MX30UF1G28AD
MACRONIX MX30UF2G28AD
INTERNATIONAL CoO., LTD. MX30UF4G28AD

1.8V, 1G/2G/4G-bit NAND Flash Memory
MX30UFxG28AD

P/N: PM2823 Macronix Proprietary REV. 1.2, August 04, 2022

1



- MX30UF1G28AD
MACRONIX MX30UF2G28AD
INTERNATIONAL CoO., LTD. MX30UF4G28AD

Contents

L 1L 6
GENERAL DESCRIPTIONS ..o oo eee e e e e st ee s s s s s s ss s s s s s s ss s s ss s s ss s s ss s ss s s s ssssssssnsssssssssssssssssssssssnsnssssensensennns 7
[T U= 30 I o T o I 1 =T = oo SR 7
2-1. ORDERING INFORMATION.......ccoiiiiicciimmerrrrrreessssssssssssmmnns e e e e s s essaa s s s sssmmese e e s e e s eesanssssnnnnmssnnnseessnannnnn 8
PIN CONFIGURATIONS ........oetiierinisssssnens s s sss s ssssssss s s s s s s s smsn s s s s s s s s s s s mmnna s s s essnsssnnnnnnnsssssnnnnnn 10
3-1.  PIN DESCRIPTIONS ...ttt irir it e e e s e assssass s s aassse s e e e s e e e e e e e e e s e e namsmssssssssssssssssssnsnssssnnnnnnnnnns 12
2 0 L0 Q0 1 - Y 14
SCHEMATIC CELL LAYOUT AND ADDRESS ASSIGNMENT .........cccociiiiinicmeree s sssmnneees 15
Table 1-1. AdAress AlIOCALION (1G).....c.uiiiiiiiiie ittt ettt ettt et e ettt na e eb e et e eb e et e se e e naeeeaeeneeenaeen 15
Table 1-2. AAAress AlIOCATION (2G).....eiiuuiieeeiiiiee et e e et e e et e e e e st eeeeneeeeeeanseeeeeaanseeeeeanseeeeeassaneeannseeesassneeesannnes 15
Table 1-3. AAAress AIOCALION (4G).....ccicuiieeeiiiiee ettt e et e et e e e e e e e s e e e eeseeeeeeesseeeeeaaasaeaeeansseeesassaeeeannsaaesasseneenansees 15
DEVICE OPERATIONS.......coiiiceitiiriissssssmns s s s sss s ssssmnns s s s s s s smmn s e s s e s s mmnnn e e e e e s s mmmnnn e s e nnnnnnnn 16
6-1. Address Input/Command Input/Data INput...........cccciiiiiiimiiinir 16
Figure 2. AC Waveforms for Command / Address / Data Latch Timing .........cccceeiiiiiiiiiiiiiie e 16
Figure 3. AC Waveforms for Address INPUE CYCIE .........ii oot e e e e e s e e s snnee e e e enneeeeanns 16
Figure 4. AC Waveforms for Command INPUL CYCIE ........cc.uuiiiiiiiiie ettt e e e e e e e s ensan e e e e nneeeeanns 17
Figure 5. AC Waveforms for Data INPUL CYCIE ........co.eiiiiiiiiiii et 17
6-2. Page Read..... .. nRr e e e e e e e e s 18
Figure 6. AC Waveforms fOr REAA CYCIE .......cc.uiiiiiiiiiieii ettt ettt et e st e st e st e e e beeabeeebeee e 18
Figure 7. AC Waveforms for Read Operation (Intercepted by CEH) .......cooiiiiiiiiiiiiie et 19
Figure 8. AC Waveforms for Read Operation (With CE# DON't Care).........cccoiiiiiiiiiiiieiiieie st 20
Figure 9-1. AC Waveforms for Sequential Data Out Cycle (After Read)..........coocuiviiiiiiiiiciee e 20
Figure 9-2. AC Waveforms for Sequential Data Out Cycle (After Read) - EDO Mode.........cccocoeiiiiiiiieniiiieseeeeieeene 21
Figure 10. AC Waveforms for Random Data OUIPUL............eiiiiiiiiie et e e st e e e e e e eas 22
6-3. Cache Read Sequential ............c s 23
Figure 11-1. AC Waveforms for Cache Read SeqUENTIal ...........c..oiiiiiiiiiiiiiiii e 24
[T S 0% Yod o T8 2 T-Y- To N 2= Lo e o 1 25
Figure 11-2. AC Waveforms for Cache Read RanNOM ............cooiiiiiiiiiiiiiii et 26
SRS &= Vo T8 o o T | o o 27
Figure 12. AC Waveforms for Program Operation after Command 80H............cccooiiiiiiiii i 27
Figure 13. AC Waveforms for Random Data In (FOr Page Program)...........cccccuieiieiirieiienieneesee e 28
Figure 14. AC Waveforms for Program Operation with CE# DON't Care..........coccuiiiiiiiiiee e 29

PIN: PM2823 Macronix Proprietary

REV. 1.2, August 04, 2022
2



MX30UF1G28AD
MACRONIX MX30UF2G28AD
INTERNATIONAL CoO., LTD. MX30UF4G28AD
LT 0 T 4 L= S oo | - T o
Figure 15-1. AC Waveforms for Cache Program ...........c.ccooiiiiiiiiininiieeceeeee

6-8.

6-10.
6-11.

6-12.

6-13.

6-14.

6-15.

6-16.

Figure 15-2. AC Waveforms for Sequence of Cache Program

=] Lo T Q- = -
Figure 16. AC Waveforms for Erase Operation

0 = T 34
Table 2. ID Codes Read Out by ID Read Command G0H ..........coooiiiiiiiiiie e e e e e e e e 34
Table 3. The Definition of Byte2-Byte4 Of ID TabIE.......c..ueiiiiiie et e e ee e e e e e e nneee s 35
Figure 17-1. AC Waveforms for ID Read OPeration.............coooiiiiiiiiiiiiie ettt 36
Figure 17-2. AC Waveforms for ID Read (ONFI Identifier) Operation............coooiouieiiiiiie e 36

Status Read
Table 4. Status Output

Figure 18. Bit AsSIgNMeNt (HEX D@ta)........cccuiiiiiiiiiiiieiieet ettt ettt sttt et eb e et ereen 38
Figure 19. AC Waveforms for Status Read OPeration ............cocciiieiiiiiieiiiie e siee et e e see e e s e e s e neeeeeennneeeeennns 38
Status Enhance Read (FOr 2Gb/4GDb) ........ccccciiiiiimimminiir e
Block Protection Status Read...........ccooiiiiiiiiiiciirirr s sms s s
Figure 20. AC Waveforms for Status Enhance Operation

Table 5. Block-Protection Status OUtpUL ...........oooviiiiiiiiee e

Table 6-1. Address Cycle Definition of BIOCK (1G) ....ciiiiiuiiiieiiiiiie ettt e e et e e e ea e e e enneeeeeennes
Table 6-2. Address Cycle Definition 0f BIOCK (2G) ........coutiiiiiiiiiiiiie ittt
Table 6-3. Address Cycle Definition Of BIOCK (4G) ....coeiiuriiiiiiiie ettt e e s e e s ee e e e e e e enees 40
Figure 21. AC Waveforms for Block Protection Status Read .............ccuuiiiiiiiiiiiiiiiie e 41
L= S 42
Figure 22. AC waveforms for ReSet OPEration .............coouiiiiii ittt 42
Deep Power-down MOde...........oooiiiiiiiiiiicccececsesssssssssssssssssssss s s s s s e s s e s s s s s s s s s s s mssssssssssssssssssssssssssnnnnnnnnns 43
Figure 23. AC Waveform for Deep Power-down Mode OPEration .............cccueeeiiciireiiiiiie e esiiee e e sieee e ssteee e s seeeeeesnnaneeeannes 43
Parameter Page Read (ONFI) ... s s s 44
Figure 24. AC waveforms for Parameter Page Read (ONFI) Operation ...........ccccoeouiriiiieniinieiie e 44
Figure 25. AC Waveforms for Parameter Page Read (ONFI) Random Operation (For 05h-EOh) ........c.cooeviiiviiiiinens 45
Table 7-1. Parameter Page (ONFI) - FOr MX30UF TG28AD........ccccuiiiiieiiieeiie ettt e ettt e e e 46
Table 7-2. Parameter Page (ONFI) - FOr MX30UF2G28AD.........cccuiiiiiiiiiiiieeiee sttt 48
Table 7-3. Parameter Page (ONFI) - FOr MX30UFA4AG28AD........ccccuiieeiiiieeeeeee e e eiiee e e eiee e e ssneeeae s snseeeesaneeeeeannneeeesannneeens 50
Unique ID Read (ONFI) with PUF-like Code Structure"** 5
Figure 26. AC waveform for Unique ID Read OPEration ............c.oiiiiiiiiiiiiie ettt e e e 52
Figure 27. AC waveform for Unique ID Read Operation (FOr 05h-EON).........cccoiiiiiiiiiiie e 53
Feature Set Operation (ONFI).........cccciiiiiiimiiiiir s 54
Table 8-1. Definition Of FEAtUIE AQAIESS .........uii ittt ettt st e b e be e et e e sabe e e abbeesbeeeabaeesanas 54

