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P8P Parallel Phase Change
M emory (PCM )

Features
• High-perform ance READ

– 115ns in itial READ access 

– 135ns in itial READ access

– 25ns, 8-word asynchronous-page READ 

• Architecture

– Asym m etrically blocked architecture

– Four 32KB param eter blocks with  top  or bottom  

configuration

– 128KB m ain  blocks

– Serial peripheral in terface (SPI) to en able lower 

p in  coun t on -board program m ing

• Phase change m em ory (PCM) 

– Chalcogen ide phase change storage elem en t

– Bit-alterable WRITE operation

• Voltage and power

– VCC (core) voltage: 2.7–3.6V 

– VCCQ (I/ O) voltage: 1.7–3.6V 

– Standby curren t: 80µA (TYP)

• Quality and reliability

– More than  1,000,000 WRITE cycles

– 90nm  PCM technology

• Tem perature

– Com m ercial: 0°C to +70°C (115ns in itial READ 

access)

– Industrial: –40°C to +85°C (135ns in itial READ 

access)

• Sim plified software m anagem en t

– No block erase or cleanup required

– Bit twiddle in  either direction  (1:0, 0:1)

– 35µs (TYP) PROGRAM SUSPEND

– 35µs (TYP) ERASE SUSPEND

– Flash  data in tegrator optim ized

– Scalable com m and set and extended com m and set 

com patible

– Com m on  Flash  in terface capable

• Density and packaging

– 128Mb density 

– 56-lead TSOP package

– 64-ball easy BGA package

• Security

– One-tim e program m able registers

64 un ique factory device iden tifier b its

2112 user-program m able OTP bits

– Selectable OTP space in  m ain  array

– Three adjacen t m ain  blocks available for boot code 

or other secure in form ation

– Absolute WRITE protection : VPP = VSS

– Power tran sition  ERASE/ PROGRAM lockout

– Individual zero-latency block locking

– Individual block lock-down
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Funct ional Descript ion

P8P parallel phase change m em ory (PCM) is nonvolatile m em ory that stores in form a-

tion  through a reversible structural phase change in  a chalcogen ide m aterial. The m ate-

rial exhibits a change in  m aterial properties, both  electrical and optical, when  changed 

from  the am orphous (disordered) to the polycrystalline (regularly ordered) state. In  the 

case of PCM, in form ation  is stored via the chan ge in  resistance that the chalcogen ide 

m aterial experiences when  undergoing a phase change. The m aterial also changes 

optical p roperties after experiencing a phase change, a characteristic that has been  

successfu lly m astered for use in  curren t rewritable optical storage devices, such  as 

rewritable CDs and DVDs.

The P8P parallel PCM storage elem en t consists of a th in  film  of chalcogen ide con tacted 

by a resistive heating elem en t. In  PCM, the phase change is induced in  the m em ory cell 

by h ighly localized Joule heating caused by an  induced curren t at the m aterial junction . 

During a WRITE operation , a sm all volum e of the chalcogen ide m aterial is m ade to 

change phase. The phase chan ge is a reversible process and is m odulated by the m agn i-

tude of in jected curren t, the applied voltage, and the duration  of the heating pulse. 

Un like other proposed altern ative m em ories, P8P parallel PCM technology uses a 

conven tion al CMOS process with  the addition  of a few additional layers to form  the 

m em ory storage elem en t. Overall, the basic m em ory m anufacturing process used to 

m ake PCM is less com plex than  that of NAND, NOR or DRAM.

P8P parallel PCM com bines the benefits of traditional floatin g gate Flash , both  NOR-

type and NAND-type, with  som e of the key attributes of RAM and EEPROM. Like NOR 

Flash  and RAM technology, PCM offers fast random  access tim es. Like NAND flash , PCM 

has the ability to write m oderately fast, and like RAM and EEPROM, PCM supports bit 

alterable WRITEs (overwrite). Un like Flash , no separate erase step  is required to change 

in form ation  from  0 to 1 and 1 to 0. Un like RAM, however, the technology is nonvolatile 

with  data reten tion  com pared with  NOR Flash .

Product  Features

P8P parallel PCM devices provide the conven ience and ease of NOR flash  em ulation  

while providing a set of super set features that exp loit the in heren t capabilities of PCM 

technology. The device em ulates m ost of the features of Micron  em bedded m em ory 

(P33). This is in tended to ease the evaluation  and design  of P8P parallel PCM in to 

existing hardware and software developm en t p latform s. This basic features set is supple-

m en ted by the super set features, which  are in tended to enable the designer to exploit 

the inheren t capabilities of phase change m em ory technology and to enable the even-

tual sim plification  of hardware and software in  the design .

The P8P parallel PCM product fam ily supports 128Mb density and are available in  64-

ball easy BGA an d 56-lead TSOP packages. These are the sam e p inouts and packages as 

the existing P33 NOR Flash  devices. Designed for low -oltage system s, P8P parallel PCM 

supports READ, WRITE, and ERASE operations at a core supply of 2.7V VCC. P8P parallel 

PCM offers additional power savings through standby m ode, which  is in itiated when  the 

system  deselects the device by driving CE inactive.

