ELECTRONICS

KM416S1120AT
SDRAM

512K x 16Bit x 2 Bank Synchronous DRAM

FEATURES

+ JEDEC standard 3.3V Power Supply.
» LVTTL compatible with multiplexed address.
= Dual Bank.
+ MRS cycle with address key programs.
-.CAS Latency (1, 2, 3)
-. Burst Length (1, 2, 4, 8 & Full page)
-. Burst Type (Sequential & interleave)
+ All inputs are sampled at the positive going edge of the
system clock.
- Burst Read Single Bit Write Operation.
+ L{U)DQM for byte masking.
« Auto & Self Refresh.
= 32ms Refresh Period. (2K cycle)

GENERAL DESCRIPTION

The KM416S1120A is 16,777,216 bits synchronous high
data rate Dynamic RAM organized as 2 x 524,288 words by
16 bits, fabricated with SAMSUNG's high performance
CMOS technology.

Synchronous design aliows precise cycle control with the
use of system clock. /O transactions are possible on every
clock cycle.

Range of operating frequencies, programmable burst
length, and programmable latencies allows the same device
to be useful for a variety of high bandwidth, high
performance memory system applications.

ORDERING INFORMATION

KM416S1120AT-G/F10 100 MHz TSOP (1t)
KM416S1120AT-G/F12 83 MHz TSOP (It
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ELECTRONICS

KM416S1120AT

SDRAM

PIN CONFIGURATION (Top View)

vbpg1© 50p Vss
DQo g2 498 DQ15
DQ1 g3 480 DQ14
Vssafg4 47 Vssa
DQ2d5 461 DQ13
DQ3de6 450DQ12
VooaQ7 440 VpDpa
DQags 43pDQ11
DQ509 420 DQ10
Vssag 10 41pVssa
DQ6 g 11 40ph DQO
DQ7 412 39pDQ8
vobaQg 13 38 VoDQ
LDbQM g 14 37pN.C
WEQ15 36p UDQM
CAS 16 35pCLK
BAS 17 340 CKE
CS 418 33BN.C
A11019 32pAg
A1oQ 20 31pAs
AoQ 21 30pA7
A1f 22 29P As
A2g23 28As g4 py TSOP (Il)
Aag24 27D A4 L :
Vobd 25 26N Vss {400mil x 825mil)
(0.8 mm PIN PITCH)

PIN FUNCTION DESCRIPTION

CLK System Clock Active on the positive going edge to sampie all inputs.
. Disables or enables device operation by masking or enabling all inputs except

ts Chip Select CLK, CKE, and L(U)DQM
Masks system clack ta freeze operation from the next clock cycle.

CKE Clock Enable C!(E shoqld be enabled at least one cycle prior to new command.
Disables input buffers for power down in standby.
CKE should be enabled tPDE prior to valid command.

~ Row / column addresses are multiplexed on the same pins.

Ao~ Ato Address Row address : RAo ~ RA10, Column address : CAo ~ CA7
Selects bank to be activated during row address latch time.

A Bank Select Address Selects bank for read/write during column address latch time.

BAS Latches row addresses on the pasitive going edge of the CLK with BAS low.

A Row Address Strobe Enables row access & precharge.

CAS Column Address Strobe Latches column addresses on the positive going edge of the CLK with TAS low.
Enables column access.

WE Write Enable Enables write operation and row precharge.
Makes data output Hi-Z, tsHz after the clock and masks the output.

L(U)DQM | Data input/Output Mask Blocks data input when DQM active. (Byte Masking)

DQo~15 Data Input/Output Data inputs/outputs are multiplexed on the same pins.

Vob/Vss Power Supply/Ground

Voba/Vssa| Data Output Power/Ground
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@ KM416S1120AT
SDRAM

ELECTRONICS

ABSOLUTE MAXIMUM RATINGS

Voltage on any pin relative to Vss VIN, VouT -1.0~4.6

Voltage on VDD supply relative to Vss VDD, VDDQ -1.0~46 v
Starage temperature TsTa 55 ~ +150 °C
Power dissipation PD 1 w
Short circuit current los 50 mA

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

DC OPERATING CONDITIONS

Recommended operating conditions (Voltages referenced to Vss = 0V, TA=0°C to 70°C)

] Parame v bol .| VP . ‘ ote

Supply voltage Vbb,VDDbQ 3.0 3.3 3.6 A

Input high voltage ViH 2.0 3.0 VDD+0.3 \4

Input low voltage VIL -0.3 0 0.8 v Note 1
QOutput high voltage VoH 24 - - Y IoH=-2mA
Qutput low voltage VoL - - 0.4 \ loL=2mA
Input leakage current i -5 - 5 uA Note 2
Output leakage current foL -5 - 5 uA Note 3

Note: 1. ViL(min.) = -1.5V AC (pulse width < 5 ns)
2. Any input 0<ViN<VDD + 0.3V, all other pins are not under test = OV.
3. Dout is disabled, 0V=sVouTsVDD.

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

Input capacitance (Ao ~ A11)

Input capacitance

(CLK,CKE,CS, RAS,CAS,WE & L(U)DQM) Cinz - 5 PF
Data input/output capacitance R F
(DQo ~ DQ1s) Cour 6 P

DECOUPLING CAPACITANCE GUIDE LINE

Recommended decoupling capacitors are added to power line on PCB.

et . oyl {
Decoupling Capacitance between VDD and Vss Cbct 01*3 uF
Decoupling Capacitance between Vbba and YssQ Cbcz 01*3 uF

Note : 1. VoD and VODQ pins are separated each other.
All VDD pins are connected inside the chip. All VDDQ pins are connected inside the chip.
2. Vss and Vssa pins are separated each other.
All Vss pins are connected inside the chip.
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@ KM416S1120AT
ELECTRONICS

SDRAM

DC CHARACTERISTICS

{ Recommended Operating Conditions Unless Otherwise Noted, TA=0 to 70°C)