P/N: PM2823

Macronix Proprietary REV. 1.2, August 04, 2022

3



MX30UF1G28AD
MAcCRrONIX MX30UF2G28AD
INTERNATIONAL CoO., LTD. MX30UF4G28AD
Table 8-2. Sub-Feature Parameter Table of Feature Address - 01h (Timing Mode) ........ccc.eveiiiiiiieiiiiie e 54
Table 8-3. Sub-Feature Parameter Table of Feature Address - 80h (Programmable 1/O Drive Strength) .54
Table 8-4. Sub-Feature Parameter Table of Feature Address - 89h (Special Read for Data Recovery Operation).......... 55
Table 8-5. Sub-Feature Parameter Table of Feature Address - 90h (Array Operation Mode)...........ccccveeeciieeeiiieeeeennee. 55
Table 8-6. Sub-Feature Parameter Table of Feature Address - AOh (Block Protection Operation) (note 1) ........cccovecuevnnnnicneen 56

Table 8-7. Sub-Feature Parameter Table of Feature Address — BOh (Configuration) ... ...56
Figure 28. The Flowchart of I/O Drive Strength Bits Program Operation............cccccoeecuiiieiiiieee e esiee e eieeee e seee e 57
6-16-1. Set Feature (ONFI) ....... e ssnn e e e e s e s s smmn e e e e e ee s mmmn e e e e e e e s 58
Figure 29. AC Waveform for Set Feature (ONF1) OPeration ...........c.ooouiiiiiiiiiieiiieiee ettt 58
6-16-2. Get Feature (ONFI)........ e mmn e e
Figure 30. AC Waveform for Get Feature (ONFI) Operation...........coocueiioiiiiriiiiiee e e e e e naes
6-16-3. Special Read for Data RECOVErY..........ccciiiiiniiiriieri s
Figure 31. Procedure of entering /exiting the Special Read for Data Recovery operation

6-16-4. Secure OTP (One-Time-Programmable) Feature ............ccoccmriiiimiiinniiinncere s
Figure 32. AC Waveform for OTP Data REAM .........cc.coiiiiiiiiiiieii ettt ee 61
Figure 33. AC Waveforms for OTP Data Read with Random Data OUtpUL.........c..oviiiiiiiiiiee e 62
Figure 33-1. AC Waveform for OTP Data Program (1Gb)

Figure 33-2. AC Waveform for OTP Data Program (2GD/4GD)........c.couieiuiiriiiiiieiieei st 64
Figure 34. AC Waveform for OTP Data Program with Random Data INput ............cooviiiiiiiiiie e 65
Figure 35. AC Waveform for OTP Protection Operation

6-16-5. BIOCK Protection ...t s
Table 9. Definition of Protection BitS ..........cccooeiiiiiiiiiiie e

Figure 36. PT Pin and Block Protection Mode Operation

6-16-6. Randomizer OPeration ........ccccoiei i csssnerr e e s ssm s e e e e e e e s e s snnmnn e e e e e e e s
Table 10. The definition of RANDOPT bit for the randomized area per page (as grey Color) .........ccccvveeeicieeeeviieeeeeennnen. 69
Figure 37. Flowchart of RANDEN and RANDOPT Bits Program Operation ............ccccceuiriiiieiieneeneeseeseeseesieeseenieens 70
6-17. Two-Plane Operations (FOr 2Gb/4AGDb) .........cccciiiiiereriiiccre e e smne s mm e 7
6-18. Two-Plane Program (ONFI & Traditional) & Two-Plane Cache Program (ONFI & Traditional).... 71
6-19. Two-plane Block Erase (ONFI & Traditional) ..........ccccviiimmmiiniimnnrnese s 7
Figure 38-1. AC Waveform for Two-plane Program (ONF1) ..........ooiiiiiiiiiiii ettt 72
Figure 38-2. AC Waveform for Page Program Random Data Two-plane (ONFI).........ccccciiiiiiiiiiniinecsee e 73
Figure 39. AC Waveform for Two-plane Cache Program (ONFI) .......c..oiiiiiiiiieiiee e e e e 74
Figure 40. AC Waveform for Two-plane Erase (ONF1)........cocoi ittt sneee e 75
Figure 41. AC waveforms for Two-plane Program (Traditional) ..........c.ccooiiririiiiiiiiiiiieee e 75
Figure 42. AC waveforms for Two-plane Cache Program (Traditional)..........cccoicuiiiiiiiie e 75
Figure 43. AC waveforms for Two-plane Erase (Traditional)...........c.ooiuiiiiiiiiiiee e 76
7. PARAMETERS........ciiiiiiiiiiiiserree s sssssssssss s e s s s s s s mm s s s s s s s amm s e e e e e e e e s s s smmn s e e e s s aa s s nnnnnnnnsnssnnnnnn 77
7-1. ABSOLUTE MAXIMUM RATINGS. .......oooiiiiiiiiiiiiscccsnmcerrresrssssssssssssssmmssssssssssssnssssssssssmssnssssssessansssanan 77
Figure 44. Maximum Negative Overshoot WavefOorm ...........coi i e et e e e e 77
Figure 45. Maximum Positive Overshoot WavefOrM .............oiii it s e e e enree e e e e nneeeeanes 77
7-2. LATCH-UP CHARACTERISTICS.......iiiiiiiiiiiisccsmmsnrr s s s s s ssmmss s s s ss s sssns s s ssssmmsnssssssssssansnssnnn 77

P/N: PM2823

Macronix Proprietary REV. 1.2, August 04, 2022

4



- MX30UF1G28AD
MAcCRrONIX MX30UF2G28AD
INTERNATIONAL CoO., LTD. MX30UF4G28AD

Table 11. OPEratiNng RANGE ......coci ittt e e e et e e e et tee e e e e s aeeeeessseeeeeasseeeeeaassseeeeansseeeasseaeeaansseaaeesseneenannnes 78

o] LN B B T O 01 4 = T Tox (=Y 1] o3RS 78

L= o[ Tt B TR T = o1 - o o7 S 79

Table 14. AC TeStING CONAITIONS ......coiiiiiiiee et e e e e e e st e e e s steeeeessteeeeeaaasaeeeeansaeeesassaeeanssseaesensseneenanseeas 79

Table 15. Program and Erase CharaCteriStiCS. .........coiiiiuiiriieiiiciicie ettt ettt 79

Table 16. AC CharaCteriStiCS ... ...ueiiiiiieieiti ettt sttt e e e et e s e e e bt e be e e b e e e nbe e e san e e e bneenaneenanes 80

8. OPERATION MODES: LOGIC AND COMMAND TABLES........ccccciiinnrrrnsssssns s ssssssnnnns 81
QL= o[ T A o T o =1 o) SRRSO 81

Table 18-1. HEX CommMaNd TabIe.........coo ittt ettt e et e e bt e e et e e emteeeeeeemseeenseeeanneeanns 82

Table 18-2. TWo-plane ComMmMEANG Set........cooi it e et e e e et e e e s e e e e snneeeeeeneeeeeaansseeeanseeeeeeanneeas 82

8-1. R/B#: Termination for The Ready/Busy# Pin (R/B#).......cccccovivmmriniiimmnnnnirn s 83
Figure 46. R/B# Pin Timing INfOrMation ...........cuuiiiiiiiiie ettt ettt e e e et e e e st e e e e anaeeaessnsaeeeannaeaaeannes 84

8-2. Power ON/Off SEQUENCE .....ccoeiiiicceciirrre s ssss s s s e s s e e s s s s s s smms s s e e e e e e e s sas s s sannmnnneeenesessannnnnnnn 85
Figure 47. POWEr ON/Off SEQUENCE ......coiuieiieiiiiiie ettt e et e e e sttt e e e aa e eeesane e e e e ssteeeeeanseeeeeaanseeeennseeeeaannneeeenne 85

8-2-1. WPH SiIgNal ..o s e s mn e e e e s e s s e e mn e R e e e e e e e s e nn e nnmnnnenens 86

Figure 48-1. Enable Programming Of WPH SIgNal ..........c.cuoiiiiiiiiiieiece et 86

Figure 48-2. Disable Programming Of WPH SIGNal .........ooviiiiiiiiiiiiiee ettt et e e et e e e e e e e s s e e e ennneeeeennnneeeeanee 86

Figure 48-3. Enable Erasing Of WPH SIgN@Al..........ccoiiuiiioiiiiee ettt s e e e e e et te e e e ssataeeesanaeaaeessseeeesanseaanannes 86

Figure 48-4. Disable Erasing of WPH SIGNal ...........coiiiiiiiiiiieei ettt sttt sneene e 86

