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Async/Page/Burst  
CellularRAM ® 1.0 M emory
M T45W2M W16BGB

Features
• Single device supports asynchron ous, page, and 

burst operation s

• Random  access tim e: 70ns

• VCC, VCCQ voltages

– 1.7–1.95V VCC

– 1.7–3.6V VCCQ

• Page m ode read access

– 16-word page size

– In terpage read access: 70ns

– In trapage read access: 20ns

• Burst m ode write access: con tinuous burst

• Burst m ode read access

– 4, 8, or 16 words or con tinuous burst

– MAX clock rate: 104 MHz (tCLK = 9.62ns)

– Burst in itial latency: 38.5ns (4 clocks) at 104 MHz

– tACLK: 7ns at 104 MHz

• Low power consum ption

– Asyn chronous read: <20m A

– In trapage read: <15m A

– In trapage read in itial access, burst read:

(38.5ns [4 clocks] at 104 MHz) <40m A

– Continuous burst read: <25m A

– Standby: <110µA

– Deep power-down: <10µA (TYP at 25°C)

• Low-power features

– Tem perature-com pensated refresh  (TCR)

– On-chip  tem perature sensor

– Partial-array refresh  (PAR)

– Deep power-down  (DPD) m ode

Options Designator

• Configuration  

– 2 Meg x 16 MT45W2MW16B

• Package

– 54-ball VFBGA (“green”) GB

• Access tim e

– 70ns -70

• Frequency

– 80 MHz 8

– 104 MHz 1

Figure 1:  54-Ball VFBGA Ball Assignment

Notes: 1. –30°C exceeds the Cellu larRAM Workgroup  

1.0 specification  of –25°C.

2. Con tact factory for availability.

Part Num ber Exam ple:

M T45W2M W16BGB-701WT

Options (cont inued) Designator

• Standby power

– Standard None

• Low power L

• Operating tem perature range

– Wireless (–30°C to +85°C) WT1

– Industrial (–40°C to +85°C) IT2
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General Descript ion

Micron ® Cellu larRAM® is a h igh-speed, CMOS PSRAM m em ory device developed for 

low-power, portable app lications. Th e  MT45W2MW16BGB is a  32Mb  DRAM core  

d evice  organ ized  as 2 Meg x 16 b its. Th is d evice  in clu d es an  in d u stry-standard 

burst m ode Flash  in terface that dram atically in creases READ/ WRITE bandwidth  

com pared with  other low-power SRAM or pseudo-SRAM (PSRAM) offerings.

For seam less operation  on  a burst Flash  bus, Cellu larRAM products incorporate a trans-

paren t self refresh  m echan ism . The h idden  refresh  requires no additional support from  

the system  m em ory con troller and has no sign ifican t im pact on  device READ/ WRITE 

perform ance.

Two user-accessible con trol registers define device operation . The bus configuration  

register (BCR) defines how the CellularRAM device in teracts with  the system  m em ory 

bus and is n early iden tical to its coun terpart on  burst m ode Flash  devices. The refresh  

configuration  register (RCR) is used to con trol how refresh  is perform ed on  the DRAM 

array. These registers are au tom atically loaded with  default settings during power-up  

and can  be updated anytim e during norm al operation .

Special atten tion  has been  focused on  standby curren t consum ption  during self refresh . 

Cellu larRAM products include three system -accessible m echan ism s to m in im ize 

standby curren t. Partial-array refresh  (PAR) lim its refresh  to on ly that part of the DRAM 

array that con tains essen tial data. Tem perature-com pensated refresh  (TCR) uses an  on -

ch ip  sensor to adjust the refresh  rate to m atch  the device tem perature. The refresh  rate 

decreases at lower tem peratures to m in im ize curren t consum ption  during standby. 

Deep power-down  (DPD) halts the REFRESH operation  altogether and is used when  no 

vital in form ation  is stored in  the device. These three refresh  m echan ism s are accessed 

through the RCR.
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Funct ional Block Diagram

Figure 2:  Funct ional Block Diagram – 2 M eg x 16

Note: Funct ional block diagrams illust rate simplif ied device operat ion. See ball descript ion table, 

bus operat ions tables, and t iming diagrams for detailed informat ion.
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Ball Descript ions

Note: The CLK and ADV# inputs can be t ied to VSS if  the device is always operat ing in asynchro-

nous or page mode. WAIT will be asserted, but  should be ignored during asynchronous 

and page mode operat ions.

Table 1: VFBGA Ball Descript ions

VFBGA 
Assignment Symbol Type Descript ion

H6, G2, H1, D3, 

E4, F4, F3, G4, 

G3, H5, H4, H3, 

H2, D4, C4, C3, 

B4, B3, A5, A4, 

A3

A[20:0] Input Address inputs: Inputs for addresses during READ and WRITE operat ions. 

Addresses are internally latched during READ and WRITE cycles. The address lines 

are also used to def ine the value to be loaded into the BCR or the RCR. 

J3 ADV# Input Address valid: Indicates that  a valid address is present  on the address inputs. 

Addresses can be latched on the rising edge of  ADV# during asynchronous READ 

and WRITE operat ions. ADV# can be held LOW during asynchronous READ and 

WRITE operat ions.

B5 CE# Input Chip enable: Act ivates the device when LOW. When CE# is HIGH, the device is 

disabled and goes into standby or deep power-down mode.

J2 CLK Input Clock: Synchronizes the memory to the system operat ing f requency during 

synchronous operat ions. When conf igured for synchronous operat ion, the address 

is latched on the f irst  rising CLK edge when ADV# is act ive. CLK must  be stat ic 

LOW or HIGH during asynchronous access READ and WRITE operat ions and during 

PAGE READ ACCESS operat ions.

A6 CRE Input Conf igurat ion register enable: When CRE is HIGH, WRITE operat ions load the RCR 

or BCR, and READ operat ions either access the RCR or the BCR.

A1 LB# Input Lower byte enable: DQ[7:0].

A2 OE# Input Output  enable: Enables the output  buf fers when LOW. When OE# is HIGH, the 

output  buf fers are disabled.

B2 UB# Input Upper byte enable: DQ[15:8].

G5 WE# Input WRITE enable: Determines whether a given cycle is a WRITE cycle. If  WE# is LOW, 

the cycle is a WRITE to either a conf igurat ion register or the memory array.

G1, F1, F2, E2, 

D2, C2, C1, B1, 

G6, F6, F5, E5, 

D5, C6, C5, B6 

DQ[15:0] Input /

Output
Data inputs/outputs.

J1 WAIT Output Wait : Provides data-valid feedback during burst  READ and WRITE operat ions. The 

signal is gated by CE#. WAIT is used to arbit rate collisions between REFRESH and 

READ/WRITE operat ions. WAIT is asserted when a burst  crosses a row boundary. 

WAIT is also used to mask the delay associated with opening a new internal page. 

WAIT is asserted and should be ignored during asynchronous and page mode 

operat ions. WAIT is High-Z when CE# is HIGH.

E3, J4, J5, J6 NC – Not  internally connected.

D6 VCC Supply Device power supply (1.7–1.95V): Power supply for device core operat ion.

E1 VCCQ Supply I/O power supply (1.7–3.6V): Power supply for input /output  buf fers.

E6 VSS Supply VSS must  be connected to ground.

D1 VSSQ Supply VSSQ must  be connected to ground.
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Bus Operat ions

Notes: 1. CLK must  be stat ic (HIGH or LOW) during asynchronous READ and asynchronous WRITE 

modes and to achieve standby power during standby and DPD modes. CLK must  be stat ic 

(HIGH or LOW) during burst  suspend.

2. The WAIT polarity is conf igured through the bus conf igurat ion register (BCR[10]).

3. When LB# and UB# are in select  mode (LOW), DQ[15:0] are af fected. When only LB# is in 

select  mode, DQ[7:0] are af fected. When only UB# is in the select  mode, DQ[15:8] are 

af fected.

4. The device will consume act ive power in this mode whenever addresses are changed.

5. When the device is in standby mode, address inputs and data inputs/outputs are internally 

isolated f rom any external inf luence.

6. VIN = VCCQ or 0V; all device balls must  be stat ic (unswitched) to achieve standby current .

7. DPD is maintained unt il RCR is reconf igured.

8. CRE-controlled reading of  the conf igurat ion register is supported for this device, though it  

is not  an of f icial CellularRAM 1.0 feature.