P8P parallel PCM provides a set of com m ands that are com patible with  industry-stan -

dard com m and sequences used by NOR-type Flash . An  in ternal write state m achine 

(WSM) autom atically executes the algorithm s and tim ings necessary for BLOCK ERASE 

and WRITE. Each  em ulated BLOCK ERASE operation  resu lts in  the con ten ts of the 

addressed block bein g written  to all 1s. Data can  be program m ed in  word or buffer incre-

m en ts. Erase suspend enables system  software to pause an  ERASE com m and so it can  
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read or program  data in  another block. PROGRAM SUSPEND enables system  software to 

pause program m ing so it can  read from  other locations with in  the device. The status 

register indicates when  the WSM’s BLOCK ERASE or PROGRAM operation  is fin ished.

A 64-byte, 32 word write buffer is also included to enable op tim um  write perform ance. 

Using the write buffer, data is overwritten  or p rogram m ed in  buffer increm en ts. This 

feature im proves system  program  perform ance m ore than  20 tim es over independen t 

byte writes.

Sim ilar to floating gate Flash , a com m and user in terface (CUI) serves as the in terface 

between  the system  processor and in ternal operation  of the device. A valid  com m and 

sequence written  to the CUI in itiates device autom ation . In  addition  to the CUI, a Flash-

com patible com m on  Flash  in terface (CFI) perm its software algorithm s to be used for 

en tire fam ilies of devices. This en ables device-indepen den t, JEDEC ID-independen t, 

and forward- and backward-com patible software support for the specified Flash  device 

fam ilies.

The serial peripheral interface (SPI) enables in -system  program m ing through m in im al 

p in  coun t in terface. This in terface is p rovided in  addition  to a traditional parallel system  

in terface. This feature has been  added to facilitate the on -board, in -system  program -

m ing of code in to the P8P parallel PCM device after it has been  soldered to a circuit 

board. Preprogram m ing code prior to h igh  tem perature board attach  is not recom -

m ended with  a P8P parallel PCM device. Although device reliability across the operating 

tem perature range is typically superior to that of floating gate Flash , the P8P parallel 

PCM device m ay be subject to therm ally-activated disturbs at h igher tem peratures; 

however, no perm an en t device dam age occurs either during leaded or lead-free board 

attach .

P8P parallel PCM block locking enables zero-latency block locking/ un locking and 

perm anen t lockin g. Perm anen t block locking p rovides enhanced security for boot code. 

The com bination  of these two locking features provides com plete locking solu tion  for 

code an d data.

PCM technology also supports the ability to change each  m em ory bit independen tly 

from  0 to 1 or 1 to 0 without an  in terven in g BLOCK ERASE operation . Bit alterability 

en ables software to write to the nonvolatile m em ory in  a sim ilar m anner as writin g to 

RAM or EEPROM without the overhead of erasin g blocks prior to write. Bit Alterable 

writes use sim ilar com m and sequences as word program m ing and Buffer Program m ing.

M emory M aps

Table 1: Top Parameter M emory M ap

Programming Region Number Size (KW) Block 128M b

7 16 130 7FC000-7FFFFF

16 129 7F8000-7FBFFF

16 128 7F4000-7F7FFF

16 127 7F0000-7F3FFF

64 126 7E0000-7EFFFF

… … …

64 112 700000-70FFFF

6 64 111 6F0000-6FFFFF

… … …

64 96 600000-60FFFF
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5 64 95 5F0000-5FFFFF

… … …

64 80 500000-50FFFF

4 64 79 4F0000-4FFFFF

… … …

64 64 400000-40FFFF

3 64 63 3F0000-3FFFFF

… … …

64 48 300000-30FFFF

2 64 47 2F0000-2FFFFF

… … …

64 32 200000-20FFFF

1 64 31 1F0000-1FFFFF

… … …

64 16 100000-10FFFF

0 64 15 0F0000-0FFFFF

… … …
64 0 000000-00FFFF

Table 2: Bottom Parameter M emory M ap

Programming Region Number Size (KW) Block 128M b

7 64 130 7F0000-7FFFFF

… … …

64 115 700000-70FFFF

6 64 114 6F0000-6FFFFF

… … …

64 99 600000-60FFFF

5 64 98 5F0000-5FFFFF

… … …

64 83 500000-50FFFF

4 64 82 4F0000-4FFFFF

… … …

64 67 400000-40FFFF

3 64 66 3F0000-3FFFFF

… … …

64 51 300000-30FFFF

2 64 50 2F0000-2FFFFF

… … …

64 35 200000-20FFFF

Table 1: Top Parameter M emory M ap (Cont inued)

Programming Region Number Size (KW) Block 128M b
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1 64 34 1F0000-1FFFFF

… … …

64 19 100000-10FFFF

0 64 18 0F0000-0FFFFF

… … …

64 4 010000-01FFFF

16 3 00C000-00FFFF

16 2 008000-00BFFF

16 1 004000-007FFF

16 0 000000-003FFF

Table 2: Bottom Parameter M emory M ap (Cont inued)

Programming Region Number Size (KW) Block 128M b
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Package Dimensions

TSOP M echanical Specif icat ions

Figure 1:  56-Lead TSOP

Notes: 1. One dimple on package denotes pin 1.

2. If  two dimples exist , then the larger dimple denotes pin 1.

3. Pin 1 will always be in the upper lef t  corner of  the package, in reference to the product  

mark.

