given, any subsequent command can not
occur within a time delay of {(burst length -1) + tWR + tRP (min.)}. At full-page burst, only the
write operation is performed in this command and the auto precharge function is ignored.

TO ™ T2 T3 T4 T5 T6 7 T8 T9

CLK | | | | | L F L1 L
| | | | | | | | | |

COMMAND  —(Eoeoh{woe 3 noe 3t " woe ) wor (e 3 or )" o )-(TmEN.
| | | | M ] taaL | .
[ [ [ - | *: | : :
D{] 1 1 1 AN Ay DAM &, 1 1 1 1 I
t'_lql.=ltml'tm I I I *IBegin Auti:luPre{:harg-el I

Bank can be reactivated at
completion of taa,

Burst Write with Auto-Precharge (Burst Length = 2)

5.1.8 Mode Register Set command (RAS# = "L", CAS# = "L", WE# = "L", A0-A11 = Register Data)

The mode register stores the data for controlling the various operating modes of SDRAM. The
Mode Register Set command programs the values of CAS latency, Addressing Mode and Burst
Length in the Mode register to make SDRAM useful for a variety of different applications. The
default values of the Mode Register after power-up are undefined; therefore this command
must be issued at the power-up sequence. The state of pins AO~A9 and A11 in the same cycle
is the data written to the mode register. Two clock cycles are required to complete the write in
the mode register (refer to the following figure). The contents of the mode register can be
changed using the same command and the clock cycle requirements during operation as long
as all banks are in the idle state.
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5.1.8.1Mode Register Bitmap

BAD,1 [A11,A10] A9 AR | AT A6 | AR | Ad A3 A2 [ Al [ AD
RFU* | RFU* | WBL | Test Mode CAS Latency BT Burst Length
| [ [
v ¥ — ¥
A9 [Wnte Burst Length| [ A8 [ A7 Test Mode A3 | Burst Type
0 Burst ] 0 Normal 0 Sequential
1 Single Bit 1 0 | Vendor Use Only 1 Interleave
0 1 Vendor Use Only
v A
Ab | A5 Ad CAS Latency A2 A1 AD Burst Length
0 0 0 Reserved 0 0 0 1
0 0 1 Reserved 0 0 1 2
0 1 0 2 clocks 0 1 0 4
0 1 1 3 clocks 0 1 1 8
1 0 0 Reserved 1 1 1 |Full Page (Sequential)
All other Reserved All other Reserved
Note: RFU (Reserved for future use) should stay “0” during MRS cycle.
TO T T2 T3 T4 T5 T6 T7 T8 T3 T10
CLK
CKE
CSs#
RAS#
CAS#
WE#
BAO1
A10
AD-AS, . -
| | | | | | | | : : : :
I I I I I [ I I
DaMm I I I I I [ I I I I I I
k 1 1 1 1 1 I 1 1 I I I T
| I le Itep ! N I I I I I I
DO _"ZJ___I___L__I_.-_L__J___I__J___:___:.__ll___ll_
I I I I I [ I I
F‘chT:itI All T Raglstar T L]

Mode Register Set Cycle
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5.1.8.2 Burst Length Field (A2~A0)

This field specifies the data length of column access using the A2~A0 pins and selects the

Burst Length to be 2, 4, 8, or full page.

Burst Length Field

A2 A1 AO Burst Length
0 0 0 1
0 0 1 2
0 1 0 4
0 1 1 8
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 Full Page

Full Page Length: 512

5.1.8.3 Burst Type Field (A3)
The Burst Type can be one of two modes, Interleave Mode or Sequential Mode.

Burst Type Field

A3 Burst Type
0 Sequential
1 Interleave

5.1.8.4 Burst Definition, Addressing Sequence of Sequential and Interleave Mode

Burst Definition

Start Address
Burst Length Sequential Interleave
A2 A1 A0
X X 0 0,1 0,1
? X X 1 1,0 1,0
X 0 0 0,1,2,3 0,1,2,3
X 0 1 1,2,3,0 1,0,3,2
¢ X 1 0 2,3,0,1 2,3,0,1
X 1 1 3,0,1,2 3,2,1,0
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0 0 0 0,1,2,3,4,5,6,7 0,1,2,3,4,56,7
0 0 1 1,2,3,4,56,7,0 1,0,3,2,54,7,6
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 56,7,0,1,2,3,4 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
n, n+1, n+2, n+3, ...511, 0,
Full page location = 0-511 Not Support
1,2,... n-1,n, ...

5.1.8.5 CAS Latency Field (A6~A4)

This field specifies the number of clock cycles from the assertion of the Read command to the
first read data. The minimum whole value of CAS Latency depends on the frequency of CLK.
The minimum whole value satisfying the following formula must be programmed into this field.
tcac(min) < CAS Latency X tck

CAS Latency Field

A6 A5 A4 CAS Latency
0 0 0 Reserved
0 0 1 Reserved
0 1 0 2 clocks
0 1 1 3 clocks
1 X X Reserved

5.1.8.6 Write Burst Length (A9)

This bit is used to select the write burst mode. When the A9 bit is "0", the burst - Read - Burst -
Write mode is selected. When the A9 bit is "1", the Burst-Read-Single-Write mode is selected.
Write Burst Length

A9 Write Burst Mode
0 Burst-Read-Burst-Write
1 Burst-Read-Single-Write

Note: A10 and BA should stay “L” during mode set cycle.
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5.1.9 No-Operation command

(RAS# ="H", CAS# = "H", WE# = "H")

The No-Operation command is used to perform a NOP to the SDRAM which is selected (CS# is
Low). This prevents unwanted commands from being registered during idle or wait states.