Burst Length =1 8 105 100
Operating Current lec tAC = tRC(min) 2 95 a0 mA | 1
loL=0mA %0 85
Precharge Standby Current | lccaP | CKEsVilmax), tcc=15ns 3 mA
in Power-down mode lcczPS | CKE & CLKsViL(max), tco= @ 2
lccaN | CKE=ViH(min), CS=ViH(min), tcc=15ns 25
Precharge Standby Current Input signals are changed one time during 30ns
in Non power-down mode ] mA
CKE=ViH(min), CLK<Viy{max), tcc=x 8
lcc2NS .
Input signals are stable
Active Standby Current lccaP | CKEsVimax), tco=15ns mA
in power-down mode Icc3PS | CKE & CLK<ViL(max), tce= o
. ocaN CKE=VIH(min), TS=ViH(min), tcc=15ns 30
Active Standby Current Input signals are changed one time during 30ns
in Non power-down mode mA
(One Bank Active) locaNg | CKE=V H(min), CLKsVi(max), tcc=eo 15
Input signals are stable
loL=0 mA 3 145 125
Operating Current lcc4 Page Burst
(Burst Mode) All Banks activated 2 105 90 mA 1,2
tccp=tccp{min) 1 65 60
3 95 90
Refresh Current Iccs tRC = tRC(min) 2 90 85 mA| 3
1 85 80
2 mA
Self Refresh Current lccs CKE 0.2V
250 LA
Note : 1. Measured with outputs open.
2. Assumes minimum column address update cycle tccp(min)
3. Refresh period is 32ms.
4, KM416S1120AT-G**
5. KM416S1120AT-F**
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@ KM416S1120AT

ELECTRONICS SDRAM

AC OPERATING TEST CONDITIONS (vop = 3.3v20.3V, Ta=010 70 °C)

AC input levels VIH/ ViL= 2.4V / 0.4V

Input timing measurement reference level 1.4V
Input rise and fall time tr/ti=1ns/1ns
Output measurement reforonce level 1.4V
Output load condition See Fig. 2

33V O Vit=1.4V

1200 Q 500
_____________ VoH (DC) = 2.4V, I0H=-2mA
Output = VoL (DC) =0.4V, loL=2mA
50pF 50pF
( Fig. 1) DC Qutput Load Circuit ( Fig. 2) AC Qutput Load Circuit

OPERATING AC PARAMETER

(AC operating conditions unless otherwise noted)

Row active to Row active delay tRRD(min) 20 24 ns i
RAS to CAS delay tRCD(min) 26 30 ns 1
Row precharge time tRP(min) 26 30 ns 1
Row active time {RASEID) 60 &8 = !
tRAS(max) 200 200 us
Row cycle time tRC(min) 96 100 ns 1
Last data in to new col. address delay tCDL(min) 1 CLK 2
Last data in to Row precharge tRDL{min) 1 CLK 2
Last data in to burst stop tBDL(min) 0 CLK 2
Col. address to col. address delay tccD(min) 1 CLK 3
CAS Latency=3 2
Number of valid output data CAS Latency= 2 1 ea 4
CAS Latency=1 0

Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time,
and then rounding off to the next higher integer.
2. Minimum delay is required to complete write.
. Ali parts allow every cycle column address change.
4. In case of Row precharge interrupt, Auto precharge and Read burst stop.

w
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@ KM416S1120AT

ELECTRONICS SDRAM

AC CHARACTERISTICS (AC operating conditions unless otherwise noted)

CAS latency=3 10 12 1
CLK cycle time | CAS iatency=2 tcc 15 1000 15 1000 ns 1

CAS latency=1 30 30 1

] CAS latency=3 - 8 - 9 1,2

oclh';u:%;::';d CAS latency=2 | tsac - 95 - 10 ns | 1,256

CAS latency=1 - 27 - 27 1,2
Output data hold time 1oH 3 3 ns 2
CLK high pulse width tcH 35 4 ns 3
CLK low pulse width tcL 3.5 4 ns 3
Input setup time tss 3 3 ns 3
Input hold time tsH 1 1.5 ns 3
Power down exit set-up time tPDE 8 10 ns 4
CLK to output in low-Z tsLz 2 2 ns 2

CAS latency=3 - 8 - 9
i(iL:;_;o output CAS latency=2 | 1SHZ - 10 - 11 ns

CAS latency=1 - 15 - 16
Note : Parameters depend on programmed CAS latency.

N -

. If clock rising time is longer than 1ns, (tr/2-0.5)ns should be added to the parameter.

3. Assumed input rise and fall time (ir & tf)=1ns.
If tr &1if is longer than 1ns, transient time compensation should be considered,
i.e., [(tr + t1)/2 - 1] ns should be added to the parameter.

4. Atime of tPDE has to elapse after asserting CKE to resume normal operation when exiting both bank precharge
power down mode.

5. If 3.15VsVDDs3.6V, tsAC = 9ns can be met @CAS latency=2 of - 10 part.

6. If 3.15V<VDD<3.6V, tsAC = 9.5ns can be met @CAS latency=2 of -12 part .
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@ KM416S1120AT
ELECTRONICS SDRAM

FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE

KM416S1120AT-10 (Unit : number of clock)
100MHz (10.0ns) 3 10 6 3 2 3 1 1 1
83MHz (12.0ns) 3 8 5 3 2 3 1 1 1
75MHz (13.3ns) 3 8 5 2 2 2 1 1 1
86MHz {15.2ns) 2 7 4 2 2 2 1 1 1
60MHz (16.7ns) 2 6 4 2 2 2 1 1 1
50MHz (20.0ns) 2 5 3 2 1 2 1 1 1
33MHz (30.3ns) 1 4 2 1 1 1 1 1 1
30MHz (33.3ns) 1 3 2 1 1 1 1 1 1

