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1.0 GENERAL DESCRIPTION

SAMSUNG'’s UtRAM products are designed to meet the request from the customers who want to cope with the fast growing mobile applications that need
high-speed random access memory. UtRAM is the solution for the mobile market with its low cost, high density and high performance feature.
K1C5616BKB is fabricated by SAMSUNG's advanced CMOS technology using one transistor memory cell. The device supports the traditional SRAM like
asynchronous operation (asynchronous read and asynchronous write), the fully synchronous operation (synchronous burst read and synchronous burst
write). These operation modes are defined through the configuration register setting. It supports the special features for the standby power saving. Those
are the PAR(Partial Array Refresh) mode, and internal TCSR(Temperature Compensated Self Refresh). It also supports variable and fixed latency, driver
strength settings, Burst sequence (wrap or No-wrap) options and a device ID register (DIDR).

2.0 FEATURES & FUNCTION BLOCK DIAGRAM

* Process technology: CMOS

* Organization: 16M x 16 bit

» Power supply voltage: 1.7V~1.95V
* Three state outputs oS
» Supports Configuration Register Set

- CRE pin set up

- Software set up

» Supports power saving modes Row

- PAR (Partial Array Refresh) Addresses
- Internal TCSR (Temperature Compensated Self Refresh)
 Supports driver strength optimization

» Support 2 operation modes

- Asynchronous mode

Pre-charge circuit

Vce
vcea
Vss

Memory
Row Array
select

A A A A

Vssa

1/O Circuit

- Synchronous mode

» Random access time:70ns

» Synchronous burst operation

- Max. clock frequency : 108MHz
- Fixed and Variable read latency

-4/8/16 /32 and Continuous burst

- Wrap / No-wrap

- Latency :3(Variable) @ 108MHz
3(Variable) @ 80MHz
2(Variable) @ 66MHz

A/DQo~A/DQ7

Column Select

A/DQ8~A/DQ15 l‘—
-

CLK —»
- Burst stop = —»>
- Burst read suspend ADV > —
: i OE — > .
- Burst write data masking @ _» Control Logic
uB —»
B —»
CRE — > —> WAIT
Current Consumption
. . . CLK Freq.
Product Family Operating Mode Operating Temp. Vce / Veeq (Max.) Standby Operating
(ISB1, Max.) (ICC2, Max.)
Asynch. Mode
K1C5616BKB-I -25~85°C 1.7~1.95V 108MHz 350pA 35mA
Synch. Mode

SAMSUNG ELECTRONICS
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4.0 BALL DESCRIPTIONS

Symbol Type Description
A/IDQ[15:0] Input / Address / Data I/Os: These pins are a multiplexed address/data bus. As inputs for addresses, these pins behave as
’ Output A[15:0]; These lines are also used to define the value to be loaded into the BCR or the RCR.
A[23:16] Input Address Inputs for addresses during READ and WRITE operations.
Clock: Synchronizes the memory to the system operating frequency during synchronous operations. When configured for
cLk" Input synchronous operation, the address is latched on the first rising CLK edge when ADV is active. CLK is static LOW during
asynchronous access READ and WRITE operations.
YOV Inout Address valid: Indicates that a valid address is present on the address inputs. Addresses can be latched on the rising
P edge of ADV during asynchronous READ and WRITE operations.
CRE Inout Control register enable: When CRE is HIGH, WRITE operations load the RCR or BCR, and READ operations access the
P RCR, BCR, or DIDR.
Cs Inout Chip Select: Activates the device when LOW. When CS is HIGH, the device is disabled and goes into standby or deep
P power-down mode.
OE Inout Output enable: Enables the output buffers when LOW. When OE is HIGH,
P the output buffers are disabled.
WE Inout Write enable: Determines if a given cycle is a WRITE cycle. If WE is LOW, the cycle is a WRITE to either a configuration
P register or to the memory array.
LB Input Lower byte enable. DQ[7:0]
uB Input Upper byte enable. DQ[15:8]
Wait: Provides data-valid feedback during burst READ and WRITE operations. The signal is gated by CS. WAIT is used to
WAR Output arbitrate collisions between refresh and READ/WRITE operations. WAIT is also asserted during row boundary crossing
P within the burst length. WAIT is asserted and should be ignored during asynchronous operations. WAIT is High-Z when
CS is HIGH.
RFU - Reserved for Future Use
VCC Supply Device power supply: (1.70V-1.95V) Power supply for device core operation.
VCCQ Supply 1/0 power supply: (1.70V-1.95V) Power supply for input/output buffers.
VSS Supply VSS must be connected to ground.
VSSQ Supply VSSQ must be connected to ground.
NOTE :

1) When using asynchronous mode exclusively, the CLK inputs can be tied to Vss. WAIT will be asserted but should be ignored during asynchronous mode operations.

SAMSUNG ELECTRONICS -6-
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5.0 POWER UP SEQUENCE

After Vcc and Veca reach minimum operating voltage(1.7V), drive CS High. Then the device gets into the Power Up mode. Wait for minimum 150us to
get into the normal operation mode. During the Power Up mode, the standby current can not be guaranteed. To get the appropriate device operation, be
sure to keep the following power up sequence. Asynch. mode is default mode and is set up after power up.

Vccmin) +  / 2
vVCC Vs
Vcca(Min)- 7 R
vccQ
150us
b 0 )
cs » < Min. Ons |
CRE FIX "LOW"

SAMSUNG ELECTRONICS -7-
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6.0 ABSOLUTE MAXIMUM RATINGS

Item Symbol Ratings Unit
Voltage on any pin relative to Vss Vins Vout -0.2 to VCCQ+0.3V \Y;
Power supply voltage relative to Vss Vees Veca -0.2 to 2.5V V
Power Dissipation Pp 1.0 W
Storage temperature Tsta -55to 150 °C
Operating Temperature Ta -25 to 85 °C

NOTE :
1) Stresses greater than "Absolute Maximum Ratings" may cause permanent damage to the device. Functional operation should be restricted to be used under recommended
operating condition. Exposure to absolute maximum rating conditions longer than 1 second may affect reliability.

7.0 RECOMMENDED DC OPERATING CONDITIONS

Item Symbol Min Typ Max Unit
Power supply voltage(Core) Vee 1.7 1.8 1.95 \%
Power supply voltage(l/O) Veea 1.7 1.8 1.95 \%
Ground Vss, Vssa 0 0 0 \%
Input high voltage Viy Veeq-0-4 - Veeqt0.22) \Y
Input low voltage Vi -0.2% - 0.4 Vv

NOTE :

1) Ta= -25 to 85°C, otherwise specified.

2) Overshoot: Vgcoq +1.0V in case of pulse width <20ns. Overshoot is sampled, not 100% tested.
3) Undershoot: -1.0V in case of pulse width <20ns. Undershoot is sampled, not 100% tested.

8.0 CAPACITANCE

Item Symbol Test Condition Min Max Unit
Input capacitance Cin ViN=0V - 6 pF
Input/Output capacitance Cio V,0=0V - 6 pF

NOTE :
1) Freq.=1MHz, Tp=25°C
2) Capacitance is sampled, not 100% tested.

SAMSUNG ELECTRONICS -8-
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9.0 DC AND OPERATING CHARACTERISTICS

Item Symbol Test Conditions Min Typ Max Unit
Input Leakage Current I Vin=Vss to Veeq -2 - 2 pA
Output Leakage Current Lo §=V|H, CRE=V,, E=V|H or W=V|L, Vi0=Vss to Veea -5 - 5 pA
ime=mi i = 4) 9 CS=
Average Operating Current (Async) loca g) |Cycle time=min trc/min tyc, l,o=0mA™, 100% duty, CS=V|,, ) ) 35 mA
CRE=V||_, V|N=V||_ or V|H
ICC3| - - 35 mA
108Mhz ICC3R - - 45 mA
lccaw - - 40 mA
Iccal - - 35 mA
Average Operating I ViN = Veeq or OV ] ]
Current (Burst) 80Mhz | lccar CS=V., l,o=0mA% 45 mA
ICCBW - - 40 mA
Iccal - - 35 mA
66Mhz | lccar - - 45 mA
lccaw - - 40 mA
Output Low Voltage VoL |loL=0.2mA - - 0.2
Output High Voltage Von |lon=-0.2mA 0.8xVceq - -
CS and ADV=V(cq, CRE=0V, Other < 40°C - - 200 | pA
Standby Current(CMOS) lsgq"  [inPuts=0V or Vccq
. 5) <85°C - - 350 pA
(Toggle is not allowed)
1/2 Block - - 190
- <40°C | 1/4 Block - - 170 pA
QS and ADV=V¢cq, CRE=0V, Other 1/8 Block i i 170
Partial Refresh Current Isgp 2 [inputs=0V or Vccq
. 5) 1/2 Block - - 320
(Toggle is not allowed)
< 85°C | 1/4 Block - - 300 pA
1/8 Block - - 300

NOTE :

1) ISB1 is measured after 500ms after CS high. CLK should be fixed at high or at Low.

2) Full Array Partial Refresh Current(Isep) is same as Standby Current(ISB1).

3) Internal TCSR (Temperature Compensated Self Refresh) is used to optimize refresh cycle below 40°C.

4) 110=0mA; This parameter is specified with the outputs disabled to avoid external loading effects.

5) VIN=0V; all inputs should not be toggle. - -

6) This parameter is for page disable mode, Clock should not be inserted between ADV low and WE low during Write operation.

