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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
«  Fastclock rate: 166/143 MHz - CASlatency:2,0r3
- Burst Length: 1, 2, 4, 8, or full page

o Fully synchronous operation )
- Burst Type: Sequential or Interleaved

. Internal pipelined architecture - Burst stop function

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

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

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

. Interface: LVTTL

o Packages: 54-pin TSOP2-400mil
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e  KEYTIMING 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 s
tRC Row Cycle time(min.) 60 63
3. Pin Configurations
54 pin TSOP2-400mil
voo 10 54 [ vss
poo ] 2 53 1 pais
voDo [ 3 52 [Jvssa
Da1 14 1 [ 1Dai4
D@25 50 1 Da13
Vssa [ 6 43 [] vDDGQ
pE3[_]7 48 [ Dai2
poal—s8 47 1 pa11
vooa [ ]38 46 [ ]vssaq
pas[C—_]10 45 1 DQ10
pas 11 44 1 DQ9
vssg [ 42 43 ] vDDGQ
par[]12 42 [ oas
voD [ 14 41 [ vss
Loam[—]15 40 1 NCIRFU
WE#[_]18 39 [Jupam
CASE[ |17 38 [ CLK
RASE[ |18 37 [_] CKE
csg[_|19 36 [ NC
Bao 20 35 [ a1t
BAI 21 4[] A9
AlWAP ] 22 33 [ A8
AD]23 32 ] AT
A1 ] 24 3 []As
Az[ a5 [ ]1As
A3z 29 [ a4
vDD[]27 28 [] vss
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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 long
CKE Input  [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 Down and Self Refresh

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

BA1 BAO Select Bank

BAO,BA1 Input 0 BANK #A

0 BANK #C

0
0 1 BANK #B
1
1

1 BANK #D

Address Inputs: AO-All are sampled during the Bank Activate command (row address A0-A11)
and Read/Write command (column address AO-A8 with A10 defining Auto Precharge) to select]
AO0-All Input  |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 decoder.
CS# Input  |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 "HIGH" and

CASH nput 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# and

WE# Input  |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 mode.
Input/ |Data I/0: The DQO-15 input and output data are synchronized with the positive edges of CLK. The
PQO-DRLS Output [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 - —
$3|  cew ammav
CHE = B (BANK #8)
Lolumn Decoder
CS#
RAS# — | — bao
CAS# DECODER CONTROL ’
SIGNAL
WE:# GENERATOR t DQ15
LOGM, UDQM
COLUMN -
A0/ AP — COUNTER . M x 16
2 3 C %A-HTGR:&T
MODE Column Decoder
REGISTER —
AD
i ADDRESS
A9 BUFFER
AN
pAo 3 IMx 16
BA1 Z 2 CELL ARRAY
REFRESH = 5 {BANK #C)
COUNTER Column Decoder

2Mx 16

(BANK #D)

38|  cELLARRaY
o

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.

5 Rev. 1.0

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



CHiPLUS

8Mx16bit Synchronous DRAM (SDRAM)
CS56SD128

Truth Table (Note 1, 2)

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

BankActivate 1dle(3) H X X V | Row address L L H H
BankPrecharge Any H X \% L X L L H L
PrechargeAll Any H X X X H X L L H L
Write Active(3) H X % V | L [Column| L H L L
Write and AutoPrecharge Active(3) H X % V | H |address| L H L L
Read Active(3) H X % v | L |Ccolumn| L H L H
Read and Autoprecharge Active(3) H X \% \% 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 Y, Y, Y,
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 X X X X X
Data Mask/Output Disable Active X H 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.

6
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5.1 Commands

5.1.1 Bank Activate

(RAS# ="L", CAS# = "H", WE# = "H", BAs = Bank, A0-Al1l = Row Address)

The BankActivate command activates the idle bank designated by the BAO, 1 signals. By
latching the row address on AO to A1l 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.

T0 T T2 T3 Tn+3 Tn+d , Tn+5 Tn+6
CLK - 1 i t
_t_l_t_ _T_I | | fu_l_
| | |
ADDRESS AN (o) —ANNN y
| RAS# {CAS# delay|tacn) | RAS# - RASH delay fimetue) |
)

COMMAND  —( E Y o I top Wiy eereecr B Y op I or I ) —
| | | | RAS# - Cycle time(tuc) | | | |

Fi b
m T T T 1

e

Mt”g;ﬁ“ #* 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 A1l = 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.
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5.1.3 PrechargeAll command

(RAS# ="L", CAS# ="H", WE# = "L", BAs = Don’t care, A10 = "H", AO-A9 and A1l = 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", A0-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 treo (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).