KM416S1120AT-12 (Unit : number of clock)
83MHz {12.0ns) 3 9 6 3 2 3 1 1 1
75MHz (13.3ns) 3 8 5 3 2 3 1 1 1
66MHz (15.2ns) 2 7 5 2 2 2 1 1 1
60MHz (16.7ns) 2 6 4 2 2 2 1 1 1
50MHz (20.0ns) 2 6 4 2 2 2 1 1 1
33MHz (30.3ns) 1 4 3 1 1 1 1 1 1
30MHz (33.3ns) 1 3 2 1 1 1 1 1 1
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ﬂ ELECTRONICS

KM416S1120AT

SDRAM

SIMPLIFIED TRUTH TABLE

As~A0 - INOTE
Register Mode Register Set H X L L L L X OP CODE 1,2
Auto Refresh H 3
H L L L H X X
Entry L 3
Refresh Self
L H H H 3
Refresh Exit L H X X
H X X X 3
Bank Active & Row Addr. H X L L H H X Row Address
. Column
Read & Auto Precharge Disable 4
Colurmnn Address H X L H L H X Address
Auto Precharge Enable H (A7~A0) 4,5
Write & Auto Precharge Disable L Column 4
cg:;m Address g H X L H L L X Address
Auto Precharge Enable H (A7~A0) | 4.5
Burst Stop H X L H H L X X 6
i L
Precharge Bank Selection Hlx o || wlL X X
Both Bank H
Ent H L H X X X
Clock S d nry X
[OCH uspend or L v v v X
Active Power Down
Exit - L H X X X X X
H X X X
Entry H L X
L H H H
Precharge Power Down Mode X
H X X X
Exit L H X
L v v v
DQM H X A X 7
H X X X
No Operation Command H X X X
L H H H

Note : 1. OF Code : Operand Code
Ao~ A11: Program keys.{@MRS)
2. MRS can be issued only at both bank precharge state.
A new cammand can be issued after 2 clock cycles of MRS.
3. Auto refresh functions as same as CBR refresh of DRAM.
The automatical precharge without Row precharge command is meant by "Auto”.
Auto/Self refresh can be issued only at both bank precharge state.
4. A11:Bank select address.
If "Low" at read, write, Row active and precharge, bank A is selected.
If "High" at read, write, Row active and precharge, bank B is selected.
If A10 is "High" at Row precharge, A1t is ignored and both banks are selected.
5. During burst read or write with auto precharge,
new read/write command cannot be issued.
Another bank read/write command can be issued after the end of burst.

New row active of the associated bank can be issued at tRp after the end of burst.

6. Burst stop command is valid at every burst length.
7. DQM sampled at positive going edge of a CLK
masks the data-in at the very CLK (Write DOM latency is 0)
but makes Hi-Z state the data-out of 2 CLK cycles after. (Read DQM latency is 2)

(V=Valid, X=Don'"t Care, H=l.ogic High, L=Logic Low)
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w KM416S1120AT
ELECTRONICS SDRAM

MODE REGISTER FIELD TABLE TO PROGRAM MODES

Register Programmed with MRS

Function RFU W.B.L Burst Length
(Note 2) (Note 1)

0 0 Mode Register Set 0 0 0 |Reserved] O | Sequential [0 |0 |0 1 Reserved
0 1 Reserved 0 0 1 1 1 Interleave | 0 {0 |1 2 Reserved

1 0 Reserved 0 1 0 2 o110 4 4

1 1 Reserved 0 1 1 3 011 |1 8 8
: ' 1 0 0 | Reserved 1 [0 |0 |Reserved {Reserved
. 1 0 1 | Reserved 1 10 |1 {Reserved |Reserved
0 Burst 1 1 0 | Reserved 1 |1 | 0 |Reserved |Reserved
Single Bit 1 1 1 | Reserved 1|1 |1 [256(Full) [Reserved

POWER UP SEQUENCE

1. Apply power and start clock, Attempt to maintain CKE="H", DQM="H" and the other pins are NOP condition at the inputs.
2. Maintain stable power, stable clock and NOP input condition for a minimum of 200us

3. Issue precharge commands for all banks of the devices.

4. Issue 8 or more auto-refresh commands.

5. Issue a mode register set command to initialize the mode register.

cf.) Power up sequence 4 & 5 are regardless of the order.

The device is how ready for normal operation.

NOTE : 1. If Agis high during MRS cycle, "Burst Read Single Bit Write” function will be enabled.
2. RFU (Reserved for future use) should stay "0" during MRS cycle.

CD-ROM(Edition 3.0) This Data Sheet is subject to change without notice. (C) 1996 Samsung Electronics
Printed in Korea.
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SDRAM

ELECTRONICS

=4)

BURST SEQUENCE (BURST LENGTH

= 8)

BURST SEQUENCE (BURST LENGTH
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ELECTRONICS

KM416S1120AT
SDRAM

DEVICE OPERATIONS

CLOCK (CLK)

The clock input is used as the reference for all SDRAM
operations.  All operation are synchronized to the positive
going edge of the clock. The clock transitions must be
maonotonic between VIL and VIH. During operation with
CKE high, all inputs are assumed to be in valid state {low or
high) for the duration of set-up and hold time around
positive edge of the clock for proper functionality and lcc
specifications.

CLOCK ENABLE (CKE)

The clock enable(CKE) gates the clock onto SDRAM. |f
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 as the CKE remains low. All
other inputs are ignored from the next clock cycle after CKE
goes low. when both banks are in the idle state and CKE
goes low synchronously with clock, the SDRAM enters the
power down mode from the next clock cycle. The SDRAM
remains in the power down mode ignoring the other inputs
as long as CKE remains low. The power down exit is
synchronous as the internal clock is suspended. When
CKE goss high at least "trDE" befare the high going edge of
the clock, then the SDRAM becomes active from the same
clock edge accepting all the input commands.