Table 2: Bus Operat ions: Asynchronous M ode

M ode Pow er CLK1 ADV# CE# OE# WE# CRE
LB#/
UB# WAIT2 DQ[15:0]3 Notes

READ Act ive L L L L H L L Low-Z Data-out  4

WRITE Act ive L L L X L L L Low-Z Data-in 4

Standby Standby L X H X X L X High-Z High-Z 5, 6

No operat ion Idle L X L X X L X Low-Z X 4, 6

Conf igurat ion 

register WRITE

Act ive L L L H L H X Low-Z High-Z 

Conf igurat ion 

register READ

Act ive L L L H H H X Low-Z Conf ig. reg. 

out

8

DPD Deep

power-down

L X H X X X X High-Z High-Z 7
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Notes: 1. CLK must  be stat ic (HIGH or LOW) during asynchronous READ and asynchronous WRITE 

modes and to achieve standby power during standby and DPD modes. CLK must  be stat ic 

(HIGH or LOW) during burst  suspend.

2. The WAIT polarity is conf igured through the bus conf igurat ion register (BCR[10]).

3. When LB# and UB# are in select  mode (LOW), DQ[15:0] are af fected. When only LB# is in 

select  mode, DQ[7:0] are af fected. When only UB# is in the select  mode, DQ[15:8] are 

af fected.

4. The device will consume act ive power in this mode whenever addresses are changed.

5. When the device is in standby mode, address inputs and data inputs/outputs are internally 

isolated f rom any external inf luence.

6. VIN = VCCQ or 0V; all device balls must  be stat ic (unswitched) to achieve standby current .

7. DPD is maintained unt il RCR is reconf igured.

8. Burst  mode operat ion is init ialized through the bus conf igurat ion register (BCR[15]).

9. This device supports CRE-controlled conf igurat ion register READs. This feature is not  an 

of f icial CellularRAM 1.0 feature.

Table 3: Bus Operat ions: Burst  M ode

M ode Pow er CLK1 ADV# CE# OE# WE# CRE
LB#/
UB# WAIT2 DQ[15:0]3 Notes

Asynchronous 

READ

Act ive L L L L H L L Low-Z Data-out 4

Asynchronous 

WRITE

Act ive L L L X L L L Low-Z Data-in 4

Standby Standby L X H X X L X High-Z High-Z 5, 6

No operat ion Idle L X L X X L X Low-Z X 4, 6

Init ial burst  

READ

Act ive L L X H L L Low-Z X 4, 8

Init ial burst  

WRITE

Act ive L L H L L X Low-Z X 4, 8

Burst  cont inue Act ive H L X X X L Low-Z Data-in or 

data-out

4, 8

Burst  suspend Act ive X X L H X L X Low-Z High-Z 4, 8

Conf igurat ion 

register WRITE

Act ive L L H L H X Low-Z High-Z 8

Conf igurat ion 

register READ

Act ive L L H H H X Low-Z Conf ig. reg. 

out  Z

8, 9

DPD Deep 

power-down

L X H X X X X High-Z High-Z 7
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Part  Numbering Information

Micron  Cellu larRAM devices are available in  several con figurations and densities.

Figure 3:  Part  Number Chart

Note: –30°C exceeds the CellularRAM Workgroup 1.0 specif icat ion of  –25°C.

Valid Part  Number Combinat ions

After building the part num ber from  the part num bering chart, visit the Micron  Web site 

at www.m icron .com / psram  to verify that the part n um ber is offered and valid . If the 

device required is not on  th is list, con tact the factory.

Device M arking

Due to the size of the package, the Micron-standard part num ber is not prin ted on  the 

top  of the device. In stead, an  abbreviated device m ark consisting of a five-digit alphanu-

m eric code is used. The abbreviated device m arks are cross-referenced to the Micron  

part num bers at the FBGA Part Marking Decoder site, h ttp :/ / www.m icron .com /

decoder. To view the location  of the abbreviated m ark on  the device, refer to custom er 

service note, CSN-11, “Product Mark/ Label,” at www.m icron .com / csn .

MT 45 W   2M W 16 B    GB -70    8           WT   ES

Micron Technology

Product family

45 = PSRAM/CellularRAM memory

Operating core voltage

W = 1.7V–1.95V

Address locations

M = Megabits

Operating voltage

W = 1.7–3.6V

Bus configuration

16 = x16

READ/WRITE operation mode

B = Asynchronous/page/burst

Package codes

GB = 54-ball VFBGA “green” (6 x 9 grid, 0.75mm pitch, 6.0mm x 8.0mm x 1.0mm) 

Production status

Blank = Production

ES = Engineering sample

MS = Mechanical sample

Operating temperature

WT = –30°C to +85°C (see note 1)

IT = –40°C to +85°C

Standby power options

Blank = Standard

Low power = L

Frequency

8 = 80 MHz

1 = 104 MHz

Access/cycle time

70 = 70ns

www.micron.com/psram
http://www.micron.com/partsearch
http://www.micron.com/partsearch
http://www.micron.com/products/parametric
http://www.micron.com/products/psram/
http://www.micron.com/decoder
http://www.micron.com/decoder
http://www.micron.com/csn
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Funct ional Descript ion

In  general, the MT45W2MW16BGB devices are h igh-density alternatives to SRAM and 

PSRAM products, popular in  low-power, portable applications.

The MT45W2MW16BGB con tains a 33,554,432-bit DRAM core organ ized as 2,097,152 

addresses by 16 bits. This device im plem en ts the sam e h igh-speed bus in terface found 

on  burst m ode Flash  p roducts.

The Cellu larRAM bus in terface supports both  asynchronous and burst m ode transfers. 

Page m ode accesses are also included as a bandwidth-enhancing extension  to the asyn -

chronous READ protocol. 

Pow er-Up Init ializat ion

Cellu larRAM products include an  on -chip  voltage sensor used to launch  the power-up 

in itialization  p rocess. In itialization  will con figure the BCR and the RCR with  their 

default settings (see Figure 19 on  page 26 and Figure 24 on  page 31). VCC and VCCQ m ust 

be applied sim ultaneously. When  they reach a stable level at or above 1.7V, the device 

will require 150µs to com plete its self-in itialization  process. During the in itialization  

period, CE# should rem ain  HIGH. When  in itialization  is com plete, the device is ready for 

norm al operation .

Figure 4:  Pow er-Up Init ializat ion Timing

Bus Operat ing M odes

The MT45W2MW16BGB Cellu larRAM products incorporate a burst m ode in terface 

found on  Flash  p roducts targetin g low-power, wireless applications. This bus in terface 

supports asynchronous, page m ode, and burst m ode READ and WRITE transfers. The 

specific in terface supported is defined by the value loaded in to the bus con figuration  

register. Page m ode is con trolled by the refresh  con figuration  register (RCR[7]).

Asynchronous M ode

Cellu larRAM products power up  in  the asyn chronous operating m ode. This m ode uses 

the industry-standard SRAM con trol bus (CE#, OE#, WE#, and LB#/ UB#). READ opera-

tions are in itiated by bringing CE#, OE#, an d LB#/ UB# LOW while keeping WE# HIGH 

(see Figure 5 on  page 12). Valid  data will be driven  out of the I/ Os after the specified 

access tim e has elapsed. WRITE operations occur when  CE#, WE#, and LB#/ UB# are 

driven  LOW (see Figure 6 on  page 12). During asyn chronous WRITE operations, the OE# 

level is a “Don ' t Care,” and WE# will override OE#. The data to be written  is latched on  

the rising edge of CE#, WE#, or LB#/ UB#, whichever occurs first. Asynchronous opera-

tions (page m ode disabled) either can  use the ADV input to latch  the address, or ADV 

can  be driven  LOW during the en tire READ/ WRITE operation .

During asynchronous operation , the CLK in put m ust be held static LOW or HIGH. WAIT 

will be driven  while the device is enabled, and its state should be ignored. WE# LOW 

tim e m ust be lim ited to tCEM.

Vcc

VccQ Device initialization

Vcc = 1.7V 
Device ready for 

normal operation 

tPU > 150µs
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Figure 5:  READ Operat ion (ADV = LOW)

Note: ADV must  remain LOW for page mode operat ion.

