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Features

3.3V£0.3V power supply

Comply to PC100/66 specification
1,048,576 words x 4 banks x 16 bits organization
Auto Refresh and Self Refresh
CASlatency: 2and 3

Burst Length: 1, 2, 4, 8, and full page
Sequential and Interleave burst

Burst read, single-bit writes operation
Byte data controlled by DQM
Power-Down Mode

Auto-Precharge and controlled precharge
4k refresh cycles/ 64ms

Interface: LVTTL

Package: TSOP Il 54 pin, 400 mil - 0.80

General Description

1M x 16 bit x 4 Banks SDRAM

W986416AH is a high speed synchronous dynamic random access memory (SDRAM) , organized as 1M words x 4 banks
x 16 bits. Using pipelined architecture, W986416AH delivers a data bandwidth of up to 250M bytes per second (-8H). To fully
comply to the PC100/66 personal computer industrial standard, W986408AH is sorted into three speed grades: -8H, -8N/8L,
and -10. The -8H is compliant to the PC100/CL2 specification, the -8N is compliant to PC100/CL 3 specification, and -10 is
compliant to PC/66 specification.

Accesses to the SDRAM are burst oriented. Consecutive memory location in one page can be accessed at a burst length of
1, 2, 4, 8 or full page when a bank and row is selected by an ACTIVE command. Column addresses are automatically
generated by the SDRAM internal counrter in burst operation. Random column read is also possible by providing its address
at each clock cycle. The multiple bank nature enables interleaving among internal banks to hide the precharging time.

By having a programmable Mode Register, the system can change burst legnth, latency cycle, interleave or sequential
burst to maximize its performance. W986416AH isideal for main memory in high performance applications.

Key Parameters

Symbol Description min/max -8H -8N -10
tox Clock Cycle Time min 8ns 10ns 10ns
tac Access Time from CLK min 6ns 6ns 8ns
trP Precharge to Active Command min 20ns 20ns 30ns
trep Active to Read/Write Command min 20ns 20ns 30ns
lcct Operation Current ( Single bank ) max 130mA | 130mA | 110mA
lces Burst Operation Current max 210mA | 210mA | 190mA
lccs Self-Refresh Current max 2mA 2mA 2mA
I ccs Self-Refresh Current max - - -
Revision 1.2 Publication Release Date: May, 1998
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1M x 16 bit x 4 Banks SDRAM

BLOCK DIAGRAM

CLK —P]
CLOCK
BUFFER
CKE hj
cs —» :> CONTROL .- i .-
SIGNAL
oy GENERATOR .- . .-
RAS = COMMAND [ [
CAS —p | |
DECODER ry
— COLUMN DECODER
—> COLUMN DECODER
WE I\ J\
o
VI g g
: :
B CELL ARRAY B CELL ARRAY
A10 _,\ a BANK #0 \ [a) BANK #1
2 2
[¢) [¢)
v dHE I4RE
MODE . ,
REGISTER - -
A0 I:|I> SENSE AMPLIFIER || SENSE AMPLIFIER ||
| ADDRESS
BUFFER
s ==
All DMn
BSO
BS1
_\||/_ "\|7 v v

DQO
DATA CONTROL DQ I
CIRCUIT BUFFER
DQ15

REFRESH COLUMN t
COUNTER COUNTER . DQM

COLUMN DECODER COLUMN DECODER

<7

=1 |8
B CELL ARRAY B CELL ARRAY
[a) BANK #2 [a) BANK #3
z z
E € €
SENSE AMPLIFIER __' ’ SENSE AMPLIFIER __
NOTE:
The cell array configuration is 4096 * 256 * 16.
Revision 1.2 Publication Release Date: May, 1998



ATTTTS
AN

SEE=-od

aEEEY
Winbond

Electronics Corp.

Pin Assignment

W986416AH

1M x 16 bit x 4 Banks SDRAM

Pin Number | Pin Name Function Description
23~26,22, | A0~ A1l Address Multiplexed pins for row and column address.
29 ~35 Row address : A0 ~ A11. Column address: AQ ~ A7.
20, 21 BSO, BS1 Bank Select Select bank to activate during row address latch time, or bank
to read/write during address latch time.
2,4,5,7,8, DQO ~ Data Input/ Multiplexed pins for data output and input.
10, 11, 13, DQ15 Output
42, 44, 45,
47, 48, 50,
51, 53
19 CS# Chip Select Disable or enable the command decoder. When command
decoder is disabled, new command is ignored and previous
operation continues.
18 RAS# Row Address Command input. When sampled at the rising edge of the clock,
Strobe RAS#, CAS# and WE# define the operation to be executed.
17 CAS# Column Referred to RAS#
Address Strobe
16 WE# Write Enable Referred to RAS#
39, 15 UbDQM/ input/output The output buffer is placed at Hi-Z(with latency of 2) when
LDQM mask DQM is sampled high in read cycle. In write cycle, sampling
DQM high will block the write operation with zero latency.
38 CLK Clock Inputs System clock used to sample inputs on the rising edge of clock.
37 CKE Clock Enable CKE controls the clock activation and deactivation. When CKE
is low, Power Down mode, Suspend mode, or Self Refresh
mode is entered.
1,14, 27 Ve Power ( +3.3 V) | Power for input buffers and logic circuit inside DRAM.
28, 41, 54 Vss Ground Ground for input buffers and logic circuit inside DRAM.
3,9,43,49 VeeQ Power (+ 3.3V | Separated power from Vcc, used for output buffers to improve
) for 1/0 buffer noise.
6, 12, 46,52 | VssQ Ground for I/O Separated ground from Vss, used for output buffers to improve
buffer noise.
36, 40 NC No Connection No connection
Revision 1.2
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1M x 16 bit x 4 Banks SDRAM
Pin Assignment (Top View)
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1M x 16 bit x 4 Banks SDRAM

ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT NOTES
Vin,Vour Input, column Output Voltage -0.3~Vce+0.3 \% 1
Vee,VeeQ Power Supply Voltage -0.3~4.6 \% 1
Toprr Operating Temperature 0~70 °C 1
Tste Storage Temperature -55~150 °C 1
TsoLper Soldering Temperature(10s) 260 °C 1
Po Power Dissipation 1 W 1
lout Short Circuit Output Current 50 mA 1

RECOMMENDED DC OPERATING CONDITIONS ( Ta =0 to 70-c)

SYMBOL PARAMETER MIN TYP MAX UNIT NOTES
Vee Power Supply Voltage 3.0 3.3 3.6 \% 2
VeeQ Power Supply Voltage (for I/0O Buffer) 3.0 3.3 3.6 \% 2
Vi Input High Voltage 2.0 - Vee+0.3 \% 2
Vio Input Low Voltage -0.3 - 0.8 \% 2

Note: Vin(max) = Vec/VecQ+1.2V for pulse width < 5ns
Vi(min) = Vss/VssQ-1.2V for pulse width < 5ns

CAPACITANCE (Vcc=3.3V, Af = 1MHz, Ta=25°C)