9. SOFTWARE ALGORITHM........o s s s s 87
9-1.  Invalid BIOCkS (Bad BIOCKS) .......cccoceerirramrerrirssmrerssssmre e s sssssme e e ssssmse e s ssssamne s sssssmsseesssssmsesssnssnneesssssnes 87
FIQUIE 49. BAO BIOCKS .......teieiitieiitie ittt ettt et h e st e e e bt e e s bt e ea b e e ettt e eh et e eate ekt e e sa bt e eaneeeanbeeanbeeenbneenbnee e 87

Table 19. Valid BIOCKS ......cooiiiii ittt ettt e oottt e e e s e et e ettt e e e s bt e e e e aanb e e e e nste e e e e enneees 87

9-2. Bad BIOCK TeSt FIOW ......cueeiiiiiiiiiiiii s s e 88
Figure 50. Bad BIOCK TESt FIOW....... .ttt e ettt e e et e e e st e e e e nee e e e e anneeeeeanseeeeennseeeeeannneeeeenns 88

9-3. Failure Phenomena for Read/Program/Erase Operations...........ccccoucvvmrriinnisinnnsssssssssnnnees 88
Table 20. FAIIUrE MOAES.........oo ittt ekttt et e bt e e s he e e s ab e e et e e e e ab e e eab e e e bt e eab e e e abe e e ebeeesmbeeeabaeesnneesnnes 88

L2 17 SN o o T | - 11 o TP 89
FIGUIE 571, FAIIUIE IMOUES ...ttt ettt e e et e e ettt e e e nte e e e e amne e e e e nteeeeanneeeeesnnseeeeeansaeeeeannneeennnes 89

Figure 52. Program FIOW CRart............oiiiiiiiieiiiiee sttt e et e e sttt e e e ettt e e e esteeeeaanneeeaeastaeeeeansaeeeeasseeeeeansaeeesannsenaeannes 89

L2 LT - T P 89
Figure 53. Erase FIOW CRart .........ooo ittt ettt e st e et e e st e e st e e et eeesheeesaseeenneeeaseeenseeeaneeeanseeanseeenseeanns 90

Figure 54. Read FIOW CRart..........oooiiiiiiiiiieeeee ettt et esb et esae e e e bt e ate e s abe e e anneeanreesbeeenbnee e 90

10. PACKAGE INFORMATION.......ccciiuiiirrisinisssssss s sssssss s s sss s s s s s s mmna s e e s s s n s mmnnnnassnas 91
11. REVISION HISTORY ....oiiiciiiiiiiiiiittceeisss s s s s s mmasssss s s s s s s s e nmm s s e s e e e e s snmaasssss s e e e eesnmnnssssnsnsernnsnnnnn 93

P/N: PM2823 Macronix Proprietary REV. 1.2, August 04, 2022

5



MACRONIX
INTERNATIONAL CoO., LTD.

MX30UF1G28AD
MX30UF2G28AD
MX30UF4G28AD

1. FEATURES

« 1G/2G/4G-bit SLC NAND Flash
- Bus: x8
- Page size:
1Gb/2Gb: (2048+128) byte
4Gb: (4096+256) byte
-Block size:
1Gb/2Gb: (128K+8K) byte
4Gb: (256K+16K) byte
- Plane size:
1024-block/plane x1 for 1Gb
1024-block/plane x 2 for 2Gb/4Gb
* ONFI 1.0 compliant
¢ Multiplexed Command/Address/Data
¢ User Redundancy
- 128-byte attached to each page for 1Gb/2Gb
- 256-byte attached to each page for 4Gb
* Fast Read Access
- Latency of array to register: 25us
- Sequential read: 25ns
¢ Cache Read Support
* Page Program Operation
- Page program time: 320us( typ.)
¢ Cache Program Support
¢ Block Erase Operation
- Block erase time: 4ms (typ.)
¢ Single Voltage Opertion:
-VCC: 1.7 to 1.95V
* Low Power Dissipation

- Max. 30mA
Active current (Read/Program/Erase)

¢ Standby Mode
- 50uA (Max) standby current
e Deep power-down mode

1.8V, 1Gb/2Gb/4Gb NAND Flash Memory

Hardware Data Protection: WP# pin

Block#0-7 are valid with ECC at shipping

Block Protection

- PT (Protection) pin: active high at power-on,

which protects the entire chip. The pin has an

internal weak pull down.

- Temporary protection/un-protection function

(enabling by PT pin)

- Solid protection

(enabling by PT pin)

Device Status Indicators

- Ready/Busy (R/B#) pin

- Status Register

Chip Enable Don't Care

- Simplify System Interface

Unique ID Read (ONFI) with PUF-like code

structure

Secure OTP support

High Reliability

- Randomizer (Default disabled): Enabled by Set
Feature

- Special Read for Data Recovery: Enabled by Set

Feature

- Endurance: typical 60K cycles
(with 8-bit ECC per (512+32) Byte)

- Data Retention: 10 years™*®

* Wide Temperature Operating Range

-40°C to +85°C
Package:
1) 48-TSOP(I) (12mm x 20mm)
2) 63-ball 9mmx11mm VFBGA

All packaged devices are RoHS Compliant and
Halogen-free.

- 15uA (Max) Note: Please contact Macronix for Reliability report
on the detailed condition of retention test.
P/N: PM2823 Macronix proprietary REV. 1.2, August 04, 2022
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2. GENERAL DESCRIPTIONS

The MX30UFxG28AD is a 1Gb/2Gb/4Gb SLC NAND Flash memory device. Its standard NAND Flash
features and reliable quality of typical P/E cycles 60K (with host ECC), which makes it most suitable for
embedded system code and data storage.

The product family requires 8-bit ECC per (512+32)B.

The MX30UFxG28AD is typically accessed in pages of 2,176 bytes (for 1Gb/2Gb) and 4,352 bytes (for 4Gb)
bytes for read and program operations.

The MX30UFxG28AD array is organized as thousands of blocks, which is composed by 64 pages of (2,048+128)
bytes for 1Gb/2Gb or 64 pages of (4,096+256) bytes for 4Gb. Each page has an additional 128-byte (for
1Gb/2Gb) or 256-byte (for 4Gb) for ECC and other purposes. The device has an on-chip buffer of 2,176-byte (for
1Gb/2Gb) and 4,352-byte (for 4Gb) for data load and access.

The Cache Read Operation of the MX30UFxG28AD enables first-byte read-access latency of 25us and se-
quential read of 25ns and the latency time of next sequential page will be shorten from R to tRCBSY.

The MX30UFxG28AD power consumption is 30mA during all modes of operations (Read/Program/Erase),
50uA in standby mode.

Figure 1. Logic Diagram

SR
ALE ———> «—> 1/Ox - /00
CLE—
CE#f ————>
RE#——» 16D
2Gb
WE#—>  4Gb
> R/B#
WPH#————>]
PT —— >
NI
P/N: PM2823 Macronix Proprietary REV. 1.2, August 04, 2022
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2-1. ORDERING INFORMATION

Part Name Description

MX'30 U _F 4G 28AD -T |

| X
1<

RESERVE

OPERATING TEMPERATURE:
I: Industrial (-40°C to 85°C)

PACKAGE TYPE:

T: 48TSOP

XK: 0.8mm Ball Pitch, 0.45mm Ball Size
and 1.0mm height of VFBGA

Package: RoHS Compliant & Halogen-free

GENERATION: D

OPTION CODE:
28A=8-bit ECC Requirement with standard feature, x8, mode A

Mode A: Number of die
Number of CE# =1,
Number of R/B# = 1

DENSITY:
1G=1G-bit
2G=2G-bit
4G=4G-bit

CLASSIFICATION:
F = SLC + Large Block

VOLTAGE:
U=1.7Vto 1.95V

TYPE:
30 = NAND Flash

BRAND:
MX

P/N: PM2823 Macronix Proprietary REV. 1.2, August 04, 2022
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Please contact Macronix regional sales for the latest product selection and available form factors.

Part Number Density Organization VCC Range Package Temperature Grade
MX30UF1G28AD-TI 1Gb x8 1.8V 48-TSOP Industrial
MX30UF1G28AD-XKI 1Gb x8 1.8V 63-VFBGA Industrial
MX30UF2G28AD-TI 2Gb x8 1.8V 48-TSOP Industrial
MX30UF2G28AD-XKI 2Gb x8 1.8V 63-VFBGA Industrial
MX30UF4G28AD-TI 4Gb x8 1.8V 48-TSOP Industrial
MX30UF4G28AD-XKI 4Gb x8 1.8V 63-VFBGA Industrial

P/N: PM2823

Macronix Proprietary
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3. PIN CONFIGURATIONS
48-TSOP
NC C—]1e 48— Vgd
NC ]2 47 NC
NC 13 46—1 NC
NC 14 451 NC
NC 15 41— /07
NC 16 43— 1/06
RB# 7 42 1/05
RE# []8 411 1/04
CE# 9 40—/ NC
NC 10 39 [ Ved
NC 11 38 pT
Voo 12 37T Ve
Vgg 113 36 1 Vs
NC 114 35 NC
NC [ 15 43 v
CLE 16 331 NC
ALE 117 32— 1/03
WE# [—118 31— 1/02
WP# [ 19 30— /01
NC [ 20 291 /00
NC [ 21 28— NC
NC []22 27— NC
NC 23 261 NC
NC [ 24 25 Vgd

Note 1. These pins might not be connected internally. However, it is recommended to connect these
pins to power(or ground) as designated for ONFI compatibility.