BANK SELECT (A1)

This SDRAM is organized as two independent banks, of
524,288 words x 16 bits memory arrays. The A11input is
latched at the time of assertion of FAS and CAS to select
the bank to be used for the operation. When At is
asserted low, bank A is selected. When A11 is asserted
high, bank B is selected. The bank select A11 is latched at
bank activate, read, write, mode register set and precharge
operations.

ADDRESS INPUTS (Ao~A10)

The 19 address bits required to decode the 524,288 word
locations are multiplexed into 11 address input pins
(Ao~A10). The 11 bit row address is latched along with BAS
and A11 during bank activate command. The 8 bit column
address is latched along with CAS, WE and A1 during read
or write command.

NOP and DEVICE DESELECT

When BAS, TAS and WE are high, the SDRAM performs
no operation (NOP). NOP does not initiate any new
operation, but is needed to complete operations which
require more than single clock cycle like bank activate, burst
read, auto refresh, etc. The device deselect is also a NOP
and is entered by asserting TS high. CS high disables the
command decoder so that RAS, CTAS, WE and all the
address inputs are ignored.

POWER-UP

The following sequence is recommended for POWER UP

1.

Power must be applied to either CKE and DQM inputs
to pull them high and the other pins are NOP codition

at the inputs before or along with VOD(and VODQ) supply.
The clock signal must also be asserted at the same time

2. After VDD reaches the desired voltage, a minimum pause

of 200 microseconds is required with inputs in NOP
condition.

3. Both banks must be precharged now.
4. Perform a minimum of 8 Auto refresh cycles to stabilize

the internal circuitry.

5. Perform a MODE REGISTER SET cycle to pragram the

CAS latency, burst length and burst type as the default
value of mode register is undefined.

At the end of two clock cycles from the mode register set
cycle, the device is ready for operation.

when the above sequence is used for Power-up, all the
outputs will be in high impedance state. The high
impedance of outputs is not guaranteed in any other
power-up sequence.

cf) Sequence 4 & 5 can be changed.

MODE REGISTER SET (MRS)

various operating modes of SDRAM.

The mode register stores the data for confrolling the
It programs the CAS

latency, addressing mode, burst length, test mode and
various vendor specific options to make SDRAM useful for

variety of different applications.

The default value of the

mode register is not defined, therefore the mode register
must be written after power up to operate the SDRAM.
The mode register is written by asserting low on CS, RAS,
CAS and WE (The SDRAM should be in active mode with
CKE already high prior to writing the maode register). The
state of address pins Ao~A10 and A11 in the same cycle as
CS5, RAS, CAS and WE going low is the data written in the
mode register. Two clock cycles is required to complete the
write in the mode register. The mode register contents can
be changed using the same command and clock cycle
requirements during aperation as long as both banks are in
the idle state.

The mode register is divided into various fields depending

onh functionality.

The burst length field uses Ao~A2,

addressing mode uses A3, CAS latency (read latency from
column address) uses A4~As, A7, As, A1oand A11 are used
for vendor specific options or test mode. And the write
burst length is programmed using Ao. A7,A8A10 and A1
must be set to low for normal SDRAM operation.

Refer to table for specific codes for various burst length,

addressing modes and CAS latencies.
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KM416S1120AT
SDRAM

DEVICE OPERATIONS (Continued)

BANK ACTIVATE

The bank activate command is used to select a random row
in an idle bank. By asserting low on RAS and TS with
desired row and bank address a row access is initiated.
The read or write operation can occur after a time delay of
tReo(min) from the time of bank activation.

treo{min) is an internal timing parameter of SDRAM
therefore it is dependent on operating clock frequency. The
minimum number of clock cycles required between bank
activate and read or write command should be calculated by
dividing trco(min) with cycle time of the clock and then
rounding off the result to the next higher integer. The
SDRAM has two internal banks on the same chip and
shares part of the internal circuitry to reduce chip area,
therefore it restricts the activation of both banks
immediately. Also the noise generated during sensing of
each bank of SDRAM is high requiting some time for power
supplies to recover before the other bank can be sensed
reliably. tRRD{min) specifies the minimum time required
between activating different banks. The number of clock
cycles required between different bank aclivation must be
calculated similar to tRcD specification. The minimum time
required for the bank to be active to initiate sensing and
restoring the complete row of dynamic cells is determined
by tras(min). Every SDRAM bank activate command must
satisfy tRas(min) specification before a precharge command
to that active bank can be asserted. The maximum time
any bank can be in the active state is determined by
tRas(max). The number of cycles for both trRAs{min) and
tRAas(max) can be calculated similar to tRCD specification:

BURST READ

The burst read command is used to access burst of data on
consecutive clock cycles from an active row in an active
bank. The burst read command is issued by asserting low
on CS and CAS with WE being high on the positive edge of
the clock. The bank must be active for at least tRcD(min)
before the burst read command is issued. The first output
appears CAS latency number of clock cycles after the issue
of burst read command. The burst length, burst sequence
and latency from the burst read command is determined by
the mode register which is already programmed. The burst
read can be initiated on any column address of the active
row. The address wraps around if the initial address does
not start from a boundary such that number of outputs from
each /O are equal to the burst length programmed in the
mode register. The output goes into high-impedance at the
end of the burst, unless a new burst read was initiated to
keep the data output gapless. The burst read can be
terminated by issuing another burst read or burst write in
the same bank or the other active bank or a precharge
command to the same bank. The burst stop command is
valid at every page burst length.

BURST WRITE

The burst write command is similar to burst read command,
and is used to write data into the SDRAM on consecutive
clock cycles in adjacent addresses depending on burst
length and burst sequence. By asserting low on CS, CAS
and WE with valid column address a write burst is initiated.
The data inputs are provided for the initial address in the
same clock cycle as the burst write command. The input
buffer is deselected at the end of the burst length, even
though the internal writing may not have been completed
yet. The writing can to complete to burst length. The burst
write can be terminated by issuing a burst read and DQM
for blocking data inputs or burst write in the same or the
other active bank. The burst stop command is valid at every
burst length. The write burst can also be terminated by
using DQM for blocking data and precharging the bank
"tROL" after the last data input to be written into the active
row. See DQM OPERATION also.