Table 3: TSOP Package Dimensions

Parameter Symbol

M illimeters Inches

M in Nom M ax M in Nom M ax

Package height A – – 1.200 – – 0.047

Standoff A1 0.050 – – 0.002 – –

Package body thickness A2 0.965 0.995 1.025 0.038 0.039 0.040

Lead width b 0.100 0.150 0.200 0.004 0.006 0.008

Lead thickness c 0.100 0.150 0.200 0.004 0.006 0.008

Package body length D1 18.200 18.400 18.600 0.717 0.724 0.732

Package body width E 13.800 14.000 14.200 0.543 0.551 0.559

Lead pitch e – 0.500 – – 0.0197 –

Terminal dimension D 19.800 20.00 20.200 0.780 0.787 0.795

See Detail A

0.5 TYP

14.00 ±0.2

0.25 ±0.1

1.20 MAX

18.4 ±0.2 0.995 ±0.03

20 ±0.2

0.15 ±0.05

Detail A

0.60 ±0.10
0.05 MIN

0.10

Seat ing
plane

Pin #1 index

See notes 2
and 4

See note 3 See note 3

See note 3

0.15 ±0.05

3° 
+2°
-3°
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Lead t ip length L 0.500 0.600 0.700 0.020 0.024 0.028

Lead count N – 56 – – 56 –

Lead t ip angle q 0° 3° 5° 0° 3° 5°

Seat ing plane coplanarity Y – – 0.100 – – 0.004

Lead to package offset Z 0.150 0.250 0.350 0.006 0.010 0.014

Table 3: TSOP Package Dimensions (Cont inued)

Parameter Symbol

M illimeters Inches

M in Nom M ax M in Nom M ax
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64-Ball Easy BGA Package

Figure 2:  64-Ball Easy BGA Package

Table 4: Easy BGA Package Dimensions

Parameter Symbol

M illimeters

M in Nom M ax

Package height  (128Mb) A – – 1.20

Ball height A1 0.25 – –

Package body thickness (128Mb) A2 – 0.78 –

Ball (lLead) width b 0.33 0.43 0.53

Package body width D 9.90 10.00 10.10

Package body length E 7.90 8.00 8.10

Pitch e – 1.00 –

Ball (lead) count N – 64 –

Seat ing plane coplanarity Y – – 0.10

Corner to ball A1 distance along D S1 1.40 1.50 1.60

Corner to ball A1 distance along E S2 0.49 0.50 0.51

Ball A1 ID

0.78 TYP

Seat ing
plane

0.1

1.20 MAX

1.00 TYP

A

B

C

D

E

F

G

H

8 7 6 5 4 3 2 1

0.5 ±0.1

10 ±0.1

64X Ø0.43 ±0.1

1.00 TYP

8 ±0.1

1.5 ±0.1
Ball A1 ID
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Pinouts and Ballouts

Figure 3:  56-Lead TSOP Pinout  (128M b)

Notes: 1. A1 is the least  signif icant  address bit  to be compat ible with x8 addressing systems even 

though P8P parallel PCM is a 16-bit  data bus.
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Figure 4:  64-Ball Easy BGA Ballout  (128M b)

Notes: 1. A1 is the least  signif icant  address bit  to be compat ible with x8 addressing systems even 

though P8P parallel PCM is a 16-bit  data bus.
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Signal Names and Descript ions

Table 5: Ball/Pin Descript ions

Symbol Type Desct ipt ion

A[MAX:1] Input Address inputs: Device address inputs. 128Mb: A[23:1]. The address bus for TSOP and easy BGA 

starts at  A1. P8P parallel PCM uses x16 addressing. The P8P parallel PCM package is x8 addressing 

and is compat ible with J3 or P30 products.

DQ[15:0] Input /

Output
Data input /outputs: Inputs data and commands during WRITEs (internally latched). Outputs data 

during READ operat ions. Data signals f loat  when CE# or OE# are VIH or RST# is VIL.

CE# or S# Input Chip enable: CE# LOW act ivates internal cont rol logic, I/O buffers, decoders, and sense amps. CE# 

HIGH deselects the device, places it  in standby state, and places data outputs at  High-Z.

SPI SPI select: S# LOW act ivates WRITE commands to the SPI interface. Raising S# to VIH completes (or 

terminates) the SPI command cycle; it  also sets Q to High-Z.

OE# or 

HOLD#

Input Output  enable: Act ive LOW OE# enables the device’s output  data buffers during a READ cycle. 

With OE# at  VIH, device data outputs are placed in High-Z state.

SPI SPI HOLD#: When asserted, suspends the current  cycle and sets Q to High-Z unt il de-asserted.

RST# Input Reset  chip: When LOW, RST# resets internal automat ion and inhibits WRITE operat ions. This 

provides data protect ion during power t ransit ions. RST# HIGH enables normal operat ion. The device 

is in 8-word page mode array read af ter reset  exits.

WE# Input Write enable: controls command user interface (CUI) and array WRITEs. Its rising edge latches 

addresses and data.

WP# Input Write protect: Disables/enables the lock-down funct ion. When WP# is VIL, the lock-down 

mechanism is enabled and sof tware cannot  unlock blocks marked lock-down. When WP# is VIH, the 

lock-down mechanism is disabled and blocks previously locked-down are now locked; sof tware can 

unlock and lock them. Af ter WP# goes LOW, blocks previously marked lock-down revert  to that  

state.

C SPI SPI clock: Synchronizat ion clock for input  and output  data

D SPI SPI data input: Serial data input  for op codes, address, and program data bytes. Input  data is 

clocked in on the rising edge of  C, start ing with the MSB.

Q SPI SPI data output: Serial data output  for read data. Output data is clocked out , t riggered by the 

falling edge of  C, start ing with the MSB.