P/N: PM2823 Macronix Proprietary REV. 1.2, August 04, 2022
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63-ball 9mmx11mm VFBGA (x8)

®
B
OO

HEEOEOEOE
@OOOOEHOE
OEOHOE®®
OEOOEHEOEE®
DOEEOEEE
HOOEOEEE

®®
®®
®®
®®

Note 1. These pins might not be connected internally;, however, it is recommended to connect these
pins to power (or ground) as designated for ONFI compatibility.
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3-1. PIN DESCRIPTIONS

SYMBOL PIN NAME
1107 -1/00 Data I/O port: I/07-1/00
CE# Chip Enable (Active Low)
RE# Read Enable (Active Low)
WE# Write Enable (Active Low)
CLE Command Latch Enable
ALE Address Latch Enable
WP# Write Protect (Active Low)
PT (Protection) pin connecting to high
PT for entire chip prqtected and enabling
the Block Protection. A weak pull-down
internally.
R/B# Ready/Busy (Open Drain)
VSS Ground
vVCC Power Supply for Device Operation
NC Not Connected Internally

P/N: PM2823

Macronix Proprietary
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PIN FUNCTIONS

The MX30UFxG28AD device is a sequential
access memory that utilizes multiplexing input of
Command/Address/Data.

I/10 PORT: 1/O7 - 1/00

The 1/0O7 to 1/00 pins are for address/command
input and data output to/from the device.

CHIP ENABLE: CE#

The device goes into low-power Standby Mode
when CE# goes high during a read operation and
not at busy stage.

The CE# goes low to enable the device to be
ready for standard operation. When the CE# goes
high, the device is deselected. However, when the
device is at busy stage, the device will not go to
standby mode when CE# pin goes high.

READ ENABLE: RE#

The RE# (Read Enable) allows the data to be
output by a tREA time after the falling edge of
RE#. The internal address counter is automatically
increased by one at the falling edge of RE#.

WRITE ENABLE: WE#

When the WE# goes low, the address/data/
command are latched at the rising edge of WE#.

COMMAND LATCH ENABLE: CLE

The CLE controls the command input. When the
CLE goes high, the command data is latched at the
rising edge of the WE#.

ADDRESS LATCH ENABLE: ALE

The ALE controls the address input. When the ALE
goes high, the address is latched at the rising edge
of WE#.

WRITE PROTECT: WP#

The WP# signal keeps low and then the memory will
not accept the program/erase operation. It is recom-
mended to keep WP# pin low during power on/off
sequence. Please refer to the waveform of "Power
On/Off Sequence”.

READY/Busy: R/B#

The R/B# is an open-drain output pin. The R/B#
outputs the ready/busy status of read/program/
erase operation of the device. When the R/B# is at
low, the device is busy for read or program or erase
operation. When the R/B# is at high, the read/
program/erase operation is finished.

Please refer to Section 8-1 for details.

PT: Protection

When the PT pin is high at power on, the whole
chip is protected even the WP# is at high; the un-
protection procedure (through BP bits setting) is
necessary before any program/erase operation.
When the PT pin is connected to low or floating, the
function of block protection is disabled.

P/N: PM2823
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4. BLOCK DIAGRAM
CE# | [High Voltage o
CLE Circuit L Memory Array
ALE >D.< (Two planes)Note
> Control
WE# | § Lodi
— a ogic
WP#
| O
REE | = Page Buffer
> ADDRESS
Y-DEC
_PT COUNTER -
) R/B#
1/0[7:0] Data )
) ¢ Buffer

Note: Two-planes are only for 2Gb/4Gb
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5. SCHEMATIC CELL LAYOUT AND ADDRESS ASSIGNMENT

MX30UFxG28AD NAND device is divided into two planes, and each plane has thousands of blocks, which

is composed by 64 pages of (2,048+128) byte for 1Gb/2Gb or (4,096+256) byte for 4G. Each page has an
additional 128-byte(for 1Gb/2Gb) or 256-byte(for 4Gb) for ECC and other purposes. The device has an on-
chip buffer of 2,176-byte (for 1Gb/2Gb) and 4,352-byte (for 4Gb) for data load and access. Each 2K-byte (for
1Gb/2Gb) or 4K-byte (for 4Gb) page has the two area, one is the main area which is 2048-byte (for 1Gb/2Gb)
or 4096-byte (for 4Gb) and the other is spare area which is 128-byte (for 1Gb/2Gb) or 256-byte or (for 4Gb).

There are four address cycles (for 1Gb) or five address cycles (for 2Gb/4Gb) for the address allocation,
please refer to the table below.

Table 1-1. Address Allocation (1G)

Addresses 1107 1106 1105 1104 1/103 1102 1101 1/00
Column address - 1st cycle A7 A6 A5 A4 A3 A2 A1 A0
Column address - 2nd cycle L L L L A11 A10 A9 A8
Row address - 3rd cycle A19 A18 A17 A16 A15 A14 A13 A12
Row address - 4th cycle A27 A26 A25 A24 A23 A22 A21 A20

Note: A[10:7] must be 0 when A11 value is 1

Table 1-2. Address Allocation (2G)

Addresses 1107 1106 1105 1104 1/103 1102 1101 1100
Column address - 1st cycle A7 A6 A5 A4 A3 A2 A1 AQ
Column address - 2nd cycle L L L L A11 A10 A9 A8
Row address - 3rd cycle A19 A18’ A17 A16 A15 A14 A13 A12
Row address - 4th cycle A27 A26 A25 A24 A23 A22 A21 A20
Row address - 5th cycle L L L L L L L A28
Notes:

1. A18 is the plane selection.
2. A[10:7] must be 0 when A11 value is 1.

Table 1-3. Address Allocation (4G)

Addresses 1107 1106 1105 1104 1103 1102 1101 1100
Column address - 1st cycle A7 A6 A5 A4 A3 A2 A1 AO
Column address - 2nd cycle L L L A12 A1 A10 A9 A8
Row address - 3rd cycle A20 A19' A18 A17 A16 A15 A14 A13
Row address - 4th cycle A28 A27 A26 A25 A24 A23 A22 A21
Row address- 5th cycle L L L L L L L A29

Notes:

1. A19 is the plane selection.
2. The A[11:8] must be 0 when the A12 value is 1

P/N: PM2823 Macronix Proprietary REV. 1.2, August 04, 2022
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6. DEVICE OPERATIONS

6-1. Address Input/Command Input/Data Input

Address input bus operation is for address input to select the memory address. The command input bus
operation is for giving command to the memory. The data input bus is for data input to the memory device.

Figure 2. AC Waveforms for Command / Address / Data Latch Timing
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Figure 3. AC Waveforms for Address Input Cycle
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Note: The Address cycle is four for 1Gb.
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Figure 4. AC Waveforms for Command Input Cycle
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Figure 5. AC Waveforms for Data Input Cycle
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6-2. Page Read

The MX30UFxG28AD array is accessed in page of 2,176-byte (for 1Gb/2Gb) and 4,352-byte (for 4Gb).
External reads begins after the R/B# pin goes to READY.

The device supports "Power-on Read" function, after power up, the device will automatically load the data
of the 1* page of 1% block from array to cache. The host micro-controller may directly read the 1* page of 1
block data from the cache buffer.

The Read operation may be initiated by writing the 00h command and giving the address (column and row
address) and being confirmed by the 30h command, the MX30UFxG28AD begins the internal read operation
and the chip enters busy state. The data can be read out in sequence after the chip is ready. Refer to the
waveform for Read Operation as below.

If the host side uses a sequential access time (tRC) of less than 30ns, the data can be latched on the next
falling edge of RE# as the waveform of EDO mode (Figure 9-2. AC Waveforms for Sequential Data Out
Cycle (After Read) - EDO Mode).

To access the data in the same page randomly, a command of 05h may be written and only column address
following and then confirmed by EOh command.

Figure 6. AC Waveforms for Read Cycle
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Note: The Address cycle is four for 1Gb.
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Figure 7. AC Waveforms for Read Operation (Intercepted by CE#)
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Note: The Address cycle is four for 1Gb.
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Figure 8. AC Waveforms for Read Operation (with CE# Don't Care)
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Note 1: The CE# "Don't Care" feature may simplify the system interface, which allows controller to directly
download the code from flash device, and the CE# transitions will not stop the read operation
during the latency time.