T0 T T2 T3 T4 T5 TG 7 T8
CLK L f LfLfLfLfLfLfl L

COMMAND —<READ§_):< :\IDF‘ }-{ IMOP' }—( INDF Hlmop }-{Iuop }—{ NOP }—( NOP H NOP }_

CAS# Latency=2
tews, DO

N, !
| | | |

ey e ) |

|
: {mm}(mmm}{mmﬁ,){mmn,}

[ [ [
| | |
| | |
[ [ [ [
[ [ | |
| | [ |

CAS# Latency=3__| [ | |

tews, DQ I I ! !

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

The read data appears on the DQs subject 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 T T2 T3 T4 TS T6 7 Ta
CLK L1 | L 1 L 1 | L

COMMAND —(READAHHEADH)—{ Im:ur- ;‘)—( NOP )—(: NOB )—( >—< NOB >—{ HOP >—< NOP >—

CAS# Latency=2

tewe, DO

CAS# Latency=2
texa. DQ

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

i i E:OW%}(MB:XMEXDDUTm}{ME, I i
i i i {MmemﬂuXmmaXmmmemso_:_

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 1/0O
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 T1 T2 T3 T4 T5 T6 T7 T8 T9
CLK G B B B B B B R L1

| | ~ | | | | | |
DaM | I N o e m— | | I
| | | | |

I I
w.

COMMAND —( )—( NOP HE;E:“"H >—< NOR Hﬂmﬁ)—(mﬂ)—( NOP )—( NOP >—< NOP )—

* | |

B
! \I { ::le }( :ImA :){ Tm.u.: Xlnm.uu _}-

|
|
CAS# Latency=2 |
|
[

|
I
|
teke, DQ :

Read to Write Interval (Burst Length 2 4, CAS# Latency = 2)
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T0 T T2 T3 T4 5 T6 7 T8
CLK L f Lf Lf LfLfLfLf1 L

DOM M_I_/ | :h“ N\ I I i i

I I I “= I I

COMMAND -{ NOP }—{: HOP HREADA}—{ NOP H HOP }—(mTEE}—{ noe H }—( )—

CAS# Latency=2 I
teka, DQ I

fwm?ﬁamexMa%

Must be I-I| -Z hefarIe-
S Don’t Care

the Write Command
Read to Write Interval (Burst Length 2 4, CAS# Latency = 2)

Lk B I I T o T B B . I
| | | T I | | |
| | | ./ | P | | | |
DQM | | | | | \I\‘K I I | |
| | | | | | |
COMMAMND -{ HOP HHE.U.DAH NOP _}-{ HOP :)—( H NOE —{WRITES HOP

@—Q DIMB, ¥ DINE ){ DM B, )—

Hust be H| z hefnre
the Write Command

| |
CAS# Latency=3 I I
teks, DO I I

B Don't Care

Read to Write Interval (Burst Length = 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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TO T T2 T3 T4 T5 TG 17 T8

CLK

ADDRESS

| | J N
COMMAND  —(meao ) oe Y op W 1w IlGrmmrmiy{ mor 9{ iow Y sctasy{ e I
| |

CAS# Latency=2

| | | 1 |
| | | | |
I I "FEI:ILIT.I'-'q XDGUTA-XDOUT.& :><IZ:NZ:ILI'T.'-'l.-""L I I
| | A ] |
texz, DQ [ [ [ [ [ [ I [
CAS# Latency=3 ! ! ! / I . . \ ! !
texs, DQ e | b——(oour & ) pour ) oo & X our ) |

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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T0 T T2 T3 T4 T5 TG in T8
CLK I I r I r I E I k- I k- I r I r I k- I_

COMMAND —< NoP HWTEAH >-< NP )—( >-< HOP >—<I )—(I HOR >—<I DR >—
Do —,—(nmm}-{nmm}—{mm)—(nma)—m ; ; ;

The rrmuatg glament and the writs
are regletersd 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 T1 T2 T3 T4 T5 TG 7 T8