DQM OPERATION

The DQM is used to mask input and output operations. It
works similar to OE during read operation and inhibits
writing during write operation. The read latency is two
cycles from DQM and zero cycle for write, which means
DQM masking occurs two cycles later in the read cycle and
accurs in the same cycle during write cycle. DQM operation
is synchronous with the clock, therefore the masking occurs
for a complete cycle. The DQM signal is important during
burst interrupts of write with read or precharge in the
SDRAM. Due to asynchronous nature of the internal write,
the DQM operation is critical to avoid unwanted or
incomplete writes when the complete burst write is not
required. DQM is also used for device selection, byte
selection and bus control in a memory system. LDQM
controls DQO to DQ7, UDQM controls DQ8 to DQ15.
Please refer to DQM timing diagrams also.

PRECHARGE

The precharge operation is performed on an active bank by
asserting low on CS, RAS, WE and A1o with valid A11 of the
bank 1o be precharged. The precharge command can be
asserted anytime after tRAS{min) is satisfied from the bank
activate command in the desired bank. "tRP" is defined as
the minimum time required to precharge a bank. The
minimum number of clock cycles required to complete row
precharge is calculated by dividing "trRP" with clock cycle
time and rounding up to the next higher integer. Care
should be taken to make sure that burst write is completed
or DQM is used to inhibit writing before precharge command
is asserted. The maximum time any bank can be active is
specified by tRas(max). Therefore, each bank has to be
precharged within trRas(max) from the bank activate
command. Atthe end of precharge, the bank enters the idle
state and is ready to be activated again.
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KM416S1120AT
SDRAM

ﬂ ELECTRONICS

DEVICE OPERATIONS (Continued)

Entry to Power Down, Auto refresh, Self refresh and Mode
register Set etc. is possible only when both banks are in
idle state.

AUTO PRECHARGE

The precharge operation can also be performed by using
auto precharge. The SDRAM internally generates the
timing to satisfy tRas(min) and “trP" for the programmed
burst length and CAS latency. The auto precharge
command is issued at the same time as burst read or burst
wirite by asserting high on A1o.  If burst read or burst write
command is issued with low on A1o, the bank is left active
until a new command is asserted. Once auto precharge
command is given, no new commands are possible to that
particular bank until the bank achieves idle state.

BOTH BANK PRECHARGE

Both banks can be precharged at the same time by using
precharge all command. Asserting low on CS, BAS, and
WE with high on A1o after both banks have satisfied
trRAS(min) requirement, performs precharge on both banks.
At the end of tRP after performing precharge all, both banks
are in idle state.

AUTO REFRESH

The storage cells of SDRAM need to be refreshed every
32ms to maintain data. An auto refresh cycle accomplishes
refresh of a single row of storage cells.  The internal
counter increments automatically on every auto refresh
cycle to refresh all the rows. An auto refresh command is
issued by asserting low on TS5, RAS and CAS with high on
CKE and WE.  The auto refresh command can only be
asserted with both banks being in idie state and the device
is not in power down mode (CKE is high in the previous
cycle). The time required to complete the auto refresh
operation is specified by "Rc{min)". The minimum number
of clock cycles required can be calculated by dividing "tRc”
with clock cycle time and then rounding up to the next
higher integer. The auto refresh command must be followed
by NOP's until the auto refresh operation is completed.
Both banks will be in the idle state at the end of auto refresh
operation. The auto refresh is the preferred refresh mode
when the SDRAM is being used for normal data
transactions. The auto refresh cycle can be performed
once in 15.6 ps or a burst of 2048 auto refresh cycles once
in 32ms.

SELF REFRESH

The self refresh is another refresh mode available in the
SDRAM. The self refresh is the preferred refresh mode for
data retention and low power operation of SDRAM. In self
refresh mode, the SDRAM disables the intemnal clock and
all the input buffers except CKE. The refresh addressing
and timing is internally generated to reduce power
consumption.

The self refresh mode is eniered from both bank idle state
by asserting low on CS, RAS, CAS and CKE with high on
WE. Once the self refresh mode is entered, only CKE state
being low matters, ali the other inputs including clock are
ignored to remain in the self refresh.

The self refresh is exited by restarting the external clock and
then asserting high on CKE. This must be followed by
NOP's for a minimum time of "“trc" before the SDRAM
reaches idle state to begin normal operation. If the system
uses burst auto refresh during normal operation, it is
recommended to use burst 2048 auto refresh cycles
immediately after exiting self refresh.

CD-ROM(Edition 3.0) This Data Sheet is subject to change without notice. (C) 1996 Samsung Electronics
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ELECTRONICS

KM416S1120AT

SDRAM

BASIC FEATURE AND FUNCTION DESCRIPTIONS

1. CLOCK Suspend

CMD { WR )

1} Clock Suspend During Write (BL=4)

cw [ LILILILLIU M

[ L

2) Clock Suspend during Read (BL=4)

L L

CKE [

ax LML

==

DQ(CL1) —{ Do X D1

DQ(CL2) — Do X Dy

DQCL3) — Do X D

Not Written

2 N e
Dz Y Ds )— (oo X arXaeX_ @)
b= X2 )— €D €D GETED €
b2 Y05 )— (X~ o XX o )—

Susi:)ended' Dout

2. DQM Operation

1) Write Mask (BL=4)

CMD @

bQM

2) Read Mask (BL=4)

ew LU MUY LU

DQ(CL1)
DQ(CL2)

DQ(CL3)

CLK

1L

CMD

" DQM to Data-in Mask = 0
3) BQM with Clock Suspend (Full Page Read)Note 2

Maskedé

by DQM

2 (o)

2 (a2 X Qs )

CKE

DQM

LT L

42 (oY Q2 X Qs)

DQM fo Data:out Mask =2

DQ(CL1) —

DQ(CL2)