Note 2: The Address cycle is four for 1Gb.

Figure 9-1. AC Waveforms for Sequential Data Out Cycle (After Read)
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Figure 9-2. AC Waveforms for Sequential Data Out Cycle (After Read) - EDO Mode
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Figure 10. AC Waveforms for Random Data Output
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Note: The Address cycle is four for 1Gb.
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6-3. Cache Read Sequential

The cache read sequential operation is for throughput enhancement by using the internal cache buffer. It
allows the consecutive pages to be read-out without giving next page address, which reduces the latency
time from tR to tRCBSY between pages or blocks. While the data is read out on one page, the data of next
page can be read into the cache buffer.

After writing the 00h command, the column and row address should be given for the start page selection,
and followed by the 30h command for address confirmation. After that, the CACHE READ operation starts
after a latency time tR and following a 31h command with the latency time of tRCBSY, the data can be read-
out sequentially from 1* column address (A[11:0]=00h) without giving next page address input. The 31h
command is necessary to confirm the next cache read sequential operation and followed by a tRCBSY
latency time before next page data is necessary. The CACHE READ SEQUENTIAL command is also valid
for the consecutive page cross block.

The random data out (05h-EOh) command set is available to change the column address of the current page
data in the cache register.

The user can check the chip status by the following method:
- R/B# pin ("0" means the data is not ready, "1" means the user can read the data)

- Status Register (SR[6] functions the same as R/B# pin, SR[5] indicates the internal chip operation, "0"
means the chip is in internal operation and "1" means the chip is idle.) Status Register can be checked
after the Read Status command (70h) is issued. Command 00h should be given to return to the cache read
sequential operation.

To confirm the last page to be read-out during the cache read sequential operation, a 3Fh command is
needed to replace the 31h command prior to the last data-out.

P/N: PM2823 Macronix Proprietary REV. 1.2, August 04, 2022
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Figure 11-1. AC Waveforms for Cache Read Sequential
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Note: The Address cycle is four for 1Gb.
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6-4. Cache Read Random

The main difference from the Cache Read Sequential operation is the Cache Read Random operation may
allow the random page to be read-out with cache operation not just for the consecutive page only.

After writing the 00h command, the column and row address should be given for the start page selection,
and followed by the 30h command for address confirmation. The column address is ignored in the cache
read random operation. And then, the CACHE READ RANDOM operation starts after a latency time tR and
following a 00h command with the selected page address and following a 31h command, the data can be
read-out after the latency time of tRCBSY. After the previous selected page data out, a new selected page
address can be given by writing the 00h-31h command set again. The CACHE READ RANDOM command is
also valid for the consecutive page cross block.

The random data out (05h-EOh) command set is available to change the column address of the current page
data in the cache register.

The user can check the chip status by the following method:
- R/B# pin ("0" means the data is not ready, "1" means the user can read the data)

- Status Register can be checked after the Read Status command (70h) is issued. (SR[6] behaves the same
as R/B# pin, SR[5] indicates the internal chip operation, "0" means the chip is in internal operation and "1"
means the chip is idle.) Command 00h should be given to return to the cache read operation.

To confirm the last page to be read-out during the cache read operation, a 3Fh command is needed to replace
the 31h command prior to the last data-out.

P/N: PM2823 Macronix Proprietary REV. 1.2, August 04, 2022
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Figure 11-2. AC Waveforms for Cache Read Random

CE# _\ ‘ ‘
we_f || | ]

w AN A—
=
RCBSY
==
o) w " EeK B[ M)
Page n address Page m address '
|
|
‘
RiB# Y f Y 4 i
- - !
Busy Busy !
{CLR
? S\ e
|
‘
| A
i
:
; VR VAVAVAVAWAW
|
i AR
|
ALE ; / \ ‘
:
; RC
— —
i RCBSY
tWB,
1 — — N
leig) END o an
‘
| Page s
|
!
‘ Y )
R/B# ! N1
] Busy
Note: The Address cycle is four for 1Gb.
P/N: PM2823 Macronix Proprietary REV. 1.2, August 04, 2022

26



MX30UF1G28AD
MACRONIX MX30UF2G28AD
INTERNATIONAL Co., LTD. MX30UF4G28AD

6-5. Page Program

The memory is programmed by page, which is 2,176-byte (for 1Gb/2Gb) and 4,352-byte (for 4Gb). After
Program load command (80h) is issued and the row and column address is given, the data will be loaded
into the chip sequentially. Random Data Input command (85h) allows multi-data load in non-sequential
address. After data load is complete, program confirm command (10h) is issued to start the page program
operation. The page program operation in a block should start from the low address to high address. Partial
program in a page is allowed up to 4 times. However, the random data input mode for programming a page is
allowed and number of times is not limited.

The status of the program completion can be detected by R/B# pin or Status register bit SR[6].

The program result is shown in the chip status bit (SR[0]). SR[0] = 1 indicates the Page Program is not
successful and SR[0] = 0 means the program operation is successful.

During the Page Program progressing, only the read status register command and reset command are
accepted, others are ignored.

Figure 12. AC Waveforms for Program Operation after Command 80H

WE#mt,Fgu Tmimimiant)

tALH tALH wB

ne [ Al —

RE# | L

tDS tDH tDS/DH
voro) (@~ OEOROD)
1stAddress  2nd Address 3rd Address 4th Address 5th Address ¢ N
Cycle Cycle Cycle Cycle Cycle tPROG
R/B# 1 /[ /

Note: The Address cycle is four for 1Gb.

P/N: PM2823 Macronix Proprietary REV. 1.2, August 04, 2022

27



MACRONIX
INTERNATIONAL CoO., LTD.

MX30UF1G28AD
MX30UF2G28AD
MX30UF4G28AD

Figure 13. AC Waveforms for Random Data In (For Page Program)
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Figure 14. AC Waveforms for Program Operation with CE# Don't Care
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Note 1: The CE# "Don't Care" feature may simplify the system interface, which allows the controller to
directly write data into flash device, and the CE# transitions will not stop the program operation
during the latency time.

Note 2: The Address cycle is four for 1Gb.
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6-6. Cache Program

The cache program feature enhances the program performance by using the cache buffer of 2,176-byte (for
1Gb/2Gb) and 4,352-byte (for 4Gb). The serial data can be input to the cache buffer while the previous data
stored in the buffer are programming into the memory cell. Cache Program command sequence is almost the
same as page program command sequence. Only the Program Confirm command (10h) is replaced by cache
Program command (15h).

After the Cache Program command (15h) is issued. The user can check the status by the following methods.
- R/B# pin

- Cache Status Bit (SR[6] = 0 indicates the cache is busy; SR[6] = 1 means the cache is ready).

The user can issue another Cache Program Command Sequence after the Cache is ready. The user can
always monitor the chip state by Ready/Busy Status Bit (SR[5]). The user can issues either program confirm

command (10h) or cache program command (15h) for the last page if the user monitor the chip status by
issuing Read Status Command (70h).

However, if the user only monitors the R/B# pin, the user needs to issue the program confirm command (10h)
for the last page.

The user can check the Pass/Fail Status through P/F Status Bit (SR[0]) and Cache P/F Status Bit (SR[1]).
SR[1] represents Pass/Fail Status of the previous page. SR[1] is updated when SR[6] change from 0 to 1 or
Chip is ready. SR[0] shows the Pass/Fail status of the current page. It is updated when SR[5] change from "0"
to "1" or the end of the internal programming. For more details, please refer to the related waveforms.

P/N: PM2823 Macronix Proprietary REV. 1.2, August 04, 2022
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Figure 15-1. AC Waveforms for Cache Program
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Figure 15-2. AC Waveforms for Sequence of Cache Program
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command & address - Data loading time of page ( s

Note 2: The Address cycle is four for 1Gb.
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6-7. Block Erase

The MX30UFxG28AD supports a block erase command. This command will erase a block of 64 pages asso-
ciated with the most significant address bits.

The completion of the erase operation can be detected by R/B# pin or Status register bit (1/06). Recommend
to check the status register bit /00 after the erase operation completes.

During the erasing process, only the read status register command and reset command can be accepted,
others are ignored.

Figure 16. AC Waveforms for Erase Operation
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Note: The Block Address cycle is 3° address cycle and 4" address cycle for 1Gb
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6-8. ID Read

The device contains ID codes that identify the device type and the manufacturer. The ID READ command
sequence includes one command Byte (90h), one address byte (00h). The Read ID command 90h may
provide the manufacturer ID (C2h) of one-byte and device ID of one-byte, also Byte2, Byte3, Byte4, and

Byteb ID code are followed.

The device support ONFI Parameter Page Read, by sending the ID Read (90h) command and following one
byte address (20h), the four-byte data returns the value of 4Fh-4Eh-46h-49h for the ASCII code of "O"-"N"-

"F"-"I" to identify the ONFI parameter page.