SAMSUNG ELECTRONICS -9-
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10.0 CRE (CONTROL REGISTER ENABLE)

The configuration register values are written via A/DQ pins. In an asynchronous WRITE, the values are latched into the configuration register on the rising
edge of ADV, CS, or WE, whichever occurs first; LB and UB are “Don’t Care.” For reads, address inputs other than A[19:18] are “Don’t Care,” and register
bits 15:0 are output as data (ADV HIGH) on A/DQ[15:0]. Immediately after performing a configuration register READ or WRITE operation, reading the
memory array is highly recommended.

10.1 Bus Configuration Register

The BCR defines how the device interacts with the system memory bus. The BCR is accessed with CRE HIGH and A[19:18] = 10b, or through the register
access software sequence with A/DQ = 0001h on the third cycle.

A19~A18 A/DQ15 A/DQ14 A/DQ13~A/DQ11 A/DQ10 | A/DQ8 A/DQ5~A/DQ4 A/DQ3 A/DQ2~A/DQO
RS oM IL LC WP wWC DS BW BL
Register Select Operating Mode Initial Latency Latency Count
A19 A18 RS A/DQ15 oM A/DQ14 IL A/DQ13 | A/DQ12 | A/DQ11 LC
0 0 RCR 0 Synch. 0 Variable (default) 0 0 0 Reserved
1 0 BCR 1 Asynch (default) 1 Fixed 0 0 1 Reserved
0 1 DIDR 0 1 0 2
0 1 1 3 (default)
1 0 0 4
1 0 1 5
1 1 0 6
1 1 1 Reserved
Wait Polarity Wait Config. Driver Strength Burst Wrap Burst Length
A/ Al A/ Al A/ Al
DQ10 we DQ8 We  |ADQS | po4 DS AD@3|  BW | pos | pat | pao | Bt
0 Active Low 0 at data 0 0 Full Drive 0 Wrap 0 0 1 4 word
Active High 1 CLK prior 1/2 Drive No Wrap
! (default) ! (default) 0 ! (default) ! (defautt)y | ©° ! 0 8 word
1 0 1/4 Drive 0 1 1 16 word
1 1 1/8 Drive 1 0 0 32 word
Continuous
! ! 1 (default)
NOTE :

1) A/DQ6, A/DQ7, A/DQ9, A16, A17, A20~A23 are reserved and should be '0’

2) The registers are set automatically to default value. .

3) Refresh command will be denied during continuous operation. CS low should not be longer than tBC(tCSM max. 2.5us)
4) If the register code is invalid, register will be set to default value.

SAMSUNG ELECTRONICS -10-
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10.2 Refresh Configuration Register

The refresh configuration register (RCR) defines how the device performs its self refresh. Altering the refresh parameters can reduce current consumption
during standby mode. The RCR is accessed with CRE HIGH and A[19:18] = 00b; or through the register access software sequence with A/DQ = 0000h on

the third cycle.

NOTE :

A19~A18 A/DQ2~A/DQO0
RS PAR
Register Select Partial Refresh
A19 A18 RS A/DQ2 A/DQ1 A/DQO PAR
0 0 RCR 0 0 0 Full Array (default)
0 BCR 0 0 1 Bottom 1/2 Array
0 1 DIDR 0 1 0 Bottom 1/4 Array
0 1 1 Bottom 1/8 Array
1 0 0 None of Array
1 0 1 Top 1/2 Array
1 1 0 Top 1/4 Array
1 1 1 Top 1/8 Array

1) A/DQ3, A/DQ5~A/DQ15, A16, A17, A20~A23 are reserved and should be '0’
2) The registers are set automatically to default value.

10.3 Burst Length (BCR[2:0]) Default = Continuous Burst

Burst lengths define the number of words the device outputs during burst READ and WRITE operations. The device supports a burst length of 4, 8, 16, or
32 words or Continuous.

10.4 Burst Wrap (BCR[3]) Default = No Wrap

The burst-wrap option determines if a 4-, 8-, 16-, or 32-word READ or WRITE burst wraps within the burst length, or steps through sequential addresses.

[Table 1] Sequence and Burst Length

. 4 word .
Burst Wrap Starting Burst 8 word 16 word 32 word Continuous
Address Length Burst Length Burst Length Burst Length Burst

BCR[3] Wrap Decimal Linear Linear Linear Linear Linear
0 0-1-2-3 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7-8-9-10-11-12-13-14-15 0-1-2~29-30-31 |0-1-2-3-4-5~
1 1-2-3-0 1-2-3-4-5-6-7-0 1-2-3-4-5-6-7-8-9-10-11-12-13-14-15-0 1-2-3~30-31-0 [1-2-3-4-5-6 ~
2 2-3-0-1 2-3-4-5-6-7-0-1 2-3-4-5-6-7-8-9-10-11-12-13-14-15-0-1 2-3-4~31-0-1[2-3-4-5-6-7 ~
3 3-0-1-2 3-4-5-6-7-0-1-2 3-4-5-6-7-8-9-10-11-12-13-14-15-0-1-2 3-4-5~0-1-2 3-4-5-6-7-8 ~

WRAP Yes
7 7-0-1-2-3-4-5-6 7-8-9-10-11-12-13-14-15-0-1-2-3-4-5-6 7-8-9~4-5-6 |7-8-9-10-11-12~
15 15-0-1-2-3-4-5-6-7-8-9-10-11-12-13-14 15-16-17 ~ 12- 13- 14 | 15-16-17-18-19-20 ~
31 31-0-1~28-29-30 | 31-32-33-34-35-36 ~
0 0-1-2-3 0-1-2-3-4-5-6-7 0- 1- 2- 3- 4- 5- 6- 7- 8- 9- 10- 11- 12-13-14-15 0-1-2~29-30-31 [0-1-2-3-4-5 ~
1 1-2-3-4 1-2-3-4-5-6-7-8 1- 2- 3- 4- 5- 6- 7- 8- 9- 10- 11- 12-13-14-15-16 1-2-3~30-31-32 [1-2-3-4-5-6 ~
2 2-3-4-5 2-3-4-5-6-7-8-9 2- 3-4-5-6-7- 8- 9- 10- 11- 12-13-14-15-16-17 2-3-4~31-32-33 [2-3-4-5-6-7 ~
3 3-4-5-6 3-4-5-6-7-8-9-10 3-4-5-6-7- 8- 9- 10- 11- 12-13-14-15-16-17-18 3-4-5~32-33-34 [ 3-4-5-6-7-8 ~

No N

WRAP o 7 7-8-9-10-11-12-13-14 7-8-9-10-11-12-13-14-15-16-17-18-19-20-21-22 7-8-9~36-37-38 [7-8-9-10-11-12~
15 15-16-17-18-19-20-21-22-23-24-25-26-27-28-29-30 | 15-16-17 ~ 44-45-46 | 15-16-17-18-19-20 ~
31 31-32-33~ 60-61-62 | 34.35.33-34-35-36 ~

SAMSUNG ELECTRONICS
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10.5 Drive Strength (BCR[5:4]) Default = 1/2 Drive Strength

The optimization of output driver strength is possible to adjust for the different data loadings. The device can minimize the noise generated on the data
bus during read operation. The device supports full, 1/2 and 1/4 driver strength. The device’s default mode is 1/2 driver strength. Outputs are configured
at 1/2 drive strength during testing.

[Table 2] Drive Strength
Driver Strength Full 1/2 1/4 1/8
Impedance(typ.) 25~30Q 50Q 100Q TBD

CL = 15pF to 30pF
108 MHz at light load

Recommendation CL = 30pF to 50pF CL = 15pF or lower CL = 15pF or lower

NOTE :
1) Impedance values are typical values, not 100% tested.

10.6 WAIT Configuration (BCR[8]) Default = 1 CLK Prior.

The WAIT signal is output signal indicating the status of the data on the bus whether or not it is valid. WAIT configuration is to decide the timing when
WAIT asserts or desserts. WAIT asserts (or desserts) one clock prior to the data when A/DQ8 is set to 1. (WAIT asserts (or desserts) at data clock when
A/DQ8 is set to 0). WAIT polarity is to decide the WAIT signal level at which data is valid or invalid. Data is valid if WAIT signal is high when A/DQ10 is set
to 0. (Data is valid if WAIT signal is low when A/DQ10 is set to 1). All the timing diagrams in this SPEC are illustrated based on following setup; A/DQ[10]:0
and A/DQJ[8]:1. _

Below timing shows WAIT signal’s movement when word boundary crossing happens in No-wrap mode

10.7 WAIT Polarity (BCR[10]) Default = Active HIGH

The WAIT polarity bit indicates whether an asserted WAIT output should be HIGH or LOW. This bit will determine whether the WAIT signal requires a pull-
up or pull-down resistor to maintain the de-asserted state.

No-Wrap. Word-line Crossing. LATENCY : 2. WP : Low Enable
0 1 2 3 4 5 6 7 8 9 10 11 12 13
A
acck  FLFLFLALELE LFLS AL L LS

ADV /
Word-line Crossing period
anly exists in No-wrap mode or Continuous mode)
[ Valid \/ )/ / s V / \
A/DQ Address D509 | D510 ) D511 & ; D512 | D513 D514 | D515 | D516 | D517 D518‘

JZ:1CLK » JFﬂ:LK . 1CLK

WAIT W A . A

A/DQ[8]:1 ////»\ . «
de-assertion assertion de-assertion

WAIT \ 4 «
A/DQ[8]:0 y / X

7/
de-assertion assertion de-assertion

Figure 1. WAIT Configuration During Burst Operation

NOTE :
1)Non-default BCR setting: WAIT active LOW.