SYMBOL PARAMETER MIN MAX UNIT
Input Capacitance (AO to Al1l, BS0 ,BS1, CS, RAS, CAS, WE, DQM, CKE) - 4 pf
C1 Input Capacitance (CLK) - 6 pf
Co Input/Output capacitance - 5 pf
Revision 1.2 Publication Release Date: May, 1998
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1M x 16 bit x 4 Banks SDRAM
AC CHARACTERISTICS AND OPERATING CONDITION

(Vce=3.3v+0.3V, Ta=0°to 70°C Notes:5, 6, 7)

-8H -8N -10
SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNIT

tre Ref/Active to Ref/Active Command Period 68 72 90
tras Active to precharge Command Period 48 100000 48 100000 60 100000 ns
trep Active to Read/Write Command Delay Time 20 20 30
teep Read/Write(a) to Read/Write(b)Command 1 1 1 cycle
trp Precharge to Active(b) Command Period 20 20 30
trPD Active(a) to Active(b) Command Period 20 20 20
twr Write Recovery Time CL*=2 10 12 15

CL*=3 8 10 10
te CLK Cycle Time CL*=2 10 1000 12 1000 15 1000

CL*=3 8 1000 10 1000 10 1000
tew CLK High Level 3 3 3
tew CLK Low Level 3 3 3
tac Access Time from CLK CL*=2 6 7 9

CL*=3 6 6 ns
tom Output Data Hold Time 3 3 3
thz Output Data High Impedance Time 3 8 3 8 3 10
tz Output Data Low Impedance Time 0 0 0
tse Power Down Mode Entry Time 0 8 0 8 0 10
tr Transition Time of CLK (Rise and Fall) 0.5 10 0.5 10 0.5 10
tos Data-in-Set-up Time 2 2 3
toH Data-in Hold Time 1 1 1
tas Address Set-up Time 2 2 3
taH Address Hold Time 1 1 1
teks CKE Set-up Time 2 2 3
tekH CKE Hold Time 1 1 1
tems Command Set-up Time 2 2 3
temH Command Hold Time 1 1 1
trEF Refresh Time 64 64 64 ms
trsc Mode register Set Cycle Time 16 16 20 ns

(CL=CAS Latency)

Revison 1.2
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1M x 16 bit x 4 Banks SDRAM

DC CHARACTERISTICS (Vcc = 3.3V + 0.3V, Ta=0°~70°C)

-8H/-8N -10

ITEMS SYMBOL | MIN. MAX. MIN. MAX. UNIT NOTES

OPERATING CURRENT
tck=min , tre=min lcc1 130 110 3
Active Precharge command 1 bank operation
cycling without Burst operation

STANDBY CURRENT
tck=min , CS#=ViH CKE =VH lccz 60 50 3
VIHL=VHmin)/VIL(max)
Bank : inactive state CKE = Vi (Power Down lccap 3 3 3
mode)

STANDBY CURRENT
CLK=ViL, CS#=VH CKE =VH lccas 5 5
ViH=Vii(min)/Vic(max)
BANK : inactive state CKE = Vi (Power Down lccaps 2 2 mA
mode)

NO OPERATING CURRENT
Tck=min CKE =V lccs 90 70 3
CS#=Vin(min)
BANK : active state (4 banks) CKE = Vi (Power Down lecap 8 8
mode)

BURST OPERATING CURRENT
tck = min lcca 210 190 3,4
Read / Write command cycling

AUTO REFRESH CURRENT
tck = min lces 150 130 3
Auto Refresh command cycling

SELF REFRESH CURRENT (-8H/-8N/-10)
Self Refresh mode Icce 2 2
CKE = 0.2V

ITEM SYMBOL MIN. MAX. UNIT NOTES

INPUT LEAKAGE CURRENT
(0V [V w O Vec, all other pins not under test = 0V ) LC) -5 5 LA

OUTPUT LEAKAGE CURRENT
( Output disable , OV [V our [V cco) lo() -5 5 LA

LVTTL OUTPUT HLLEVEL VOLTAGE
(lour =-2mA) Vo 2.4 - V

LVTTL OUTPUT MLLEVEL VOLTAGE
(lour =2mA) VoL - 0.4 V

Revision 1.2 Publication Release Date: May, 1998



W986416AH

aEEEY
Winbond

ATTTTS
AN

7  Electronics Corp.

1M x 16 bit x 4 Banks SDRAM

NOTES:
1. Operation exceeds "ABSOLUTE MAXIMUM RATING" may cause permanent damage to the devices.

2. All voltages are referenced to Vss

3. These parameters depend on the cycle rate and listed values are measured at a cycle rate with the minimum values
of tex and tre.

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

5. Power up sequenceis further described in the "Functional Description” section.

6. ACTESTING CONDITIONS

Output Reference Level 1.4V/1.4V
Output Load See diagram B below

Input Signal Levels 2.4V/0.4V
Transition Time (Rise and Fall) of Input Signa 2ns
Input Reference L evel 1.4V

33V 14V
1.2k ; 50 ohms
output
Out Ut S = r
50pF l 0.87k p () z=500hms__ |} L 50pF
ACTEST LOAD (A) AC TEST LOAD (B)

7. Transition times are measured between Vs and V.

8. twz defines the time at which the outputs achieve the open circuit condition and is not referenced to output level.

Revision 1.2 Publication Release Date: May, 1998
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W986416AH

1M x 16 bit x 4 Banks SDRAM

Fully synchronous operations are performed to latch the commands at the positive edges of CLK. Table 1 shows the truth
table for the operation commands.

Tablel Truth Table

(note (1), (2) )

command Device state CKEn-1 CKEn DQM BSO,l | A10 23-16 cs | RA | cAS | TWE
Bank Active Idle H X X \V; \V; \V; L L H H
Bank Precharge Any H X \ L X L L H L
Precharge All Any H X X X H X L L H L
Write Active (3) H X X v L v L H L L
Write with Autoprecharge Active (3) H X X \V; H \V; L H L L
Read Active (3) H X X v L v L H L H
Read with Autoprecharge Active (3) H X X \V; H \V; L H L H
Mode Register Set Idle H X X \V; \V; \V; 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 Desdlect Any H X X X X X H X X X
Auto - Refresh Idle H H X X X X L L L H
Sdlf - Refresh Entry Idle H L X X X X L L L H
Seif Refresh Exit idle L H X X X X H X X X
(SR) L H X X X X L H H X
Clock suspend Mode Entry Active H L X X X X X X X X
Power Down Mode Entry Idle H L X X X X H X X X
Adtive () H L X X X X L H H X
Clock Suspend Mode Exit Active L H X X X X X X X X
Power Down Mode Exit Any L H X X X X H X X X
(pouer donr) L H X X X X L H H X
Data write/Output Enable Active H X L X X X X X X X
Data Write/Output Disable Active H X H X X X X X X X

Notes: (1) v=vaid x=Don'tcare L=Low Level H=High Leve

(2) CKEn signal isinput level when commands are provided.

(3) These are state of bank designated by BS0, BS1 signals.