5.1.10 Burst Stop command

(RAS# ="H", CAS# = "H", WE# ="L")

The Burst Stop command is used to terminate either fixed-length or full-page bursts. This
command is only effective in a read/write burst without the auto precharge function. The
terminated read burst ends after a delay equal to the CAS latency (refer to the following figure).
The termination of a write burst is shown in the following figure.

TO 1 T2 T3 T4 T5 T6 T7 T8
CLK L LfLfLf1LflLflLfLfL

COMMAND —<HI1_ADA>—< }—( HOP H I _ Imp )—(::m:rp H:uop —

ITI‘IIB burst ands al'ba»ra-:lma equal to the CASE Lalency

CAS# Latency=2

| | |
| | | |
DO'-'TA._- DOUT &, % DOUT Ay Dou'r,q_
texa, DQ : : | }( }(: )(: I \\H : :
I I ! L1 | |
CAS# Latency=3 Y, .
toxs, DO y : : : \E::Oman:::omn.XD:.:u.rrmxp:wm}L:_:_

Termination of a Burst Read Operation (Burst Length > 4, CAS# Latency = 2, 3)

T0 ™ T2 T3 T4 TS TG 7 T8

CLK _T l l | | | | | ‘II‘ | L
COMMAND  —( woe HH’RJTEAH H NOP mlwm HI :)-(:: NOP )—(:Irmp —
Do —:—(nmm}-(nmm}-{nﬂm)-m ; ; ; ;

Termination of a Burst Write Operation (Burst Length = X)

5.1.11 Device Deselect command (CS# = "H")

The Device Deselect command disables the command decoder so that the RAS#, CAS#, WE#
and address inputs are ignored, regardless of whether the CLK is enabled. This command is
similar to the No operation command.
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5.1.12 AutoRefresh command

(RAS# ="L", CAS# ="L", WE# = "H", CKE = "H", A11 = “Don‘t care, A0-A9 = Don't care)

The AutoRefresh command is used during normal operation of the SDRAM and is analogous to
CAS#-before-RAS# (CBR) Refresh in conventional DRAMs. This command is non-persistent,
so it must be issued each time a refresh is required. The addressing is generated by the
internal refresh controller. This makes the address bits a "don't care" during an AutoRefresh
command. The internal refresh counter increments automatically on every auto refresh cycle to
all of the rows. The refresh operation must be performed 4096 times within 64ms. The time
required to complete the auto refresh operation is specified by trc(min.). To provide the
AutoRefresh command, all banks need to be in the idle state and the device must not be in
power down mode (CKE is high in the previous cycle). This command must be followed by
NOPs until the auto refresh operation is completed. The precharge time requirement, tre(min),
must be met before successive auto refresh operations are performed.

5.1.13 SelfRefresh Entry command

(RAS# ="L", CAS# ="L", WE# = "H", CKE ="L", A0-A9 = Don't care)

The SelfRefresh is another refresh mode available in the SDRAM. It is the preferred refresh
mode for data retention and low power operation. Once the SelfRefresh command is
registered, all the inputs to the SDRAM become "don't care" with the exception of CKE, which
must remain LOW. The refresh addressing and timing is internally generated to reduce power
consumption. The SDRAM may remain in

SelfRefresh mode for an indefinite period. The SelfRefresh mode is exited by restarting the
external clock and then asserting HIGH on CKE (SelfRefresh Exit command).

5.1.14 SelfRefresh Exit command

This command is used to exit from the SelfRefresh mode. Once this command is registered,
NOP or Device Deselect commands must be issued for txsr(min.) because time is required for
the completion of any bank currently being internally refreshed. If auto refresh cycles in bursts
are performed during normal operation, a burst of 4096 auto refresh cycles should be
completed just prior to entering and just after exiting the SelfRefresh mode.

5.1.15 Clock Suspend Mode Entry / PowerDown Mode Entry command (CKE = "L")

When the SDRAM is operating the burst cycle, the internal CLK is suspended (masked) from
the subsequent cycle by issuing this command (asserting CKE "LOW"). The device operation is
held intact while CLK is suspended. On the other hand, when all banks are in the idle state, this
command performs entry into the PowerDown mode. All input and output buffers (except the
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CKE buffer) are turned off in the PowerDown mode. The device may not remain in the Clock
Suspend or PowerDown state longer than the refresh period (64ms) since the command does
not perform any refresh operations.

5.1.16 Clock Suspend Mode Exit / PowerDown Mode Exit command (CKE= "H")

When the internal CLK has been suspended, the operation of the internal CLK is reinitiated
from the subsequent cycle by providing this command (asserting CKE "HIGH", the command
should be NOP or deselect). When the device is in the PowerDown mode, the device exits this
mode and all disabled buffers are turned on to the active state. troe(min.) is required when the
device exits from the PowerDown mode. Any subsequent commands can be issued after one
clock cycle from the end of this command.

5.1.17 Data Write / Output Enable, Data Mask / Output Disable command (DQM = "L", "H")

During a write cycle, the DQM signal functions as a Data Mask and can control every word of
the input data. During a read cycle, the DQM functions as the controller of output buffers. DQM
is also used for device selection, byte selection and bus control in a memory system.

Absolute Maximum Rating.