10.8 Operating Mode (BCR[15]) Default = Asynchronous Operation

The operating mode bit selects either synchronous burst operation or the default asynchronous mode of operation.

10.9 Latency Counter (BCR[13:11]) Default = 3 Clock Latency

The latency counter bits determine how many clocks occur between the beginning of a READ or WRITE operation and the first data value transferred. For
allowable latency codes.
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10.10 Initial Access Latency (BCR[14]) Default = Variable

Variable initial access latency outputs data after the number of clocks set by the latency counter. However, WAIT must be monitored to detect delays
caused by collisions with refresh operations. Fixed initial access latency outputs the first data at a consistent time that allows for worst-case refresh colli-
sions. The latency counter must be configured to match the initial latency and the clock frequency. It is not necessary to monitor WAIT with fixed initial
latency. The burst begins after the number of clock cycles configured by the latency counter.

[Table 3] Variable Latency Configuration Codes

. . Latency Max Input CLK Frequency (MHz)
BCR[13:11] Latency Configuration
Normal Refresh Collision 108 80 66
010 2(3 clocks) 2 4 66(15ns) 19,2ns 40(25ns)
011 3(4 clocks)-default 3 6 108(9.26ns) 80(12.5ns) 66(15ns)
Others Reserved - - - - -

[Table 4] Fixed Latency Configuration Codes

Max Input CLK Frequency (MHz)
BCR[13:11] Latency Configuration Latency Count (N)
108 80 66
010 2 (3 clocks) 2 33 (30ns) 20 (50ns) 20 (50ns)
01 3 (4 clocks) 3 52 (19.2ns) 40 (25ns) 33 (30ns)
100 4 (5 clocks) 4 66 (15ns) 52 (19.2ns) 40 (25ns)
101 5 (6 clocks) 5 80 (12.5ns) 66 (15ns) 52 (19.2ns)
110 6 (7 clocks) 6 108 (9.26ns) 80 (12.5ns) 66 (15ns)
Others Reserved - - - -
NOTE :

1) Latency is the number of clock cycles from the initiation of a burst operation until data appears. Data is transferred on the next clock cycle.

VIH \
CLK / - — VAN - _ —

ADV

VIHZZA [ VALID
A[23:16] % ADDRESS /¥
ViL
Code 2

»
»

AIDQ[15:0] VM /vauD ) Vou % Vald Y Vaiid ¥ Vaid Y Vaid  Valid g
ViL \ ADDRESS VoL % Output 5 Output S\ Output & Output  x  Output &
Code 3 (Default) N

A/IDQ[15:0] VIH /7 vaLD VOH 25 Valid ¥ Vaid § Vaid ¥ Vaid

"1\ \ADDRESS / VoL . Output A Output 4 Output 4 Output ;
Code 4 R

VIH  / VALD VOH & Vaid ¥ Valid Y Valid
AIDQ[15:0] alid Y Vali e %

[15:0] ViL  ADDRESS VoL Output 5 Output 5 Output

Don’t Care @ Undefined

Figure 2. Latency Counter (Variable Initial Latency, No Refresh Collision)
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CLK

ADV

A[23:16]

Ccs

A/DQ[15:0]
(READ)

A/DQ[15:0]
(WRITE)

Vi
ViL

I

VH
ViL
Vi
ViL

H

VIH
Vi

VH
ViL

VIH

N-1Cycles N Cycle
— ;f\/ \
< tanov »

ey,

\ \

4 Assag’ss////////////////////////////////////////////////////%

J( tAA ([ tactk —» N
7 VALID J Valid Y valid ¥ Vaid Y valid ¥ vaid %
//’ADDRESS@ . Output 4 Output ? Output ) Output [ Output

tsp. tHD
/ / <4>r7 I A A
VALID é;; / Valid ! / Valid \f/ Valid Valid \#~4/ Valid

122? \ADDRESS 122 \_Input @ Input é Input é Input / Input /

Burst I Identified [ )

(ADV = LOW) % Don’t Care @ Undefined

Figure 3. Latency Counter (Fixed Latency)

10.11 Partial Array Refresh (RCR[2:0] Default = Full Array Refresh

The PAR bits restrict refresh operation to a portion of the total memory array. This feature allows the device to reduce standby current by refreshing only
that part of the memory array required by the host system. The refresh options are full array, one-half array, one-quarter array, one-eighth array, or none
of the array. The mapping of these partitions can start at either the beginning or the end of the address map.

[Table 5] Address Patterns for PAR (RCR[4] = 1)

RCRJ[2] RCR[1] RCRJ[0] Active Section Address Space Size Density
0 0 0 Full Die 000000h-FFFFFFh 16 Meg x 16 256Mb
0 0 1 One-half die 000000h-7FFFFFh 8 Meg x 16 128Mb
0 1 0 One-quarter of die 000000h-3FFFFFh 4 Meg x 16 64Mb
0 1 1 One-eighth of die 000000h-1FFFFFh 2 Meg x 16 32Mb
1 0 0 None of die 0 0 Meg x 16 OMb
1 0 1 One-half of die 800000h-FFFFFFh 8 Meg x 16 128Mb
1 1 0 One-quarter of die C00000h-FFFFFFh 4 Meg x 16 64Mb
1 1 1 One-eighth of die E00000h-FFFFFFh 2 Meg x 16 32Mb
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10.12 Device Identification Register

The DIDR provides information on the device manufacturer, generation and the specific device configuration. This register is read-only. The DIDR is
accessed with CRE HIGH and A[19:18] = 01b, or through the register access software sequence with A/DQ = 0002h on the third cycle.

[Table 6] Device Identification Register Mapping

Bit Field DIDR[15] DIDR[14:11] DIDR[10:8]) DIDR[7:5] DIDRI[4:0]
Field name Row Length Device version Device density UtRAM generation Vendor ID
Bit . Bit . Bit . Bit Bit
penatl Setting Ve Setting D1 Setting Cereation Setting Setting
Options 512 words 1b 3rd 0110 256Mb 100b UtRAM2 010b 01100
CRE tavs tavH
tvp

ADV %_ }_

A[23:16] % OPCODE %<ADDRESS>W
(Except A[19:18]) |
A[19:18] ﬁéect Control Regist% %ADDRESW

tcPH

Initiate control register access
cs %

f fcw

7
L twp
e 7707 n i’

Write address bus value to control register

= 2 /
tavs tavh
ata
AIDQ[15:0] J— MDDRESS G

% Don'’t Care
Figure 4. Configuration Register WRITE, Asynchronous Mode, Followed by READ ARRAY Operation

NOTE :
1) A[19:18] = 00b to load RCR, and 10b to load BCR.
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—_— tsP' tHD ‘ ‘ ‘
ADV %é 7 : :

A[23:16]
(Except A[19:18])

0 2 7 8 10
KN N AN D T\
tsP'  tHD ! ' ' |
w s

tas | | '
Al19:18] 77 opcope
tas ! ! ]
— [ tesp. | | :
E = | | :
oF | | ;
tspr tHD | | | '
we 7 - | | \
LBiuB | |
<tS_P> tHD : Latch Control Registér Address : :
A/DQ[15:0] opcoDqu /,AifADDRESS><%/ /" Datavalid
! ! ! ] v~} Don’t Care

Figure 5. Configuration Register WRITE, Synchronous Mode Followed by READ ARRAY Operation

NOTE :

1) Non-default BCR settings for synchronous mode configuration register WRITE followed by READ ARRAY operation:
WAIT active LOW; WAIT asserted during delay.

2) A[19:18] = 00b to load RCR, and 10b to load BCR.

3) CS must remain LOW to complete a burst-of-one WRITE. WAIT must be monitored—additional WAIT cycles caused by refresh collisions
require a corresponding number of additional CS LOW cycles.

CRE 7 tavs | tavH
< N
—_ % [
ADV N /] taavD
tavs tavH 7
) tLz |
I |
A[23:16] 7
(Except A[19:18]) %ddres;f\%
P — >
A[19:1 Select Control m W
[19:48] Register ddres
tco tcPH R
cs 3; Initiate Register Access ~ thz 3?

o 77 \ %
7
toE | tonz
WE / ” toLz
LB/UB W

Don’tCare @Undeﬁned

Figure 6. Register READ, Asynchronous Mode Followed by READ ARRAY Operation

NOTE :
1) A[19:18] = 00b to read RCR, 10b to read BCR, and 01b to read DIDR.
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CLK ‘
5Py tHD 1 ‘ ! ‘
CRE /¢ | : | |
ADV Zitspr‘ tHD i ‘ ‘ ;
tsp_' tHD | ‘ )

A[23:16] % ADDRESS
(Except A[19:18]) ADDRESS
A[19:18] ADDRESS ADDRESS
tcsp tABA ‘ tcepPH® ‘ :
e > ‘
cs | | | |
— ‘4; tHz
OE ‘
tBOE 4" <— toHz | |
LB/UB ‘ ‘
tOLZ"[ <« tactk ' '
tkw —> [— o 7: 777777 ‘
WAIT erz : gz | !
JLRIUN A -
% CR ‘ ‘ e
A/DQ[15:0] ADDRESS Valid i ADDRESS)— - VALID
Latch Control Register Address tkoH a Don't Care @ Undefined

Figure 7. Register READ, Synchronous Mode Followed by READ ARRAY Operation

NOTE :

1) Non-default BCR settings for synchronous mode register READ followed by READ ARRAY operation: Latency code two (three clocks);
WAIT active LOW; WAIT asserted during delay.

2) A[19:18] = 00b to read RCR, 10b to read BCR, and 01b to read DIDR.