Figure 6:  WRITE Operat ion (ADV = LOW)
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Data
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tRC = READ cycle time 

Address

Valid address 

Data
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tWC = WRITE cycle time 
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Page M ode READ Operat ion

Page m ode is a perform ance-enhancing extension  to the legacy asynchronous READ 

operation . In  page-m ode-capable products, an  in itial asynchronous READ access is 

perform ed, and then  adjacen t addresses can  be read quickly by sim ply changing the 

low-order address. Addresses A[3:0] are used to determ ine the m em bers of the 16-

address Cellu larRAM page. Any change in  addresses A[4] or h igher will in itiate a new tAA 

access tim e. Figure 7 on  page 13 shows the tim ing for a page m ode access. 

Page m ode takes advan tage of the fact that adjacen t addresses can  be read in  a shorter 

period of tim e than  random  addresses. WRITE operation s do not include com parable 

page m ode functionality.

During asynchronous page m ode operation , the CLK input m ust be held  static LOW or 

HIGH. CE# m ust be driven  HIGH upon  com pletion  of a page m ode access. WAIT will be 

driven  while the device is enabled, and its state should be ignored. Page m ode is enabled 

by setting RCR[7] to HIGH. ADV m ust be driven  LOW during all page m ode READ 

accesses.

The CE# LOW tim e is lim ited by refresh  considerations. CE# m ust not stay LOW longer 

than  tCEM. 

Figure 7:  Page M ode READ Operat ion (ADV = LOW)

Burst  M ode Operat ion

Burst m ode operations enable h igh-speed synchronous READ and WRITE operations. 

Burst operations consist of a m ulticlock sequence that m ust be perform ed in  an  ordered 

fashion . After CE# goes LOW, the address to access is latched on  the next rising edge of 

CLK that ADV# is LOW. During th is first clock rising edge, WE# indicates whether the 

operation  is going to be a READ (WE# = HIGH, Figure 8 on  page 14) or WRITE 

(WE# = LOW, Figure 9 on  page 15).

The size of a burst can  be specified in  the BCR either as fixed-length  or con tinuous. 

Fixed-length  bursts consist of 4, 8, or 16 words. Con tinuous bursts have the ability to 

start at a specified address and burst through the en tire m em ory. The latency coun t 

stored in  the BCR defines the num ber of clock cycles that elapse before the in itial data 

value is transferred between  the processor and Cellu larRAM device.

Data

CE#

Don’t Care

OE#

WE#

LB#/UB#

Address Address[0] Address
[1]

Address
[2]

Address
[3]

D[1] D[2] D[3]

tAA tAPA

<tCEM

tAPA tAPA

D[0]
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The WAIT output will be asserted as soon  as CE# goes LOW and will be de-asserted to 

indicate when  data is to be transferred in to (or out of) the m em ory. WAIT will again  be 

asserted if the burst crosses the boundary between  128-word rows. After the Cellu-

larRAM device has restored the previous row’s data and accessed the n ext row, WAIT 

will be deasserted and the burst can  con tinue (see Figure 35 on  page 46).

The processor can  access other devices without incurring the tim ing penalty of the 

in itial latency for a new burst by suspen ding burst m ode. Bursts are suspended by stop-

p ing 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 Cellu larRAM 

outputs; otherwise, OE# can  rem ain  LOW. Note that the WAIT output will con tinue to be 

active, and, as a resu lt, no other devices should directly share the WAIT connection  to 

the con troller. To con tinue the burst sequence, OE# is taken  LOW, and then  CLK is 

restarted after valid  data is available on  the bus.

The CE# LOW tim e is lim ited by refresh  considerations. CE# m ust not stay LOW longer 

than  tCEM unless row boundaries are crossed at least every tCEM. If a burst suspension  

will cause CE# to rem ain  LOW for longer than  tCEM, CE# should be taken  HIGH and the 

burst restarted with  a new CE# LOW/ ADV# LOW cycle.

Figure 8:  Burst  M ode READ (4-Word Burst)

Note: Nondefault  BCR set t ings: latency code 2 (3 clocks); WAIT act ive LOW; WAIT asserted during 

delay.

A[20:0]

D[0]

ADV#

CE#

OE#

D[1] D[2] D[3]

WE#

WAIT

DQ[15:0]

LB#/UB#

Latency code 2 (3 clocks)

CLK

UndefinedDon’t CareREAD burst identified
(WE# = HIGH)

Valid
address



PDF: 09005aef82832fa2/Source: 09005aef82832f5f Micron Technology, Inc., reserves the right  to change products or specif icat ions without  not ice.

32mb_burst_cr1_0_p24z_2.fm - Rev. E   9/08 EN 15 ©2007 Micron Technology, Inc. All rights reserved.

 32M b: 2 M eg x 16 Async/Page/Burst  CellularRAM  1.0 M emory
Bus Operat ing M odes

Figure 9:  Burst  M ode WRITE (4-Word Burst)

Note: Nondefault  BCR set t ings: latency code 2 (3 clocks); WAIT act ive LOW; WAIT asserted during 

delay.
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M ixed-M ode Operat ion

The device can  support a com bination  of syn chronous READ and asynchronous WRITE 

operations when  the BCR is con figured for synchron ous operation . The asynchronous 

WRITE operation  requires that the clock (CLK) be held static LOW or HIGH during the 

en tire sequence. The ADV# signal can  be used to latch  the target address, or it can  

rem ain  LOW during the en tire WRITE operation . CE# m ust return  HIGH when  transi-

tion ing between  m ixed-m ode operations. Note that the tCKA period is the sam e as a 

READ or WRITE cycle. This tim e is required to ensure adequate refresh . Mixed-m ode 

operation  facilitates a seam less in terface to legacy burst m ode Flash  m em ory con trollers 

(see Figure 43 on  page 54).

WAIT Operat ion

The WAIT output on  a Cellu larRAM device is typically connected to a shared, system -

level WAIT signal (see Figure 10). The shared WAIT signal is used by the processor to 

coordinate tran sactions with  m ultip le m em ories on  the synchron ous bus.

Figure 10:  Wired-OR WAIT Conf igurat ion

After a READ or WRITE operation  has been  in itiated, WAIT goes active to indicate that 

the Cellu larRAM device requires additional tim e before data can  be transferred. For 

READ operations, WAIT will rem ain  active un til valid data is output from  the device. For 

WRITE operations, WAIT will indicate to the m em ory con troller when  data will be 

accepted in to the Cellu larRAM device. When  WAIT transitions to an  in active state, the 

data burst will p rogress on  successive clock edges.

During a burst cycle, CE# m ust rem ain  asserted un til the first data is valid . Bringing CE# 

HIGH during th is in itial latency m ay cause data corruption .

The WAIT output also perform s an  arbitration  role when  a READ or WRITE operation  is 

launched while an  on -chip  refresh  is in  progress. If a collision  occurs, WAIT is asserted 

for additional clock cycles un til the refresh  has com pleted (see Figure 11 on page 17 and 

Figure 12 on page 18). When the REFRESH operation  has com pleted, the READ or WRITE 

operation  will con tinue norm ally. 

WAIT is also asserted when  a con tinuous READ or WRITE burst crosses a row boundary. 

The WAIT assertion  allows tim e for the new row to be accessed and perm its any pending 

REFRESH operations to be perform ed.

LB#/UB# Operat ion

The LB# enable and UB# enable signals support byte-wide data transfers. During READ 

operations, the enabled byte(s) are driven  on to the DQ. The DQ associated with  a 

disabled byte are put in to a High-Z state during a READ operation . During WRITE oper-
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ations, any disabled bytes will not be transferred to the RAM array, and the in ternal 

value will rem ain  unchanged. During an  asynchronous WRITE cycle, the data to be 

written  is latched on  the rising edge of CE#, WE#, LB#, or UB#, whichever occurs first.

When  both  the LB# and UB# are disabled (HIGH) during an  operation , the device will 

disable the data bus from  receiving or tran sm itting data. Although the device will seem  

to be deselected, it rem ains in  an  active m ode as long as CE# rem ains LOW.