Table 2. ID Codes Read Out by ID Read Command 90H

ID Codes 1Gb 2Gb 4Gb
Byte0-Manufacturer C2h C2h C2h
Byte1: Device ID A1lh AAh ACh
Byte2 80h 90h 90h
Byte3 11h 11h 22h
Byte4 03h 07h 57h
Byte5 03h 03h 03h
P/N: PM2823 REV. 1.2, August 04, 2022
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Table 3. The Definition of Byte2-Byte4 of ID Table
Terms | Description | 1107 | 1106 | 1105 | 1104 | 1103 | 102 | 1101 | OO
Byte 2
1 0 0
Die N
ie Number 5 0 p
Cell Structure SLC 0 0
# of Concurrently 1 0 0
Programmed page 2 0 1
Interleaved operations
between Multiple die Not supported 0
Cache Program Supported 1
Byte 3
. 2KB 0 1
Page size (Exclude spare)
4KB 1 0
Spare area size (Per 512B) 32B 0
128KB 0
Block size (Exclude spare)
256KB 1 0
x8 0
o izati
rganization 16 1
. . 25ns 0 0
Sequential Read Cycle Time 20ns 1 0
Byte 4
ECC level requirement 8-bit ECC/544B 1 1
1 0 0
#Plane per CE 2 0 1
4 1 0
Plane size 16b 0 0 0
2Gb 1 0 1
Reserved 0
Byte 5
Device Generation D 0 1 1
Reserved 0 0 0 0 0

P/N: PM2823 Macronix Proprietary REV. 1.2, August 04, 2022
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Figure 17-1. AC Waveforms for ID Read Operation
CLE { s \
CE# =
wer— \  f \
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Note: also refer to Table 2. ID Codes Read Out by ID Read Command 90H.

Figure 17-2. AC Waveforms for ID Read (ONFI Identifier) Operation
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6-9. Status Read

The MX30UFxG28AD provides a status register that outputs the device status by writing a command code
70h, and then the 1/O pins output the status at the falling edge of CE# or RE# which occurs last. Even though
when multiple flash devices are connecting in system and the R/B#pins are common-wired, the two lines of

CE# and RE# may be checked for individual devices status separately.

The status read command 70h will keep the device at the status read mode unless next valid command is
issued. The resulting information is outlined in Table 4. Status Output as below.

Table 4. Status Output

Pin Status Related Mode Value
Page Program, Cache
SR[0] Chip Status Program (Page N), 0: Passed 1: Failed
Block Erase
Cache Program Cache Program . e
SR[1] Result (Page N-1) 0: Passed 1: Failed
SR[2-4] Not Used
Cache Program/Cache
Ready / Busy Read operation, other Page | .. _
SRI5] (For P/E/R Controller) |Program/Block Erase/Read 0:Busy 1: Ready
are same as /0™ "
Page Program, Block Erase,
SRI[6] Ready / Busy Cache Program, Read, 0: Busy 1: Ready
Cache Read™*?
SR[7] Write Protect Page Program, Block Erase, 0: Protected 1: Unprotected
Cache Program
Notes:

1. During the actual programming operation, the SR[5] is "0" value; however, when the internal
operation is completed during the cache mode, the SR[5] returns to "1".

2. The SR[6] returns to "1" when the internal cache is available to receive new data. The SR[6] value is
consistent with the R/B#.

P/N: PM2823
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The following is an example of a HEX data bit assignment:
Figure 18. Bit Assignment (HEX Data)

Status Read: 70h

— L

oj1|1|]1|{ofofofo

SR7 6 5 4 3 2 1 SRO

Figure 19. AC Waveforms for Status Read Operation
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6-10. Status Enhance Read (For 2Gb/4Gb)

The MX30UFxG28AD supports the two-plane operation, the Status Enhanced Read command (78h) offers
the alternative method besides the Status Read command to get the status of specific plane in the same
NAND Flash device. The result information is outlined in Table 4. Status Output.

The [SR]6 and SR[5] bits are shared with all planes. However, the SR[0], SR[1], and SR[7] are for the status
of specific plane in the row address. The Status Enhanced Read command is not allowed at power-on Reset (FFh)
command, OTP enabled operation.

Figure 20. AC Waveforms for Status Enhance Operation
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6-11. Block Protection Status Read

The Block Protection Status Read command (7Ah) may check the protect/un-protect status of blocks. The
status output is shown in Table 5. Block Protection Status Output and the address cycle is referred to Ta-
ble 6-1. Address Cycle Definition of Block (1G), Table 6-2. Address Cycle Definition of Block (2G) and
Table 6-3. Address Cycle Definition of Block (4G).
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Table 5. Block-Protection Status Output
Block-Protection Status 1/O[7:3] I/O2(PT#) I/01(SP#) I/O0(SP)
Block is protected, and device is
s X 0 0 1
solid-protected
Block is protected, and device is not
. X 0 1 0
solid-protected
Block is un-protected, and device is
: X 1 0 1
solid-protected
Block is un-protected, and device is
) X 1 1 0
not solid-protected

Note:

Invert bit, Complementary bit) cannot be changed during the current power cycle.

Table 6-1. Address Cycle Definition of Block (1G)

SP stands for Solid-protected. Once the SP bit sets as 1, the rest of the protection bits (BPx bits,

Address Cycle 1107 1/106 /05 1104 /103 1102 /01 /100
Row address - 3rd cycle | A19 A18 L L L L L L
Row address - 4th cycle | A27 A26 A25 A24 A23 A22 A21 A20
Table 6-2. Address Cycle Definition of Block (2G)
Address Cycle 1107 1/106 /05 1104 /103 1102 /01 /100
Row address - 3rd cycle | A19 A18 L L L L L L
Row address - 4th cycle | A27 A26 A25 A24 A23 A22 A21 A20
Row address - 5th cycle L L L L L L L A28
Table 6-3. Address Cycle Definition of Block (4G)
Address Cycle 1107 1/106 /05 1104 /103 1102 /01 1100
Row address - 3rd cycle | A20 A19 L L L L L L
Row address - 4th cycle | A28 A27 A26 A25 A24 A23 A22 A21
Row address - 5th cycle L L L L L L L A29
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Figure 21. AC Waveforms for Block Protection Status Read
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6-12. Reset

The reset command FFh resets the read/program/erase operation and clear the status register to be EOh (when
WP*# is high). The reset command during the program/erase operation will result in the content of the selected
locations(perform programming/erasing) might be partially programmed/erased.

If the Flash memory has already been set to reset stage with reset command, the additional new reset
command is invalid.

Figure 22. AC waveforms for Reset Operation
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6-13. Deep Power-down Mode

The Deep Power-down mode places the device into a minimum power consumption state, in which the
quiescent current is reduced from ISB1 to ISB3.

The Deep Power-down command (B9h) may enter the deep power down mode of NAND device.

The CE# pin should keep high during the deep power-down period. The chip will exit the Deep Power-down
Mode with simply CE# toggling. The following waveform shows the timing waveform for Deep Power-down
operation

To recover from the Deep Power-down mode, a recovery time tRDP is required. The detailed specification is

shown as Table 16. AC Characteristics.

Figure 23. AC Waveform for Deep Power-down Mode operation
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6-14. Parameter Page Read (ONFI)

The NAND Flash device support ONFI Parameter Page Read and the parameter can be read out by sending
the command of ECh and giving the address 00h. The NAND device information may refer to the table of
parameter page(ONFI), there are eight copies of 256-byte data and additional redundant parameter pages.

Once sending the ECh command, the NAND device will remain in the Parameter Page Read mode until next
valid command is sent.

The Random Data Out command set (05h-EOh) can be used to change the parameter location for the specific
parameter data random read out.

The Status Read command (70h) can be used to check the completion with a following read command (00h)
to enable the data out.