3) CS must remain LOW to complete a burst-of-one WRITE. WAIT must be monitored—additional WAIT cycles caused by refresh collisions
require a corresponding number of additional CS LOW cycles.
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10.13 Software Access

Software access of the registers uses a sequence of asynchronous READ and asynchronous WRITE operations. The contents of the configuration regis-
ters can be modified and all registers can be read using the software sequence. The configuration registers are loaded using a four-step sequence con-
sisting of two asynchronous READ operations followed by two asynchronous WRITE operations. The read sequence is virtually identical except that an
asynchronous READ is performed during the fourth operation. The address used during all READ and WRITE operations is the highest address of the
device being accessed (3FFFFF); the contents of this address are not changed by using this sequence. The data value presented during the third opera-
tion (WRITE) in the sequence defines whether the BCR, RCR, or the DIDR is to be accessed. If the data is 0000h, the sequence will access the RCR; if
the data is 0001h, the sequence will access the BCR; if the data is 0002h, the sequence will access the DIDR. During the fourth operation, A/DQ[15:0]
transfer data in to or out of bits 15-0 of the registers. The use of the software sequence does not affect the ability to perform the standard (CRE-con-
trolled) method of loading the configuration registers. However, the software nature of this access mechanism eliminates the need for CRE. If the software
mechanism is used, CRE can simply be tied to VSS. The port line often used for CRE control purposes is no longer required.

_ READ READ WRITE WRITE
Cs
OE

tBsA tBHA
WE
LB/UB
ADV
A/DQ[15:0] \/AD(l?nR;I)E(Sé\/ MADDRESS)@_/A: D(Egg);(s% /_M
RCR: OOOOh

BCR: 0001h d Don’t Care
)

Figure 8. Load Configuration Register

NOTE :
1) /WE should be deasserted before /CS deasserting.

READ READ WRITE READ

LB/UB

ADV

ADDRES! ADDRES ADDRESS ADDRES: CR VALID
A/DQ[15:0] X (man) X0 (max) %

RCR: 0000h ? Don'’t Care
BCR: 0001h d

DIDR: 0002h
Figure 9. Read Configuration Register

NOTE :
1) /WE should be deasserted before /CS deasserting.
2) ALL Write Operation have tBSA, tBHA.
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11.0 BUS OPERATING MODES

The bus interface supports asynchronous and burst mode read and write transfers. The specific interface supported is defined by the value loaded into
the BCR.

11.1 Asynchronous Mode (default mode)
11.1.1 Asynchronous read operation

Asynchronous read operation starts when CS, OE and_@ or LB are asserted. ADV can be taken HIGH to capture the address. First data will be driven
out of the A/DQ bus after random access time(tAA). WE should be de-asserted during read operation. The CLK input must be held static LOW during
read operation. WAIT will be driven while the device is enabled and its state should be ignored.

11.1.2 Asynchronous write operation

Asynchronous write operation starts when CS, WE and @iﬁ are asserted. The data to be written is latched on the rising edge of CS, WE, or LB/UB
(whichever occurs first). OE is High during write operation. WE LOW time must be limited to tCSM. The CLK input must be held static LOW during write
operation. WAIT signal is Hi-Z.

cs cs
A[23:16] / Address % A[23:16] Address ///
ADV ‘ ADV
<tCSM
OE \ / WE #
—_— ¥ _—
LB/UB W//// / % LBIUB 7/
y \High-Z ‘ y ‘
AIDQ[15:0] | Address | | DATA | A/DQ[15:0] 7/ Address @ DATA |
Don't Care % Undefined
Figure 10. READ Operation WE = HIGH). Figure 11. WRITE Operation OE = HIGH)

11.2 Functional Description (Asynch. mode)

Asynchfonous Mode = = - = uB/ .
BCR[15] = 1 Power CLK ADV CS OE WE CRE LB WAIT | A/DQ[15:0] | Notes

Read Active L U L L H L L Low-Z Data out 1
Write Active L U L H L L L Low-Z Data in 1
Standby Standby L H H X X L X High-Z High-Z 2
No operation Idle L X L X X L X Low-Z X 1
Configuration register Active L L L H - H X | Lowz | Highz
write
Configuration register Active L L L H H L Low-Z Config.
read Reg.out

NOTE :
1) The device will consume active power in this mode whenever addresses are changed.
2) When the device is in standby mode, address inputs and data inputs/outputs are internally isolated from any external influence.
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12.0 Burst Mode Operation
12.1 synchronous Mode

12.1.1 Synchronous Burst Read Operation

Burst Read command is implemented when ADV is detected low at clock rising edge. WE should be de-asserted. Burst operation re-starts whenever ADV
is detected low at clock rising edge even in the middle of operation.

12.1.2 Synchronous Burst Write Operation

Burst Write command is implemented when ADV & WE are detected low at clock rising edge. Burst Write operation re-starts whenever ADV is detected
low at clock rising edge even in the middle of Burst Write operation.

Latency Code 3 (4 clocks)'

A6 7 5 /////////////////////////////////////////// W /////////
OE . %

WAIT
) 7
amaus:el 7 (0 77— SEEE oo om0 om0 08—

¢
READ Burst Identified X Undefined
(WE = HIGH) % Don’t Care % ndetine
Figure 12. Burst Mode READ (4-word burst)

NOTE :

1) Non-default BCR settings for burst mode READ (4-word burst): Fixed or variable latency;

2) Latency code 3 (4 clocks); WAIT active LOW; WAIT asserted during delay.

3) Diagram in the figure above is representative of variable latency with no refresh collision or fixed-latency access.

CLK J ‘J
= ;
ADV
Latency Code 3 (4 clocks)
. 74| ADD. \/ ADD.
A[23:16] Z‘ VALID | 7 vauD/|
WAIT S
LB/UB 7 ) ? 7 \
A/DQ[15:0] / |/ ApD. 77 D[O] D[1]‘ D[2] D[3] y ADD.
L VALID{ \ /\ VALID {
WRITE&L Identified Vj Don’t Care
|

(WE = LOW)
Figure 13. Burst Mode WRITE (4-word burst)
NOTE :
1) Non-default BCR settings for burst mode WRITE (4-word burst): Fixed or variable latency;

2) Latency code 3 (4 clocks); WAIT active LOW; WAIT asserted during delay.
3) tAS is need to Burst Write Operation.
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The size of a burst can be specified in the BCR either as a fixed length or continuous. Fixed-length bursts consist of four, eight, sixteen, or thirty-two
words. The initial latency for READ operations can be configured as fixed or variable (WRITE operations always use fixed latency). Variable latency
allows minimum latency at high clock frequencies, but the controller must monitor WAIT to detect any conflict with refresh cycles. Fixed latency outputs
the first data word after the worst-case access delay, including allowance for refresh collisions. The initial latency time and clock speed determine the
latency count setting. Fixed latency is used when the controller cannot monitor WAIT. Fixed latency also provides improved performance at lower clock
frequencies.

VIH —\ \ / \ \ \ \ / \
CLK /N S N A N A N R W AR W oo

| — / — / — / - ./ —

ViH ) / \/
/ Add \
Al23:16] |, % g ¢

— VH ‘
ADV \, [

__VH \

— — VH \ [
LB/UB v \ /
IL

VoH High-Z
VoL

VIH 77777 address 7 VOH RS, | \ / /
\/ Add \ /) ) / \
ADQ15:0] |, /%r Valia //Z{ Vou Sesssess Do) | D[1] [ Dp2] | D3]

Additional WAIT states inserted to allow refresh completion. % Don't Care % Undefined

WAIT

Figure 14. Refresh Collision During Variable-Latency READ Operation

NOTE :
1) Non-default BCR settings for refresh collision during variable-latency READ operation:
2) Latency code two (three clocks); WAIT active LOW; WAIT asserted during delay.

12.2 Functional Description (synch. mode)

Burst Mode —_ = — —_ UB/

BCR[15] = 0 Power CLK ADV CS OE WE CRE LB WAIT | A/DQ[15:0] | Notes
Standby Standby L X X L X High-Z High-Z 4
No operation Idle L X L X X L X Low-Z X 4
Initial burst read Active f L L X H L L Low-Z Address
Initial burst write Active f L L H L L X Low-Z Address
Burst continue Active f L X Low-Z %aatfalglir 3
Burst suspend Active X X L H X X X Low-Z High-Z 3
Configuration register . .
write Active f L H L H X Low-Z High-Z
Configuration register . Config.

o Active L L L H H L Low-Z reg.out
NOTE :

1) CLK must be LOW during async read and async write modes. _ .

2) When LB and UB are in select mode (LOW), A/DQ[15:0] are affected. When only LB is in select mode, A/DQ[7:0] are affected. When only UB is in the select mode, A/
DQ[15:8] are affected.

3) The device will consume active power in this mode whenever addresses are changed.

4) When the device is in standby mode, address inputs and data inputs/outputs are internally isolated from any external influence.
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12.3 Burst Suspend

To access other devices on the same bus without the timing penalty of the initial latency for a new burst, burst mode can be suspended. Bursts are sus-
pended by stopping CLK. CLK can be stopped HIGH or LOW. If another device will use the data bus while the burst is suspended, OE should be taken
HIGH to disable the outputs. otherwise, OE can remain LOW. Note that the WAIT output will continue to be active, and as a result no other devices should
directly share the WAIT connection to the controller. To continue the burst sequence, OE is taken LOW, then CLK is restarted after valid data is available
on the bus. The CS LOW time is limited by refresh considerations. CS must not stay LOW longer than tCSM. If a burst suspension will cause CSto
remain LOW for longer than tCSM, CS should be taken HIGH and the burst restarted with a new CS LOW/ADV LOW cycle.