Symbol ltem Values Unit | Note
VIN, VOUT Input, Output Voltage -1.0~46 \% 1
VDD, VDDQ Power Supply Voltage -1.0~46 Vv 1
C-grade:0 ~70
TA Ambient Temperature °C 1
I-grade: -40 ~ 85
TSTG Storage Temperature -55 ~ 125 °C 1
TSOLDER Soldering Temperature (10 second) 260 °C 1
PD Power Dissipation 1 w 1
I0S Short Circuit Output Current 50 mA 1

5.1.17.1 Recommended D.C. Operating Conditions ( C-grade: Ta = 0~70°C, |-grade: Ta = -40~85°C)

Symbol Parameter Min. Typ. Max. Unit | Note
VDD Power Supply Voltage 3.0 3.3 3.6 V 2
VDDQ |Power Supply Voltage(for I/O Buffer) 3.0 3.3 3.6 \ 2
VIH LVTTL Input High Voltage 2.0 3.0 VDDQ+0.3| V 2
VIL LVTTL Input Low Voltage -0.3 0 0.8 V 2
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Input Leakage Current
I -10 10 uA
( OV=VIN<VDD, All other pins not under test = 0V )
IOL Output Leakage Current Output disable, 0VsVOUT<VDDQ) -10 10 uA
VOH LVTTL Output "H" Level Voltage ( IOUT =-2mA) 24 - Vv
VOL LVTTL Output "L" Level Voltage ( IOUT =2mA ) - 0.4 \Y
Capacitance (VDD = 3.3V, f = 1MHz, Ta = 25°C)
Symbol Parameter Min. Max. Unit
Cl Input Capacitance 4 pF
Cl/O Input/Output Capacitance 6 pF
Note: These parameters are periodically sampled and are not 100% tested.
5.1.17.2 D.C. Characteristics (VDD = 3.3V+ 0.3V, C-grade: TA = 0~70°C, I-grade: TA = -40~85°C)
Description/Test condition Symbol -6 | =7 Unit | Note
Max
Operating Current
IDD1 50 45 3
tRC=tRC(min), Outputs Op=en One bank active
Precharge Standby Current in non-power down mode tCK=15ns, CS#
IDD2N 20 20
=VIH(min), CKE2VIH
Precharge Standby Current in non-power down mode tCK=2°, CLK
IDD2NS 18 18
<VIL(max), CKE=VIH
Precharge Standby Current in power down mode tCK=15ns, CKE IDD2P 2 2
Precharge Standby Current in power down mode tCK=2°, CKE IDD2PS 2 2
. . mA
Active Standby Current in non-power down mode
IDD3N 35 35
tCK=15ns, CKEZVIH(min), CS#=VIH(min) Input signals are changed
Active Standby Current in non-power down mode CKE =VIH(min), CLK
IDD3NS 35 35
<VIL(max), tCK=02
Operating Current (Burst mode) IDD4 62 60 3,4
Refresh Current tRC=tRC(min) IDD5 70 65 3
Self Refresh Current
IDD6 2 2
CKE=<0.2V ; for other inputs VIH=VDD - 0.2, V|L<0.2V
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5.1.17.3 Electrical Characteristics and Recommended A.C. Operating Conditions (VDD = 3.3V+
0.3V, C-grade: TA=0~70°C, I-grade: TA = -40~85°C) (Note: 5, 6, 7, 8)

Symbol A.C. Parameter =9 =l Unit | Note
Min Max. Min Max.
tRC  |Row cycle time (same bank) 60 - 63 -
tRCD |RAS# to CAS# delay (same bank) 18 - 21 -
tRP  |Precharge to refresh/row activate command (same bank) 18 - 21 -
tRRD |Row activate to row activate delay (different banks) 12 - 14 -
tRAS |Row activate to precharge time (same bank) 42 100k 42 100k
tWR  |Write recovery time 12 - 14 -
tCCD |CAS# to CAS# Delay time 6 - 7 -
CL*=2 10 - 10 -
tCK  [Clock cycle time 9
CL*=3 6 - 7 -
tCH Clock high time 2 - 2.5 - ns 10
tCL  |Clock low time 2 - 25 - 10
CL*=2 - 6 - 6
tAC  |Access time from CLK (positive edge) 10
CL*=3 - 5 - 54
tOH |Data output hold time 2.5 - 2.5 - 9
tLZ Data output low impedance 0 - 0 -
tHZ |Data output high impedance - 5 - 54 8
tIS Data/Address/Control Input set-up time 15 - 15 - 10
tIH Data/Address/Control Input hold time 0.8 - 0.8 - 10
tIS+
tPDE |Power Down Exit set-up time - IS+ tCKl -
tCK
tREFI [Refresh Interval Time - 15.6 15.6 us
tIS+ tIS+
tXSR |Exit Self Refresh to any Command - - ns
tRC tRC

* CL is CAS Latency.
Note:
1. Stress greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device.

2. All voltages are referenced to VSS. VIH (Max) = 4.6V for pulse width < 3ns. VIL (Min) = -1.0V for pulse width <3ns.
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3. These parameters depend on the cycle rate and these values are measured by the cycle rate under the minimum
value of tCK and tRC. Input signals are changed one time during every 2 tCK.