(4) Device state is full page burst operation.

(5) Power Down Mode can not be entered in the burst cycle.
When this command asserts in the burst cycle, device state is clock suspend mode.

Revison 1.2

Publication Release Date: May, 1998
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1M x 16 bit x 4 Banks SDRAM

Functional Description

Power Up and Initialization
The default power up state of the mode register is unspecified. The following power up and initialization sequence need to be
followed to guarantee the device being preconditioned to each user specific needs.

During power up, al Voo and VooQ pins must be ramp up simultaneously to the specified voltage when the input signals are
held in the "NOP" state. The power up voltage must not exceed Voo+0.3V on any of the input pinsor Voo supplies. After power
up, an initial pause of 200us is required followed by a precharge of all banks using the precharge command. To prevent data
contention on the DQ bus during power up, it is required that the DQM and CKE pins be held high during the initial pause
period. Once all banks have been precharged, the Mode Register Set Command must be issued to initialize the Mode Register.
An additional eight Auto Refresh cycles (CBR) are also required before or after programming the Mode Register to ensure
proper subsequent operation.

Programming Mode Register
After initial power up, the Mode Register Set Command must be issued for proper device operation. All banks must bein a
precharged state and CKE must be high at |east one cycle before the Mode Register Set Command can be issued. The Mode
Register Set Command is activated by the low signals of RAS, CAS, CS and WE at the positive edge of the clock. The address
input data during this cycle defines the parameters to be set as shown in the Mode Register Operation table. A hew command
may be issued following the mode register set command once a delay equal to trsc has elapsed. Please refer to the next page for
Mode Register Set Cycle and Operation Table.

Bank Activate Command
The Bank Activate command must be applied before any Read or Write operation can be executed. The operation is similar to
RASH# activate in EDO DRAM. The delay from when the Bank Activate command is applied to when the first read or write
operation can begin must not be less than the RAS to CAS delay time (tren). Once a bank has been activated it must be
precharged before another Bank Activate command can be issued to the same bank. The minimum time interval between
successive Bank Activate commands to the same bank is determined by the RAS cycle time of the device (trc). The minimum
time interval between interleaved Bank Activate commands (Bank A to Bank B and vice versq) is the Bank to Bank delay time
(trro). The maximum time that each bank can be held active is specified as tras(max).

Read and Write Access Modes
After abank has been activated , aread or write cycle can be followed. Thisis accomplished by setting RAS high and CAS low
at the clock rising edge after minimum of treo delay. WE pin voltage level defines whether the access cycleis aread operation
(WE high), or awrite operation (WE low). The address inputs determine the starting column address.

Reading or writing to a different row within an activated bank requires the bank be precharged and a new Bank Activate
command be issued. When more than one bank is activated, interleaved bank Read or Write operations are possible. By using
the programmed burst length and alternating the access and precharge operations between multiple banks, seamless data access
operation among many different pages can be realized. Read or Write Commands can also be issued to the same bank or
between active banks on every clock cycle.

Cycle

Revision 1.2 Publication Release Date: May, 1998
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1M x 16 bit x 4 Banks SDRAM
Mode Regqgister Set Cycle

tRSC ‘

CSs _7R_ / \ /
1CMS tCMH
RAS__ N\ /- >< ><
M. tCMH
oo N/ XX
T
MS tCMH
WE N Vil >< ><
LIAS.  tAH _
AO-A10 Register
BS set data 7
n%xt
command
AO Burst Length
A2 Al A0 Sequential Interleave
Al Burst Length B 0O 0 © 1 1
0 0 1 2 2
A2 0 1 0 4 4
A3 | Addressing Mode| <€ 2 % % 8 8
Ad 1 0 1 Reserved
1 1 0 Reserved
A5 CAS Latency 1 1 1 Full Page
A6 | A3 Addressing Mode
. 0 Sequential
A7 0" | (Test Mode) 1 Interleave
A8 | "0"| Reserved A6 A5 A4 CAS Latency
. 0 0 0 Reserved
A9 Write Mode ) ) T Reserved
A10 | "O" 0O 1 O 2
0 1 1 3
All | "0" 1 0 O 4
— Reserved
BSO | "0 A9 Single Write Mode
BS1 | "0" 0 Burst read and Burst write
1 Burst read and single write
Revision 1.2 Publication Release Date: May, 1998
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1M x 16 bit x 4 Banks SDRAM
Burst Read Command

The Burst Read command is initiated by applying logic low level to CS and CAS while holding RAS and WE high at therising
edge of the clock. The address inputs determine the starting column address for the burst. The Mode Register sets type of burst
(sequential or interleave) and the burst length (1, 2, 4, 8, full page) during the Mode Register Set Up cycle. Table 2 and 3 in the
next page explain the address sequence of interleave mode and sequence mode.

Burst Command
The Burst Write command is initiated by applying logic low level to CS, CAS and WE while holding RAS high at the rising
edge of the clock. The address inputs determine the starting column address. Data for the first burst write cycle must be applied
on the DQ pins on the same clock cycle that the Write Command is issued. The remaining data inputs must be supplied on each
subsequent rising clock edge until the burst length is completed. Data supplied to the DQ pins after burst finishes will be
ignored.

Read Interrupted by a Read
A Burst Read may be interrupted by another Read Command. When the previous burst is interrupted, the remaining addresses
are overridden by the new read address with the full burst length. The data from the first Read Command continues to appear
on the outputs until the CAS latency from the interrupting Read Command the is satisfied.

Read Interrupted by a Write
To interrupt a burst read with a Write Command, DQM may be needed to place the DQs (output drivers) in a high impedance
state to avoid data contention on the DQ bus. If a Read Command will issue data on the first and second clocks cycles of the
write operation, DQM is needed to insure the DQs are tri-stated. After that point the Write Command will have control of the
DQ bus and DQM masking is no longer needed.

Write Interrupted by a Write

A burst write may be interrupted before completion of the burst by another Write Command. When the previous burst is
interrupted, the remaining addresses are overridden by the new address and data will be written into the device until the
programmed burst length is satisfied.

Write Interrupted by a Read
A Read Command will interrupt a burst write operation on the same clock cycle that the Read Command is activated. The DQs
must be in the high impedance state at least one cycle before the new read data appears on the outputs to avoid data contention.
When the Read Command is activated, any residua data from the burst write cycle will be ignored.

Burst Stop Command
A Burst Stop Command may be used to terminate the existing burst operation but leave the bank open for future Read or Write
Commands to the same page of the active bank, if the burst length is full page. Use of the Burst Stop Command during other
burst length operationsisillegal. The Burst Stop Command is defined by having RAS and CAS high with CS and WE low at
the rising edge of the clock. The data DQs go to a high impedance state after a delay which is equal to the CAS Latency in a
burst read cycle interrupted by Burst Stop. If a Burst Stop Command is issued during afull page burst write operation, then any
residual data from the burst write cycle will be ignored.