12.4 Boundary Crossing

Continuous bursts or No wrap burst have the ability to start at a specified address and burst to the end of the address. It goes back to the first address and
continues the burst operation. WAIT will be asserted at the boundary of the row and be desserted after crossing boundary of the row. There is no limitation
for CS high time during Row Boundary Crossing.

12.5 WAIT Operation

The WAIT output is typically connected to a shared systemlevel WAIT signal. The shared WAIT signal is used by the processor to coordinate transactions
with multiple memories on the synchronous bus. Once a READ or WRITE operation has been initiated, WAIT goes active to indicate that additional time
is required before data can be transferred. For READ operations, WAIT will remain active until valid data is output from the device. For WRITE operations,
WAIT will indicate to the memory controller when data will be accepted into this device. When WAIT transitions to an inactive state, the data burst will
progress on successive clock edges. CS must remain asserted during WAIT cycles (WAIT asserted and WAIT configuration BCR[8] = 1). Bringing cs
HIGH during WAIT cycles may cause data corruption. (Note that for BCR[8] = 0, the actual WAIT cycles end one cycle after WAIT de-asserts. When using
variable initial access latency (BCR[14] = 0), the WAIT output performs an arbitration role for READ operations launched while an on-chip refresh is in
progress. If a collision occurs, WAIT is asserted for additional clock cycles until the refresh has completed. When the refresh operation has completed, the
READ operation will continue normally. WAIT will be asserted but should be ignored during asynchronous READ and WRITE operations. By using fixed
initial latency (BCR[14] = 1), this device can be used in burst mode without monitoring the WAIT signal. However, WAIT can still be used to determine
when valid data is available at the start of the burst.

URAM2 | External
Pull-Up
Pull-Down
WAIT ‘ Resistor
READY
Processor

Figure 15. Wired or WAIT Configuration

12.6 LB / UB Operation

The LB enable and UB enable signals support byte-wide data WRITEs. During WRITE operations, any disabled bytes will not be transferred to the RAM
array and the internal value will remain unchanged. During an asynchronous WRITE cycle. The data to be written is latched on the rising edge of CS WE
whichever occurs first and LB, UB must have rising edge after CS or WE go high. LB and UB must be LOW during READ cycles. When both the LB and
UB are disabled (HIGH) during an operation, the device will disable the data bus from receiving or transmitting data. Although the device will seem to be
deselected, it remains in an active mode as long as CS remains LOW.
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13.0 LOW-POWER OPERATION
13.1 Temperature Compensated Self Refresh

Temperature compensated self refresh (TCSR) allows for adequate refresh at different temperatures. This UtRAM2 device includes an on-chip tempera-
ture sensor that automatically adjusts the refresh rate according to the operating temperature. The device continually adjusts the refresh rate to match
that temperature.

13.2 Partial Array Refresh

Partial array refresh (PAR) restricts refresh operation to a portion of the total memory array. This feature enables the device to reduce standby current by
refreshing only that part of the memory array required by the host system. The refresh options are full array, one-half array, one-quarter array, one-eighth
array, or none of the array. The mapping of these partitions can start at either the beginning or the end of the address map. READ and WRITE operations
to address ranges receiving refresh will not be affected. Data stored in addresses not receiving refresh will become corrupted. When re-enabling addi-
tional portions of the array, the new portions are available immediately upon writing to the RCR.

13.3 AC Input/Output Reference Waveform & AC Output Load Circuit

Test Points 500

Veca )
Input’ VeoQ/22 o <— Test Points —» ¢ VocQ/2? Output DUT
Vssa /\ /\

VceQ/2

T 30pF
NOTE :
1) AC test inputs are driven at VCCQ for a logic 1 and VSSQ for a logic 0. Input rise and fall times (10% to 90%) <1.6ns.

2) Input timing begins at VCCQ/2 and Output timing ends at VCCQ/2.
3) All tests are performed with the outputs configured for default setting of half drive strength (BCR[5:4] = 01b)
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14.0 TIMING REQUIREMENTS

14.1 Asynchronous READ Cycle Timing Requirements

Parameter Symbol Min Max Unit Notes

Address access time tan 70 ns

'ADV access time taaDVv 70 ns

Address setup to ADV HIGH tavs ns

Address hold from ADV HIGH tavh 2 ns

LB/UB access time tea 70 ns

LB/UB disable to DQ High-Z output teHz 8 ns 1
Maximum CS Pulse Width tesm 2.5 us 4
CS or ADV LOW to WAIT valid tosw 1 75 ns

CS HIGH between subsequent Async Operations tcpH 15 ns 4
Chip select access time tco 70 ns

CS LOW to ADV HIGH tevs 7 ns

Chip disable to DQ and WAIT High-Z output thz 8 ns 1
Output enable to valid output toe 20 ns

Output disable to DQ High-Z output tonz 8 ns 1
Output ebable to Low-Z output toLz 5 ns 2
READ cycle time trc 80 ns

ADV pulse width LOW typ ns

14.2 Asynchronous WRITE Cycle Timing Reqmrements

Parameter Symbol Min Max Unit Notes

Address setup to ADV going HIGH tavs 5 ns

Address hold from ADV HIGH tavH 2 ns

Address valid to end of WRITE taw 70 ns

LB/UB select to end of WRITE taw 70 ns

CS HIGH between subsequent async operations topH 15 ns 1
CS LOW to ADV HIGH tcvs 7 ns

Chip enable to end of WRITE tew 70 ns

Data HOLD from WRITE time toH 0 ns

Data WRITE setup time tow 20 ns

Chip disable to WAIT High-Z output tyz 8 ns

End WRITE to Low-Z output tow 5 ns 2
[ADV pulse width typ 5 ns

ADV setup to end of WRITE tvs 70 ns

WRITE to DQ High-Z output twHz 8 ns 2
CS or ADV LOW to WAIT valid tesw 1 75 ns

WRITE pulse width twp 55 ns 3
WRITE recovery time twr 0 ns

/UB, /LB valid or mask setup time to beginning of write tgsa 0 - ns

/UB, /LB valid or mask hold time to end of write taHA 0 - ns

Address Skew tskew - 10 ns

NOTE :

1) The High-Z timings measure a 100mV transition from either VOH or VOL toward VCCQ/2.

2) The Low-Z timings measure a 100mV transition away from the High-Z (VCCQ/2) level toward either VOH or VOL.

3) WE LOW time must be limited to tCSM (2.5us).

4) A refresh opportunity must be provided every tCSM. CS must not remain LOW longer than tCSM.
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14.3 Burst READ Cycle Timing Requirements

Parameter Symbol 108WHz 80MHz 66MHz Unit Notes
Min Max Min Max Min Max
Address access time (fixed latency) taa 70 70 70 ns
IADV access time (fixed latency) taADV 70 70 70 ns
CLK to output delay tacLk 7 9 11 ns
Burst OE LOW to output delay teoE 20 20 20 ns
CS HIGH between subsequent burst or operations tcePH 15 15 15 ns
Maximum CS pulse width LOW tcsm 2.5 2.5 2.5 us 3
CS or ADV LOW to WAIT valid tesw 1 7.5 1 7.5 1 7.5 ns
CLK period (O 9.26 12.5 15 ns
Chip select access time (fixed latency) tco 70 70 70 ns 4
CS setup time to active CLK edge tcsp 3 4 5 ns
Hold time from active CLK edge thp 2 2 2 ns
Chip desable to DQ and WAIT High-Z output thz 8 8 8 ns 1
CLK rise or fall time tkHKL 1.6 1.8 2.0 ns
CLK to WAIT valid tHTL 2 7 2 9 2 1 ns
Output HOLD from CLK tkoH 2 2 2 ns
CLK HIGH or LOW time tkp 3 4 5 ns
Output disable to DQ High-Z output tonz 8 8 8 ns 1
Output enable to Low-Z output toLz 5 5 5 ns 2
Setup time to active CLK edge tsp 3 3 3 ns
ADV HIGH to OE LOW tabvo 3 4 5 ns
Address setup to ADV HIGH tavH 2 2 2 ns
[ADV HIGH to CLK Rising tAHCR 2 2 2 ns
14.4 Burst WRITE Cycle Timing Requirements
Parameter Symbol - 108WHz - 80MHz - 66MHz Unit Notes
Min Max Min Max Min Max
gpSelr-;It(iBOI:Sbetween subseuent burst or mixed mode — 15 15 15 ns 3
Maximum CS pulse width LOW tcsm 2.5 25 2.5 us 3
CS LOW to WAIT valid tosw 1 75 1 7.5 1 75 ns
Clock period toLk 9.26 12.5 15 ns
CS setup to CLK active edge tcsp 3 4 5 ns
Hold time from active CLK edge thp 2 2 2 ns
Chip disable to WAIT High-Z output thz 8 8 8 ns 1
Last clock to ADV LOW (fixed latency) tkaDv 15 15 15 ns
CLK rise or fall time tkHKL 1.6 1.8 2.0 ns
Clock to WAIT valid tkHTL 2 7 2 9 2 11 ns
CLK HIGH or LOW time tkp 3 4 5 ns
Setup time to activate CLK edge tsp 3 3 3 ns
Address Hold from ADV HIGH tAvH 2 2 2 ns
[ADV HIGH to CLK Rising taHCR 2 2 2 ns
NOTE :

1) The High-Z timings measure a 100mV transition from either VOH or VOL toward VCCQ/2.