4. These parameters depend on the output loading. Specified values are obtained with the output open.

5. Power-up sequence is described in Note 11.

6. A.C. Test Conditions

LVTTL Interface

Reference Level of Output Signals 1.4V /1.4V
Output Load Reference to the Under Output Load (B)
Input Signal Levels 2.4V /0.4V
Transition Time (Rise and Fall) of Input Signals 1ns
Reference Level of Input Signals 1.4V
1.4V
3.3V |
—
[_} = 500
= 1.2k0 70=500
f Qutput = J_E:I
Output © *
utpu l [ Frrd rrrd 30pF
J0pF =
= 8700
]
o
LVTTL D.C. Test Load (A) LVTTL A.C. Test Load (B)

7. Transition times are measured between VIH and VIL. Transition (rise and fall) of input signals are in a fixed slope (1
ns).
8. tHZ defines the time in which the outputs achieve the open circuit condition and are not at reference levels.
9. If clock rising time is longer than 1 ns, (tR / 2 -0.5) ns should be added to the parameter.
10. Assumed input rise and fall time tT (tR & tF) = 1 ns If tR or tF is longer than 1 ns, transient time compensation should be
considered, i.e., [(tr + tf)/2 - 1] ns should be added to the parameter
11. Power up Sequence
Power up must be performed in the following sequence.
1.) Power must be applied to VDD and VDDAQ (simultaneously) when CKE= “L”, DQM= “H” and all input signals are
held "NOP" state.
2.) Start clock and maintain stable condition for minimum 200s, then bring CKE="H” and, it is recommended that

DQM is held "HIGH" (VDD levels) to ensure DQ output is in high impedance.
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3.) All banks must be precharged.
4.) Mode Register Set command must be asserted to initialize the Mode register.
5.) A minimum of 2 Auto-Refresh dummy cycles must be required to stabilize the internal circuitry of the device.

* The Auto Refresh command can be issue before or after Mode Register Set command

5.2 Timing Waveforms
5.21 AC Parameters for Write Timing_(Burst Length=4)

RAS#

CAS#

WE#

BAO,1

A10

AD-A9,
Al

BN Don't Care
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5.2.2 AC Parameters for Read Timing_(Burst Length=2, CAS# Latency=2)

TO T1 T2 T3 T4 15 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16

CLK

Bank & Bank & Bank B Command Bank & Bank &

B Don't Care
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5.2.3 Auto Refresh_(Burst Length=4, CAS# Latency=2)

TO T T2 T3 T4 T5 T6 T7 T& T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

CLK _ﬂmwwww

BAD,1 §
A10

AD-A9
A1

DamM

Comeniand Coommesnd
Eank & Bank A

K& Don't Care
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5.2.4 Power on Sequence and Auto Refresh

T[] T1 T2 T3 T4 T5 76 T7 T8 T9 T1[I T11 T12 T13 T14 T15 T1ET1TT1BT19 T20 T21 T22

i |
L I
CKE §| R Rl B
L 1

[ | (B | | | | | [ | | | | [ | | | | |
[ I R U W O D N N N N (T A N MO N N N 70 A AN M AR B
| I || I I I I I | I I I I | I I | | |
DaM 7l M e L N
o | [ | | | | | [ | | | | [ | | | | |
I-ZI o | || | | | | | IR | | | | || | | | | |
DG — Ly I J__ 1 J_ 1 1 1,1 L1 L 1 L1 L1 _ 1 _L__Il__
[ | | | I | | | | | | I | | | | I | | | | | |
/ £ ot ' R S $o
Command 15t Auttc Refresh™! 2znd Auto Remesn” Ay
Command co d Command
Inpuic muct be Moda Aaglcisr
Etable for 2t Command
e BN Don't Care
Hobe"™- The Auio Refrech command oan be Iccwe before or after Mode Regicter 324 pommand
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5.2.5 Self Refresh Entry & Exit Cycle

TO T1 T2 T3 T4 T5 76 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19

RAS#

CAS#

WE#

| | | | | | | | | | | | | | | | |
oo e

—+ A=+ A= = = — ==t — = =+ — = =+ —|—
| R A T I Lo

m Don’t Care

Note: To Enter SelfRefresh Mode

1.

2
3.
4

o

CS#, RAS# & CAS# with CKE should be low at the same clock cycle.

After 1 clock cycle, all the inputs including the system clock can be don't care except for CKE.

The device remains in SelfRefresh mode as long as CKE stays "low".

Once the device enters SelfRefresh mode, minimum tRAS is required before exit from SelfRefresh.
To Exit SelfRefresh Mode

System clock restart and be stable before returning CKE high.

Enable CKE and CKE should be set high for valid setup time and hold time.
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7. CS# starts from high.
8. Minimum tXSR is required after CKE going high to complete SelfRefresh exit.
9. 4096 cycles of burst AutoRefresh is required before SelfRefresh entry and after SelfRefresh exit if the system

uses burst refresh.

5.2.6
5.2.6.1 Clock Suspension During Burst Read (Using CKE)_(Burst Length=4, CAS# Latency=2)

TO 71 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

'M'K' . :x: fm: :tmr;—_!L_?__;__._—;____

i-Z
-1 _J— 1
ba ! ! ! . —

Aotheaie Fead Clook Suspend  Clook Bucpend Clook Bucpend

Cemmand Command 1 Cyole 2 Cynles 3 Cyales

Bank & Bank A

B Don't Care
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5.2.6.2 Clock Suspension During Burst Read (Using CKE)_(Burst Length=4, CAS# Latency=3)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

|
T 1
CKE§| I
[

/1

|

Cs# |\_:_/
|

R T T O [ [ R (Y SO Y BN B
I e e e e
DQM al 1 1 1 I 1 1 1 1 1 1 I 1 1 1 1 1 1 I 1 1 1 Iﬁ
R T T T T Y N T N A S Y NN Y SO N B B
I N NN N R
e e N A K= K T T
T 1 1
Aatteats Read Clook Bucpend  Clook Sucpend Clook Sucpand
;I‘ﬂ..ﬂ.d Elanln!.  Gyte 2 Eysies # cyoies
B Don't Care
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5.2.7 Clock Suspension During Burst Write (Using CKE)_(Burst Length