Figure 11:  Refresh Collision During READ Operat ion

Note: Nondefault  BCR set t ings: latency code 2 (3 clocks); WAIT act ive LOW; WAIT asserted during 

delay.
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Figure 12:  Refresh Collision During WRITE Operat ion

Note: Nondefault  BCR set t ings: latency code 2 (3 clocks); WAIT act ive LOW; WAIT asserted 

during delay.
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Low -Pow er Operat ion

Standby M ode Operat ion

During standby, the device curren t consum ption  is reduced to the level necessary to 

perform  the DRAM REFRESH operation . Standby operation  occurs when  CE# is HIGH.

The device will en ter a reduced power state upon  com pletion  of a READ or WRITE oper-

ation  or when  the address and con trol inputs rem ain  static for an  extended period of 

tim e. This m ode will con tinue un til a change occurs to the address or con trol inputs.

Temperature-Compensated Refresh

Tem perature-com pensated refresh  (TCR) allows for adequate refresh  at differen t 

tem peratures. This Cellu larRAM device includes an  on -chip  tem perature sensor that 

con tinually adjusts the refresh  rate according to the operating tem perature.

Part ial-Array Refresh

Partial-array refresh  (PAR) restricts REFRESH operation  to a portion  of the total m em ory 

array. This feature en ables the device to reduce standby curren t by refresh ing on ly that 

part of the m em ory array required by the host system . The refresh  options are fu ll array, 

one-half array, one-quarter array, one-eigh th  array, or none of the array. The m apping 

of these partitions either can  start at the beginn ing or the end of the address m ap (see 

Table 6 on  page 32). READ and WRITE operations to address ranges receiving refresh  

will not be affected. Data stored in  addresses not receiving refresh  will becom e 

corrupted. When  reenabling additional portions of the array, the new portions are avail-

able im m ediately upon  writing to the RCR.

Deep Pow er-Dow n Operat ion

Deep power-down  (DPD) operation  disables all refresh-related activity. This m ode is 

used if the system  does not require the storage provided by the Cellu larRAM device. Any 

stored data will becom e corrupted when  DPD is enabled. When  refresh  activity has been  

reenabled by rewriting the RCR, the Cellu larRAM device will require 150µs to perform  an  

in itialization  procedure before norm al operations can  resum e. During th is 150µs period, 

the curren t consum ption  will be h igher than  the specified standby levels, bu t consider-

ably lower than  the active curren t specification .

DPD cannot be enabled or disabled by writing to the RCR using the software access 

sequence; the RCR should be accessed using CRE instead.
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Configurat ion Registers

Two user-accessible con figuration  registers define the device operation . The bus config-

uration  register (BCR) defines how the CellularRAM in teracts with the system  m em ory bus 

and is nearly identical to its counterpart on  burst m ode Flash devices. The refresh configu-

ration  register (RCR) is used to con trol how refresh  is perform ed on  the DRAM array. 

These registers are au tom atically loaded with  default settings during power-up  and can  

be updated any tim e the devices are operating in  a stan dby state.

Access Using CRE

The con figuration  registers are loaded using either a synchronous or an  asynchronous 

WRITE operation  when  the configuration  register en able (CRE) input is HIGH (see 

Figure 13, and Figure 14 on  page 21). When  CRE is LOW, a READ or WRITE operation  

will access the m em ory array. The register values are p laced on  address p ins A[19:0]. In  

an  asynchronous WRITE, the values are latched in to the con figuration  register on  the 

rising edge of ADV#, CE#, or WE#, whichever occurs first; LB# and UB# are “Don’t Care.” 

The BCR is accessed when  A[19] is HIGH; the RCR is accessed when  A[19] is LOW. For 

READs, address inputs other than  A19 are “Don ' t Care,” and register bits 15:0 are output 

on  DQ[15:0].

Figure 13:  Asynchronous M ode Conf igurat ion Register WRITE Follow ed by READ ARRAY Operat ion
Note:

Note: A[19] = LOW to load RCR, HIGH to load BCR.
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Figure 14:  Synchronous M ode Conf igurat ion Register WRITE Follow ed by READ ARRAY Operat ion

Notes: 1. Nondefault  BCR set t ings for CR WRITE in synchronous mode followed by READ ARRAY 

operat ion: latency code 2 (3 clocks); WAIT act ive LOW; WAIT asserted during delay.

2. A[19] = LOW to load RCR, HIGH to load BCR.

3. CE# must  remain LOW to complete a burst -of -one WRITE. WAIT must  be monitored—addi-

t ional WAIT cycles caused by ref resh collisions require a corresponding number of  addi-

t ional CE# LOW cycles.
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Figure 15:  Asynchronous M ode Conf igurat ion Register READ Follow ed by READ ARRAY Operat ion

Note: A[19] = LOW to read RCR, HIGH to read BCR.
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Figure 16:  Synchronous M ode Conf igurat ion Register READ Follow ed by READ ARRAY Operat ion

Notes: 1. Nondefault  BCR set t ings for synchronous mode register READ followed by READ ARRAY 

operat ion: latency code 2 (3 clocks); WAIT act ive LOW; WAIT asserted during delay.

2. A[19] = LOW to read RCR, HIGH to read BCR.

3. CE# must  remain LOW to complete a burst -of -one READ. WAIT must  be monitored—addi-

t ional WAIT cycles caused by ref resh collisions require a corresponding number of  addi-

t ional CE# LOW cycles.
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Softw are Access to the Configurat ion Register

Software access of the configuration  registers uses a sequence of asynchronous READ 

and asynchronous WRITE operations. The con ten ts of the configuration  registers can  be 

read or m odified using the software sequen ce.

The con figuration  registers are loaded using a four-step  sequence consisting of two 

asynchronous READ operations followed by two asynchronous WRITE operations (see 

Figure 17). The READ sequence is virtually iden tical except that an  asynchronous READ 

is perform ed during the fourth  operation  (see Figure 18 on  page 25).

The address used during all READ and WRITE operations is the h ighest address of the 

Cellu larRAM device being accessed (1FFFFFh for 32Mb); the con ten t at th is address is 

not changed by using th is sequence.

The data value presen ted during the th ird  operation  (WRITE) in  the sequence defines 

whether the BCR or the RCR 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. During the fourth  

operation , DQ[15:0] transfer data in to or ou t of bits 15–0 of the con figuration  registers.

The use of the software sequence does not affect the ability to perform  the standard 

(CRE-con trolled) m ethod of loading the con figuration  registers. However, the software 

nature of th is access m echan ism  elim inates the need for the con trol register enable 

(CRE) p in . If the software m echan ism  is used, the CRE p in  can  sim ply be tied to VSS. The 

port line often  used for CRE con trol purposes is no longer required.

Software access of the RCR should not be used to en ter or exit DPD.

Figure 17:  Load Conf igurat ion Register

Note: It  is possible that  the data stored at  the highest  memory locat ion will be altered if  the data 

at  the falling edge of  WE# is not  0000h or 0001h.
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Figure 18:  Read Conf igurat ion Register

Note: It  is possible that  the data stored at  the highest  memory locat ion will be altered if  the data 

at  the falling edge of  WE# is not  0000h or 0001h.
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Bus Configurat ion Register

The BCR defines how the Cellu larRAM device in teracts with  the system  m em ory bus. 

Page m ode operation  is enabled by a bit con tained in  the RCR. Figure 19 describes the 

con trol bits in  the BCR. At power-up , the BCR is set to 9D4Fh.

The BCR is accessed usin g CRE an d A[19] HIGH or through the configuration  register 

software sequence with  DQ = 0001h on  the th ird cycle.

Figure 19:  Bus Conf igurat ion Register Def init ion

Note: All burst  WRITEs are cont inuous.
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Burst  Length (BCR[2:0]) Default = Cont inuous Burst

Burst lengths define the num ber of words the device outputs during a burst READ oper-

ation . The device supports a burst length  of 4, 8, or 16 words. The device can  also be set 

in  con tinuous burst m ode where data is outp ut sequen tially without regard to address 

boundaries; the in tern al address wraps to 000000h if the device is read past the last 

address. WRITE bursts are always perform ed using con tinuous burst m ode.

Burst  Wrap (BCR[3]) Default = Burst No Wrap (Within Burst  Length)

The burst wrap  op tion  determ ines whether a 4-, 8-, or 16-word burst READ wraps with in  

the burst length  or steps through sequen tial addresses. If the wrap  option  is not enabled, 

the device outputs data from  sequen tial addresses without regard to burst boundaries; 

the in ternal address wraps to 000000h if the device is read past the last address.