CLK l | l l l l | | L
|
COMMAND —(: WoP HWRJTEAHWEB}—(: o }-{ NOE }-{ HINDP Hlmp HINDF >_
| | | | |
(] W} —l—(nm%}—{mum}—{nwa.)—{mE,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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T0 T1 T2 T3 T4 Th TG T7 T8
CLK 4 l LT | | l LT LT | L
| | | | | | | | |
COMMAND —< HOP HWR.ITE.!L)—(READBH MOP H HOP }—{ HoP )—( HOP }-( HoP :)-( MOP :)—
I I I i | i I i |
CAS# Latency=2 r— ' ' ' ' |
DO g oure, X poure X poura. X oout & )———

CAS# Latency=3
tews, DQ

=
Input data must be removed from the DG at
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).

LK L L L f Lf L Lf Lf ]

COMMAND < o e ) )

ADDRESS

DQ

Write to Precharge

Note: The DQMs can remain low in this example if the length of the write burstis 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.

T0 T T2 T3 T4 TS5 T6 T7 T8 9

CLK | | | | | L F Lf 1L L
| | | | | | | | | |

COMMAND  —(T5c\("wop W woe Wz y"woe W iop W wop' 3" wop ) op (T
I I I I " | taw I 1 N
DQ ! ! D CD = ! ! —
T-'.qu=Itm“m I I I *IBEﬂin ﬁ.uti:lll:"l'e{:halglel I

Bank can be reactivated at
completion of toa,

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

5.1.8 Mode Register Set command (RAS# ="L", CAS# ="L", WE# ="L", A0-Al11l = 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 All 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

BAOD,1 |AT1.A10[ A9 AR | AT A6 [ AR | A4 A3 A2 | A1 | AD
RFU* | RFU* | WBL | Test Mode CAS Latency BT Burst Length
| 1
¥ ¥ L | v
A9 |Wnte Burst Length| | A8 | A7 Test Mode A3 | Burst Type
0 Burst 0 0 Normal 0 Sequential
1 Single Bit 1 0 | Vendor Use Only 1 Interleave
0 1 Vendor Use Only
v | —
Ab | A5 Ad CAS Latency A2 Al Al 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 Heserved All other Reserved

Note: RFU (Reserved for future use) should stay “0” during MRS cycle.

CLK
CKE

CSs#

RAS#

CAS#

WE#

BAOA

A10

o

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 Al A0 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
Interleave

5.1.8.4 Burst Definition, Addressing Sequence of Sequential and Interleave Mode
Burst Definition

Start Address
Burst Length Sequential Interleave
A2 Al A0
X X 0 0,1 0,1
2
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
4
X 1 0 2,3,0,1 2,3,0,1
X 1 1 3,0,1,2 3,2,1,0
16 Rev. 1.0
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0 0 0 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7
0 0 1 1,2,3,45/6,7,0 1,0,3,2,5/4,7,6
0 1 0 2,3,4,56,7,0,1 2,3,0,1,6,7,4,5
.0 1 1 3,4,56,7,0,1,2 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 54,7,6,1,0,3,2
1 1 0 6,7,0,1,2,3,4,5 6,7,4,52,3,0,1
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,... n1,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 T1 T2 T3 T4 T5 TG 7 T8
CLK L Lf1LfLflLfLfLfLfL

COMMAND —<READA>—< IN }—{ INDF H m}. | HOP H HOP H )—

CAS# Latency=2

|The u-urstmamr a-:la-la equal hntha CAZE La.tamy

DCH.FF&XDDUTAXDDUTA XDOLI'I’A_ -\\

| |

| |
texe DQ | : | . N |

| | | . |
CAS# Latency=3__ ! | ! _ >.u_|_
e DO I I I ,\l::;cmh}{l::;omn Xn;wrmXD;wrk | !

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

TO ™ T2 T3 T4 TS T6 7 T8

CLK _T_I ] ] F| i i 1|‘_| i -
COMMAND = mee _}—(mTEAH :)—{ NOP >—<MF>—<INDF HI }—(:I NOP }-{Imop —
Do —:—(nmm)—(nmm}—{mm)—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.