T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

T7 T8 T9

TG

T3 T4 Th

T T1 T2

e
L
=

BAOA

A10

B Don't Care

Clool ¥uepsnd

2 Cyoiss
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5.2.8 Power Down Mode and Clock Suspension_(Burst Length=4, CAS# Latency=2)

TO T T2 T3 T4 T5 T6 T/ T8 T9 T10 T11 T12 T13 T14T15 T16 T17 T18 T19 T20 T21 T22

CLK i M Bl e ey s My Wy By Wy M
S T P A =" A N T T T N S SR T EO S S T B F*’“ﬁi
Lo I N R T T B
CKE Lo I T A T (N TN NN R NN R V. B
T T S S N A B ™Y D I N I
Cs# | | | |

CASH

WE#

BAD,1

Al10

AD-A9,
A1

I I I | | | | I | | I I | | | | | | | | | |
| | | | | | |
S N S S
| | | | | | | | | | | | | | | | | | | | | | |
Hi-Z' | | | | | | | I I I I I [ el | | | | | | |
kg Y [ O ) (Y A “_.‘ S O Y I N M
bQ | | | | | | | | @@ @ | | | I I I | |
. + . I + . ; + ; ; + ; : . . SREcHiREE . +
2u‘ﬂva‘h HT STANDEY T HG:m“mar.u :::_: Jucpension E:ﬁ,ﬂ Suspencion :I'Jha.rn: STAMDEY mr;?ﬂ
Bank & Hank & Bank &
Power Down Pumrnﬁun . + 5 Command
Mode Enry Mocs Ex licdts Enbry B8 Don't Care
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5.2.9
5.2.9.1 Random Column Read (Page within same Bank)_(Burst Length=4, CAS# Latency=2)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

| |

CKE ?: !
|

|

cs# i \_:_/
|

| | | | | | | | | | | | | | | | | | |
pam N!0 bbb R S T S S S N N
| | | | | | | | | | | | | | | | | | | | | | |
Hi-ZI | | | | | | 1 | | | | | | | | |
-1 I 1 1 1 _] 1 1 _I_ _L
00 "G i EEXDEEENDENEDED 4~ - 4 X
Auﬂtm R:I;u R:I;u mtu Prvj.harnu MHT-"IB H;tu
Command Command Command  Command ‘Command Command Command
Bank & Bank & Bank & Banik & Bank A& Bank & Bank A
BN Don't Care
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5.2.9.2 Random Column Read (Page within same Bank)_(Burst Length=4, CAS# Latency=3)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

CS#
RASH
CASH N
WE#
BAD,1 N
A0
| |
A0-A9,§ Y
| | | | | | | | | | | | | | | | | | | | | | |
aleTU I NS N A A A A A N A M A O A N O A A O O O O
| | | | | | | | I | | I I | I | | | | | | | |
— 1 41 11— 1 11 R I I I I |
00 MR b b b NN 4 — b 4~ 4 =
AI:I'IIIII RBII‘.I RBTHI NTH‘.I PWII"W MII‘T‘-IIB Hutll
Comnand Command Comnand Command ‘Command Command Command
Eank A Bank A Bank A Baink A& Eank A Bank A Bank A
BN Don't Care
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5.2.10 Random Column Write (Page within same Bank)_(Burst Length

T10 T11 T12 T13 T14T15 T16 T17 T18 T19 T20 T21 T22

T3 T4 T5 76 T7 T8 T9

™ T1 T2

BN Don't Care
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5.2.11
5.2.11.1 Random Row Read (Interleaving Banks)_(Burst Length=8, CAS# Latency=2)

T0 T1_ T2 T3 T4 T5 76 T7 T& T9 TI0OT11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22
ek — L L L

N ZUNAREREN if:f:i REEN

I [ I ey | I I I I I I L I I I I I I I
pam R e ! ! A S S R R
oo i | i | : o | T
- [ I I I I I I I I I
Hi-Z
b = =T o @@@@@@@ @@@@@@@@ =
Anutu H-tu Mtvah n:ut An‘hva‘h Ruaﬂ+
Command Cormimarsd Command Command Command Command
Bank B Bank B Bank A Bank A EBank B Eank B
Frechargs
pammand BN Don't Care
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5.2.11.2 Random Row Read (Interleaving Banks)_(Burst Length=8, CAS# Latency=3)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14T15 T16 T17 T18 T19 T20 T21 T22

| | | | | | | |

| | | | | | | |

Hi I ! ! ! ! ! ! I

CKE o 1 | | | | | | |

| | | | | | | I
| | |

\_:_/

NN N NN

#gthvabs Raad A$¥dﬂ RB$ PI'HTIH.I‘DB .ﬂuﬂrta'h F|.!+al‘.l P'rwfmm
Command Command Commanad Command ‘Command ‘Command Commard  Comemand
Bank B Bank B Bank A Eank A Bank B Eank B Bank B Bank &
N Don't Care
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5.2.12 Random Row Write (Interleaving Banks)_(Burst Length=8)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