Revision 1.2 Publication Release Date: May, 1998
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Table 2 Address Sequence of Sequential Mode

DATA Access Address Burst Length

Data0 n ] ] BL= 2 (disturb addressis A0)

Datal n+1 No address carry from AOto Al
Data 2 n+2 BL= 4 (disturb addresses are AO and A1)
Data3 n+3 No address carry from A1 to A2
Data 4 n+4

Data5 n+5 BL= 8 (disturb addresses are A0, A1 and A2)
Data 6 n+6 No address carry from A2 to A3
Data 7 n+7 -

. Addressing Sequence of Sequential Mode

A column access is performed by increasing the address from the column address which isinput to the
device. The disturb addressis varied by the Burst Length as shownin Table 2.

. Addressing Sequence of Interleave Mode
A column access is started in the input column address and is performed by inverting the address bit in the
sequence shown in Table 3.

Table 3 Address Sequence of Interleave Mode

DATA Access Address Burst Length
Data 0 A8 A7 A6 A5 A4 A3 A2 ALA0 ] J BL=2
Data1 A8 A7 A6 A5 A4 A3 A2 AL AD

Data 2 A8 A7 A6 A5 A4 A3 A2 Al AD BL =4
Data3 A8 A7 A6 A5 A4 A3 A2 AL AD

Data4 A8 A7 A6 A5 A4 A3 A2 Al AO

Data5 A8 A7 A6 A5 A4 A3 A2 AL AD BL=8
Data 6 A8 A7 A6 A5 A4 A3 A2 Al AD

Data 7 A8 A7 A6 A5 A4 A3 A2 ATA0 |

Revision 1.2 Publication Release Date: May, 1998
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Auto-Precharge Command

If A10is set to high when the Read or Write Command is issued, then the auto-precharge function is entered. During auto-
precharge, a Read Command will execute as normal with the exception that the active bank will begin to precharge
automatically before all burst read cycles have been completed. Regardless of burst length, it will begin a certain number of
clocks prior to the end of the scheduled burst cycle. The number of clocks is determined by CAS latency.

A Read or Write Command with auto-precharge can not be interrupted before the entire burst operation is compl eted.
Therefore, use of a Read, Write, or Precharge Command is prohibited during a read or write cycle with auto-precharge. Once
the precharge operation has started, the bank cannot be reactivated until the Precharge time (tre) has been satisfied. Issue of
Auto-Precharge command isillegal if the burst is set to full page length. If A10 is high when a Write Command is issued, the
Write with Auto-Precharge function isinitiated. The SDRAM automatically enters the precharge operation one clock delay
from the last burst write cycle. This delay is referred to as Write tor.. The bank undergoing auto-precharge can not be
reactivated until tor. and tre are satisfied. Thisis referred to as toa, Data-in to Active delay (toa. = tor + tre). When using the
Auto-precharge Command, the interval between the Bank Activate Command and the beginning of the internal precharge
operation must satisfy tras(min).

Precharge Command
The Precharge Command is used to precharge or close a bank that has been activated. The Precharge Command is entered
when CS, RAS and WE are low and CASis high at the rising edge of the clock. The Precharge Command can be used to
precharge each bank separately or all banks simultaneously. Three address bits, A10, A12, and A13, are used to define which
bank(s) isto be precharged when the command is issued. After the Precharge Command is issued, the precharged bank must be
reactivated before a new read or write access can be executed. The delay between the Precharge Command and the Activate
Command must be greater than or equal to the Precharge time (t=s).

Self Refresh Command

The Self Refresh Command is defined by having CS, RAS, CAS and CKE held low with WE high at the rising edge of the
clock. All banks must be idle prior to issuing the Self Refresh Command. Once the command is registered, CKE must be held
low to keep the device in Self Refresh mode. When the SDRAM has entered Self Refresh mode all of the external control
signals, except CKE, are disabled. The clock isinternally disabled during Self Refresh Operation to save power. The device will
exit Self Refresh operation after CKE is returned high. A minimum delay time is required when the device exits Self Refresh
Operation and before the next command can be issued. This delay is equal to the RAS cycle time plus the Self Refresh exit time.

Power Down Mode
The Power Down mode is initiated by holding CKE low. All of the receiver circuits except CKE are gated off to reduce the
power. The Power Down mode does not perform any refresh operations, therefore the device can not remain in Power Down
mode longer than the Refresh period (txer) of the device.

The Power Down mode is exited by bringing CKE high. When CKE goes high, a No Operation Command is required on the
next rising clock edge, depending on te. The input buffers need to be enabled with CKE held high for a period equal to
tees(Min) + tec(min).

Revision 1.2 Publication Release Date: May, 1998
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1M x 16 bit x 4 Banks SDRAM
No Operation Command

The No Operation Command should be used in cases when the SDRAM isin aidle or await state to prevent the SDRAM from
registering any unwanted commands between operations. A No Operation Command is registered when CSislow with RAS,
CAS, and WE held high at the rising edge of the clock. A No Operation Command will not terminate a previous operation that
is still executing, such as a burst read or write cycle.

Deselect Command
The Deselect Command performs the same function as a No Operation Command. Deselect Command occurs when CSis
brought high, the RAS, CAS, and WE signals become don't cares.

Clock Suspend Mode

During normal access mode, CKE must be held high enabling the clock. When CKE is registered low while at least one of the
banksis active, Clock Suspend Mode is entered. The Clock Suspend mode deactivates the internal clock and suspends any
clocked operation that was currently being executed. There is a one clock delay between the registration of CKE low and the
time at which the SDRAM operation suspends. While in Clock Suspend mode, the SDRAM ignores any new commands that
areissued. The Clock Suspend maode is exited by bringing CKE high. Thereis aone clock cycle delay from when CKE returns
high to when Clock Suspend mode is exited.

Revision 1.2 Publication Release Date: May, 1998
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Timing Waveform
Command Input Timing

VIH i / /
CLK Vi
tT ] o

1M x 16 bit x 4 Banks SDRAM

tCL tCH

tCMH tCM

tCMS—{=tCMH—={
/
cs ) 7
tCMS—=1=-tCMH —={
//
- //
RAS
//
1/
tCMS—=1=-tCMH —={
//
//
1/
tCMS—=1=-tCMH =
- //
WE 1/
//
1/
tAS—=1=—tAH—=
//
AO-A11 7/
BSO, 1
//
1/
i tCKS| tCKH tCKS tCKH //

CKE /

Revison 1.2
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1M x 16 bit x 4 Banks SDRAM
Read Timing

Read CAS Latency

fN S

CLK

)
oA/
VAR
s T X

tAC tAC | tHZ

Valid
Data-Out

Burst Length

tLz

o Y

Read Command

Revision 1.2 Publication Release Date: May, 1998
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1M x 16 bit x 4 Banks SDRAM

Control Timing of Input Data
(Word Mask)