Table 4: Sequence and Burst  Length 

Burst  Wrap Start ing 
Address

4-Word 
Burst  

Length
8-Word 

Burst  Length 16-Word Burst  Length Cont inuous Burst

BCR[3] Wrap (Decimal) Linear Linear Linear Linear

0 Yes 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 0-1-2-3-4-5-6-…

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 1-2-3-4-5-6-7-…

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 2-3-4-5-6-7-8-…

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 3-4-5-6-7-8-9-…

4 4-5-6-7-0-1-2-3 4-5-6-7-8-9-10-11-12-13-14-15-0-1-2-3 4-5-6-7-8-9-10-…

5 5-6-7-0-1-2-3-4 5-6-7-8-9-10-11-12-13-14-15-0-1-2-3-4 5-6-7-8-9-10-11-…

6 6-7-0-1-2-3-4-5 6-7-8-9-10-11-12-13-14-15-0-1-2-3-4-5 6-7-8-9-10-11-12-…

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 7-8-9-10-11-12-13-…

... ... ...

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

...

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

...

1 No 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 0-1-2-3-4-5-6-…

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 1-2-3-4-5-6-7-…

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

2-3-4-5-6-7-8-…

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

3-4-5-6-7-8-9-…

4 4-5-6-7-8-9-10-11 4-5-6-7-8-9-10-11-12-13-14-15-16-17-

18-19

4-5-6-7-8-9-10-…

5 5-6-7-8-9-10-11-12 5-6-7-8-9-10-11-12-13-...-15-16-17-18-

19-20

5-6-7-8-9-10-11-…

6 6-7-8-9-10-11-12-

13

6-7-8-9-10-11-12-13-14-...-16-17-18-19-

20-21

6-7-8-9-10-11-12-…

7 7-8-9-10-11-12-13-

14

7-8-9-10-11-12-13-14-...-17-18-19-20-

21-22

7-8-9-10-11-12-13-…

... ... ...

14 14-15-16-17-18-19-...-23-24-25-26-27-

28-29

14-15-16-17-18-19-20-

…

15 15-16-17-18-19-20-...-24-25-26-27-28-

29-30

15-16-17-18-19-20-21-

…
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Output  Impedance (BCR[5]) Default = Outputs Use Full Drive Strength

The output driver strength  can  be altered to adjust for differen t data bus loadin g 

scenarios. The reduced-strength  option  should be m ore than  adequate in  stacked chip 

(Flash + CellularRAM) environm ents when  there is a dedicated m em ory bus. The reduced-

drive-strength option  is included to m in im ize noise generated on  the data bus during 

READ operations. Norm al output im pedance should be selected when  using a discrete 

Cellu larRAM device in  a m ore heavily loaded data bus environm en t. Partial drive is 

approxim ately one-quarter fu ll drive strength . Outputs are con figured at fu ll drive 

strength  during testing.

WAIT Conf igurat ion (BCR[8]) Default = WAIT Transit ions One Clock Before Data Valid/Invalid

The WAIT configuration  bit is used to determ ine when  WAIT tran sitions between  the 

asserted and the deasserted state with  respect to valid data p resen ted on  the data bus. 

The m em ory con troller will use the WAIT sign al to coordinate data transfer durin g 

synchronous READ and WRITE operations. When  BCR[8] = 0, data will be valid  or invalid 

on  the clock edge im m ediately after WAIT transitions to the deasserted or asserted state, 

respectively (see Figures 20 and 22). When  BCR[8] = 1, the WAIT signal transitions one 

clock period prior to the data bus going valid  or invalid  (see Figure 21 and Figure 22 on  

page 29).

Figure 20:  WAIT Conf igurat ion (BCR[8] = 0)

Note: Data valid/invalid immediately af ter WAIT t ransit ions (BCR[8] = 0). See Figure 22 on 

page 29.

Figure 21:  WAIT Conf igurat ion (BCR[8] = 1)

Note: Valid/invalid data delayed for one clock af ter WAIT t ransit ions (BCR[8] = 1). See Figure 22 

on page 29.

WAIT

DQ[15:0]

CLK

Data[0] Data[1]

Data immediately valid (or invalid)

High-Z

WAIT

D[15:0]

CLK

Data[0]

Data valid (or invalid) after one clock delay

High-Z
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Figure 22:  WAIT Conf igurat ion During Burst  Operat ion

Note: Nondefault  BCR set t ing for WAIT during BURST operat ion: WAIT act ive LOW.

WAIT Polarity (BCR[10]) Default = WAIT Act ive HIGH

The WAIT polarity bit indicates whether an  asserted WAIT output should be HIGH or 

LOW. This bit will determ ine whether the WAIT signal requires a pull-up  or pull-down  

resistor to m ain tain  the deasserted state.

Latency Counter (BCR[13:11]) Default = Three-Clock Latency

The latency coun ter bits determ ine how m any clocks occur between  the beginn ing of a 

READ or WRITE operation  and the first data value transferred. On ly latency code 2 (3 

clocks) or latency code 3 (4 clocks) is allowed (see Table 5 an d Figure 23 on  page 30).

Operat ing M ode (BCR[15]) Default = Asynchronous Operat ion

The operating m ode bit either selects synchronous burst operation  or the default asyn -

chronous m ode of operation .

Table 5: Latency Conf igurat ion

Latency Configurat ion Code

M ax Input  CLK Frequency

104 M Hz 80 M Hz

2 (3 clocks) 66 (15ns) 53 (18.75ns)

3 (4 clocks) – default 104 (9.62ns) 80 (12.50ns)

WAIT

WAIT

DQ[15:0]

CLK

D[0] D[1]

BCR[8] = 0
Data valid in current cycle

BCR[8] = 1
Data valid in next cycle

Don’t Care

D[2] D[3] D[4]
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Figure 23:  Latency Counter (Variable Latency, No Refresh Collision)

A[20:0]

ADV#

DQ[15:0]

CLK

Code 2

Valid
output

Valid
output

Valid
output

Valid
output

Valid
output

Valid
output

Valid
output

Valid
output

Valid
output

Code 3        (Default)

DQ[15:0]

Don’t Care Undefined

VIH

VIL

VIH

VIL

VIH

VIL

VOH

VOL

VOH

VOL

Valid
address
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Refresh Configurat ion Register

The refresh  con figuration  register (RCR) defines how the CellularRAM device perform s 

its transparen t self refresh . Altering the refresh  param eters can  dram atically reduce 

curren t consum ption  during standby m ode. Page m ode con trol is also em bedded in to 

the RCR. Figure 24 describes the con trol bits used in  the RCR. At power-up , the RCR is 

set to 0010h.

The RCR is accessed using CRE and A[19] LOW or through the con figuration  register 

software access sequence with  DQ = 0000h on  the th ird cycle (see “Configuration  Regis-

ters” on  page 20.)

Part ial-Array Refresh (RCR[2:0]) Default = Full Array Refresh

The PAR bits restrict refresh  operation  to a portion  of the total m em ory array. This 

feature enables the device to reduce standby curren t by refresh ing on ly that part of the 

m em ory array required by the host system . The refresh  options are fu ll array, one-half 

array, one-quarter array, one-eighth  array, or none of the array. The m apping of these 

partitions can  start either at the beginn ing or the end of the address m ap (see Table 6 on  

page 32).

Figure 24:  Refresh Conf igurat ion Register M apping

PAR

A4 A3 A2 A1 A0 Address Bus

45 123 0

Reserved Reserved

6

A5

0

1

Deep Power-Down

DPD enable

DPD disable (default)

RCR[4]

Ignored

A6

All must be set to “0”

A[18:8]

18–81920

Register
SelectReserved

A20 A19

0

1

Register Select

Select RCR

Select BCR

RCR[19]

RCR[1]

0

0

1

1

RCR[0]

0

1

0

1

Refresh Coverage

Full array (default)

Bottom 1/2 array

Bottom 1/4 array

Bottom 1/8 array

RCR[2]

0

0

0

0

0 01

0 11

1 01

1 11

None of array

Top 1/2 array

Top 1/4 array

Top 1/8 array

DPD

Must be set to “0”

A7

7

Page

0

1

Page Mode Enable/Disable

Page mode disabled (default)

Page mode enable

RCR[7]

Must be set to “0” Setting is ignored

(default 00b)
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Deep Pow er-Dow n (RCR[4]) Default = DPD Disabled

The deep  power-down  bit enables and disables all refresh-related activity. This m ode is 

used if the system  does not require the storage provided by the Cellu larRAM device. Any 

stored data will becom e corrupted when  DPD is enabled. When  refresh  activity has been  

reenabled, the Cellu larRAM device will require 150µs to perform  an  in itialization  proce-

dure before norm al operations can  resum e.