CLK ﬂfu—u—u—u—u—u—u—u—m_w;u—u—u—m_m

ey e ey ey Iy By A N ey Ry R B I
N A N N A (N N A AN (NN NN (N NN N e (NN NN NN NN N A B
| || | ] | | | | | | ] I | || | | ] | I | |
CKE Mo o I N N N [ e N ol
o T N T T T T T T T e o T S I Lo
Cs# \_:_/_i_ _i_\_:_/ EEERANY ANV A ANV AR S ANV AR ANV ANV 2
N T \T/ Lo \'lf Pl Lo |
CAS#
WE#
|
BAO,1 8 A A Y\ W S-S
| Lo o
| | | _ | |
A10 \ | 4 (= I & 3 I AN | S
I T T T T T T T L T B e e B R S T
AD-AY _ YAl
A T T N SO (N (N I S W S T T T P A
DaM &HL':!——l—H [ Y R R R u—i""'——n—i'ﬂ—i—nl | :1—:"‘"——;1 !
R | | | | | ' i | i | o i ! | |
A N I N B |
m—+;+@@@@@@@@@@@@@@@@@@@@
MIIT’I. H'It! A&dﬂ 'I'I'I'I?ll PTHTI'I-I.I'DH Alﬂftﬂh wrlﬂ Pmrnrw
Command Command Commeand Commeand Command Command  Command
Banik & Eank A& El-anh H Eank B EBank A Eank A Banik & EBank B
“twr>tws (Min.) BN Don't Care
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5.2.13
5.2.13.1 Read and Write Cycle (Burst Length=4, CAS# Latency=2)

TO T1 T2 T3 T4 T5 T6 T/ T8 T9 T10 T11 T12 T13 T14T15 T16 T17 T18 T19 T20 T21 T22

ek — L L L L P L L L L L L L L
|
CKE y:

|
|
I
|
|
cs# i
|

Apthvats Fead Wi This Writs Dats Fl.uaI Thes Rt Data
Command Command Conmimeansd I Macksd with & Command Ie Macknd with &
Bank A Bank & Bank & Zero Clook Bank A Tweo Clook
Labenoy Laberoy
BN Don't Care
39 Rev. 2.0

Chiplus reserves the right to change product or specification without notice.



o 8Mx16bit Synchronous DRAM (SDRAM)
CHIPLU}
' CS56SD128

5.2.13.2 Read and Write Cycle (Burst Length=4, CAS# Latency=3)

TO T1 T2 T3 T4 T5 T6 T7 T& T9 T10 T11 T12 T13 T14T15 T16 T17 T18 T19 T20 T21 T22

CLK _!_L!_U_LI_U_U_U_U_U_LI_LI_U_U_U_LFLI_LFLI_LIW
| |

CKE &) |
|

|

=T\

\/TT

Au‘b‘ta'hl Read mrh Tli'l'l'rlnl:lla T Tmntumu
Command Command ‘Command Iz Macksd with a Ic Machknd with &
Eank A Bank & Bank & Zere Clook o Twao Clogk
Latenoy = d Labenay
Bark A BN Don't Care
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5.2.14
5.2.14.1 Interleaving Column Read Cycle (Burst Length=4, CAS# Latency=2)

TI]T1T2T3T4T5TETI’TETQ

T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

] | | | | |
| [ | | | | | |
] R ] ] ] ] ] ]
| [ | e I I I I I
izl | I |
DQ ===t @@@@ @@@@@@@@.ﬂ. -
mrbtrh! RLIH A:Ih'ﬂu R:;u H:tu M RHI" NI PrInha.rnu Prtuha.rnu
Command c [ d c co d G qa € d o
Eank A Eank & Bank B Eank B Bank B Bank B Bank & B-lnt B Bank & B.nm: B
BN Don't Care
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5.2.14.2 Interleaved Column Read Cycle (Burst Length=4, CAS# Latency=3)

™ T1 TI T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

|
| Iq_t"‘:I__I_'I | | | | | | | | | | | | | | | | | |
DaM MN\! b b e A
| | | | | | lge | | | | | | | I | I | I : : : :
izl | [ | |
N R OO0 00 D0 D0 0D NS
Aﬂhtﬂh Rut:l 1 Hu+arl R:;u H:tu mtu Pnjw Prru+ha.rnu
Command Commane] co 4 © C d o
Bank & Bank & Bank B Bank B Bank B Bank A H-ﬂ"" g B-lnt A
Astivats
S BN Don't Care
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5.2.15 Interleaved Column Write Cycle (Burst Length=4)
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5.2.16
5.2.16.1 Auto Precharge after Read Burst (Burst Length=4, CAS# Latency=2)

T T1 T2 T3 T4 T T6 T7 T8 T9 T10 T11 T12T1Zl.' T14T15 T16 T17 T18 T19 T20 T21 T22
SrgapipinipipinSnipinSpipipiniydpipipinipipipininl

CKE tigh
ank &

[ 1 [
| | | |
I I I I
| | | |
| | | | BarkB
] ] ] ]
| | | |
| | | |

| | | | | | | | | | - | | | | | |
| | | | | | | | | | W ——H | | | | | |
Dam &I ] ] ] ] ] ] 1 ] ] ] ] ] ] 1 ] ] ] ] ]
| | | | | | | | | | | | | | | |
i =l | | | | | | | I | |
Hi-Z
DA = —— | e a2 ) @@@@@@@ = e e )
A.uﬂtln R:ﬂ A,I;.-ug Ruﬁmlh Hui‘lw‘lﬂt Mtdu Fluad‘tﬂh Antivate
Command Command Commansd Auto Praohangs Aurio praharge Comimand Ao Prechargs Commansd
Bardk & Bank & Bank B Comenand Commardd Bank B Command Bank A
Bank B Bank & Bank B
BN Don't Care
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5.2.16.2 Auto Precharge after Read Burst (Burst Length=4, CAS# Latency=3)