SERIAL SPI SPI enable: SERIAL is a port  select  switching between the normal parallel or serial interface. When 

VSS, the normal (non-SPI) P8P parallel PCM interface, is enabled, all other SPI inputs are “ Don't  

Care,”  and Q is at  High-Z. When VCC SPI mode is enabled, all non-SPI inputs are “ Don't  Care,”  and all 

outputs are at  High-Z. This pin has an internal weak pull-down resistor to select  the normal parallel 

interface when users leave the pin f loat ing. A CAM can be used to permanent ly disable this feature.

VPP Pwr Erase and w rite pow er: A valid VPP voltage enables erase or programming. Memory contents 

can’t  be altered when VPP  VPPLK.Set  VPP = VCC for in-system PROGRAM and ERASE operat ions. To 

accommodate resistor or diode drops f rom the system supply, the VIH level of  VPP can be as low as 

VPPL,min. Program/erase voltage is normally 1.7–3.6V. 

VCC Pwr Device pow er supply: WRITEs are inhibited at  VCC  VLKO. Device operat ions at  invalid VCC 

voltages should not  be at tempted.

VCCQ Pwr Output pow er supply: Enables all outputs to be driven at  VCCQ. This input  may be t ied direct ly to 

VCC if  VCCQ is to funct ion within the VCC range. 

VSS Pwr Ground: Connects device circuit ry to system ground.

VSSQ Pwr I/O ground: Tie to GND.

NC No connect: No internal connect ion; can be driven or f loated.

DU Don’t  use: Don’t  connect  to power supply or other signals.

RFU Reserved for future use: Don’t  connect  to other signals.
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Bus Operat ions

CE# at VIL and RST# at VIH enables device READ operations. Assum e addresses are 

always valid . OE# LOW activates the outputs and gates selected data on to the I/ O bus. 

WE# LOW en ables device WRITE operations. When  the VPP voltage  VPPLK (lock-out 

voltage), on ly READ operations are enabled.

Notes: 1. See Table 8 on page 16 for valid DIN during a WRITE operat ion.

2. X = “ Don’t  Care) (L or H).

3. OE# and WE# should never be asserted simultaneously. If  this occurs, OE# overrides WE#.

READ Operat ions

To perform  a READ operation , RST# and WE# m ust be de-asserted while CE# and OE# 

are asserted. CE# is the device select con trol. When  asserted, it enables the Flash  

m em ory device. OE# is the data output con trol. When  asserted, the addressed Flash  

m em ory data is driven  on to the I/ O bus.

WRITE Operat ions

To perform  a WRITE operation , both  CE# and WE# are asserted while RST# and OE# are 

de-asserted. During a WRITE operation , address and data are latched on  the rising edge 

of WE# or CE#, whichever occurs first. Table 7 on  page 14 describes the bus cycle 

sequence for each  of the supported device com m ands, and Table 8 on  page 16 describes 

each com m and. See “AC Characteristics” on  page 48 for signal tim ing details.

Notes: 1. WRITE operations with  invalid  VCC and/ or VPP voltages can  produce spurious results 

and should not be attem pted.

OUTPUT DISABLE Operat ions

When  OE# is de-asserted, device outputs DQ[15:0] are disabled and p laced in  High-Z; 

WAIT is also p laced in  High-Z. 

STANDBY Operat ions

When  CE# is de-asserted, the device is deselected and p laced in  standby, substan tially 

reducing power consum ption . In  standby, the data outputs are p laced in  High-Z, inde-

penden t of the level p laced on  OE#. Standby curren t, ICCS, is the average curren t 

m easured over an y 5m s tim e in terval, 5µs after CE# is de-asserted. During standby, 

average curren t is m easured over the sam e tim e in terval 5µs after CE# is de-asserted.

When  the device is deselected (while CE# is de-asserted) during a PROGRAM or ERASE 

operation , it con tinues to consum e active power un til the PROGRAM or ERASE opera-

tion  is com pleted. 

Table 6: Bus Operat ions

State RST# CE# OE# WE# DQ[15:0] Notes

READ (main array) VIH VIL VIL VIH DOUT

READ (status, query, ident if ier) VIH VIL VIL VIH DOUT

OUTPUT DISABLE VIH VIL VIH VIH High-Z

STANDBY VIH VIH X X High-Z 2

RESET VIL X X X High-Z 2

WRITE VIH VIL VIH VIL DIN 1
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RESET Operat ions

As with  any autom ated device, it is im portan t to assert RST# when  the system  is reset. 

When  the system  com es out of reset, the system  processor attem pts to read from  the 

Flash  m em ory if it is the system  boot device. If a CPU reset occurs with  no Flash  m em ory 

reset, im proper CPU in itialization  m ay occur because the Flash  m em ory m ay be 

providing status in form ation  rather than  array data. Micron  Flash  m em ory devices 

en able proper CPU in itialization  following a system  reset usin g the RST# input. RST# 

should be con trolled by the sam e low true RESET signal that resets the system  CPU.

After in itial power-up  or reset, the device defaults to asyn chronous read array m ode, and 

the status register is set to 0x80. Asserting RST# de-energizes all in ternal circuits and 

p laces the output drivers in  High-Z. When  RST# is asserted, the device shuts down  the 

operation  in  progress, a p rocess that takes a m in im um  am oun t of tim e to com plete. 

When  RST# has been  de-asserted, the device is reset to asynchron ous read array state.

Note: If RST# is asserted  during a PROGRAM or ERASE operation , the operation  is term i-

nated, an d the m em ory con ten ts at the aborted location  (for a PROGRAM) or block 

(for an  ERASE) are no longer valid  because the data m ay have been  on ly partially writ-

ten  or erased.