Deep power-down is enabled when RCR[4] = 0 and rem ains enabled un til RCR[4] is set to 

“1.” DPD should not be enabled or disabled with  the software access sequence; in stead, 

use CRE to access the RCR.

Page M ode Operat ion (RCR[7]) Default = Disabled

The page m ode operation  bit determ ines whether page m ode is enabled for asynchro-

nous READ operations. In  the power-up  default state, page m ode is disabled.

Electrical Characterist ics

Stresses greater than  those listed m ay cause perm anen t dam age to the device. This is a 

stress rating on ly, and functional operation  of the device at these or any other condi-

tions above those indicated in  the operational sections of th is specification  is not 

im plied. Exposure to absolu te m axim um  rating conditions for exten ded periods m ay 

affect reliability.

Note: –30°C exceeds the CellularRAM Workgroup 1.0 specif icat ion of  –25°C.

Table 6: 32M b Address Patterns for PAR (RCR[4] = 1) 

RCR[2] RCR[1] RCR[0] Active Sect ion Address Space Size Density

0 0 0 Full die 000000h–1FFFFFh 2 Meg x 16 32Mb

0 0 1 One-half  of  die 000000h–0FFFFFh 1 Meg x 16 16Mb

0 1 0 One-quarter of  die 000000h–07FFFFh 512K x 16 8Mb

0 1 1 One-eighth of  die 000000h–03FFFFh 256K x 16 4Mb

1 0 0 None of  die 0 0 Meg x 16 0Mb

1 0 1 One-half  of  die 100000h–1FFFFFh 1 Meg x 16 16Mb

1 1 0 One-quarter of  die 180000h–1FFFFFh 512K x 16 8Mb

1 1 1 One-eighth of  die 1C0000h–1FFFFFh 256K x 16 4Mb

Table 7: Absolute M aximum Rat ings

Parameter Rat ing

Voltage to any ball except  VCC; VCCQ relat ive 

to VSS

–0.5V to (4.0V or VCCQ + 0.3V, whichever is 

less)

Voltage on VCC supply relat ive to VSS –0.2V to +2.45V

Voltage on VCCQ supply relat ive to VSS –0.2V to +4.0V

Storage temperature (plast ic) –55ºC to +150ºC

Operat ing temperature (case)

Wirelessnote:

Indust rial

–30ºC to +85ºC

–40ºC to +85ºC

Soldering temperature and t ime

10 seconds (solder ball only) +260ºC
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Notes: 1. –30°C exceeds the CellularRAM Workgroup 1.0 specif icat ion of  –25°C.

2. Input  signals may overshoot  to VCCQ + 1.0V for periods less than 2ns during t ransit ions.

3. VIH (MIN) value is not  aligned with CellularRAM Workgroup 1.0 specif icat ion of  VCCQ - 0.4V.

4. Input  signals may undershoot  to VSS - 1.0V for periods less than 2ns during t ransit ions.

5. BCR[5] = 0b.

6. This parameter is specif ied with the outputs disabled to avoid external loading ef fects. 

The user must  add the current  required to drive output  capacitance expected in the actual 

system.

7. ISB (MAX) values measured with PAR set  to FULL ARRAY. To achieve low standby current , all 

inputs must  be driven either to VCCQ or VSS. ISB might  be slight ly higher for up to 500ms 

af ter power-up, af ter changes to the PAR array part it ion, or when entering standby mode.

Table 8: Electrical Characterist ics and Operat ing Condit ions

Wireless temperature1 (–30ºC < TC < +85ºC); indust rial temperature (–40ºC < TC < +85ºC)

Descript ion Condit ions Symbol M in M ax Units Notes

Supply voltage VCC 1.7 1.95 V

I/O supply voltage VCCQ 1.7 3.6 V

Input  high voltage VIH 1.4 VCCQ + 0.2 V 2, 3

Input  low voltage VIL –0.2 0.4 V 4

Output  high voltage IOH = –0.2mA VOH 0.8 VCCQ – V 5

Output  low voltage IOL = +0.2mA VOL – 0.2 VCCQ V 5

Input  leakage current VIN = 0 to VCCQ ILI – 1 µA

Output  leakage current OE# = VIH or 

chip disabled

ILO – 1 µA

Operat ing Current

Asynchronous random READ/

WRITE

VIN = VCCQ or 0V

chip enabled; 

IOUT = 0

ICC1 –70 – 20 mA 6

–

Asynchronous page READ ICC1P –70 – 15 mA 6

–

Init ial access, burst  READ/WRITE ICC2 104 MHz – 40 mA 6

80 MHz 35

Cont inuous burst  READ ICC3R 104 MHz – 25 mA 6

80 MHz 18

Cont inuous burst  WRITE ICC3W 104 MHz – 40 mA 6

80 MHz 35

Standby current VIN = VCCQ or 0V 

CE# = VCCQ

ISB Standard – 110 µA 7

–

–
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M aximum and Typical Standby Currents

The following table and figure refer to the m axim um  and typ ical standby curren ts for the 

MT45W2MW16BGB device. The typical values shown  in  Figure 25 are m easured with  

the default on -chip  tem perature sensor con trol enabled. 

Note: IPAR (MAX) values measured at  85°C. IPAR might  be slight ly higher for up to 500ms af ter 

changes to the PAR array part it ion or when entering standby mode. To achieve low 

standby current , all inputs must  be driven either to VCCQ or VSS.

Figure 25:  Typical Refresh Current  vs. Temperature

Table 9: Part ial-Array Refresh Specif icat ions and Condit ions

Descript ion Condit ions Symbol Array Part it ion M ax Unit

Part ial-array ref resh 

standby current

VIN = VCCQ or 0V; 

CE# = VCCQ

IPAR Standard power 

(no designat ion)

Full 110 µA

1/2 105

1/4 95

1/8 95

0 70

0

20

30

40

50

–45 –35 –25 –15 –05  05  15  25  35  45  55  65  75  85

Temperature (°C)

IS
B
 (

µ
A

)

  10

   60

  70

 95

PAR full

PAR 1/2

PAR 1/4

PAR 0
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Note: These parameters are verif ied in device characterizat ion and are not  100% tested.

Figure 26:  AC Input /Output  Reference Waveform

Notes: 1. AC test  inputs are driven at  VCCQ for a logic 1 and VSSQ for a logic 0. Input  rise and fall 

t imes (10% to 90%) < 1.6ns. 

2. Input  t iming begins at  VCCQ/2.

3. Output  t iming ends at  VCCQ/2.

Figure 27:  Output  Load Circuit

Note: All tests are performed with the outputs conf igured for full drive st rength (BCR[5] = 0b).

Table 10: Deep Pow er-Dow n Specif icat ions

Descript ion Condit ions Symbol Typ Units

Deep power-down VIN = VCCQ or 0V; +25°C IZZ 10 µA

Table 11: Capacitance 

Descript ion Condit ions Symbol M in M ax Units Notes

Input  capacitance TC = +25ºC; f  = 1 MHz;

VIN = 0V

CIN 2.0 6.5 pF Note:

Input /output  capacitance (DQ) CIO 3.0 6.5 pF Note:

OutputTest pointsInput
1

VSSQ

VCCQ/2
3

VCCQ

VCCQ/2
2

DUT VccQ/2

30pF

Test point

50W
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Timing Requirements

Notes: 1. All tests are performed with the outputs conf igured for full drive st rength (BCR[5] = 0b).

2. Low-Z to High-Z t imings are tested with the circuit  shown in Figure 27 on page 35. The 

High-Z t imings measure a 100mV t ransit ion either f rom VOH or VOL toward VCCQ/2.

3. High-Z to Low-Z t imings are tested with the circuit  shown in Figure 27 on page 35. The Low-

Z t imings measure a 100mV t ransit ion away f rom the High-Z (VCCQ/2) level either toward 

VOH or VOL.