CLK /

S

CO

tCMH tCM tCMH tCM
DQM 7 K Y
tDS tDH tDS tDH ) tDS tDH | tDS tDH
Valiq Valiq Valid Valid
DQO -15 Pata-in Datain Datain Datain
(Clock Mask)
CLK _7L 171
tCKH tCKS. tCKH ;CK§
CKE N / %
L tDS tDH tDS tDH | LtDS tDH | L tD. tDH |
Valid Valid Valid Valid
DQO -15% Data-in ><:>< Data-in >k Data-in ’ ’
Control Timing of Output Data
(Output Enable)
CLK / /
tCMH tCMS tCMH CM.
DQM ] 7 K \
tAC tAC | . tHZ tAC tAC
tOH tOH tLz tOH -
Valid Valid ‘ / Valid
DQO -15 Data-Out Data-Out 4 OPEN Data-Out

(Clock Mask)

ck __/ Z—\_%—\_/ 171
tCKH tCKS tCKH tCKS
cKE ) % /
tAC tAC‘ tAC
tOH tOH tOH
Valid Valid
DQO -15 Dat:JOut Dat:fIOut

Revison 1.2
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1M x 16 bit x 4 Banks SDRAM
Mode Regqgister Set Cycle

tRSC ‘

CSs _7R_ / \ /
1CMS tCMH
RAS__ N\ /- >< ><
M. tCMH
oo N/ XX
T
MS tCMH
WE N Vil >< ><
LIAS.  tAH _
AO-A10 Register
BS set data 7
n%xt
command
AO Burst Length
A2 Al A0 Sequential Interleave
Al Burst Length B 0O 0 © 1 1
0 0 1 2 2
A2 0 1 0 4 4
A3 | Addressing Mode| <€ 2 % % 8 8
Ad 1 0 1 Reserved
1 1 0 Reserved
A5 CAS Latency 1 1 1 Full Page
A6 | A3 Addressing Mode
. 0 Sequential
A7 0" | (Test Mode) 1 Interleave
A8 | "0"| Reserved A6 A5 A4 CAS Latency
. 0 0 0 Reserved
A9 Write Mode ) ) T Reserved
A10 | "O" 0O 1 O 2
0 1 1 3
All | "0" 1 0 O 4
— Reserved
BSO | "0 A9 Single Write Mode
BS1 | "0" 0 Burst read and Burst write
1 Burst read and single write
Revision 1.2 Publication Release Date: May, 1998
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1M x 16 bit x 4 Banks SDRAM

Operating Timing Example

Interleaved Bank Read (Burst Length =4, CAS Latency = 3)

(CLK = 100 MHz)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

» | tRC < tRC >
< tRC < tRC
RAS_\ [ [ 1 L A W Y I W W \ L] A B T Y
< tRAS > < tRP Ly tRAS < tRP .
< tRAS » < tRP. > < tRAS
CAS_T 1| \ ] [ J [ 7 1 [ [ 7 1 v 7 =
wWE_J | [ | S B Y B \ LT | A Y B
BSO
BS1_\ | \ R Y R W U | [l 7 1 |\ A W W Y A
< tRCD N < tRCD < tRCD N < tRCD N
AlO:X RAa | \ [ Yrep) | [ rRAC) \ N red] \ I Rae )C
Agﬁg':XEAEX Ncaw) Y reb Ycax Jrac) Ncay X Yred] Xcez] | Rrae )(:
DQM
CKE
tA‘%*¢ B < 5 "5 L<
DQ aw0 x awl x aw2x aw3 | bx0 X bx1 | bx2 XbX3 ) {cvo [ on2 X cy2 | cy3 )} C
< tRRD > tRRD < tRRD > < tRRD >
Bank #0 Active Read PrechargeT Active I Read PrechargeT Active
Bank #1 Active Read Precharge Active Read

Bank #2
] Idle

Bank #3

Revison 1.2
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1M x 16 bit x 4 Banks SDRAM
Interleaved Bank Read (Burst Length =4, CAS Latency = 3, Autoprecharge)

(CLK = 100 MHz)

(o< I e e e ) e ) ) Y
JL U A O I

CS
tRC | i i i i >1< i i i i i tRC »
i {tRC | i i i L e : tRC !
RAS | | I [ 1 ] [ 1 \ [
< tRAS > tRP i< tRAS i< tRP <
P tRAS > tRP > < tRAS
cas | | V[ \ [ T 1 \ [ 1 \ [ T
WE T 1 ] - T 1 1 g
BSO
Bs1 \ \ [ 1 ] \ ] [ 1 ]
RCD > ~CD . IRCD > RCD N
A10  _Nraq] [ \zen) [\ RA [ 1 Jred [ 1T KreeX
AO-A9,
A1l e [cAwlren Kol Yrac) Year ) Yrea) Neea ™ Yrack
DQM
CKE
A A “we e tAC
DQ e e 7 1 HEIII j@@@a@ H\EI
tRRD < tRRD < tRRD > tRRD
Bank #0 Active Read I AP* T Active RTad T AP* T Active
Bank #1 Active Read AP* Active Read
Bank #2
Idl
Bank #3 ] )
* AP is the internal precharge start timing
Revision 1.2 Publication Release Date: May, 1998
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1M x 16 bit x 4 Banks SDRAM

Interleaved Bank Read (Burst L ength=8, CAS Latency=3)

(CLK = 100 MHz)

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

ek LI Ll
s\ Y T\ \_/ \__/ X
. « tRC N
) tRC
RAS | | | [ | | | [ L]
e tRP < tRAS
< tRAS < tRP
CAS T 11 V[ V7 [ 1 | [ 1
WE 71 [ L] [ [ [
BSO
BS1 _| \ [ J- 1 \ | 1
o tRCD o tRCD N
AL0 _Jrpa \ [ [ f_rac ) \ [
AO0-A9
A1 BEN | N chx ] [cay N Rac) caz )
DQM [ \
CKE \
N B, e
DQ 2 60 0 £3 0 8 3 €3 00 08 BT
H tRRD tRRD H
t I T ) 1 1 I
Bank #0 Active Read Precharge Active Read
Bank #1 Precharge Read Precharge

Bank #2
j Idle

Bank #3

Revison 1.2
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1M x 16 bit x 4 Banks SDRAM
Interleaved Bank Read (Burst Length=8, CAS Latency=3, Autoprecharge)

(CLK = 100 MHz)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

RAS_| [ [ |/ /[ | [
e tRAS ye P RAS
< tRAS < tRP
cas L\ [ I [ W W Y A B W
WE _[ | [\ [\ [\ [ 1 I\
BSO
BS1_\ L [\ /\ [ |
¢ tRCD ) ) RCD R tRCD
A10 TYras I 1 )7 | ) I 1
AO0-A9 :XEQ K CAxX )( RBbX Eﬂ KR\CX CAz
DQM | |
CKE \ |
tCAC CAC tCAC
g ) o
DQ ) 0 I3 5 0 ) ) (0 ) 8 0 3 5 T
< tRRD D tRRD N
t t 1 t
Bank #0  Active Read AI\D* Active Read
Bank #1 Active Read AP*
Bank #2
Bank #3 J dle * AP is the internal precharge start timing
Revision 1.2 Publication Release Date: May, 1998
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1M x 16 bit x 4 Banks SDRAM

Interleaved Bank Write (Burst L ength=8)