18 Rev. 1.0

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



= 8Mx16bit Synchronous DRAM (SDRAM)
C'I-Il'PLU}

CS56SD128

5.1.12 AutoRefresh command

(RAS# ="L", CAS# ="L", WE# = "H", CKE ="H", A11 = “Don't care, AO-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, trr(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 Item Values Unit | Note
VIN, VOUT Input, Output Voltage -1.0~46 \% 1
VDD, VDDQ Power Supply Voltage -1.0~4.6 \% 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, I-grade: Ta = -40~85°C)

Symbol Parameter Min. Typ. Max. Unit | Note
VDD Power Supply Voltage 3.0 3.3 3.6 \% 2
VDDQ [Power Supply Voltage(for /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 UuA
( OV<VINZVDD, All other pins not under test =0V )
IoL Output Leakage Current Output disable, 0V<VOUT<VDDQ) -10 10 uA
VOH LVTTL Output "H" Level Voltage (IOUT =-2mA) 24 -
VOL LVTTL Output "L" Level Voltage (IOUT = 2mA) - 0.4
Capacitance (VDD = 3.3V, f = 1MHz, Ta= 25°C)
Symbol Parameter Min. Max. Unit
Cl Input Capacitance 2 4 pF
Cl/o Input/Output Capacitance 4 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), CKEZVIH
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=9°, CKE <VIL(max)| IDD2PS 2 2
A
Active Standby Current in non-power down mode m
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=°
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 = Unit | Note
Min Max. Min Max.
tRC  |Row cycle time (same bank) 60 - 63 -
tRCD |RASH# 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 - 25 - 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 - 5.4 8
tIS Data/Address/Control Input set-up time 15 - 15 - 10
tIH Data/Address/Control Input hold time 0.8 - 0.8 - 10
tPDE |Power Down Exit set-up time tIS+ tCK] - tIS+ tCK| -
tREFI [Refresh Interval Time - 15.6 15.6 us
tXSR [Exit Self Refresh to any Command tIS+ tRC| - S+ tRC - ns

* 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

10.

11.

1.4V

3.3V
=
1.2k I

500
Z0=500

Cutput = 1—9:)]
o e 30pF

'\J'III ."lll'n"— '\-"lll'll'h'\-

Output © +
l 30pF
i = 8700
o
LVTTL D.C. Test Load (A) LVTTLA.C. Test Load (B)

Transition times are measured between VIH and VIL. Transition (rise and fall) of input signals are in a fixed slope (1 ns).
tHZ defines the time in which the outputs achieve the open circuit condition and are not at reference levels.
If clock rising time is longer than 1 ns, (tR / 2 -0.5) ns should be added to the parameter.
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
Power up Sequence
Power up must be performed in the following sequence.
1.) Power must be applied to VDD and VDDQ (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.

3.) All banks must be precharged.
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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)

TO ™M 12 T3 T4 75 T6 T7 T8 T9 T10 T11T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

RSN 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

o U UL UL

‘_

RAS#

CAS#

WE#

BAD,1

A10

AD-AD,
A1

Dom

Do

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 T T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22
ak — L 4L ,

o
CKE ?I | |

| | |

cs# \_:_/

Command Command Command m"" ::“k":'“’
B Don't Care
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5.2.4 Power on Sequence and Auto Refresh

TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22
CLK —||_z'-—||—||—|_.i-—||—||—||—||—||—||—|"—||—||—!|—||—||—|!f-—|||—||—||—||4|—||—

I I I
I . I I I [
AT |l T
CKE ?l lumr:wml
I I

I
L o
o N N /T
Minimum for 2 Refrech Cyodesc are requirsd |
L I
] ] g }
Lo [
I [

cs# _E_T\_;frw

BAO1 N
A10
AD-AZ, 5
I
Dam
i-Z
L
' ' +
rhos ] 2na o " A mane
Inputc must be Mods Fsgicer Command Command
Etahis for 224 Command
o BN Don't Care
Hobe"™- The Awio Refrech command oan be lsswe before or afber Mode Reglster 324 command
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5.2.5 Self Refresh Entry & Exit Cycle

O T1 T2 T3 T4 T5 16 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19

CLK

CKE

CS#

RAS#

CAS#

WE#

| | | | | | | | | | | | | | | | |
L I R e e

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

m Don’t Care

Note: To Enter SelfRefresh Mode

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

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

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

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

5. System clock restart and be stable before returning CKE high.

6. Enable CKE and CKE should be set high for valid setup time and hold time.

7. CS# starts from high.
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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)

™ 11 T2

T3 T4 T5 T6 T7 T8 TO

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

/

i-Z - : _m"ji_‘
-1 _J— 1 4 1 - 11— _
ba ! ! ! : -m: >{: m : x: : m: uni S S S !
t 1 T T T

Aatieate Fead Clook Tucpend  Clook Buscpend Clook Eucpend

Coemimand Comeniand 1 Cyole 3 Cyules 3 Cynlsc

Bank & Bank &

BN 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 T T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 715 T16 T17 T18 T19 T20 T21 T22
CLK

| |
CKE ?: !
| |
} |

R

BN 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

Ta

7 T8

Ta

T T1 T2 T3 T4 Th

. T . .