4. Page mode enabled only.

Table 12: Asynchronous READ Cycle Timing Requirements 

Parameter1 Symbol

70ns

Units NotesM in M ax

Address access t ime tAA – 70 ns

ADV# access t ime tAADV – 70 ns

Page access t ime tAPA – 20 ns

Address hold f rom ADV# HIGH tAVH 5 – ns

Address setup to ADV# HIGH tAVS 5 – ns

LB#/UB# access t ime tBA – 70 ns

LB#/UB# disable to DQ High-Z output tBHZ – 8 ns 2

LB#/UB# enable to Low-Z output tBLZ 10 – ns 3

Maximum CE# pulse width tCEM – 8 µs 4

CE# LOW to WAIT valid tCEW 1 7.5 ns

Chip select  access t ime tCO – 70 ns

CE# LOW to ADV# HIGH tCVS 10 – ns

Chip disable to DQ and WAIT High-Z output tHZ – 8 ns 2

Chip enable to Low-Z output tLZ 10 – ns 3

Output  enable to valid output tOE – 20 ns

Output  hold f rom address change tOH 5 – ns

Output  disable to DQ High-Z output tOHZ – 8 ns 2

Output  enable to Low-Z output tOLZ 3 – ns 3

Page cycle t ime tPC 20 – ns

READ cycle t ime tRC 70 – ns

ADV# pulse width LOW tVP 10 – ns

ADV# pulse width HIGH tVPH 10 – ns
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Notes: 1. All tests are performed with the outputs conf igured for full drive st rength (BCR[5] = 0b).

2. When conf igured for synchronous mode (BCR[15] = 0), a ref resh opportunity must  be pro-

vided every tCEM. A ref resh opportunity is sat isf ied by either of  the following two condi-

t ions: clocked CE# HIGH or CE# HIGH for greater than 15ns.

3. Low-Z to High-Z t imings are tested with the circuit  shown in Figure 27 on page 35. The 

High-Z t imings measure a 100mV t ransit ion either f rom VOH or VOL toward VCCQ/2.

4. High-Z to Low-Z t imings are tested with the circuit  shown in Figure 27 on page 35. The Low-

Z t imings measure a 100mV t ransit ion away f rom the High-Z (VCCQ/2) level either toward 

VOH or VOL.

Table 13: Burst  READ Cycle Timing Requirements

Parameter1 Symbol

104 M Hz 80 M Hz

Units NotesM in M ax M in M ax

Burst  to READ access t ime tABA – 35.9 – 46.5 ns

CLK to output  delay tACLK – 7 – 9 ns

Burst  OE# LOW to output  delay tBOE – 20 – 20 ns

CE# HIGH between subsequent  burst  and 

mixed-mode operat ions 

tCBPH 5 – 5 – ns 2

Maximum CE# pulse width tCEM – 8 – 8 µs

CE# LOW to WAIT valid tCEW 1 7.5 1 7.5 ns

CLK period tCLK 9.62 – 12.5 – ns

CE# setup t ime to act ive CLK edge tCSP 3 – 4.5 – ns

Hold t ime f rom act ive CLK edge tHD 2 – 2 – ns

Chip disable to DQ and WAIT High-Z output  tHZ – 8 – 8 ns 3

CLK rise or fall t ime tKHKL – 1.6 – 1.8 ns

CLK to WAIT valid tKHTL – 7 – 9 ns

Output  HOLD f rom CLK tKOH 2 – 2 – ns

CLK HIGH or LOW t ime tKP 3 – 4 – ns

Output  disable to DQ High-Z output  tOHZ – 8 – 8 ns 3

Output  enable to Low-Z output tOLZ 3 – 3 – ns 4

Setup t ime to act ive CLK edge tSP 3 – 3 – ns
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Notes: 1. High-Z to Low-Z t imings are tested with the circuit  shown in Figure 27 on page 35. The Low-

Z t imings measure a 100mV t ransit ion away f rom the High-Z (VCCQ/2) level either toward 

VOH or VOL.

2. Low-Z to High-Z t imings are tested with the circuit  shown in Figure 27 on page 35. The 

High-Z t imings measure a 100mV t ransit ion either f rom VOH or VOL toward VCCQ/2.

3. WE# LOW t ime must  be limited to tCEM (8µs).

Table 14: Asynchronous WRITE Cycle Timing Requirements

Parameter Symbol

70ns

Units NotesM in M ax

Address and ADV# LOW setup t ime tAS 0 – ns

Address hold f rom ADV# going HIGH tAVH 5 – ns

Address setup to ADV# going HIGH tAVS 5 – ns

Address valid to end of  WRITE tAW 70 – ns

LB#/UB# select  to end of  WRITE tBW 70 – ns

CE# LOW to WAIT valid tCEW 1 7.5 ns

Asynchronous address-to-burst  t ransit ion t ime tCKA 70 – ns

CE# HIGH between subsequent  asynchronous operat ions tCPH 5 – ns

CE# LOW to ADV# HIGH tCVS 10 – ns

Chip enable to end of  WRITE tCW 70 – ns

Data hold f rom WRITE t ime tDH 0 – ns

Data WRITE setup t ime tDW 23 – ns

Chip disable to WAIT High-Z output tHZ – 8 ns

Chip enable to Low-Z output tLZ 10 – ns 2

End WRITE to Low-Z output tOW 5 – ns 1

ADV# pulse width tVP 10 – ns

ADV# pulse width HIGH tVPH 10 – ns

ADV# setup to end of  WRITE tVS 70 – ns

WRITE cycle t ime tWC 70 – ns

WRITE to DQ High-Z output tWHZ – 8 ns 2

WRITE pulse width tWP 46 – ns 3

WRITE pulse width HIGH tWPH 10 – ns

WRITE recovery t ime tWR 0 – ns
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Note: When conf igured for synchronous mode (BCR[15] = 0), a ref resh opportunity must  be pro-

vided every tCEM. A ref resh opportunity is sat isf ied by either of  the following two condi-

t ions: clocked CE# HIGH or CE# HIGH for greater than 15ns.

Figure 28:  Init ializat ion Period

Table 15: Burst  WRITE Cycle Timing Requirements

Parameter Symbol

104 M Hz 80 M Hz

Units NotesM in M ax M in M ax

CE# HIGH between subsequent  burst  and 

mixed-mode operat ions

tCBPH 5 – 5 – ns 1

Maximum CE# pulse width tCEM – 8 – 8 µs 1

CE# LOW to WAIT valid tCEW 1 7.5 1 7.5 ns

Clock period tCLK 9.62 – 12.5 – ns

CE# setup to CLK act ive edge tCSP 3 – 4.5 – ns

Hold t ime f rom act ive CLK edge tHD 2 – 2 – ns

Chip disable to WAIT High-Z output tHZ – 8 – 8 ns

CLK rise or fall t ime tKHKL – 1.6 – 1.8 ns

Clock to WAIT valid tKHTL – 7 – 9 ns

CLK HIGH or LOW t ime tKP 3 – 4 – ns

Setup t ime to act ive CLK edge tSP 3 – 3 – ns

Table 16: Init ializat ion Timing Parameters

Parameter Symbol

-70

UnitsM in M ax

Init ializat ion period

(required before normal operat ions)

tPU 150 – µs

tPU

Vcc, VccQ = 1.7V

Vcc (MIN)

Device ready for
normal operation
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Timing Diagrams

Figure 29:  Asynchronous READ
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Figure 30:  Asynchronous READ Using ADV#
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Figure 31:  Page M ode READ
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Figure 32:  Single-Access Burst  READ Operat ion

Note: Nondefault  BCR set t ings for single-access burst  READ operat ion: latency code 2 (3 clocks); 

WAIT act ive LOW; WAIT asserted during delay.
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Figure 33:  4-Word Burst  READ Operat ion

Note: Nondefault  BCR set t ings for 4-word burst  READ operat ion: latency code 2 (3 clocks); WAIT 

act ive LOW; WAIT asserted during delay.
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Figure 34:  READ Burst  Suspend

Note: Nondefault  BCR set t ings for READ burst  suspend: latency code 2 (3 clocks); WAIT act ive 

LOW; WAIT asserted during delay.
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Figure 35:  Output  Delay in Cont inuous Burst  READ w ith BCR[8] = 0 for End-of-Row  Condit ion

Notes: 1. Nondefault  BCR set t ings for cont inuous burst  READ showing an output  delay, BCR[8] = 0 for 

end-of -row condit ion: latency code 2 (3 clocks); WAIT act ive LOW; WAIT asserted during 

delay.