When  return ing from  a reset (RST# de-asserted), a m in im um  wait is required before the 

in itial read access outputs valid data. Also, a m in im um  delay is required after a reset 

before a WRITE cycle can  be in itiated. After th is wake-up in terval passes, norm al opera-

tion  is restored. See “AC Characteristics” on  page 48 for details about signal tim ing. 

Command Set

Device Command Codes

The system  CPU provides con trol of all in -system  READ, WRITE, and ERASE operations 

of the device via the system  bus. The on-chip  write state m achine (WSM) m anages all 

block erase and word program  algorithm s.

Device com m ands are written  to the com m an d user in terface (CUI) to con trol all Flash  

m em ory device operations. The CUI does not occupy an  addressable m em ory location ; 

it is the m echan ism  through which  the Flash  device is con trolled.

Table 7: Command Codes and Descript ions

M ode Code Command Descript ion

Read FFh READ ARRAY Places device in read array mode so that  data signals output  array data on DQ[15:0].

70h READ STATUS 

REGISTER
Places the device in status register read mode. Status data is output  on DQ[7:0]. The 

device automat ically enters this mode af ter a PROGRAM or ERASE command is 

issued to it .

90h READ ID CODE Puts the device in read ident if ier mode. Device reads f rom the addresses output  

manufacturer/device codes, block lock status, or protect ion register data on 

DQ[15:0].

98h READ QUERY Puts the device in read query mode. Device reads f rom the address given 

output t ing the common Flash interface informat ion on DQ[7:0].

50h CLEAR STATUS 

REGISTER
The WSM can set  the status register’s block lock (SR1), VPP (SR3), program (SR4), and 

erase (SR5) status bits to 1, but  cannot  clear them. Device reset  or the CLEAR 

STATUS REGISTER command at  any device address clears those bits to 0.
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Notes: 1. Do not  use unassigned (reserved) commands.

Program 40h PROGRAM

SET-UP
This preferred program command’s f irst  cycle prepares the CUI for a PROGRAM 

operat ion. The second cycle latches address and data and executes the WSM 

program algorithm at  this locat ion. Status register updates occur when CE# or OE# 

is toggled. A READ ARRAY command is required to read array data af ter 

programming.

10h ALT SET-UP Equivalent  to a PROGRAM SET-UP command (40h).

42h BIT-ALTERABLE 

WRITE
The command sequence is the same as WORD PROGRAM (40h). The difference is 

that  the state of  the PCM memory cell can change f rom a 0 to 1 or 1 to 0, unlike a 

Flash memory cell, which can only change f rom 1 to 0 during programming.

E8h BUFFERED 

PROGRAM
This command loads a variable number of  bytes up to the buffer size 32 words onto 

the program buffer.

EAh BIT-ALTERABLE 

BUFFERED 

WRITE

This command sequence is the similar to BUFFERED PROGRAM, but  the BUFFER 

WRITE command is bit  alterable or overwrite operat ion. The command sequence is 

the same as E8h.

DEh BUFFER 

PROGRAM ON 

ALL 1s

This command is the same as BUFFERED PROGRAM, but  the user indicates that  the 

page is already set  to all 1s. The command sequence is the same as E8h

D0h BUFFERED 

WRITE 

CONFIRM

The conf irm command is issued af ter the data st reaming for writ ing into the buffer 

is done. This init iates the WSM to carry out  the buffered programing algorithm.

Erase 20h BLOCK ERASE 

SET-UP
Prepares the CUI for block erase. The device emulates erasure of  the block 

addressed by the ERASE CONFIRM command by writ ing all 1s. If  the next  command 

is not  ERASE CONFIRM:

The CUI sets status register bits SR4 and SR5 to 1.

The CUI places the device in the read status register mode.

The CUI waits for another command.

D0h ERASE 

CONFIRM
If  the f irst  command was ERASE SET-UP (20h), the CUI latches address and data, and 

then emulates erasure of  the block indicated by the ERASE CONFIRM cycle address. 

Suspend B0h WRITE 

SUSPEND or

ERASE 

SUSPEND

This command issued at  any device address init iates suspension of  the current ly 

execut ing PROGRAM/ERASE operat ion. The status register, invoked by a READ 

STATUS REGISTER command, indicates successful SUSPEND operat ion by set t ing 

status bits SR2 (write suspend) or SR6 (erase suspend) and SR7. The WSM remains in 

suspend mode regardless of  the control signal states, except  RST# = VIL.

D0h SUSPEND 

RESUME
This command issued at  any device address resumes suspended PROGRAM or ERASE 

operat ion.

Block 

Locking

60h LOCK SET-UP Prepares the CUI for lock conf igurat ion. If  the next  command is not  BLOCK LOCK, 

UNLOCK, or LOCK-DOWN the CUI sets SR4 and SR5 to indicate command sequence 

error.

01h LOCK BLOCK If  the previous command was LOCK SET-UP (60h), the CUI locks the addressed block.

D0h UNLOCK 

BLOCK
After a LOCK SET-UP (60h) command, the CUI latches the address and unlocks the 

addressed block.

2Fh LOCK-DOWN After a LOCK SET-UP (60h) command, the CUI latches the address and locks down 

the addressed block.

Protect ion C0h PROTECTION 

PROGRAM 

SET-UP

Prepares the CUI for a protect ion register program operat ion. The second cycle 

latches address and data and starts the WSM’s protect ion register program or lock 

algorithm. Toggling CE# or OE# updates the PCM status register data. To read array 

data af ter programming, issue a READ ARRAY command.