Choenl Bucpend

2 Cynlsc

B Don't Care
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5.2.8 Power Down Mode and Clock Suspension_(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 I A A I T R e T e
I T = = T N T T R R A T SO S B S B J/‘:ai
Lo [ [ N
CKE Lo [ N PN 11 A
[ T T O O A T T R P R T A
Cs# | : | ' | |

|

Boorthyarte STANDEY Rmad F'BJ"W ETAMDEY Fowar Diown
o a Command :ll.:.qt Sucpancion E:.ID;I. Sucpenclon o d Modo Exit
Eank A Bank & Bank A i

B Dorem Power Down

Mode Entry Moge Exit Pouwsr Dawn R Don't Care

Mods Enfry
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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

CLK

| |

CKE ?: !
|

|

CS# i \_:_/
|

| |
| | | | | | | | | | | | | | | | | | | | | | |
pam NV f LoV bbb b e
| | | | | | | | | | | | | | | | | | | | | | |
Hi-ZI | | | | | | | | | | | | | | | |
-1 _J— 4 _1— 1 ] 1 1 __1_ _1
00 % | D EEDENENDENEDNED - ~ 1+~ X
A.u'htah R:I;u RuTad mtu Prvjhm'nu MIIT-'-IIB Hj;u
Commnand Command Command Command o d co d Command
Bank & Bank & Bank & Eank & Bank & Bank & Bank &
B 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

I . -.
| | | | | | | | | | | | | | | | | | | | | | |
pam NV f bbb bbby ey
| | | | | | | | | | | | | | | | | | | | | | |
Hi-ZI | | | | | | | 1 | | | | | | | | |
-1 |4 11 ] 1 N F I I I S
00 M3 b i - EEEEEEENEDEED + — -+~ 4 -
.d.u'htaln R:I;u n:ra-u mtu Prvjharnﬂ mu‘l:m H;tu
Command Command Command  Command ‘Command commared commard
Eank & Bank & Bank & Eank & Eank A Bank & Bank &
BN Don't Care
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5.2.10 Random Column Write (Page within same Bank)_(Burst Length

T3 T4 T5 T6 T7 T8 T9 TI10 T11 T12 T13 T14T15 T16 T17 T18 T19 T20 T21 T22

T T1 T2

EEN 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)

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

[ A A I B
[ L I

[ I T [ [ [ [ [
CKE ™o [ [ Y A A
| IR [ N I

o TN TN T T

I I I laey | I I I I I I L 1 I I I I I I
pam e W ! I A S S T R R
oo o ' | i | i ! | R
| I I I I I I I I I I

Hi-Z,

S @@@@@@@ @@@@@@@@ =
Anu+.r.uu Hi‘tﬂ Mtva‘h: mi Boprthvarts F!uad+
Commarnd Cornimared Commesnd Commesnd Command Command
Bank B Bank B Eank A Eank A Bank B Bank B

Prechargs
o BN Don't Care
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5.2.11.2 Random Row Read (Interleaving Banks)_(Burst Length=8, CAS# Latency=3)

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

clk — LI Oy B

\_:_/

TN TN T

BN Don't Care
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5.2.12 Random Row Write (Interleaving Banks)_(Burst Length=8)

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

e SN

'ETMTﬁ{EMt

Cs#

=X

AD-AD R/
oow Ak L e e by ey
} —— ] 1 1 1 1 ] ] ! ] ] 1 ! | ] | | | |
: : : : : I I I I I I L I I . I I I L :
Hi -Z
o 'k+@@@@@@@@@@@.@@@@@@@@
Mﬂtﬂ wnlu $$dn 'm-tt Prp?ha.rnu Auhtrln wrlu Prnmm
Command Command o d o d Command  Command
Bani & Bank & Bank B Eank B Eank & Bank & Bank & Bank B
“twr>tws (Min.) AN 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 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