2. WAIT will be asserted a maximum of  LC cycles (BCR[8] = 0; WAIT asserted during delay). 

LC = latency code (BCR[13:11]).

3. CE# must  not  remain LOW longer than tCEM.
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Figure 36:  CE#-Controlled Asynchronous WRITE
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Figure 37:  LB#/UB#-Controlled Asynchronous WRITE
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Figure 38:  WE#-Controlled Asynchronous WRITE
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Figure 39:  Asynchronous WRITE Using ADV#
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Figure 40:  Burst  WRITE Operat ion

Note: Nondefault  BCR set t ings for burst  WRITE operat ion: latency code 2 (3 clocks); WAIT act ive 

LOW; WAIT asserted.

A[20:0]
VIH

VIL

ADV#
VIH

VIL

CE#
VIH

VIL

OE#
VIH

VIL

WE#
VIH

VIL

WAIT

DQ[15:0]

VOH

VOL

CLK
VIH

VIL

VIH

VIL

tCLK tKP

tSP tHD

tCSP

tCEM

D[3]D[2]D[1]D[0]

Valid address

tHDtSP

tHDtSP

tHDtSP

High-Z High-Z

LB#/UB#
VIH

VIL

tSP tHD

tHD

Don’t CareWRITE burst identified
(WE# = LOW)

tCBPH

tKHTL tHZ
tCEW

tKP tKHKL



PDF: 09005aef82832fa2/Source: 09005aef82832f5f Micron Technology, Inc., reserves the right  to change products or specif icat ions without  not ice.

32mb_burst_cr1_0_p24z_2.fm - Rev. E   9/08 EN 52 ©2007 Micron Technology, Inc. All rights reserved.

 32M b: 2 M eg x 16 Async/Page/Burst  CellularRAM  1.0 M emory
Timing Diagrams

Figure 41:  Output  Delay in Cont inuous Burst  WRITE w ith BCR[8] = 0 for End-of-Row  Condit ion

Notes: 1. Nondefault  BCR set t ings for cont inuous burst  WRITE, BCR[8] = 0; WAIT act ive LOW; WAIT 

asserted during delay. Do not  cross row boundaries with f ixed latency.

2. CE# must  not  remain LOW longer than tCEM.

3. WAIT asserts anywhere f rom LC to 2LC cycles. LC = latency code (BCR[13:11]).

4. Taking CE# HIGH or ADV# LOW on the start -of -row cycle will abort  the burst  and not  write 

the start -of -row data. Devices f rom dif ferent  CellularRAM vendors can assert  WAIT so that  

the start -of -row data is input  just  before (as shown) or just  af ter WAIT asserts. This dif fer-

ence in behavior will not  be not iced by cont rollers that  monitor WAIT or that  use WAIT to 

abort  on the start -of -row input  cycle.
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Figure 42:  Burst  WRITE Follow ed by Burst  READ

Notes: 1. Nondefault  BCR set t ings for burst  WRITE followed by burst  READ: latency code 2 (3 clocks); 

WAIT act ive LOW; WAIT asserted during delay.

2. When conf igured for synchronous mode (BCR[15] = 0), a ref resh opportunity must  be pro-

vided every tCEM. A ref resh opportunity is sat isf ied by either of  the following two condi-

t ions: clocked CE# HIGH or CE# HIGH for greater than 15ns. Note that  the CellularRAM 

Workgroup 1.0 specif icat ion requires CE# to be clocked HIGH to terminate the burst .
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Figure 43:  Asynchronous WRITE Follow ed by Burst  READ

Notes: 1. Nondefault  BCR set t ings for asynchronous WRITE followed by burst  READ: latency code 2 (3 

clocks); WAIT act ive LOW; WAIT asserted during delay.

2. When conf igured for synchronous mode (BCR[15] = 0), a ref resh opportunity must  be pro-

vided every tCEM. A ref resh opportunity is sat isf ied by either of  the following two condi-

t ions: clocked CE# HIGH or CE# HIGH for greater than 15ns. Note that  the CellularRAM 

Workgroup 1.0 specif icat ion requires CE# to be clocked HIGH to terminate the burst .

tCLK

tSP tHD

tSP tHD

Valid
address

tOHZ

tKOH

tACLK

High-Z

High-Z

tAVS tAVH tAW tWR

tVP tVS

tCKA

A[20:0]
VIH

VIL

ADV#
VIH

VIL

OE#
VIH

VIL

WE#
VIH

VIL

WAIT

DQ[15:0]
in/out

VOH

VOL

CLK
VIH

VIL

VIH

VIL

VOH

VOL

CE#
VIH

VIL

LB#/UB#
VIH

VIL

tCW

tWPHtAS

tAS

tWP

tWC

tDH tDW

Data DataHigh-Z

tCVS
tSP

tCEW

tSP tHD

tCSP

tWCtWC

tBW

tWHZ

Valid
output

Valid
output

Valid
output

Valid
output

Don’t Care Undefined

tABA

tBOE

tCBPH
2

tVPH

Valid
address

Valid
address



PDF: 09005aef82832fa2/Source: 09005aef82832f5f Micron Technology, Inc., reserves the right  to change products or specif icat ions without  not ice.

32mb_burst_cr1_0_p24z_2.fm - Rev. E   9/08 EN 55 ©2007 Micron Technology, Inc. All rights reserved.

 32M b: 2 M eg x 16 Async/Page/Burst  CellularRAM  1.0 M emory
Timing Diagrams

Figure 44:  Asynchronous WRITE Follow ed by Burst  READ w ith ADV# LOW

Notes: 1. Nondefault  BCR set t ings for asynchronous WRITE followed by burst  READ: latency code 2 (3 

clocks); WAIT act ive LOW; WAIT asserted during delay.

2. When conf igured for synchronous mode (BCR[15] = 0), a ref resh opportunity must  be pro-

vided every tCEM. A ref resh opportunity is sat isf ied by either of  these condit ions: clocked 

CE# HIGH or CE# HIGH for greater than 15ns. Note that  the CellularRAM Workgroup 1.0 

specif icat ion requires CE# to be clocked HIGH to terminate the burst .
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Figure 45:  Burst  READ Follow ed by Asynchronous WRITE (WE#-Controlled)

Note: When conf igured for synchronous mode (BCR[15] = 0), a ref resh opportunity must  be pro-

vided every tCEM. A ref resh opportunity is sat isf ied by either of  the following two condi-

t ions: clocked CE# HIGH or CE# HIGH for greater than 15ns. Note that  CellularRAM 

Workgroup specif icat ion 1.0 requires CE# to be clocked HIGH to terminate the burst .
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Figure 46:  Burst  READ Follow ed by Asynchronous WRITE Using ADV#

Note: When conf igured for synchronous mode (BCR[15] = 0), a ref resh opportunity must  be pro-

vided every tCEM. A ref resh opportunity is sat isf ied by either of  the following two condi-

t ions: clocked CE# HIGH or CE# HIGH for greater than 15ns. Note that  CellularRAM 

Workgroup specif icat ion 1.0 requires CE# to be clocked HIGH to terminate the burst .
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Figure 47:  Asynchronous WRITE Follow ed by Asynchronous READ w ith ADV# LOW

Note: When conf igured for synchronous mode (BCR[15] = 0), CE# must  remain HIGH for at  least  

5ns (tCPH) to schedule the appropriate internal ref resh operat ion. Otherwise, tCPH is only 

required af ter CE#-cont rolled WRITEs.
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Figure 48:  Asynchronous WRITE Follow ed by Asynchronous READ

Note: When conf igured for synchronous mode (BCR[15] = 0), CE# must  remain HIGH for at  least  

5ns (tCPH) to schedule the appropriate internal ref resh operat ion. Otherwise, tCPH is only 

required af ter CE#-cont rolled WRITEs.
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Package Dimensions

Figure 49:  54-Ball VFBGA

Notes: 1. All dimensions are in millimeters.

2. Package width and length do not  include mold prot rusion; allowable mold prot rusion is 

0.25mm per side.

3. The MT45W2MW16BGB uses “ green”  packaging.
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