DQ(CLS)

2
D—H2 (o
3) Hi-Z d5 m m

Note : 1. CKE to CLK disable/enable = 1 clock.
2 . DOM makes data out Hi-Z after 2 clocks which should masked by CKE "L".
3. DQM mask both data-in and data-out.
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ELECTRONICS

KM416S1120AT
SDRAM

3. CAS Interrupt (1)

CLK
CMD
ADD
DQ(CL1)
DQ(CL2)

DQ(CL3)

CLK
CMD

ADD

DQ

- 1) Read interrupted by Read (BL=4)

L LU

B

Note 1

(QAo XQBo XQIE?ﬂ XQBzXQBs)
(Q;onQEoXQSEhXQ;zXQBs)
(G0 XG0 Y(Ger X @B2)(8s )—
Note2

2) Write interrupted by Write (BL=2)

tCCD; Note2

L] U

—(D;\OXD

:BoXDB1>

DQ(CL1)

ffepLt
Note 3 DQ(CL2)
DQ(CL3)

3) Wirite interrupted by Read (BL=2)

gigigigipiplinh

e

Naote2

—(QBoX QB1)

—<o§o>—

DAo

{ae Xcer)

DAo

* {opL
Note 3

Note : 1. By "Interrupt”, It is meant to stop burst read/write by external command before the end of burst.
By "CAS Interrupt”, to stop burst read/write by TAS access ; read and write.

2. tcco :TAS to CAS delay. (=1CLK)
3. tcoL : Last datain to new column address delay. (=1CLK)
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@ KM416S1120AT

ELECTRONICS SDRAM

4. CAS Interrupt (Il) : Read Interrupted by Write & DQM

(a) CL=1, BL=4
ck [ LI LI LI L oy
i) CMD {rp XWR)
DQM _J |
DQ (DoXD1XDaXD3)
i) CMD <—RD—) (W’—R>
paM || |
bQ %2 (o X b1 X D2 X Ds )
iii) CMD @D @
DQOM | |
ba ENr- ED EDED Y,
(b) CL=2, BL=4
ok [ L] LD UL L L L L
iy CMD ( RD X WR )
DQM [ ]
DQ (DoXD1XDzXDs)
ii) CMD (rD) <V\;R )
DaM | |
DQ HE (oo X o1 X0z XD )
iii) CMD @D { V\;R )
DaMm | |
DQ H_Z(DOXD1XD2XDS>
iv) CMD (rD) { WA )
plel [ |
DQ Er-nCYEDED Chey

Note : 1. To prevent bus contension, there should be at least one gap between data in and data out.

CD-ROM(Edition 3.0) This Data Sheet is subject to change without notice. (C) 1996 Samsung Electronics
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ELECTRONICS SDRAM

( Continued )

(c) CL=3, BL=4
e [ LI L0 L L L L
i) CMD (ro Xwr)

DQ { Do X D1 X D2 X Ds )

if) CMD (o) | (wR)
DOM [1]

DQ { Do p1XDaXDs)
iiiy CMD ) @
DQM | |
pQ { Do X D1 XDz X Ds }
iv) CMD (70) @
DQM | ]
DQ F (Do X(or (02 Y02 )
v) CMD (D) @
DQM [ |
b {Ca0 (00 X D1 XDz X(Bs }—

5. Write Interrupted by Precharge & DQM

eue LML
o | (5m) G
DaM 11

DQ

Masked by DQM

Nole : 1. To prevent bus contension, DOM should be issued which makes at ieast one gap between data in and data out.
2. To inhibit invalid write, DQM should be issued.
3. This precharge command and burst write command should be of the same bank, otherwise it is not precharge
interrupt but only another bank precharge of dual bank operation.

CD-ROM(Edition 3.0) This Data Sheet is subject to change without notice. (C) 1996 Samsung Electronics
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@ KM416S1120AT
ELECTRONICS SDRAM

6. Precharge

1) Normal Write (BL=4)

o | LI LTI LILIL
ow | (w) 1 (o)

DQ ——(DoXD1XDzXD3>

“IROL -
Note 1

2) Normal Read (BL=4}

e | L LI LT L L
CMD (RD) . (PRe

DQ(CL1) G XarX e Xa
DQ(CL2) (_C;o d1 C:lz Qs )
DQ(CL3) (oo X ar X @z X s ¥
7. Auto Precharge

1) Normal Write (BL=4)
DQ ——-( D:o X [;1 m D:3 )—

. : : : : 1 .NoteB

Auto Precharge Starts

2) Normal Read (BL=4)

e [ L L L
CMD (RD) i

DQ(CL1) {ao X ar X s X Qs )

DQ(CL2) (Cao X a1 X @z X s )
DQ(CL3) (oo X ar X @z X s —
‘ I lNo!ea '
Auto Precharge Starts

Note : 1. tRDL : Last Data in o Row Precharge Delay
2. Number of valid output data after Row Precharge : 0,1,2, for CAS Latency=1,2,3, respectively.
3. The row active command of the precharge bank can be issued after tRP from this point.
The new read/write command of another activated bank can be issued from this point.
At burst read/write with auto precharge, CAS interrupt of the same/another bank is illegal.

CD-ROM(Edition 3.0) This Data Sheet is subject to change without notice. (C) 1996 Samsung Electronics
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ELECTRONICS SDRAM

8. Burst

Stop & Interrupted by Precharge

1) Normal Write (BL=4) 2) Write Burst Stop ( BL=8)

a LML e LML LU
o | () @
DaM I———l DaM Note 2

{BDL:
DQ pQ@ —{ Do X D1 X D2 X D3 )
" tRDL Note 1
DQM T
DQ
. . . . Note 2
If teoL=1 is required, DQM should be issued with Burst Stop.
3) Read Interrupted by Precharge (BL=4) 4) Read Burst Stop ( BL=4)
e [T e LU L L] LT L
o | (o) ow | (a0)
Vo= —\0 ¢ 0
DQ(CL1 Qo X Q1 DQ(CL1 Qo X On
e ——(aant— eun——@
DQ(CL2) {ao X i) DQ(CL2) (a0 X a1y
DQ(CL3) Qo X a1 Y DQ(CLS) Qo X a1 ¥

@)

omo | (wR) I

9. MRS

CLK

CMD

1) Mode Register Set

Note : 1.

tROL : 1 CLK

2. t80L =0 CLK ; Last Data in to Burst Stop Delay.