O T T2 T3 T4 15 T6 T7 T8 T9 T10 T11 T12 T13 T14T15 T16 T17 T18 T19 T20 T21 122

cx YU UUUY UYL

| | | | | : : : | : : | | | | | | : | | | | |
S R
A T T O T O B - S - I R N B
Cs# | | | | i N | | | | | | |
NN T T TN\ N

A0 : : :
I I I I I I I I I I I I I I I I I I I I I I
AD-A9,» 1
Ag-he EX NN @
I I I | I I I I I I 1 [P T I I | I I I I I
DaM M\ L b e e
I I I I I I I I I I I I [ I I I I I I I I I
yi-z! | | | I I (f I I I I I I I
I e O 0D 0 O 00 O O O C CD C COMEE B C CD G
Anutlu m.t H;rumh H:tu it Mt.,m mju;mm
Command Commeaned Awuto Precharge Ao Prechange Commaand #ute Precharge
Bank & Baanik & Cormmaned Command Banik B Comimeand
Antivate Bank B Bank & [Eank B
s BN Don't Care
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5.2.17 Auto Precharge after Write Burst (Burst Length=4)

TO T T2 T3 T4 T5 T6 T7 T& T9 T10 T11 T12 T13 T14T15 T16 T17 T18 T19 T20 T21 T22

o YUY LU UL L

[ 1 [ [ [ [
— e — T T
CKE |-lwl | | | | | | | | | | | m_f- | | mn harge | | | | | |
O S N U o S M ol N N I I N
cs# m o AN A ANV A A AR R
| | | | | | | \I_/ | 4 | \_l'/ | | \'I_/ | | | |

i

N | |
| |
A10 N . : : @ :
| | | | | | | | | | | | | ) | | | | | | | | |
AD-AD, ) 3 {
et @@\ e 20
| | | | | | | | | | H—I—tﬂh—l——l—ﬂ | | | | | | |
e N S T U T N N SN N SN N N TN S N S N O
| | | | | | | | | | | | | |. | | | | | | | | |
g | | | | | | I | | | | | |
00 MLl L GaEeAeaeEEEAEEAE | — L 6 - -
Mﬂtlu wnt "IIF with wtu with A;yau 'M'Itwlh
Commaned Commesred #usio Prechangs Auio Prechanges Comenand #urto Praahargs
s B pctreate Barks Bark Benk® ke
B BN Don't Care
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5.2.18
5.2.18.1 Full Page Read Cycle (Burst Length=Full Page, CAS# Latency=2)

TO T1 T2 T3 T4 T5 T6 T/ T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

e R h i iyiyigigigiyiyip iyt yigigiys

..

[ I [T T [T I o ey
[ | [ I T T T e T B
DQM &I | 1 | | | 1 | | | | | | | | | | _' | | |
Lo | b Lo | I | [ N T A
izl | | | | | | | |
i T (N TN B 1 . _L.-_I__L_I__
oo ALl L e A ENEENEDED 4 - !
Antivais mi .:,uuTm. 'I'ruburﬂ:TnurlprmpI HIH] P“:rh MIH
Ce d o d  Comeang from the highect order Command Gmwn.:; l:unm:rbd
Bank & [Baink & Bank B page addmncs baok to Zere Bank B Bank B Bank B
during this thme irtsrval +
Full bt oparation d ot !
Eariets wo e e g - st sutsor [N Don't Care
fther buanst i
Eurcting beginning wih the :la.rhrhu adarece
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5.2.18.2 Full Page Read Cycle (Burst Length=Full Page, CAS# Latency=3)
T T T2 T3 T4 15 T6 17 T8 T9 T10 T11 T12 T13 T14T15 T16 T17 T18 T19 T20 T21 T22
ck — L L L L L L L L L L L L

S dlINAEE

I I I I I I I I Il I I I I I I H—I'—"’—I—H I I
Dam &| [ I T N I [ I N N e [ ﬁ
l l l l l l [l l . l l l [l l l l l [ | [l l l
I I I I I I I I [ I I I I I I I [ | I I
izl I I I I I it I I [ I I I
i el o e WY NN NN 4 — 1= & — 1= -
Agthvates m.i AlﬂfTﬂh H.utrl P“-ufm An‘ﬂtﬂh
Commandd Comimeaned Comenand Coenmand Command Command
Banik A Bk A Bank B Bank B Bank B Eank B
The burst sourdesr wraps
from the highsct order
Burst top m Don't Care
darsss baok to
'J:?ﬁ.:m I:Imll'rhn':l.m Gemmand
Full Page burct opsration dosc not
tarminate wheen the burcd lsngih ko cabicfed:
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Eurctng walih e
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8Mx16bit Synchronous DRAM (SDRAM)
C1-I|P }
CS56SD128

5.2.19 Full Page Write Cycle (Burst Length=Full Page)

TO T1 T2 T3 T4 T5 TES T7 T8 T9 T10 T11 T12 713 T14 T15 T16 T17 T18 T19 T20 T21 T22

The buret sountsr wraps T

Burst Efop
from the highoet order Full Fage bt operation doss not Command 3
P28 AICIAGE DK 00 I8N0 gyt e the burst length o cabiched; m Don’t Care
during thic Heme irtsrval the burzd bar Inar and oot
Burctng baginning with the ciaring sddrece
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o 8Mx16bit Synchronous DRAM (SDRAM)
CHIPLU}
' CS56SD128