2) The Low-Z timings measure a 100mV transition away from the High-Z (VCCQ/2) level toward either VOH or VOL.
3) A refresh opportunity must be provided every tCSM. CS must not remain LOW longer than tCSM.

4) tAA, tAADV, tCO guarantee at min set-up time.
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15.0 TIMING DIAGRAMS
15.1 Asynchronous READ (€S controled)

< trRC >
Any VH
D f 7 7. B
ViL N/ N
< tAADV
<« tvp—| < tve >
VIH
A3:16] | X Valid Addre‘st { vaiid Adcress
IL
tavs <« tAVH < tAvs tAvH
tcvs tcPH _ tovs .
VIH \ ) & .
CS v N 7 —
IL
< tco tHz
ViH |« tBA
UBILB |, % _\t + : 4
BHZ
I toE
VIH
— 1Y /
OE /
toLz toHz toLz
— VH
WE / o W /
VIH , VoH N VoH
A/DQ[15:0] Valid Address Valid output Valid Address
Vi VoL — VoL
tavs tavH tavs tAVH

% Don’t Care % Undefined

NOTE :

1) Don’t care must be in VIL or VIH.

2) tHz and tOHz are defined as the time at which the outputs achieve the open circuit conditions and are not referenced to output voltage levels.

3) At any given temperature and voltage condition, tHz(Max.) is less than tLz(Min.) both for a given device and from device to device interconnection.

4) toE(max) is met only when OE becomes enabled after tAA(max).

5) If invalid address signals shorter than min. tRC are continuously repeated for over 2.5us, the device needs a normal read timing(tRC) or needs to sustain standby state for
min. tRC at least once in every 2.5us.

15.1.1 Address Skew for Asynchronous Operation

ADDRESS % f o
ADDRESS 7 f ‘ ‘
& tskew "[SKEW‘ <tSKEW —
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15.2 Asynchronous READ (GE controlled)

< tRC
N/ N %
ViL tAADV ’ tOEADV N taADV
< tvp > tvp
VIH
A[23:16] %<Valid Address valid Address
L
< tavs »<«—> tAVH <—>tAVS tavH
_ tevs
— VH —\
CSs K
Vi :
CO
I tBA
— __ VH
UB/ LB Vi / 7t
B tBHZ
I toE
ViH h ”
OE 4
OE /
toLz < toHz N toLz
_—__ VH
WE v / tan
VIH VoH | — — VoH
A/DQ[15:0] Valid Address Valid output Valid Address
Vi VoL -~ — VoL
tavs tAvH tavs tavH

[
/A Don’t Care @ Undefined

NOTE :

1) Don’t care must be in VIL or VIH.

2) tHz and tOHz are defined as the time at which the outputs achieve the open circuit conditions and are not referenced to output voltage levels.

3) At any given temperature and voltage condition, tHz(Max.) is less than tLz(Min.) both for a given device and from device to device interconnection.

4) toE(max) is met only when OE becomes enabled after tAA(max).

5) If invalid address signals shorter than min. tRC are continuously repeated for over 2.5us, the device needs a normal read timing(tRC) or needs to sustain standby state for
min. tRC at least once in every 2.5us.
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15.3 Asynchronous READ Followed by Asynchronous WRITE (€5 contralied)

tvp
Dk F \. Z — %
ViL N/ tAADV /
_tve < tavs < tavH
N g . fovp N
VIH > ~
AL23:16] | %’<Valid AddrejiiW %( Valid Address
L
tavs
«—> tAvH tcPH N
_ tevs < > tow
— VH —\L % \¢ o
cs Vi /]
tco thz » tesp o tBHA
VIH L)
UB/LB ViL % N 7 / |
toE P tBHZ
ViH L g ) _
OE ;. % N + /
toLz < toHz
Y twp R
IH >
WE % \ |
WE Vi W / %
tAA < taw >
ViH - — VoH SE— - -
A/DQ[15:0] v Valid Address v Valid output Valid Address- Data|Valid %
IL oL N
1< >« tavs tavH tow | toH
tavs tavH T 7 D T

% Don’t Care @ Undefined
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15.4 Asynchronous READ Followed by Asynchronous WRITE (GE, WE Controlled)

€
<

tvp

G
>

Anv VH
ViL - tAADV \—7 W
_ tvp < tOEADV s | )
ViH
ALz3:t6] |, <Va|id Address% <Va|id Address %L%
IL
tavs < tavH
_ tcvs
— VH \
Ccs N
Vi "
CO
BSA ) 1o tBHA,
__ __VH -« t8a %
UB/ LB Vi % )El
| toe  tBHZ
ViH [ d
SF % 4
OE . /]
toLz toHz
P twp
— VH <
WE % \ 4
taw
B taa < >
ViH VoH
A/DQ[15:0] v Valid Address v Valid output Valid Address- Data|Valid
I % : oL
[« > tavs | tavH tow toH
tavs tavH N 7
ZZ Don’t Care % Undefined
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15.5 Asynchronous READ Followed by Asynchrous WRITE (UB, LB Controlled)

tvp
Any VH
ADV %_ / A / W
ViL e tAADV N7
: tvp > < toEADV <P tavs :tAVH ;|
ViH
AL23:16] %{Valid Addressﬁ’% <Va|id Address 4%
I
<tAvs . o tavH
_ tcvs
— VIH_\_
cs ViL N
< tco > tesa tBHA
d - «— —>
VM < tea | / 1
UB/LB Vi
toE P tBHZ
ViH | d
OF % N 4
OE Vi R
< foz toHz
P twp
— VH <
WE Vi % L _V
taw
tAA < >
ViH - Vo ST ) .
A/DQ[15:0] ViL Valid Address Voo Valid output Valid Address- Data|Valid
1€ > tavs tavH tow toH
tavs tavH >1€ >

Z Don’t Care @ Undefined
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15.6 Asynchronous READ Followed by WRITE at the Same Address (UB/LB Controlled)

A[23:16] Y/'H Valid Address )/
IL
tavs

taaDv

<

tvp

—o Vi 7 »
ADV %—L /
A& *7 ti
BSA tBHA

— —VH ﬁ’ / #L g <.‘
LBiUB J
s, tco L_} ‘t
— VIH > | BHZ /
cs Vi s o . 7
OHZ
— VIH D v
taa
tavs tavH tow toH
Nnm;gbo.ll \\?:%ﬁ Valid Address Y/i: é Valid Output Yll: F Valid Input >

% Don’t Care @ Undefined

NOTE :
1) Don’t care must be in VIL or VIH.
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15.7 Single-Access Burst READ Operation—Variable Latency

tck
VIH
CLK v
tsp tHD
ADV VIH /A »< ’7 i
w—t 7 |
tsp tHD :
VIH <
A[23:16] Valid Address
tcsp —> (—tAVH: tHD  thz
— Vm o tAHCR >
CS S <« >
ViL \ .
tapvo e tBOE toHz
oF VIH L ' r—»
E A
ViL ! Yt !
t: t oLz | |
o SP HD i ‘
WE X
VIL
tsp tHo
—— VH
LB/UB
ViL
‘E tcsw
VoH [ .
WAIT High-Z ' ' 4 High-Z
VoL : !
tsp tHD A
! VoH < > S
o VOH - ) /[ Valid High-Z
ADQ[15:0] | Valid Address ‘ ( ol |
T " VoL '

READ Burst Identified

(WE = HIGH) ;ZZZ Don’t Care

NOTE :
1) Non-default BCR settings: Latency code two (three clocks); WAIT active LOW; WAIT asserted during delay.
2) Don’t care must be in VIL or VIH.
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15.8 4-Word Burst READ Operation—Variable Latency

tck tkp  tkP

<> <—tKHKL <>

VIH ) / \ / \ / \

CLK LN LN LN L AN A

ViL / _— / / - _/ A

tsp }n_—p

— VH T\ /

ADV J i T
ViL

tsp tHD
<« >
ViH 7 \
A[23:16] iL alid Address)
» <« tavH tHD
tsp
—__ VH > (tic;z
LBIUB |, Wé Z
tcsp tHD

<« tcePH
tcsm >
— VH \ > \
CSs p \
ViL tHz e

tabvo tBOE
D S

— VH g
OE + /
ViL \ /
‘ toHz
>
tsP  tHD tKHTL
v <« >< > |
we " i ¥
ViL l
tesw
VoH o
WAIT d | High-Z
VoL . o ,
tKoH
<
tsp tHD tacLk
<« > > <« >
ViH ) )Vor % /Valid \&/ Valid \&,/ Valid\&/ Valid \ 555 High-
A/DQ[15:0] ViL /Vahd Address,%j\ VoL Output'ss Outpuf Outpufs Outpufess
W
READ Burst Identified / Don't Care @ Undefined
(WE = HIGH) A

NOTE :
1) Non-default BCR settings: Latency code two (three clocks); WAIT active LOW; WAIT asserted during delay.
2) Don’t care must be in VIL or VIH.
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15.9 Single-Access Burst READ Operation—Fixed Latency

tck
ViH e T\ VN S/ VN Vo
CLK v / \_ v 7 a o
tsp tHD
Vin — < <
ADV / - -+
ViL / — tAHCR
tsp tHD
<«
A[23:16] VIH / . \/
: Valid Address |
ViL o . tHD | tHz
__ VH > > M <> <>
cs ViL /
tabvo ., tBOE towz
— VH /
OE Al 7?
Vi \t
t t oLz
. LN o2, |
WE /- A
ViL
tHD ‘
tsp <«
—_ VH < >
LB/UB ViL -
Vor ‘4% e >
WAIT High-Z '
VoL | e |
tsp tHD tACLK tKoH
Vi 7 f — > High-Z 2
ADQ[15:0] VM /// " Valid Address - .@ i ‘
i /// i / 7, Valid Output;

READ Burst Identified

(WE = HIGH) % Don’t Care @ Undefined
NOTE :

1) Non-default BCR settings: Fixed latency; latency code four (five clocks); WAIT active LOW; WAIT asserted during delay.
2) Don’t care must be in VIL or VIH.