To inhibit write at the cycle of burst stop, DQM should be issued.
Read or write burst stop command is valid at every burst length.

3. Number of valid output data after Row precharge or burst stop : 0,1,2, for CAS Latency=1,2,3, Respectively.
4. PRE : Both Bank Precharge it necessary.
MRS can be issued only at both bank precharge state.
CD-ROM(Edition 3.0)
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ELECTRONICS SDRAM

10. CLOCK Suspend Exit & Power Down EXxit

1) Clock Suspend (=Active Power Down) Exit 2) Power Down (=Precharge Power Down) Exit
e [T e [LITLTLILT LTI
Notg 3
CKE [ tss ; ‘Cé’,?EEU ! tpoe
Internal r—l
CLK Note 1 Igltﬁ(mal Note 2 | l | l
CMD CMD
(CASE 2)

CKE

internal i Note 2

CLK

CMD

11. Auto Refresh & Self Refresh

CLK

CMD

CKE

1) Auto Refresh Note 5

2) Self Refresh Notes

L LU
ERE Notg 6

tRP

CLK l | l l
i \Notd 6
CMD (PRE) "
CKE
tRP i ! = ! tRe
Note : 1. Active power down : one or both bank active state.
2. Precharge power down : both bank precharge state.
3. tPDE : Asynchronous AC parameter. Time for Power Down Exit Setup Time.
Only valid at precharge power down exit.
4. tss < tPDE, NOP should be issued. And new command can be issued after 1 Clock.
5. The auto refresh is the same as CBR refresh of conventional DRAM.
No precharge commands are required after auto refresh command.
During tRC from auto refresh command, any other command cannot be accepted.
6. Before executing auto/self refresh command, both banks must be idle state.
7. MRS, Bank Active, Auto/Self Refresh, Power Down Mode Entry.
8. During self refresh mode, refresh interval and refresh operation are performed internally.
Atter self refresh entry, self refresh mode is kept while CKE is LOW.
During self refresh mode, all inputs execept CKE will be don't care all outputs will be in a Hi-Z state.
During tRC from self refresh exit command any other command cannot be accepted.
Before/After self refresh mode, burst auto refresh cycle (2K cycle) is recommended.
9. tsRx : minimum CKE "High" for Self Refresh Exit.
CD-ROM(Edition 3.0) This Data Sheet is subject to change without notice. (C) 1996 Samsung Electronics
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KM416S1120AT

SDRAM

12. About Burst Type Control

Basic
MODE

Sequential Counting

At MRS, Aa="0". See the BURST SEQUENCE TABLE. (BL.=4, 8)
BL=1,2,4,8 and full page.

Interleave Counting

At MRS, A3="1". See the BURST SEQUENCE TABLE. (BL=4, 8)
BL=4,8, At BL=1,2 Interleave Counting = Sequential Counting

Pseudo-
MODE

Pseudo-
Decrement Sequential
Counting

At MRS, Aa="1". (Set to Interleave Counting Mode)

Starting Address LSB 3 bits Ac-2 should be "000" or "111". @BL=8.
--if LSB ="000" : Increment Counting.

-- If LSB = "111" : Decrement Counting.

For Example, (Assume Addresses except LSB 3 bits are all 0, BL=8)

-- @ write, LSB = "000", Accessed Column in order 0-1-2-3-4-5-6-7

- @ read, LSB ="111", Accessed Column in order 7-6-5-4-3-2-1-0

At BL=4, same applications are possible. As above example, at Interleave
Counting mode, by confining starting address to some values, Pseudo-
Decrement Counting Mode can be realized.

See the BURST SEQUENCE TABLE carefully.

Random
MODE

Random column Access
tceb = 1CLK

Every cycle Read/Write Command with random column address can realize
Random Column Access.

That is similar to Extended Dout Qut (EDO) Operation of conventional DRAM.