5.2.20 Byte Read and Write Operation (Burst Length=4, CAS# Latency=2)

TO T4 T2 T3 T4 T& T6 T7 T8 T9 T10 T41 712 T13 T44 715 T16 T47 T418 T19 T20 T21 T22
e ainipipinipipinininipipipininipinipipininininh

CKE High

cs# \_:_/

RASEZ

(<t

CASsE

WE=

BA0

A10

AD-A3,
A1

LDQM

uDam

Da0-DaT

m Don't Care
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8Mx16bit Synchronous DRAM (SDRAM)
C1-I|P }
CS56SD128

5.2.21 Random Row Read (Interleaving Banks)_(Burst Length=4, CAS# Latency=2)

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22
CLK _|‘|_|—|_|—|_|—|_!‘|_|‘|_|—|_|—|_rJI—|_!—|_|‘|_|‘ SyyyuyyyuyL

| |

| |

[ Bagin Auto
|

|

|
Highl I Begin Auty Begin Auto
CKE | Precharge
| Bank B ani & Bank B Bank &
1
|

[ o ket I ey [
| | | | | | | | [ | | | | | | | | [ | | |
Dam & ] ] ] ] 1 ] ] ] ] _' ] ] 1 ] ] ] ] ] ] [ ] ] ]
| | | | 1 1 1 I 1 1 I I , I | 1 | 1 I I I I I
| | | | | | |
pa -+ ———-+ @@@@@@@@@@@@@@@ -
Antivats .!Imun Fl:;d kL“, sotivats R»td th:-
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Fresnanae et BN Don't Care
Frachargs
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8Mx16bit Synchronous DRAM (SDRAM)
C1-I|P }
CS56SD128

5.2.22 Full Page Random Column Read (Burst Length=Full Page, CAS# Latency=2)

T T1 T! T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

SpSpipipipipipipinipipipipiyipipinipl

N R

| [ | | | | | | ey | |
pam |\ _-: I N A :_._-: BRIy
| | | | | | | I | | | | | |
wigl M= N
00 M I ] XXX XXX + - - -
Auhtm mtw T Ru\uuf T F!J;u F|u+a|:l R:tn Pernr .MTN:‘I:
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Bank A Bank B Aok Bank B ashs Eank B Bank & Bank B [Frechangs Temination] Bank B
carn e BN Don't Care
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8Mx16bit Synchronous DRAM (SDRAM)
C1-I|P }
CS56SD128

5.2.23 Full Page Random Column Write (Burst Length=Full Page)

™ T T2 T3 T4 T5 T8 T7f T8 T9 T10 T11 T12 T13 T14 T15 T16 T1T T18 T1‘EI T20 T21 T22

R 'uﬁ.'mt,"mt."'[mt.,."m;m'

Commeand Commimaned Commeand Command Command Command Command Eank B Commeand
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L]
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Bark & Bank A | aemackes Y Don't Care
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8Mx16bit Synchronous DRAM (SDRAM)
C1-I|P }
CS56SD128

5.2.24 Precharge Termination of a Burst_(Burst Length=4, 8 or Full Page, CAS# Latency=3)
TO T T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14T15 T16 T17 T18 T19 T20 T21 T2
CLK _!_I_I_I_I_I_I_I_I_I_"I_I_I_FJI_I_I_I_I_I_I_I_I_I_I_I_D_I_I_F g_:.JI_I_|_I_|_I_|_I_r|_|_I_

Agtheais wirths Prechargs Aotivabs Read Fraohargs Apthvats Praohargs Terminabon
Command Commeand Commsand Comenand Comenand Comemand Comenand of a Asad Bursd
Bank B Eank & Bank & Elank & Etank & Elank & Bank &
Tesmilnaton
of a Write Burct
‘Wirtte Data are macked m Don't Care

6. Order Information

08568D128¥ X-X
!

M:S4LTSOP 2-400mil
9: 54 Ball TFBGA-8x8mm

1

. Speed
Temperature: !
C' 0~T70°C E: 166 MHZ
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’ 8Mx16bit Synchronous DRAM (SDRAM)
CHlPLUg
CS56SD128

7. Package Outline Dimensions:

- 54L TSOP2-400mil
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= 8Mx16bit Synchronous DRAM (SDRAM)
C'HI'PLU}
CS56SD128

-54 Ball TFBGA-8x8x1.2mm

A1 INDEY - B
g | N
e |'- e p
_ ]l aa
.,. 1
1
TOP View Bottom View
[ ]
| L]
A L]
A 1
. - v \ L]
Side View i
Tl
Symbol Dimension in inch Dimension in mm
L Min Mom Max Min Mom Max
A - - 0.047 - - 1.20
Al 0.010 0012 0014 0.25 0.30 0.35
AZ -- 0.033 -- -- 0.85 --
n] 0311 0315 0.318 7.80 8.00 810
E 0.311 0315 0.319 7.90 B.00 .10
[5}] -- 0252 - -- 6.40 -
E1 -- 0252 -- -- B.40
B -- 0.031 - -- 0.80 -
b 0016 0018 0.020 0.40 0.45 0.50
F -- 0.126 -- -- 3.20 -
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