Table 7: Command Codes and Descript ions (Cont inued)

M ode Code Command Descript ion
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Device Command Bus Cycles

Device operations are in itiated by writing specific device com m an ds to the CUI. Several 

com m ands, including WORD PROGRAM and BLOCK ERASE, are used to m odify array 

data com m ands. Writing either com m and to the CUI in itiates a sequence of in ternally 

tim ed functions that cu lm inate in  the com pletion  of the requested task. However, the 

operation  can  be aborted either by asserting RST# or by issu ing an  appropriate 

SUSPEND com m and.

Notes: 1. First  command cycle address should be the same as the operat ion’s target  address.

X = Any valid address within the device

IA = Ident if icat ion code address

BA = Address within the block

LPA = Lock protect ion address (f rom the CFI); P8P parallel PCM LPA is at  0080h

PA = 4-word protect ion address in the user-programmable area of  device ident if icat ion 

plane

DnA = Address within the device

DBA = Device base address: (A[MAX:1] = 0h)

PRA = Program region

QA = Query code address

WA = Word address of  memory locat ion to be writ ten

2. SRD = Data read f rom the status register

WD = Data to be writ ten at  locat ion WA

ID = Ident if ier code data

PD = User-programmable protect ion data

QD = Query code data on DQ[7:0]

N = Data count  to be loaded into the device to indicate how many words would be writ ten 

Table 8: Command Sequences in x16 Bus M ode

M ode Command
Bus

Cycles

First  Bus Cycle Second Bus Cycle

Oper Addr1 Data2 Oper Addr1 Data2

Read READ ARRAY/RESET 1 WRITE DnA FFh – – –

READ DEVICE IDENTIFIERS  2 WRITE DnA 90h READ DBA+IA ID

READ QUERY  2 WRITE DnA 98h READ DBA+QA QD

READ STATUS REGISTER 2 WRITE BA 70h READ BA SRD

CLEAR STATUS REGISTER 1 WRITE X 50h – – –

Program PROGRAM 2 WRITE WA 40h or 

10h

WRITE WA WD

BIT-ALTERABLE PROGRAM 2 WRITE WA 42h WRITE PA PD

BUFFERED PROGRAM3  2 WRITE WA E8h WRITE WA N-1

BIT-ALTERABLE BUFFERED 

PROGRAM3
> 2 WRITE WA EAh WRITE WA N-1

BUFFERED PROGRAM ON ALL1s > 2 WRITE WA DEh WRITE WA N-1

Erase BLOCK ERASE 2 WRITE BA 20h WRITE BA D0h

Suspend PROGRAM/ERASE SUSPEND 1 WRITE X B0h – – –

PROGRAM/ERASE RESUME 1 WRITE X D0h – – –

Block

Lock
LOCK BLOCK 2 WRITE BA 60h WRITE BA 01h

UNLOCK BLOCK 2 WRITE BA 60h WRITE BA D0h

LOCK-DOWN BLOCK 2 WRITE BA 60h WRITE BA 2Fh

Protect ion PROTECTION PROGRAM 2 WRITE PA C0h WRITE PA PD

LOCK PROTECTION PROGRAM 2 WRITE LPA C0h WRITE LPA FFFDh
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into the buffer; because the internal registers count  f rom 0, the user writes N - 1 to load N 

words.

3. The second cycle of  the BUFFERED PROGRAM command, which is the count  being loaded 

into the buffer, is followed by data st reaming up to 32 words, and then a CONFIRM com-

mand is issued that  t riggers the programming operat ion. Refer to “ Figure 33 on page 61.”

READ Operat ions

P8P parallel PCM has several read m odes: 

• Read array mode returns PCM array data from  the addressed locations.

• Read identifier mode  returns m anufacturer device iden tifier data, block lock status, 

and protection  register data. 

• Read query mode returns device CFI (or query) data. 

• Read Status Register mode returns the device status register data. A system  processor 

can  check the status register to determ ine the device’s state or to m on itor program  or 

erase p rogress.

READ ARRAY 

The READ ARRAY com m and p laces (or resets) the device to read array m ode. Upon  

in itial device power-up  or after reset (RST# transitions from  VIL to VIH), the device 

defaults to read array m ode. If an  ERASE or PROGRAM SUSPEND com m and suspends 

the WSM, a subsequen t READ ARRAY com m and will p lace the device in  read array 

m ode. The READ ARRAY com m and functions independen tly of VPP voltage.
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READ IDENTIFIER

The read iden tifier m ode is used to access the m anufacturer/ device iden tifier, b lock lock 

status, and protection  register codes. The iden tifier space occupies the address range 

supplied by the READ IDENTIFIER com m and (90h) address. 

Notes: 1. DBA = Device base address: (A[MAX:18] = DBA). Micron reserves other conf igurat ion 

address locat ions.

2. BBA = Block base address.

READ QUERY

The query space com es to the foreground and occupies the device address range 

supplied by the READ QUERY com m and address. The m ode outputs CFI data when  the 

device addresses are read. “Com m on  Flash  In terface” on  page 73 describes the query 

m ode in form ation  and addresses. Write the READ ARRAY com m and to return  to read 

array m ode. The read perform ance of th is CFI data follows the sam e tim ings as the m ain  

array.

In  addition  to other ID m ode data, the protection  registers (such  as block locking in for-

m ation  and the device JEDEC ID) m ay be accessed as long as there are no ongoing 

WRITE or ERASE operations. 