13. About Burst Length Control

1 At MRS, A21,0="000"
At auto precharge, tRas should not be violated.
2 At MRS, A2,1.0="001"
Basic At auto precharge, tRas should not be violated.
MODE 4 At MRS, Az,10="010"
8 At MRS, ‘Az2j1,0="011"
Full Page At MRS, A21,0="111"
g At the end of the burst length, burst will be stop automaticaily.
Special At MRS, Ag="1"
P BRSW Read Burst = 1,2,4,8, full page/Write Burst = 1
MODE At auto precharge of write, tRas should not be violated.
Random Burst Sto teoL=0, Valid DQ after burst stop is 0,1,2 for CL 1,2,3 respectively
MODE P Using burst stop command, any burst length control is possible.
Before the end of burst, Row precharge command of the same bank
RAS interrupt slops read/write burst with Row precharge.
(Interrupted by Precharge) | tRDL=1 with DQM, Vaild DQ after burst stop is 0,1,2 for CL 1,2,3 respectively
IMntganépt y 9 During read/write burst with auto precharge, RAS interrupt cannot be issued.
Before the end of burst, new read/write stops read/write burst and starts new
CAS Interrupt read/write burst.
During read/write burst with auto precharge, CAS interrupt cannot be issued.
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ELECTRONICS SDRAM
FUNCTION TRUTH TABLE (TABLE 1)
Cé‘t’;f:‘ TS |RAS |CAS | WE | BA ADDR ACTION NOTE
H X X X X X NOP
L H H H X X NOP
L H H L X X ILLEGAL 2
IDLE L H L X BA CA A0 ILLEGAL 2
L L H H BA RA Row (& Bank) Active ; Latch RA
L L H L BA A0 NOP 4
L L L H X X Auto Refresh or Self Refresh 5
L L L L OP code | OP code | Mode Register Access 5
H X X X X X NOP
L H H H X X NOP
L H H L X X ILLEGAL 2
::: ?i\\’/ve L H L H BA CA, A10 | Begin Read ; latch CA ; determine AP
L H L L BA CA, A10 | Begin Write ; latch CA ; determine AP 2
L L H H BA RA ILLEGAL
L L H L BA A10 Precharge
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Row Active)
L H H H X X NOP (Continue Burst to End --> Row Active)
L H H L X X Term burst --> Row active 3
Read L H L H BA CA, A10 | Termburst, New read, Determine AP 3
L H L L BA CA, A10 | Term burst , New write, Determine AP 2
L L H H BA RA ILLEGAL
L L H L BA A10 Term burst, Precharge timing for Reads
L L L X X X ILL EGAL
H X X X X X NOP (Continue Burst to End --> Row Active)
L H H H X X NOP (Continue Burst to End --> Row Active)
L H H L X X Term burst --> Row active
Write L H L H BA CA, Ao Term burst, New read, Determine AP 3
L H L L BA CA, Ato Term burst, New write, Determing AP 3
L L H H BA RA ILLEGAL 2
L L H L BA A10 Term burst, Precharge timing for Writes 3
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Pracharge)
L H H H X X NOP {Continue Burst to End --> Precharge)
Read with | H H L X X ILLEGAL
or gﬁgrge L H |l L | x BA CA, Ao | ILLEGAL
L L H X BA RA, RAt10| ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End --> Precharge)
L H H H X X NOP (Continue Burst to End --> Precharge)
Write with L H H L X X ILLEGAL
or e’i‘r’;"rge Ll m L | x BA CAA10 | ILLEGAL
L L H X BA RA, RA10| ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP --> idle after tRP
L H H H X X NQP --> Idle after iRP
Pre- L H H | L X X ILLEGAL 2
charging L H L X BA CA ILLEGAL 2
L L H H BA RA ILLEGAL 2
L L H L BA A10 NOP --> Idle after tRP 4
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ELECTRONICS SDRAM
FUNCTION TRUTH TABLE (TABLE 1, Continued)
Current State CS |RAS |CAS| WE | BA ADDR ACTION NOTE
L L L X X X ILLEGAL
H X X X X X NQP --> Row Active after tRCD
L H H H X X NOP --> Row Active after tRCD
Row L H H L X X ILLEGAL 2
Activating L H L X BA CA ILLEGAL 2
L L H H BA RA ILLEGAL 2
[N L H L BA A10 ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP --> ldle after tRc
L H] HI X | X X NOP_--> Idle after tRc
Refreshing L H L X X X ILLEGAL
L L H X X X ILLEGAL
L L L X X X ILLEGAL
H X X X X X NOP --> Idle after 2 clocks
Mode L H H H X X NOP --> Idle after 2 clocks
Register L H H L X X ILLEGAL
Accessing L H L X X X ILLEGAL
L L X X X X ILLEGAL
ABBREVIATIONS :

Notes :

RA = Row Address

NOP = No Operation Command

N~

state of that bank.

BA = Bank Address
CA = Column Address

AP = Auto Precharge

3. Must satisfy bus contention, bus turn around, and/or write recovery requirements.

S

5. lllegal if any bank is not idle.

. NOP to bank precharging or in idle state. May precharge bank indicated by BA {and A10).

All entries assume that CKE was active (High) during the preceding clock cycle and the current clock cycle.
. lllegal to bank in specified state ; Function may be legal in the bank indicated by BA, depending on the

CD-ROM(Edition 3.0) This Data Sheet is subject to change without notice.

Page : 23 ( KM416S1120AT)

(C) 1996 Samsung Electronics

Printed in Korea,



ﬂ ELECTRONICS

KM416S1120AT

SDRAM
FUNCTION TRUTH TABLE for CKE (TABLE 2)
gt”;{:'(‘;) (CnKF) CKE| cs | mAS | TAS | WE | ADDR ACTION NOTE
H X X X X X X INVALID
L H H X X X X Exit Self Refresh --> Idle after tRc (ABI)
Self L H L H H H X Exit Self Refresh --=> Idle after trc (AB1)
Refresh L H L H H L X ILLEGAL
L H L H L X X ILLEGAL
L H L L X X X ILLEGAL
L L X X X X X NOP (Maintain Self Refresh)
H X X X X X X INVALID
Both L H H X X X X Exit Power Down --> ABI 7
Bank L H L H H H X Exit Power Down --> ABI
Precharge L H L H H L X ILLEGAL
Power L H L H L X X ILLEGAL
Down L | n | L] | x| x X ILLEGAL
L L X X X X X NOP (Maintain Low Power Mode)
H H X X X X X Refer to Table 1
H L H X X X X Enter Power Down
H L L H H H X Enter Power Down
Al H L L H H L X ILLEGAL
Banks H L L H L X X ILLEGAL
Idle H L L L H X X ILLEGAL
H L L L L H X Enter Self Refresh 8
H L L L L L X ILLEGAL
L L X X X X X NOP
Any State H H X X X X X Refer to Operations in Table 1
other than H L X X X X X Begin Clack Suspend next cycle
Listed L H X X X X X Exit Clock Suspend next cycle 9
Above L L X X X X X Maintain clock Suspend
Abbreviations : ABI = All Banks ldle
Notes : 6. CKE low to high transition is asynchronous.

A minimum pulse width time tsRX must be satisfied.

7. CKE low to high transition is asynchronous as if restarts internal clock.

A minimum setup time tPDE must be satisfied before any command other than exit.

8. Power-down and self refresh can be entered only from the all banks idle state.
9. Must be a legal command. '
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