Figure 24. AC waveforms for Parameter Page Read (ONFI) Operation
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Figure 25. AC Waveforms for Parameter Page Read (ONFI) Random Operation (For 05h-EOh)
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Table 7-1. Parameter Page (ONFI) - For MX30UF1G28AD

Revision Information and Features Block

Byte# Description Data
0-3 Parameter Page Signature 4Fh,4Eh,46h,49h
4-5 Revision Number 02h,00h
6-7 Features Supported 10h,00h
8-9 Optional Commands Supported 37h,00h
10-31 Reserved 00h
Manufacturer Information Block
Byte# Description Data
. 4Dh,41h,43h,52h,4Fh,4Eh,49h,58h,
32-43 Device Manufacturer (12 ASCII characters) 20h,20h,20h,20h
Device Model MX30UF1G28AD |4Dh,58h,33h,30h,55h,46h,31h,47h,3
44-63 2h,38h,41h,44h,20h,20h,20h,20h,
(20 ASCII Characters) 20h,20h,20h,20h
64 JEDEC Manufacturer ID C2h
65-66 Date Code 00h,00h
67-79 Reserved 00h
Memory Organization Block
Byte# Description Data
80-83 Number of Data Bytes per Page 2048-byte 00h,08h,00h,00h
84-85 Number of Spare Bytes per Page 128-byte 80h,00h
86-89 Number of Data Bytes per Partial Page 512-byte 00h,02h,00h,00h
90-91 Number of Spare Bytes per Partial Page 32-byte 20h,00h
92-95 Number of Pages per Block 40h,00h,00h,00h
96-99 Number of Blocks per Logical Unit 00h,04h,00h,00h
100 Number of Logical Units (LUNs) 01h
101 Number of Address Cycles 22h
102 Number of Bits per Cell 01h
103-104 | Bad Blocks Maximum per LUN 14h,00h
105-106 | Block endurance 06h,04h
107 Guarantee Valid Blocks at Beginning of Target 08h
108-109 | Block endurance for guaranteed valid blocks 00h,00h
110 Number of Programs per Page 04h
111 Partial Programming Attributes 00h
112 Number of Bits ECC Correctability 08h
113 Number of Interleaved Address Bits 00h
114 Interleaved Operation Attributes 00h
115-127 | Reserved 00h
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Electrical Parameters Block
Byte# Description Data
128 I/0 Pin Capacitance OAh
129-130 | Timing Mode Support 1Fh,00h
131-132 | Program Cache Timing Mode Support 1Fh,00h
133-134 | tPROG Maximum Page Program Time (uS) 700us BCh,02h
135-136 | tBERS(tERASE) Maximum Block Erase Time (uS) 6000us |70h,17h
137-138 | tR Maximum Page Read Time (uS) 25us 19h,00h
139-140 | tCCS Minimum Change Column Setup Time (ns) 80ns 50h,00h
141-163 | Reserved 00h
Vendor Blocks
Byte# Description Data
164-165 | Vendor Specific Revision Number 00h,00h
166 Reserved 00h
Reliability enhancement function
2-7 Reserved(0)
167 1 1= Randomizer support, 0= Not support 03h
0 1= Special read for data recovery support, 0= Not support
168 Reserved 00h
169 Number of special read for data recovery (N) 05h
170-253 | Vendor Specific 00h
254-255 | Integrity CRC Set at Test (Note)
Redundant Parameter Pages
Byte# Description Data
256-2047 | Value of Bytes 0-255, total 7 copies Same as 0-255 Byte
Note:

The Integrity CRC (Cycling Redundancy Check) field is used to verify that the contents of the parameters
page were transferred correctly to the host. Please refer to ONFI 1.0 specifications for details.

The CRC shall be calculated using the following 16-bit generator polynomial:
G(X) =X16 + X15+X2 + 1

There are at least eight copies of 256-byte data and additional redundant parameter pages.

The host needs to find the parameter page of next copy if the CRC is not correct at current copy of
parameter page. This procedure should be continue until the host get the correct CRC of the parameter
page. The host may use bit-wise majority way to recover the content of parameter page from the copy of
parameter page.

P/N: PM2823

Macronix Proprietary
47

REV. 1.2, August 04, 2022



MACRONIX

INTERNATIONAL CoO., LTD.

MX30UF1G28AD
MX30UF2G28AD
MX30UF4G28AD

Table 7-2. Parameter Page (ONFI) - For MX30UF2G28AD

Revision Information and Features Block

Byte# Description Data
0-3 Parameter Page Signature 4Fh,4Eh,46h,49h
4-5 Revision Number 02h,00h
6-7 Features Supported 18h,00h
8-9 Optional Commands Supported 3Fh,00h
10-31 Reserved 00h
Manufacturer Information Block
Byte# Description Data
. 4Dh,41h,43h,52h,4Fh,4Eh,49h,58h,
32-43 Device Manufacturer (12 ASCII characters) 20h,20h.20h.20h
Device Model MX30UF2G28AD |4Dh,58h,33h,30h,55h,46h,32h,47h,3
44-63 2h,38h,41h,44h,20h,20h,20h,20h,
(20 ASCII Characters) 20h,20h,20h,20h
64 JEDEC Manufacturer ID C2h
65-66 Date Code 00h,00h
67-79 Reserved 00h
Memory Organization Block
Byte# Description Data
80-83 Number of Data Bytes per Page 2048-byte  |00h,08h,00h,00h
84-85 Number of Spare Bytes per Page 128-byte 80h,00h
86-89 Number of Data Bytes per Partial Page 512-byte 00h,02h,00h,00h
90-91 Number of Spare Bytes per Partial Page 32-byte 20h,00h
92-95 Number of Pages per Block 40h,00h,00h,00h
96-99 Number of Blocks per Logical Unit 00h,08h,00h,00h
100 Number of Logical Units (LUNs) 01h
101 Number of Address Cycles 23h
102 Number of Bits per Cell 01h
103-104 | Bad Blocks Maximum per LUN 28h,00h
105-106 | Block endurance 06h,04h
107 Guarantee Valid Blocks at Beginning of Target 08h
108-109 | Block endurance for guaranteed valid blocks 00h,00h
110 Number of Programs per Page 04h
111 Partial Programming Attributes 00h
112 Number of Bits ECC Correctability 08h
113 Number of Interleaved Address Bits 01h
114 Interleaved Operation Attributes OEh
115-127 | Reserved 00h
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Electrical Parameters Block
Byte# Description Data
128 I/0 Pin Capacitance OAh
129-130 | Timing Mode Support 1Fh,00h
131-132 | Program Cache Timing Mode Support 1Fh,00h
133-134 | tPROG Maximum Page Program Time (uS) 700us BCh,02h
135-136 | tBERS(tERASE) Maximum Block Erase Time (uS) 6000us |70h,17h
137-138 | tR Maximum Page Read Time (uS) 25us 19h,00h
139-140 | tCCS Minimum Change Column Setup Time (ns) 80ns 50h,00h
141-163 | Reserved 00h
Vendor Blocks
Byte# Description Data
164-165 | Vendor Specific Revision Number 00h,00h
166 Reserved 00h
Reliability enhancement function
2-7 Reserved(0)
167 1 1= Randomizer support, 0= Not support 03h
0 1= Special read for data recovery support, 0= Not support
168 Reserved 00h
169 Number of special read for data recovery (N) 05h
170-253 | Vendor Specific 00h
254-255 | Integrity CRC Set at Test (Note)
Redundant Parameter Pages
Byte# Description Data
256-2047 | Value of Bytes 0-255, total 7 copies Same as 0-255 Byte
Note:

The Integrity CRC (Cycling Redundancy Check) field is used to verify that the contents of the parameters
page were transferred correctly to the host. Please refer to ONFI 1.0 specifications for details.

The CRC shall be calculated using the following 16-bit generator polynomial:
G(X) =X16 + X15+X2 + 1

There are at least eight copies of 256-byte data and additional redundant parameter pages.

The host needs to find the parameter page of next copy if the CRC is not correct at current copy of
parameter page. This procedure should be continue until the host get the correct CRC of the parameter
page. The host may use bit-wise majority way to recover the content of parameter page from the copy of
parameter page.

P/N: PM2823

Macronix Proprietary
49

REV. 1.2, August 04, 2022



MACRONIX

INTERNATIONAL CoO., LTD.