Table 9: Read Ident if ier Table

Parameter Address1, 2 Data

Manufacturer code DBA + 000000h

0089h

Device code DBA + 000001h ID (see Table 10 on page 18)

Block lock conf igurat ion BBA + 000002h Lock

Block Is unlocked DQ0 = 0

Block Is locked DQ0 = 1

Block Is not  locked down DQ1 = 0

Block Is locked down DQ1 = 1

Reserved for future use DQ[7:2]

Lock protect ion register 0 DBA + 000080h PR-LK0

64-bit  factory-programmable 

protect ion register

DBA + 000081h–000084h Protect ion register data

64-bit  user-programmable protect ion 

register

DBA + 000085h–000088h Protect ion register data

Lock protect ion register 1 DBA + 000089h PR-LK1

16 x 128-bit  user-programmable 

protect ion registers

DBA + 00008Ah–0000109h Protect ion register data

Table 10: Device Codes

Device

Device Code (Byte/Word)

M odeHex

Binary

High Byte Low  Byte

128Mb 881E 10001000 00011110 Top boot

128Mb 8821 10001000 00100001 Bot tom boot
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Query (CFI) data is read by sending the READ QUERY com m and to the device. Reading 

the query data is subject to the sam e restrictions as reading the protection  registers. 

PROGRAM  Operat ions

Five WRITE operations are available in  P8P parallel PCM. 

• WORD PROGRAM (40h, or 10h)

• BIT-ALTERABLE WORD WRITE (42h)

• BUFFERED PROGRAM (E8h)

• BIT-ALTERABLE BUFFERED WRITE (EAh)

• BUFFERED PROGRAM ON ALL 1s (DEh)

Writing a PROGRAM com m and to the device in itiates in ternally tim ed sequences that 

write the requested word. The WSM executes a sequence of in ternally tim ed even ts to 

write desired bits at the addressed location  and to verify that the bits are sufficien tly 

written . For word program m ing, the m em ory changes specifically addressed bits to 0; 1 

bits do not chan ge the m em ory cell con ten ts. This enables individual data bits to be 

program m ed (0) while 1 bits serve as data  m asks. For BIT-ALTERABLE WORD WRITE, 

the m em ory cell can  change from  0 to 1 or 1 to a 0.

The status register can  be exam ined for write progress and errors by reading any address 

with in  the device during a WRITE operation . Issu ing a READ STATUS REGISTER 

com m and brings the status register to the foreground enabling write p rogress to be 

m onitored or detected at other device addresses. Status register bit SR7 indicates device 

write status while the write sequence executes. CE# or OE# toggle (during polling) 

updates the status register. Valid com m ands that can  be issued to the writing device 

during write include READ STATUS REGISTER, WRITE SUSPEND, READ IDENTIFIER, 

READ QUERY, and READ ARRAY; however, READ ARRAY will return  unknown  data while 

the device is busy.

When  writing com pletes, status register bit SR4 indicates write success if zero (0) or 

failure if set (1). If SR3 is set (1), the WSM couldn’t execute the WRITE com m and because 

VPP was outside acceptable lim its. If SR1 is set (1), the WRITE operation  targeted a 

locked block and was aborted. Attem pting to write in  an  erase suspended block will 

result in  failure, and SR4 will be set (1).

After exam in ing the status register, clear it by issu ing the CLEAR STATUS REGISTER 

com m and before issuing a n ew com m and. The device rem ains in  status register m ode 

un til another com m and is written  to that device. Any com m and can  follow after writin g 

com pletes.

WORD PROGRAM

The system  processor writes the WORD PROGRAM SETUP com m and (40h/ 10h) to the 

device followed by a second WRITE that specifies the address and data to be 

program m ed. The device accessed during both  of the com m and cycles au tom atically 

outputs status register data when  the device address is read. The device accessed during 

the second cycle (the data cycle) of the program  com m and sequence will be where the 

data is program m ed. See Figure 33 on  page 61.

When  VPP is greater than  VPPLK, p rogram  and erase curren ts are drawn  through the VCC 

input. If VPP is driven  by a logic signal, VPP m ust rem ain  above VPP,m in  to perform  in -

system  PCM m odification s. Figure 5 on  page 22 shows PCM power supp ly usage in  

various con figurations. 



PDF: 09005aef8447d46d/Source: 09005aef845b5c96 Micron Technology, Inc., reserves the right  to change products or specif icat ions without  not ice.
parallel_pcm_2.fm - Rev. K 7/12 EN 20 ©2005 Micron Technology, Inc. All rights reserved.

 128M b: P8P Parallel PCM
PROGRAM  Operations

BIT-ALTERABLE WORD WRITE

The BIT-ALTERABLE WORD WRITE com m and executes just like the WORD PROGRAM 

com m and (40h/ 10h), using a two-write com m and sequence. The BIT-ALTERABLE 

WRITE SETUP com m and (42h) is written  to the CUI, followed by the specific address 

and data to be written . The WSM will start executin g the program m ing algorithm , but 

the data written  to the CUI will be directly overwritten  in to the PCM m em ory. This is 

un like Flash  m em ory, which  can  on ly be written  from  1 to 0 without a prior erase of the 

en tire block. See Table 12 on  page 21. This overwrite function  elim inates Flash  bit 

m asking, which  m eans that the software can not use a 1 in  a data m ask to produce no 

change of the m em ory cell, as m ight occur with  floating gate Flash .