(CLK = 100 MHz)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

\/

L/ \ /

« :tRC } ‘ ‘
RAS | | 1 | | LI \ T\
< tRAS < tRP P tRAS
: : B : IRAS :  __RP
CAs T 1 [ [\ V1 [ \ 1
<« tRCD « RCD < tRCD
we | |\ || [\ \ [ | \ \ /
BSO
Bs1 7| | \ [\ /. | |
A10 )[raa [ J(reo)f \ [ J(rac) | —
AQAS, Yl e G| &) (00 S
DQM [ \ \
CKE l \ \ /
DQ 0 (53 S ) 3 53 0 ) 03 073 %) O 02 €0 O 62 G312
. tRRD Ll tRRD N
t ) ) 1 g
Bank #0 Active Write Precharge Active Write
Bank #1 Active Write Precharge
Bank #2
Bank #3 ] Idle
Revision 1.2 Publication Release Date: May, 1998
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1M x 16 bit x 4 Banks SDRAM
Interleaved Bank Write (Burst L ength=8, Autoprecharge)
(CLK = 100 MHz)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
CLK

< tRC >
RAS T\ | 1 L] J 1 N 1
< tRAS < tRP e tRAS
: : » : :tRAS : : : : : et tRP
cas | | L | [\ \ [\ |
we _| | L [\ \ ] [ |
BSO
Bs1 _\ | | [\ I\ \ L]
< tRCD . < tRCD N < tRCD .
A10 _J(Raa] [ 1 | (GEC [ 1 [ rao) [\
4045, Ty e = —
DQM [ |
CKE l \ /
DQ ED B9 E%E)@EXED@]@]@]@)} )by o5 Y eye Yoy Yoz Yez ) czz
L tRRD Ny tRRD N
= =
t t f i t
Bank #0 Active Write AIP* Active erite
Bank #1 Active Write AP*
Bank #2
] Idle . . o
Bank #3 * AP is the internal precharge start timing
Revision 1.2 Publication Release Date: May, 1998
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1M x 16 bit x 4 Banks SDRAM
Page Mode Read (Burst Length=4, CAS Latency=3)

(CLK = 100 MHz)
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

S P I e

- tCCD tCCD tCCD

< _tRAS ,< tRP
- | < tRAS ., RP
RAS 7 | 7 7 7 7 [
s TU 1 [T 1 [\ [\ [\ [T T
WE ] I L [ LT \ [\ /A
BSO
A L/ /L ] L [ L\
BS1
,_tRCD . tRCD
A10 [ raa \  [reo ) | [ \ [ \ [ / \ |
AO-A9. e ) 2 | =)
DQM
CKE
tAC tAC tAf JAC< tAC
00 Iy e e 9 50 190 73 ) ) 0 2
‘ tRRD
t L1 b i t
Bank #0 Active Read Read Read Precharge
Bank #1 Active Read Read AP*
Bank#Z] e
Bank#3 * AP is the internal precharge start timing
Revision 1.2 Publication Release Date: May, 1998
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1M x 16 bit x 4 Banks SDRAM
Page Mode Read / Write (Burst Length=8, CAS Latency=3)
(CLK = 100 MHz)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

CLK !
P : : ‘ : : : __tRAS : : : : : L e _tRP.

RAS _\| | [ 1 [ \

CAS T 1 | L 1

we _| | [\ \ \ ]

BSO

BS1 1\ | [ \ ]

tRCE

A10 _]raq] V] \ |
AO0-A9,

ALl LRl [eax] [ cavk

DOM I \ I

CKE

t:: . \ tWR
DQ B EIED £ B0 ESss D D €2 ER EA
QQ Q Q Q Q DD D D D
t f i i
Bank #0  Active Read Write Precharge
Bank #1
Bank #2
] Idle
Bank #3
Revision 1.2 Publication Release Date: May, 1998
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1M x 16 bit x 4 Banks SDRAM
AutoPrecharge Read (Burst Length = 4, CAS Latency = 3)

(CLK = 100 MHz)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
T Snliglipipiniglipipipipiglipipipipininipigipinlingininl

cs L] | | [
< : tRC iy tRC
RAS__\__ [ T | 1
< tRAS Ly tRP < tRAS > < tRP
cas_ | | \ [ 1 \ ]
WE_ T L T I I
BSO
Bs1__ \ [ | | (I
< tRCD > < tRCD >
A10 N Raa ) ] \ X ran / |
A2-1A19, A ) \can ) R ) YA
DQM
CKE [
e "S 1
DQ aw0 J awl faw2 Y aw3 } bxo X bxi X bx2] px3 }—

f

Bank#0  Active

Bank #1

Bank #2
} Idle

Bank #3

Revison 1.2

Read

f

AP*

f

Active

!

Read

* AP is the internal precharge start timing
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1M x 16 bit x 4 Banks SDRAM

AutoPrecharge Write (Burst Length = 4)
(CLK = 100 MHz)

ATTTT™S
AN

19 20 21 22 23

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
[ [ I Yy I I I N B B 6y
csT ) [ i) / \ / \ | / I
R y e tRC N
RAS_ | /] / \ \ | | \ \ i
< tRAS , < RP » < tRAS e RP N
CcAs | \ \ \ | \ \ | [ i\ \
weJ T | T -
BSO
BS1 \ [\ | 1 i \ | | \
< tRCD < tRCD
AL10__ Xrea) | 7Y frao [ 7 Krac [
AO-A9,
ALL ) ) I | Yrao—_Neax)X rac) X
DOM
CKE \_ij
DQ J‘ ano I avx'rl I asz N ans " { bxo Y ' 1 b’flx b)fz X b>'(3 ) {

to1 i ro 1

Bank #0  Active Write AP* Active Write AP*
Bank #1
Bank #2
] Idle
Bank #3 * AP is the internal precharge start timing

Revision 1.2 Publication Release Date: May, 1998
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AutoRefresh cycle

1

2

1M x 16 bit x 4 Banks SDRAM

(CLK = 100 MHz)

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

raipipinipipipipipipNnninl gigipBeinisinl
i R —r
RAS _| L 1 ‘ |\ [
CAs 1 | | \ [
WE T | [ [ 1 ] L
BSO,1
A0 [ |
ety
DQM
CKE
DQ
t t t t
ook iy )
Revision 1.2 Publication Release Date: May, 1998
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1M x 16 bit x 4 Banks SDRAM

SelfRefresh Cycle
(CLK = 100 MHz)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
ok MLy /I;/ JEpEpEREpEpEREpEpEpEp
cs L J L [ y/— L J

< tRP >
RAS | | y/i |
CAS ] /k |
WE | \ // [ 1
BSO,1 7/ )
A10 1 ,/,'/' X
AO-A9, "
A1l /L
DQM /f/
4SB tC K§ o tCKS -
CKE ) // T 1
tCK§ L "
//
bQ 7/
< < tRC N
" Self Refresh Cycle o No Operation Cycle "

All Banks Self Refresh
Precharge Entry

Revison 1.2
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1M x 16 bit x 4 Banks SDRAM
Burst Read and Single Write (Burst Lenght =4, CAS Latency = 3)

(CLK = 100 MHz)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

CLK

cs L J L pElan /
RAS 1| R - \
(KSJ‘\“\‘I‘ \I__\I
V= I W— M \
BSO
BS1 | | [ [ L] |
A10 Jred) | | [ [
Ag\_ﬁ_g’ “Yrea) N cav) Joew)[ Y cex)cay [ B
DQM | [ | [ [ [
CKE
*»tAC 3 tAC 2
0Q By i i ey ey S vy gy By e 3 )
@ @ o 0 D DD @ o o 0
Bank #0 Active Read Single Write Read
Bank #1
Bank #2
Bank#Sj l
Revision 1.2 Publication Release Date: May, 1998
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7  Electronics Corp.