Bt ats Fead Wris Tl't'lﬁ'h Deats H.HHI Thes R Dt
Command Command Command & Macksd with 5 Commansd I Machnd with &
Eank & Bank & Bank & Zero Clook Banik & Twa Clock
Labsnoy Labersy
NN Don't Care
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CHi

5.2.13.2 Read and Write Cycle (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
cLk — U

|
CKE ¥ |
|
|

Y
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5.2.14
5.2.14.1 Interleaving Column Read Cycle (Burst Length=4, CAS# Latency=2)

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

ak — LY

NG AN AN NN NN NG

| |
1 ]
- | | [ R R
Hi-z! I | |
pa -k — il ] R X K X ) (e e e X o o X e X s o Yot (o= (2 ) -
Auhtrh! R:;u Activate Read Hu+a|‘l mtu an MI-T; PrInharnu Prtnha-l'nﬂ
Command Command  Command Command  Command  Command Sommand g d o 4 © d
Bank & Bank & Eank & Bank B Bank B Eank B Bank & Eank B Eank & Eank B
BN Don't Care
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5.2.14.2 Interleaved Column Read Cycle (Burst Length=4, CAS# Latency=3)

T T T2 T3 T4 15 T6 T7 T8 T9 T10 T11 T12 T13 T14T15 T16 T17 T18 T19 T20 T21 T22

ak — 4L {U

| lq_f'ﬂl__l_ﬂ | | | | | | | | | | | | | | | | | |
DaM RMND L b b e ey L8
| | | | | | lg. | | | | | | | : | : | : : : : :
izl | I | |
et T O ) (D 0 ) @ @ e ) ) ORI
Auh‘tah F!ntu T F|.u+a|:l RIIH H:tu niu PNTW Pm‘lrhm
Command Commani| Co d G c d G g G o d
Eank A Eank & Bank B Eank B Bank B Bank & Eank B Bank A
Aotivais
i BN Don't Care
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5.2.15 Interleaved Column Write Cycle (Burst Length=4)

T T™ T2 T3 T4 15 T6 17 T8 T9 T10 T11 T12 T13 T14T15 T16 T17 T18 T19 T20 T21 T22

UL L

axk — L4
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5.2.16

5.2.16.1 Auto Precharge after Read Burst (Burst Length=4, CAS# Latency=2)

CLK

| | |

T0O T T2 T3 T4 15 T6 T7 T8 T9 T10 T11 T12 T13 T14T15 T16 T17 T18 T19 T20 T21 T22

High
ank &

| g
"
m

| | | | | | | | | | - | | | | | |
| | | | | | | | | | W ——H | | | | | |
Dam &I ] ] 1 ] ] ] ] 1 1 ] 11— ] ] ] ] 1 ] ]
| | | | | | | | | | | [ | | | | | | |
i =l | | | | | i | | | | |
Hi-Z L
1 141 01— 1 —1 | ——
baQ il G0 GO CO CO SR €0 CD. 60 €0.C0.C0.CO COSER €D C0.C0.
A.uﬂ‘tln Rgtu A.;rh'.llu Rutm Fl.u;tlwﬂh MT“HB H.uadtﬂh Anttvaie
Command Command Commansd Auto Preohangs Auto progharge Command fuio Prechargs  Command
Bank & Eank & Bank B Command Command Bamnk B Command Bank A
Bank B Bank & Bank B
NS Don't Care
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5.2.16.2 Auto Precharge after Read Burst (Burst Length=4, 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
CLK !

%

1 [ [ [ [ [
| | | | | | | | | | | | .1 | | | | | | | | |
] I I I I I I I I I [ Bagin autaT (0 1 [ Begin 2artal I I I I I I
CKE Hml | | | | | | | | | | FPresharge | 5 | | Prechange | | | | | | |
| | | | | | | | | | | BamkB | b | Banka | | | | | | |
| | | } } | } } } —— | - } | } } } } }
| | | | | | | [T | | | | | | |
| | | | | [ | | | | | |