BUFFERED PROGRAM

A BUFFERED PROGRAM com m and sequence in itiates the loading of a variable num ber 

of words, up  to the buffer size (32 words), in to the p rogram  buffer and then  in to the PCM 

device. First, the BUFFERED PROGRAM SETUP com m and is issued along with  the 

BLOCK ADDRESS (Figure 33 on  page 61). When  status register bit SR7 is set to 1, the 

buffer is ready for loading. Now a word coun t is given  to the part with  the block address. 

On  the next write, a device starting address is given  alon g with  the program  buffer data. 

Subsequen t writes p rovide addition al device addresses and data, depending on  the 

coun t. All subsequen t addresses m ust lie with in  the starting address p lus the buffer size. 

Maxim um  program m ing perform ance and lower power are obtain ed by align ing the 

starting address at the beginn ing of a 32-word boundary. A m isaligned starting address is 

not allowed and results in  invalid  data. After the final buffer data is given , a PROGRAM 

BUFFER CONFIRM com m and is issued. This in itiates the WSM to begin  copyin g the 

buffer data to the PCM array. 

If a com m and other than  BUFFERED PROGRAM CONFIRM com m and (D0h) is written  

to the device, an  invalid com m and/ sequence error will be generated, and status register 

bits SR5 and SR4 will be set to a 1. For additional buffer writes, issue another PROGRAM 

BUFFER SETUP com m and and check SR7. If an  error occurs while writing, the device 

will stop  writing, and status register bit SR4 will be set to a 1 to indicate a p rogram  

failure. The in ternal WSM verify on ly detects errors for 1s that do not successfu lly 

program  to 0s.

If a p rogram  error is detected, the status register should be cleared by the user before 

issu ing the next PROGRAM com m and. Additionally, if the user attem pts to program  past 

the block boundary with  a PROGRAM BUFFER com m and, the device will abort the 

PROGRAM BUFFER operation . This will generate an  in valid  com m and/ sequence error 

and status register bits SR5 an d SR4 will be set to a 1. All bus cycles in  the buffered 

program m ing sequen ce should be addressed to the sam e block. If a buffered program -

m ing is attem pted while the VPP  VPPLK, status register bits SR4 and SR3 will be set to 1.

Buffered write attem pts with  invalid VCC an d VPP voltages produce spurious results and 

should not be attem pted. Buffered program  operations with  VIH < RST# < VHH m ay 

produce spurious resu lts and should not be attem pted.

Successfu l p rogram m ing requires that the addressed block’s locking status to be cleared. 

If the block is locked down , then  the WP# p in  m ust be raised HIGH, and then  the block 

could be un locked to execute a PROGRAM operation . An  attem pt to program  a locked 

block results in  settin g of SR4 and SR1 to a 1 (for exam ple, error in  program m ing).
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BIT-ALTERABLE BUFFER WRITE

The BIT-ALTERABLE BUFFER WRITE com m and sequence is the sam e as for BUFFER 

PROGRAM. For com m and sequen ce, see “BUFFERED PROGRAM” on  page 20. The 

prim ary difference between  the two buffer com m ands is when  the WSM starts 

executin g, the data written  to the buffer will be directly overwritten  in to the PCM 

m em ory, un like Flash  Mem ory, which  can  on ly go from  1 to 0 before an  erase of the 

en tire block. See Table 12 on  page 21. This overwrite function  elim inates Flash  bit 

m asking, which  m eans software cannot use a 1 in  a data m ask for no chan ge of the 

m em ory cell, as m ight occur with  floating gate Flash . 

The advan tage of bit alterability is that no block erase is needed prior to writing a block, 

which  m in im izes system  overhead for software m anagem en t of data and u ltim ately 

im proves latency and determ in ism  and reduces power consum ption  because of reduc-

tion  of system  overhead. Storing coun ter variables can  easily be handled using PCM 

m em ory because a 0 can  change to a 1 or a 1 can  change to a 0. 

BIT-ALTERABLE BUFFER PROGRAM

This m ode is som etim es referred to as PRESET BUFFERED PROGRAM.

PROGRAM ON ALL 1s is sim ilar to program  m ode (1s treated as m asks; 0s written  to 

cells) with  the assum ption  that all the locations in  the addressed page have previously 

been  set (1s). Perform ance of BUFFER PROGRAM ON ALL 1s expected to be better than  

buffered program  m ode because the preread step  before program m ing is elim inated. 

The com m and sequen ce for BUFFERED PROGRAM ON ALL 1s is the sam e as BUFF-

ERED PROGRAM com m and (E8h).

PROGRAM  SUSPEND

Issu ing the PROGRAM SUSPEND com m and while program m ing suspends the program -

m ing operation . This enables data to be accessed from  the device other than  the one 

being program m ed. The PROGRAM SUSPEND com m and can  be issued to any device 

address. A PROGRAM operation  can  be suspended to perform  reads on ly. Additionally, a 

PROGRAM operation  that is runn ing during an  ERASE SUSPEND can  be suspended to 

perform  a READ operation .

Table 11: Buffered Programming and Bit -Alterable Buffer Write Timing Requirements

Alignment Programming Time Example

32-word/64-byte aligned tPROG/PB Start  address = 1FFF10h; end address = 1FFF2Fh

Table 12: Bit  Alterability vs. Flash Bit -M asking

Programming
Function

Command
Issued

M emory Cell
Current  State

Data From
User

M emory Cell
After Programming

Flash bit  masking 40h or E8h 0 0 0

40h or E8h 0 1 0

40h or E8h 1 0 0

40h or E8h 1 1 1

Bit  alterabilit y 42h or EAh 0 0 0

42h or EAh 0 1 1

42h or EAh 1 0 0

42h or EAh 1 1 1
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