1M x 16 bit x 4 Banks SDRAM

PowerDown Mode
(CLK = 100 MHz)

0 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Clk LT L1 | JEpERERERERERERE N I I 6y
cs /i J L | \__I
RAS \ [\ 1 1 ] [\
CAS [ i\ \ [\ [\ 1
WE | | [ ] | [ | | |
BS 1\ 1) 1] V] \
A10 Nraa ) [ 1 [ Rixa X JC X

AO-A9 Y e ) X

DQM
e 5
CKE J
GKs| C<IED tcks| i LS
DQ £ ) GETES €9
Active ) _|NOP Precharge »|NOPActive

Active Standby
Power Down mode

Note: The PowerDown Mode is entered by asserting CKE "low".

Precharge Standby
Power Down mode

All Input/Output buffers (except CKE buffers) are turned off in the PowerDown mode.
When CKE goes high, command input must be No operation at next CLK rising edge.

Revison 1.2
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1M x 16 bit x 4 Banks SDRAM

Autoprecharge Timing ( Read Cycle )

(1) CAS Latency=2

(a) burstlength =1

Command RE ad

DQ

1

(b) burst length =2

Command @@

DQ
(c) burstlength =4

Command @@

DQ

(d) burstlength =8

Command @@

DQ
(2) CAS Latency=3
(a) burstlength =1

Command Read \ AP Abt

DQ

(b) burst length =2

Command < ead >

DQ

(c) burstlength =4

Command < ead >

ct )

DQ 3
(d) burst length =8 P -
Command @@ <L,,, AE””;‘; @
- tRP
DQ [@]0) 1 2 3 4 Q5 6 7
Note )

represents the Read with Auto precharge command.

————————————————————

AP /‘;» represents the start of internal precharging.

Act represents the Bank Activate command.

When the Auto precharge command is asserted, the period from Bank Activate command to
the start of internal precgarging must be at least tRAS(min).

Revision 1.2 Publication Release Date: May, 1998
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1M x 16 bit x 4 Banks SDRAM

Autoprecharge timing ( Read Cycle )

0 1 2 3 4 5 6 7 8 9 10 11
(3) CAS Latency=4 |

(a)burstlength=1

command (Read )| AP ) Act

< tRP 74>
DQ Q0

(b) burstlength =2

Command @@

DQ
(e)burstlength=4 |
Command @@ AP Act
[« ®P
oQ Q0 ¥ Q1 X Q2 ¥ Q3

(d)burstlength=8

Command @@
<« RP *4>§
DQ 0 1><Q2><Q3><Q4><Q5>< XQi7>—

Act

represents the Read with Auto precharge command.

represents the start of internal precharging.

represents the Bank Activate command.

When the Auto precharge command is asserted, the period from Bank Activate
command to the start of internal precgarging must be at least tRAS(min).

Revision 1.2 Publication Release Date: May, 1998
-35-



W986416AH

aEEEY
Winbond

yAREEEEA N

7  Electronics Corp.

1M x 16 bit x 4 Banks SDRAM

Autoprecharge timing ( Write Cycle )
0] 1 2 3 4 5 6 7 8 9 10 11

(1) CAS Latency=2
(a)burstlength=1
Command W' |te / AP @@
q— tWR plq—— tRP ——p
DQ DO

(b) burst length =2 !

Command

o < DO X D1
(c)burstlength =4 % 7777777777777777
comman (AP (CAct )
«tWR plgq— tRP )

pe < DO ¥ D1 X D2 ¥ D3

(d)burst length =8

Command

0o < DO X D1 ¥ D2 ¥ D3 ¥ D4 ¥ D5 X D6

(2) CAS Latency=3 1 T
(a)burstienatn =3 "Write ¥, AP ) Act
<« tWR po tRP >

DQ < DO
(b) burstlength =2 -
Command < erte >

<« IWR pa tRP R
pQ <_DO0 X D1

(c) burstlength =4

Command

be < DO X D1 ¥ D2
(d) burstlength =8 %

Command :BE:? @@
| <«— tWR p.g tRP

o < DO X D1 X D2 X D3 ¥ D4 ¥ D5 X D6 ¥ D7

tRP

y

represents the Write with Auto precharge command.

represents the start of internal precharging.

Act represents the Bank Activate command.

When the Auto precharge command is asserted, the period from Bank Activate
command to the start of internal precgarging must be at least tRAS(min)

Revision 1.2 Publication Release Date: May, 1998
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1M x 16 bit x 4 Banks SDRAM

Autoprecharge timing ( Write Cycle )

(3) CAS Latency=4

(a)burstlength =1

i4—tWR _pig tRP >

(b) burstlength =2
Command
tRP »

DQ
(c¢) burst length = 4

Command -Write AP 77777 @@

i «— tWR _pig tRP >
bQ — D0 X D1 X D2 X D3
(d) burstlength =8 |
commana  (Wiite) (AP (Act)
| — tWR pg tRP »

po—_ DO ¥ D1 X D2 ¥ D3 ¥ D4 X D5 Y D6 )} D7

Note )

represents the Read with Auto precharge command.

AP ) represents the start of internal precharging.

Act represents the Bank Activate command.

When the Auto precharge command is asserted, the period from Bank Activate
command to the start of internal precgarging must be at lggs{(in).