| |

i

§(cex) KeEr N

| | | | | | | | | ] | | | | | | |
| | | | | | | | | | [ | | | | | | | |
DQM & | | | | 1 | | | | | 1 1 | | | | | 1 | |
| | | | | | | | | | [ | | | | | | | |
- 2l | | | | {t | | | | | | |
i-Z
-1 1 1 1 1 1 L 1
Da i el i B G G G, €0 G G0 6060 €0, €0 €0 CO MR €0 €0 €0,
Agtivais MI+I H.IIIII'H‘HTI Asad with .MIT\'III mt'l'ﬂﬂ
[ d [ d Auic Prechangs Auto Prechanges Command Barto Prechargs
Bank & Bank & Command Commarsd Bank B Command
Agtivals Bank B Bank A Eank B
Command
Bank & BN Don't Care
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5.2.17 Auto Precharge after Write Burst (Burst Length=4)

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

CLK | | | | | | I | | |
| | | | | | | | | | | | | L | | | | | | | | |
I I I I I I I I I I I I il I I n Auto| I I I I I
P EREREREEERL =N EEE
CS# \-:_/—5—4—\_:_:_/! AN S S SN S T S B SN O S S S
1 1 1 ! | | I\_:_/I | I\_;_/I i I\_I_/l I\_:_/l | | |
| | | | | | | | | | | | | | |

-
|
_ |
| !
| | | | | | | | | | | | | | | | | |
AD-A9,
A0-9,) D) (= e
| | | | | | | | | | H—I—*ﬂh—l——l—ﬂ | | | | | | |
L N O Y S O
| | 1 | | | | | | | | | | |'_ | | | | | | 1 | |
Hi-z' | 1 | | | I | | | | | |
pa -+ —— @@@@@@@@ o e - -
A.ulttlln vmt [‘ wInm wtnnth A;“u mtwlh
Co d [ d Auto Precharge Awin Prechanges Comenand drto Preaharges
Banik 4 Eank A Command Command Esnk B Comemand
Anthvais Bank B Banik & Bank B
Cornimansd '
Bank 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)

T T1 T2 T3 T4 T5 TG 'IT T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T15_5! T20 T21 T22
g pinipinipipiniginininipinipipipipinipinpipipinl

I

| | | | | | o | | | | | | | | |
| | | | | | [ | | | | | | | | | | | | |
DQM &I | | | 1 | L | | 1 | | | | | | | A 1 | |
| | | | | | [ | | | | | | | | | [ | |
] | { | | I R TR B
-1 J— 1 1 1 +a)] Aol 1L —1— =
00 ME b i b e e D) + -
Agtivais MI+I| .'!.uhTab. Tha bursi LMMWDI RT.H F +|I'DI' M:Hll
;rﬂ..ﬂ. ! ;.-1':.# . Ela k B Dﬂ:mﬂ:ﬂmr bli:-:rm ;-'Il:E ; " e
n
during thic tire Irtsreal Bank B Bank B
Full Fage burst oparation doss neat '
forminatn whon the burst kength ik saticted: st [N Don't Care
tha burct counder Inorements and condinues
EBursiing beginning wih the caring addncs
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5.2.18.2 Full Page Read Cycle (Burst Length=Full Page, CAS# Latency=3)

TO T1 T2 T3 T4 T5 T6 T7 TE.‘__ TO TI0T11 T2 T13 T14T15 T16 T17 T18 T19 T20 T21 T22
g ininininisipipiginipipininipinipinixipipininh

I
I I I I I I I I Il I I I I I I I — I I
Dam &| [ I T N [ T R I B [ N N N [ A
l l l l [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 I I
izl I I I | I i I I [ I I I
e i o N NN — = & — = -
MIIT‘HB m.n+l An'hTau H.lTarl Pr:w An‘ﬂtabﬁ
Co d © d© Commarnd Command Command
Bank & [Banik & EBank B The burs comvisr wrape Bank B Eank B BEank B
from the highes? ordar
Burst Stop m Don't Care
ddress baok to
g:m:m: mmflm Gemmand
Fulll Fage burct opsration doet not
tarminate when the burct lengih o cabiced;
e burct tar Inor and gont
Eurching walth thes
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5.2.19 Full Page Write Cycle (Burst Length=Full Page)

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

+ T + + + +
Astivate Write Activate Write Fracharge Asdtvats
‘Commeand Command Commeand Comenand Cammand Command
Eank & Bank & Bank B Bank B Eank B Eank B