SAMSUNG ELECTRONICS -34- @



http://www.BDTIC.com/SAMSUNG Rev-'0

K1C5616BKB

UtRAM2

15.10 4-Word Burst READ Operation—Fixed Latency

<« » < tKHKL <>
VIH '\ — \ — — — -
CLK ViL + T/ T? WA N
tsp J‘HD
_— VH \ ghigl
ADV ViL / s TM
< tAAE:’V 7‘ |
A[23:16] \\f: "’Valid Addiess\‘////////////////////////////////”
tAVH
I ey s |
LB/UB Vi \ i
tcsp : toom | 212 tcBPH
— VH [« T >
cs Vi s tco:
v < d DVQ;\4 tBOE LH—ZV
— VH i N /
ok, B 000777
| ItoLz
tsp :tHD ‘ < TKHTL t;:;
WE VIH :‘: ¢
Vi
WAIT VoL S ) High-Z
:'(AA —> ﬁo'—':
tsP >3HD {-VoH %_ _‘ RN )
AIDADS] ://': FValid Addres%@‘/l/"v @ﬁ (ﬁ&%(ﬁ'& e High-2
- VoL

READ Burst Identified
(WE = HIGH)

[
@ Don’t Care @ Undefined

NOTE :
1) Non-default BCR settings: Fixed latency; latency code two (three clocks); WAIT active LOW; WAIT asserted during delay.
2) Don’t care must be in VIL or VIH.
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15.11 4-Word Burst READ Operation - Row Boundary Crossing

tck tkp kP
<« —> [« tKHKL <> .
ViH ' ' \ — ' —\ — ' an
CLK <N £ N £ T B
ViL /r N _J / ' / _/ \
tsp J‘HD
_— VH — i
ADV / a o '
Vie ~ItAHCR
L
« taaDv N
VIH \ ‘ )
A[23:16] /H/alid Address
Vi BT : :
—_— VIH : ' : y
LB/UB ViL ///% /
tcsp)\ ' ' tHD  tcBPH
' ' tcsm <»
— VH < i —
CSs ' ‘ -+
ViL L ! . / \
< ‘ too ‘ tHz
U JADVg( tBoE » i
OE ] -
ViL |
‘ toLz ! ‘
tsp tHD ' <—jtKHTL | | tonz
— VH 7 w‘ '\
WE - o
Vi / ‘ %
‘ tesw, ‘
VoH [ e N e N !
WAIT — ro ’ High-Z
VoL ‘ et __ . N 7/ R
! ' tKOH:!
| taa !
tactl] !
~-VoH R ! )
A/DQ[15:0] ViH 7 ) /Valid \&/ Valid \GREeRieissisd/ Valid \&/ Valid \ High-Z
INOUT % @C’ Outputy OutputEREXEXEXEZELE Output ¥ Output?
~ VoL T
READ Burst Identified

= End of R
(WE = HIGH) nd orkow % Don't Care @ Undefined
NOTE :

1) Non-default BCR settings: Fixed latency; latency code two (three clocks); WAIT active LOW; WAIT asserted during delay.
2) Don’t care must be in VIL or VIH.

3) There is no limitation for CS high time during Row Boundary Crossing.

4) There is no ADV low during Row Boundary Crossing.
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15.12 READ Burst Suspend

folK NOTE 2
ViH / i — I\ —\
CLK vy ’v Ia o\ _ R ﬁ;# \
tsp  tHD
VIH —\ > ' i
ADV V||_g’/ L tabvo \
tAHCR
tsp (tHE’)
VIH o\ 7 % oo
[ valid [ valid
A[23:16] ViL N Ad?:l:ess ,/ 5 / A Adil}ess /
tcsm
VM < tcsp)
cs Vi N /
toHz NOTE 3
— VH \ / g \
OE By /
ViL \ / \ -
tsp | tH
<« >« P
— VH o4 - v
we' ' 7 7 7
ViL / ‘ ‘ v
I Vi
ViL
‘ tBOE
< >
<V L toiz <o tosw
VOH . ~ P ) E 7 \ < ) r
warr L Hehz V| :\
o S tkom, T T i taoE ' S
> toLz
"y

tsp tHD
ViH i A ;
. W Valid | / valid & valid ‘& valid &/ valid | [ valid \&/ valid \&x% [/ Valid
AIDQ[15:0] ViL /, \ Address | @ Output /% Output gf Output %\ Output \% High-z [\ Output ¥\ Output % \ Address |
> <«
tacLk

7
/A Don’t Care @ Undefined
NOTE :

1) Non-default BCR settings for READ burst suspend: Fixed or variable latency; latency code two (three clocks); WAIT active LOW; WAIT asserted during delay.
2) CLK can be stopped LOW or HIGH, but must be static, with no LOW-to-HIGH transitions during burst suspend.

3) OE can stay LOW during burst suspend. If OE is LOW, A/DQ[15:0] will continue to output valid data.

4) Don’t care must be in VIL or VIH.
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15.13 Asynchronous WRITE (cs controrled)

P tvs .
: tvp R 4 B tvp o~
o 2 7 7777777
ADV Vi 7 7
tcvs R < tevp >
) s tavh tavs v
<« <
VIH
A[23:16] v %é Valid Address < Valid Address >
IL
VIH—E tow >
cs iL - 7; t tcPH \
tesA ¢ BHA
wis \, /] 7 \
UB/LB Vi
| twp N
— VH g
WE Z i v/ 7/ *
Vi . 0@
P taw N
< tavs ] tavn
. ViH
A/DQ[15:0] v { Valid Address Data Valid %( Valid Address }%
IL
« s tAVH tow toH l

VA Don’t Care

NOTE :

1) Don’t care must be in VIL or VIH. - - o - _

2) A write occurs during the overlap(twp) of low CS and low WE. A write begins when CS goes low and WE goes low with asserting UB or LB for single byte
operation or simultaneously asserting UB and LB for double byte operation.

3) tcw is measured from the CS going low to the end of write.

4) tas is measured from the address valid to the beginning of write. o

5) twr is measured from the end of write to the address change. twr is applied in case a write ends with CS or WE going high.
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15.14 Asynchronous WRITE (WE, UB/LB Controlled)

tvs
) tvp R 4 tvp .
ViH
ViL % \ J < twr 7
tcvs
tavs tavH tavs < -ltAVH
IH
7k valia Adaress %( Valid Address ;’W
I
VIH T\ tew >
Vi
tesa N tBHA
VIiH %
Vi S —
< twp >
" . : \
Vi
tBHZ
< taw < > < tavs > |3l tavH
. VIH I
A/DQ[15:0] v é Valid Address Data Valid ( Valid Address %
I
tavs tAVH | tow | toH l
D — [« >

% Don’t Care

NOTE :

1) Don’t care must be in VIL or VIH. . - . - _

2) A write occurs during the overlap(twp) of low CS and low WE. A write begins when CS goes low and WE goes low with asserting UB or LB for single byte
operation or simultaneously asserting UB and LB for double byte operation.

3) tcw is measured from the CS going low to the end of write.

4) tas is measured from the address valid to the beginning of write. o

5) twr is measured from the end of write to the address change. twr is applied in case a write ends with CS or WE going high.
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15.15 Asynchronous WRITE Followed by Asynchronous READ (G5 controTled)

tvs twr

A
\4
A
A4

tvp

A

g
>

Any VH
T 7 = m

N tvp

€

tavs tavH
<

|, tcvs . g
ViH = =
Al23:16] | ﬂ( Valid Address Valid Address
tavs
> tavH
tcpPH N tcvs
v tew < < >
— VT \« T\
Cs . y N B
Vi t
CcO
| tBSA N tBHA < > tHz R
Vin N - BA
UB/LB |, 4 7 N 4
_ toe 1 L tBHZ
VIH ) i ) s
% Bz
OE v / N
toLz < toHz ,
twp N
Vi A 7
WE X 7 /
WE VlLﬁ A
ti
< taw > <£> taa
ViH p S VoH N —
A/DQ[15:0] ViL %é Valid Address- Data|Valid Valid Address v Valid output —
oL N
tavs | tavH tow | toH >/«
>€ > 1€ < tavs |tAVH

;Z Don’t Care % Undefined
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15.16 Asynchronous WRITE Followed by Asynchronous READ (e we controtied)

P tvs ol twr N
: tvp R i ]
ADv VH %) / \ / W
ViL 7 |
< taaDv >
| tavs < tavH ;| tvp
|, tcvs .
ViH = =
Al23:16] | ﬂ( Valid Address Valid Address
‘ tavs
> tavH
. R tcvs
VIH—} o ) !
Cs .
Vi
N tesA N tBHA < tco > thz >
v tBA
__ __ VH 0 Y
UB/LB T /
Vi
_ toe 1 L tBHZ
ViH ) | ) s
% Bz
OE R
toLz < toHz
[ twp —|
__ VH \ W
WE ViL % \ __/_ A
tBHZ tAA
< tA »<€ > < >
ViH S \VoH —_—
A/DQ[15:0] ViL %é Valid Address- Data Valid Valid Address v Valid output —
oL -~
tavs | tavH tow | toH >/«
>€ > 1€ < tavs |tAVH

;Z Don’t Care % Undefined
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15.17 Burst WRITE Operation—Variable Latency Mode

< tkapv j
/| tancr —
»

— Vi
ADV Vi
tavH
i
Vinz \/
A[23:16 y Valid Add g
[ ] Vi /j ali ress /
tsp 1 tHD
_ <« ><> , ;
Le/uB V¥ / y V7
ViL
tcsm
< tcBPH
Y tcsp
cs ViL -
— VH
OE ViL
tsp tHD
WE V'H% . JFH )7
ViL !
tKHTL tHz
tcsw
VoH D e e e - 1—! \
WAIT VoL High-Z { NOTE 2 -+ _ F Highz —
tsp t
i tsF; < tHD ) HD ’ ’
A/DQ[15:0] Vi || Valid Address / / D1 D2 ‘ D3 D4 /
WRITE Burst Identified §
(WE = LOW) % Don'’t Care

NOTE :

1) Non-default BCR settings for burst WRITE operation in variable latency mode: Latency code two (three clocks); WAIT active LOW;
WAIT asserted during delay; burst length four; burst wrap enabled.