Revision 1.2 Publication Release Date: May, 1998
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Timing Chart of Read to Write cycle

In the case of Burst Length=4

1M x 16 bit x 4 Banks SDRAM

0 1 2 3 4 5 6 10 11
(1) CAS Latency=2 ! 3.
(a) Command Read ) Write
oov___ /T \
DQ DO D1 D2 D3
DOM ]
DQ DO D1 D2 D3
(2) CAS Latency=3 _
(a) Command Read X Write
DOM §
bQ Do ¥ DI X D2 ¥ D3
(b) Command @@ Wfite
oo /\
DO DO D1 D2 D3
(3) CAS Latency=4
(a) Command Read X Write
DOQM 3
bQ DO ¥ D1 ¥ D2 ¥ D3
(b) Command @@
DOM 1
Do DO ¥ D1 ) D2 ) D3

Note ) j jE The Output data must be masked by DQM to avoid I/O conflict

Revison 1.2
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1M x 16 bit x 4 Banks SDRAM

Timing Chart of Write-to-Read cycle

In the case of Burst Length=4

0 1 2 3 4 5 6 7 8 9 10 11

(1) CAS Latency=2
(a) Command erte Read

DQM

DQ — QO 0 X Q1 Q2 Q3
(b) Command @@

DOM

pQ — DO X D1 0 X Q1 X Q2 ¥ Q3

(2) CAS Latency=3

(a) Command Write X Read

DQM

DQ — DO 0 1 Q1 X Q2 X Q3
(b) Command <Wr‘ite ) @@

DQM

o DO ¥ D1 0 ) Q1 X Q2 ¥ Q3

(3) CAS Latency=4

(a) Command Re‘ad

DQM }
DQ — DO 0 )Y Q1 ¥ Q2 X Q3
(b) Command { Wr|te ) { Re@
DQM
DO —— DO ¥ D1 0 X Q1 ¥ Q2 X Q3 —
Revision 1.2 Publication Release Date: May, 1998
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1M x 16 bit x 4 Banks SDRAM

Timing chart of Burst Stop cycle ( Burst stop Command )

0 1 2 3 4 5 6 7 8 9 10 11
(3) Read cycle |
(a) CAS latency =2
command (Read )
DQ 0 1Y 02 ¥ Q3 4
(b)CAS latency = 3
Command @@
DQ Q0 ¥ 01 Y 02 ¥ 03 ¥ 04
(c)CAS latency = 4
Command Re@
DQ 0 X QL X Q2 X Q3 X Q4
(2) Write cycle _
command { Write BST
o~ DO ¥ D1 X D2 ¥ D3 ¥ D4
Note) BST represents the Burst stop command
Revision 1.2 Publication Release Date: May, 1998

-40-



W986416AH

aEEEY
Winbond

ATTTTS
AN

7  Electronics Corp.

1M x 16 bit x 4 Banks SDRAM

Timing chart of Burst Stop cycle ( Precharge Command )

In the case of Burst Lenght = 8

0 1 2 3 4 5 6 7 8 9 10 11
(1) Read cycle ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
(a)CAS latency =2 !

Command

DQ Q0 Q1 Q2 Q3 Q4
(b)CAS latency = 3
Command ( Read
DQ Q0 Q1 Q2 Q3 Q4

(c)CAS latency =4

oQ 0 X Q1 X Q2 ¥ Q3 X Q4

(2) Write cycle

(a) CAS latency =2

Command i PRCG
(Write < o R

oo 7\

e <D0 ¥ D1 ¥ D2 ¥ D3 X D4

b )CAS latency = 3 .
(b)cASateney =3 - \wrrite ) FtW< ER;CE

bDQM / _\

¢ <D0 ¥ D1 X D2 X D3 X D4
(c)CAS latency = 4

Command { \\/rite ( PRCG )
4 tWR
DOM / \

DQ DO D1 D2 D3 D4

Note ) PRCG jepresents the Precharge command

Revision 1.2 Publication Release Date: May, 1998
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CKE/DOM Input timing ( Write cycle )

CLK cycle No.

r External —/_\—/ \

1 2

4 >

/N

!

6
[\

3
/
/

\_
L

\
CLK \ ]
L internal —/_\—/ \ \ /_\%
CKE \n_ [/
DQM / ! \
o0 (oL Wbz (8 X (s W X 06 )
| | | bQM MASK | CKE MASK |
(1)
CLK cycle No. 1 2 3 4 5 6 7
r External —-—/_\— _\_ \ / \ / \_
CLK
L internal 7 _\_ \ / \ _/ \_
CKE N/
DQM
e ( b1 X D2 X D3 X X X D5 X D6 X
DQM MASK CKE MASK
(2)
CLK cycle No. 1 2 3 4 5 6 7
rExternaI ——/ \ \ _\— \ \ /_\_/_\_
CLK
L Internal \ \ _\—/_\—/_\_
CKE \_ [/
DQM / i \
e ( D1 ¥ D2 Y D3 X X b4 X b5 X b6 X
CKE MASK
(3)
Revision 1.2 Publication Release Date: May, 1998
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CKE/DQM Input timing ( Read cycle )

CLK

1M x 16 bit x 4 Banks SDRAM

Revison 1.2

CLK cycle No. 1 2 3 4 5 6 7
[T External _\ \ \ \ 1 1 L
L Internal 1 \ \ /\:_\ 1 -
oo —
o (O @ X B> (e
(1)
CLK cycle No. 1 2 3 4 5 6 7
[ External _\ \ \ \ 1 1 L
CI_KL Internal _\ \ /Y_\ 1 1 \
CKE \_J
oo N
o { Q1 X @2 X @3 X Q4 \o (@6 X
(2)
CLK cycle No. 1 2 3 4 5 6 7
[ External _\ \ \ L 1 1 L
CLKL Internal _\ PT\L _\ 1 1 L
cke | N[ /
oo /ST
o QL X Q2 X @3 X o4 X o5 X Q6 X

Publication Release Date: May, 1998
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Self Refresh/Power Down Mode Exit Timin

Asynchronous Control
Input Buffer turn on time ( Power down mode exit time ) is specified by tCKS(min) + tCK(min)

A ) tCK < tCKS(min)+tCK(min)
]%ICKﬁ
CKE ﬁ%m(mi”)“ c(min)

comma Y0P ) Yo} KX

—
Input Buffer Enable

B) tCK >=tCKS(min) + tCK (min)

tCK

< »
-« »-

CLK x
CKE /%ICKS(min)ﬂ cx(min) —=

Command >< Cornmand><

00000

Input Buffer Enable

Note )
All Input Buffer(Include CLK Buffer) are turned off in the Power Down mode
and Self Refresh mode
NOP Represents the No-Operation command
Represents one command
Revision 1.2 Publication Release Date: May, 1998
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Package Dimension

54L TSOP (I1)-400 mil
54
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1M x 16 bit x 4 Banks SDRAM

28

O

~ ]
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ﬂ AL
e = Y] SEATI NG PLANE
Controlling Dinension : MIlineters
DI MENSI ON DI MENSI ON
(M) (INCH)
SyYmMBOL
M N NOM MAX. M N NOM MAX.
A — — 1.20 — [— 0. 047
Al 0. 05 0.10 0.15 0. 002 0. 004 0. 006
A2 — 1.00 — —_— 0. 039 [
b 0.24 0.32 0. 40 0. 009 0.012 0.016
c — 0.15 —_— —_— 0. 006 —
D 22.12 22.22 22.62 0.871 0. 875 0. 905
E 10. 06 10. 16 10. 26 0. 396 0. 400 0. 404
H 11. 56 11.76 11. 96 0. 455 0. 463 0.471
s [— 0. 80 [ [— 0. 0315 [
L 0. 40 0. 50 0. 60 0. 016 0. 020 0. 024
L1 — 0. 80 — — 0.032 —
Y — — 0.10 [— [ 0. 004
zZD —_— 0.71 — [— 0. 028 [—

Revison 1.2
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