Tha burst sounier wraps B Biop

from the highes! order Full Fage bure operation coss not Commaned m Don't Care

pags addansct back to zeno
e

burcting baginning with the ciariing addrece
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5.2.20 Byte Read and Write Operation (Burst Length=4, CAS# Latency=2)

TO T T2 T3 T4 T8 T6 T7 T84 T9 T10 T11 T12 T13 T14 T156 T16 T17 T18 T19 T20 T21 T22

CLK

CKE i

C5# \_i_/

RASEZ

CASZ

WE=

BAD,1

A0

AD-A9,
Al

LDGM

uDam

Da0-DaT

B Don’t Care
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8Mx16bit Synchronous DRAM (SDRAM)
CHlPia
CS56SD128

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

O T1 T2 T3 T4 T5 T6 T7 Tﬂ T4 T10 T11T12T13 T14 T15 T1ET1?T1BT1Q T20 T21 T22

I I I I 1 I I u_*r-l__o_u et I I el I I
ol N N I I--I RS S I..-I L
I I I I 1 I I | I I | | | I I I I | | | | |
| | | | | | |
Q. -+ ——-+—--+ @@@@ﬁ@@@@@@@@@@ -
- b L o T S L Fe
Command Command Bank & p— Command Eank & Command
Bank B Read  Eank A whth Auto Bark B Bank & witth Aubo Bank B
Bank B Precharge Fead Prechargs
Fresaarge with Auto BN Don't Care
Prachargs
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8Mx16bit Synchronous DRAM (SDRAM)
CHlP/a
CS56SD128

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

TO T1 T2 T3 T4 T5 T6 17 T8 T9 T10 T11 T12 T13 T14 T15 T16 T17 T18 T19 T20 T21 T22

puhhhbkhhhhbbbhhhbbbikhh
NN NN

. I .- I .- .-
| | | o | | | | | | | | | | | HLI__I—i | |
mm:::._.:_-::::::::::::::_._-::llg
| | ! | | | | | | | | | | I | I | | | | | |
wigl = A T T R
ba A X XX e X oK X e E) + — - - -
A-trhtrh m‘Ir‘mT Rmu* I RJ;H H.u+a|‘l R:I;u PrHLrw MTIHI:
ommand Comimand Command Command Commard Command Commnand Bank B Command
Bank A& [EBamnk B Bank B Eank B Bank & Eank B [Frecharge Temination] Bank B
o s B Don't Care
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8Mx16bit Synchronous DRAM (SDRAM)
CHlP/a
CS56SD128

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

T ™ T2 T3 T4 T5 T8 T7 T8 T9 T10 T11 T12 T13 T14 T15 T16 T1T|r T18 T1‘EI T20 T21 T22

| (pars)oarfpemyoor)presiosi)os) N 1 -
- Mﬂ‘tﬂu . M;ﬂu . 'ﬂ'l$ - 'WT"?. . Htll . . H‘IT‘M . I TP‘I’WL‘DI‘ I I Mt\'a‘h .

Commeand Commmand Commeand Comenand Coemmand Command Command Sank B Command
Bank A Bank B Bank B Bank B Bank & Bank B [Prechangs Temidnation] Sank B
]
Wirite Duata
Eomanana Comemand ammackes [N Don't Care
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8Mx16bit Synchronous DRAM (SDRAM)
CHlPia
CS56SD128

5.2.24 Precharge Termination of a Burst_(Burst Length=4, 8 or Full Page, CAS# Latency=3)
TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 712 T13 T14T15 T16 T17 T18 T19 T20 121 722

|
|
|
|
|
— 1
I

Aot wirtts Prechargs Aotwats Fead Praghangs Aothats Prachargs Termination
Commard Command Commend Command Command Command command  ©f 8 Rsad SBurct
Bank B Eank & Eank & Eank A& Bank & Bank & Bank &

Preg Termination

of a Writs Burct

Wirtte Data ane macked m Don't Care

6. Order Information

CS56SD128X X-X
*—J

Package Type:
N: 54L TSOP2-400mil

]
Temperature: Speed:
C (Commercial) : 0~70°C = | 6: 166 MHZ
| (industrial) :-40~85°C 7: 143 MHZ
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a ’? 8Mx16bit Synchronous DRAM (SDRAM)
CHiPLU
CS56SD128

7. Package Outline Dimensions:

- 54L TSOP2-400mil
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