2) WAIT asserts for LC cycles for both fixed and variable latency. LC = Latency Code (BCR[13:11]).

3) Don’t care must be in VIL or VIH.
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15.18 Burst WRITE Operation—Fixed Latency Mode

tkp tKHKL
< e <
ViH /T \ /N - /T \
CLK / + . N ‘HF
vL—————/ N — / N/ [— ~
tkabv
ViH tsp, tHD <
ADV " T \
ViL ) )
tAHCR
<« >
tavH
>
ViH / e
A[23:16] - Valid Address -
Vi /J‘P
tsp 1 tHD
—_— < »< >
LBiu V"7
ViL
tcsm
4,[ tcBPH
CSP
S Vlb < > tHD >/
Vi \
— VH
OE ViL
tsp' tHD
_—VH t_» /
WE ViL ‘ J
L tosw tKHTL thz
Vo <> / |
WAIT VoL High-Z 'l NOTE 2 T - High-z
tsp tHD tsp tHD
<« > <« >«
A/DQ[15:0] Vi . Valid Address - D[1] 1 D[2] X DI[3] D[4]
IL b / \ / / J

¢

WRITE Burst Identified
(WE = LOW)

VA Don’t Care

NOTE :

1) Non-default BCR settings for burst WRITE operation in fixed latency mode: Fixed latency; latency code two (three clocks); WAIT active LOW;
WAIT asserted during delay; burst length four; burst wrap enabled.

2) WAIT asserts for LC cycles for both fixed and variable latency. LC = Latency Code (BCR[13:11]).

3) Don’t care must be in VIL or VIH.
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15.19 4-Word Burst WRITE Operation - Row Boundary Crossing

tcLk tkp tkP
<« > » |« tKHKL <> .
ViH — ' g i e
CLK LN AN AN LY L LN L L
Vi /) /) ) __/ ~
tsP tHD ‘
VIH [\ g/ ]
A Vi / ‘ tAHCR‘
v tavs "
H Y —h
A[23:16] /////// alid Address}
ViL ‘)‘ < tavH ! ; o
tsp ' | ! <>
_ __ VH )\ d | A
LB/UB VL N | ‘ i l
< fespy ‘ ‘ LI-E tcBPH
— VH , | \
cs T ' ' I ' e \
Vi : . ‘ )
— VH
OE
ViL
tsp ' tHD
— VN NG
WE .
ViL \
‘ tcsw ‘ ' ‘ @» tHz
VoH D o ol WA r \
WAIT 4 Vi LY I \ igh-z
VoL | S H

I

A/DQ[15:0] V.
INJOUT

=

B B\ High-Z
s D3 g D4 )

tsp _tD
'~ -VoH
Valid Address (7 / /¢
’ T "Wl

WRITE Burst Identified

(OE = HIGH) End of Row .
/A Don’t Care @ Undefined

NOTE :

1) Non-default BCR settings: Fixed latency; latency code two (three clocks); WAIT active LOW; WAIT asserted during delay.
2) Don’t care must be in VIL or VIH.

3) D2 can be written when CS goes high at Point A.

4) There is no limitation for CS high time during Row Boundary Crossing.

6) There is no ADV low during Row Boundary Crossing.
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15.20 Burst WRITE Followed by Burst READ, Variable Latency

toik
- . -
'(SP tHD o YSP tHD o T T T
: valid | Vvalid '\
A[23:16] %—;‘%L_ss / ////////////// AValic ss%
tsp tHD tsp tHD
. <« >
ADV Vi }AHCR tsP tHp T/ taner
V|H7 E P 7 7 7 (tSF; <>
LB/UB 7 i
v.L/ ‘ 14 Lo D 0
tcsp tHD tcePH
V<> <> /
cs V 1 / \
L ' /I NoTE2 —
tcsP | tabvo toHz
ViH > > ? <«
OE Vi I
tsP ' tHD ‘ ‘
B o S |
__ VH / /
WE i ] TtsP 'tHD]
Vi <« >« i
tcsw tosw BOE
VoH <»~— — " o )
WAIT on igh-Z

tsp tHD tSP tHD

Vo
Z v lid “ [ valid \/
A/DQ[15: 0] ViL Adz:'ess D3 /22;9 rAddress

tsP. tHD
<>

/ Valid % Valid \&/ Valid | @é‘ Valid' @é‘
\Outputy'Output ' Output & Output & ‘

2222 Don’t Care @ Undefined
NOTE :

1) Non-default BCR settings for burst WRITE followed by burst READ: Variable latency; latency code two (three clocks); WAIT active LOW;

WAIT asserted during delay.
2) A refresh opportunity must be provided every tCSM by taking CS HIGH.
3) Don’t care must be in VIL or VIH.
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15.21 Burst WRITE Followed by Burst READ, Fixed Latency

tSPtHD

 tN

tsP tHD
AR3:16] ") Jalid_ |
ViL \ ress |

tsP tHD tkaDvV tsp tHD tAvH
Vi € >oor tav b — b R i
ADV ViL T + tAHCR tsP tHD By / tAHCR
ViHz, E o &
L5iB Jy , }
Vu_/ I I / / / “
tcsp tCBPH
_  VH— <> /
CS Vi . 4+ / \
L ' /I NoTE2 —
tCSP tabvo toHz
VIH N7
OE Vi \
tsp tHD ‘ ‘
B o S |
__ Ve /
WE ViL i 7 I tsp :H /
tBoOE
Vo (tg}s\(y . o toswgy, o o T ;
WAIT — igh-Z
VoL ts?tsp to tsp tHD tkoH
VoH

woatssa Y wt %ﬁf:ﬁ@

Valld / Valid @ Valid Valld gé( Valld
\ Address 'Output¥'Output'i¥ Output Outgu;,

2222 Don’t Care @ Undefined
NOTE :

1) Non-default BCR settings for burst WRITE followed by burst READ: fixed latency; latency code two (three clocks); WAIT active LOW;
WAIT asseted during delay.

2) A refresh opportunity must be provided every tCSM by taking CS HIGH.

3) Don’t care must be in VIL or VIH.
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15.22 Asynchronous WRITE Followed by Asynchronous READ

VIH
A[23:16 Valid Address Valid Address
6] " 7 2
tavs tavs taADy

< tvs . twrR |« _ >
L tvp D 7
o VH
ADV 4 £+ R /
ViL | \_‘j
P tsw R tsA tHz
— VIH < > . > L
LB/UB / 1 %
Vi

tcPH tco teHz

tCVP; tew

— VH T
CSs b
Vi J

]

Note 1 toiz tonz
. <« -
OE " tBHA A
viL/ < BSA > >
B twp < toe — >
m VIH i
VL L/
tesw | tesw
warr /o1 Highz T 170 ) 1 —
VoL ! tAA
< taw N < >
tavs | tavH | tos | toH tavs
: Vo ———
A/DQ[15:0] V'”@f Valid Address ¥/ Valid Input \/ Valid Address " - Valid Output |—
INOUT (C voL |

r
/A Don’t Care @ Undefined
NOTE :

1) CS can stay LOW when transitioning between asynchronous operations. IfCS goes HIGH, it must remain HIGH for at least tCPH to schedule the
appropriate internal refresh operation.
2) Don’t care must be in VIL or VIH.
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15.23 Asynchronous READ Followed by WRITE at the Same Address

VIH
A[23:16] Valid Address
ViL
tavs
taapv

< >
<

tvp

apvV/Ho gl
ViL o

teA tBw

< »!

— — VH = <
LB/UB V“_ZZ,‘ 1 £
/

tePH ' tovp N
>

<>« tco
— VH < >
CSs N
ViL \

toe toHz ‘
— VIH
OE v ? .
" toLz N
WE Viv7777 p) iz twe R
vﬂj tosw N NOTE2 7
WAITVOH Highz | |7~~~ ==~ 7 e S s i e
VoL
tAA »
tavs tavH tos toH
A/DQ[15:0] ViH ﬁ_* ) VoH BV 2 ViH ;
Valid Address (- Valid Output | —V Valid Input
INIOUT |, % @™ \vaid Puteul, ( ViL P

r
/A Don’t Care @ Undefined

NOTE :

1) The end of the WRITE cycle is controlled by CS, LB/UB, or WE, whichever de-asserts first.
2) WE must not remain LOW longer than 2.5us (tCSM) while the device is selected (CS LOW).
3) Don’t care must be in VIL or VIH.
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