MX30UF1G28AD
MX30UF2G28AD
MX30UF4G28AD

Table 7-3. Parameter Page (ONFI) - For MX30UF4G28AD

Revision Information and Features Block

Byte# Description Data
0-3 Parameter Page Signature 4Fh,4Eh,46h,49h
4-5 Revision Number 02h,00h
6-7 Features Supported 18h,00h
8-9 Optional Commands Supported 3Fh,00h
10-31 Reserved 00h
Manufacturer Information Block
Byte# Description Data
. 4Dh,41h,43h,52h,4Fh,4Eh,49h,58h,
32-43 Device Manufacturer (12 ASCII characters) 20h.20h.20h.20h
Device Model MX30UF4G28AD |4Dh,58h,33h,30h,55h,46h,34h,47h,3
44-63 2h,38h,41h,44h,20h,20h,20h,20h,
(20 ASCII Characters) 20h,20h,20h,20h
64 JEDEC Manufacturer ID C2h
65-66 Date Code 00h,00h
67-79 Reserved 00h
Memory Organization Block
Byte# Description Data
80-83 Number of Data Bytes per Page 4096-byte  |00h,10h,00h,00h
84-85 Number of Spare Bytes per Page 256-byte 00h,01h
86-89 Number of Data Bytes per Partial Page 1024-byte  |00h,04h,00h,00h
90-91 Number of Spare Bytes per Partial Page 64-byte 40h,00h
92-95 Number of Pages per Block 40h,00h,00h,00h
96-99 Number of Blocks per Logical Unit 00h,08h,00h,00h
100 Number of Logical Units (LUNs) 01h
101 Number of Address Cycles 23h
102 Number of Bits per Cell 01h
103-104 | Bad Blocks Maximum per LUN 28h,00h
105-106 | Block endurance 06h,04h
107 Guarantee Valid Blocks at Beginning of Target 08h
108-109 | Block endurance for guaranteed valid blocks 00h,00h
110 Number of Programs per Page 04h
111 Partial Programming Attributes 00h
112 Number of Bits ECC Correctability 08h
113 Number of Interleaved Address Bits 01h
114 Interleaved Operation Attributes OEh
115-127 | Reserved 00h
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Electrical Parameters Block
Byte# Description Data
128 I/0 Pin Capacitance OAh
129-130 | Timing Mode Support 1Fh,00h
131-132 | Program Cache Timing Mode Support 1Fh,00h
133-134 | tPROG Maximum Page Program Time (uS) 700us BCh,02h
135-136 | tBERS(tERASE) Maximum Block Erase Time (uS) 6000us |70h,17h
137-138 | tR Maximum Page Read Time (uS) 25us 19h,00h
139-140 | tCCS Minimum Change Column Setup Time (ns) 80ns 50h,00h
141-163 | Reserved 00h
Vendor Blocks
Byte# Description Data
164-165 | Vendor Specific Revision Number 00h,00h
166 Reserved 00h
Reliability enhancement function
2-7 Reserved(0)
167 1 1= Randomizer support, 0= Not support 03h
0 1= Special read for data recovery support, 0= Not support
168 Reserved 00h
169 Number of special read for data recovery (N) 05h
170-253 | Vendor Specific 00h
254-255 | Integrity CRC Set at Test (Note)
Redundant Parameter Pages
Byte# Description Data
256-2047 | Value of Bytes 0-255, total 7 copies Same as 0-255 Byte
2048+ Additional Redundant Parameter Pages
Note:

The Integrity CRC (Cycling Redundancy Check) field is used to verify that the contents of the parameters
page were transferred correctly to the host. Please refer to ONFI 1.0 specifications for details.

The CRC shall be calculated using the following 16-bit generator polynomial:
G(X) = X16 + X15 +X2 + 1

There are at least eight copies of 256-byte data and additional redundant parameter pages.

The host needs to find the parameter page of next copy if the CRC is not correct at current copy of
parameter page. This procedure should be continue until the host get the correct CRC of the parameter
page. The host may use bit-wise majority way to recover the content of parameter page from the copy of
parameter page.
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6-15. Unique ID Read (ONFI) with PUF-like Code Structure™**

The MX30UFxG28AD unique ID adopts Macronix PUF-like code structure, which is truly random and the
numbers of "0" bit almost equal to numbers of "1" bit. The unique ID is 32-byte and with 16 copies for back-
up purpose. After writing the Unique ID read command (EDh) and following the one address byte (00h), the
host may read out the unique ID data. The host need to XOR the 1% 16-byte unique data and the 2™ 16-byte
complement data to get the result, if the result is FFh, the unique ID data is correct; otherwise, host need to
repeat the XOR with the next copy of Unique ID data.

Once sending the EDh command, the NAND device will remain in the Unique ID read mode until next valid
command is sent.

To change the data output location, it is recommended to use the Random Data Out command set (05h-EQOh).

The Status Read command (70h) can be used to check the completion. To continue the read operation, a
following read command (00h) to re-enable the data out is necessary.

Note: PUF stands for Physical Unclonable Function

Figure 26. AC waveform for Unique ID Read Operation
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Figure 27. AC waveform for Unique ID Read Operation (For 05h-EQh)
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6-16. Feature Set Operation (ONFI)

The Feature Set operation is to change the default power-on feature sets by using the Set Feature and

Get Feature command and writing the specific parameter data (P1-P4) on the specific feature addresses.
The NAND device may remain the current feature set until next power cycle for those the feature set data

is volatile. However, the reset command (FFh) can not reset the current feature set. For those Feature Bits

of V2 type (Volatile Bits with OTP Fuse Default Value) (e.g. I/O Drive strength, RANDOPT, RANDEN, etc.)
the default value of these volatile feature bits can be changed once by a particular flowchart. To change the
default value of “RANDOPT” and “RANDEN” bits may refer to the Flowchart of RANDEN and RANDOPT Bits
Program Operation. As for the change of default value of 1/O strength, may refer to the Flowchart of I/O Drive
Strength Bits Program Operation. After power on, the value can be changes again but will go back to default
value after power cycle.

Table 8-1. Definition of Feature Address

Feature Address Description
00h, 02h-7Fh, 81h-88h, 8Ah-8Fh, 91h-9Fh, A1h-AFh, B1h-FFh Reserved
01h Timing Mode
80h Programmable I/O Drive Strength
89h Special Read for Data Recovery Operation
90h Array Operation Mode
AOh Block Protection Operation
BOh Configuration

Table 8-2. Sub-Feature Parameter Table of Feature Address - 01h (Timing Mode)

Sub Feature Parameter Definition 1107 | 106 | 105 [ 1104 [ 1103 [ 1102 [ 1101 [ 100 | Values | Notes
Mode=0 (Default) Reserved (0) 0 0 0 00h 1

Mode 1 Reserved (0) 0 0 1 01h

P1 Timing Mode 2 Reserved (0) 0 1 0 02h

Mode Mode 3 Reserved (0) 0 1 1 03h

Mode 4 Reserved (0) 1 0 0 04h

Mode 5 Reserved (0) 1 0 1 05h

P2 Reserved (0) 00h

P3 Reserved (0) 00h

P4 Reserved (0) 00h

Note 1. Please refer to ONFI standard for detail specifications on Mode 0,1,2,3,4,5.
Table 8-3. Sub-Feature Parameter Table of Feature Address - 80h (Programmable 1/0 Drive Strength)

Sub Feature Parameter Definition 1/07 | 1106 [ 1105 [ 1104 [ 1103 [ 102 [ 1101 [ 100 | Values | Notes
/o 350hm (Default) Reserved (0) o | o | oon
P1 Drive
Strength 850hm Reserved (0) 0 1 01h
P2 Reserved (0) 00h
P3 Reserved (0) 00h
P4 Reserved (0) 00h

Note: The value of I/O Drive Strength Bits are Volatile type (V2 type). The V2 type which the value is volatile
type; however, the default value of these V2 volatile feature bits can be changed once by the I/O Drive
Strength Bits Program Operation.
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Table 8-4. Sub-Feature Parameter Table of Feature Address - 89h (Special Read for Data
Recovery Operation)

Sub Feature Parameter Definition 1107 [ 1106 | 1105 | 1104 [ 1103 [ 1102 | 1101 | 1100 | Values [Notes
Disable (Default) Reserved (0) 0 0 0 00h 1
Special |Special Read Mode 1 Reserved (0) 0 0 1 01h
P1 Read Special Read Mode 2 Reserved (0) 0 1 0 02h
for Data |Special Read Mode 3 Reserved (0) 0 1 1 03h
Recovery (Special Read Mode 4 Reserved (0) 1 0 0 04h
Special Read Mode 5 Reserved (0) 1 0 1 05h
P2 Reserved (0) 00h
P3 Reserved (0) 00h
P4 Reserved (0) 00h

Note 1. The value is clear to 00h at power cycle.

Table 8-5. Sub-Feature Parameter Table of Feature Address - 90h (Array Operation Mode)

Sub Feature Definition /07 | 1106 | /05 | 1104 | 1103 | 1102 [ 1101 | 100 | Values | Notes
Parameter

0000

Array Normal Reserved (0) 0 0 0000b 1
P1 Operation . 0000
Mode OTP Operation Reserved (0) 0 0 1 0001b

OTP Protection Reserved (0) 0 1 1 [0000 0011b

0000
P2 Reserved (0) 0000b
0000
P3 Reserved (0) 0000b
0000
P4 Reserved (0) 0000b

Note 1. The value is clear to 00h at power cycle.
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Table 8-6. Sub-Feature Parameter Table of Feature Address - AOh (Block Protection Operation) (note 1)

Sub Feature Definition 1107 | 106 | 1105 | 1104 | 103 | 1102 1101 /00 | Values [Notes
Parameter
Default
Block mode 0 0 1 1 1 0 0 0 38h |note 2
P1 Protection Protection
Operation Bit Setting 0 0 |BP2|BP1|BPO |Invert| Complementary | SP | note 3 |note 4
P2 Reserved (0)
P3 Reserved (0)
P4 Reserved (0)
Notes:

1. If the PT pin is not connected to high, this sub-feature address AOh command is not valid.

2. The value is returned to 38h at power cycle.

3. The value is defined in the Table 9. Definition of Protection Bits.

4. The SP stands for Solide-Protection. Once the SP bit sets as 1, the rest of protection bits cannot be
changed during the current power cycle.

Table 8-7. Sub-Feature Parameter Table of Feature Address — BOh (Configuration)

Sub Feature Definition /07 |1/06|1/05(1/04 (03| 102 1101 /00 | Value
Parameter
Disable
(Default) Reserved (0) 0 0 0 00h
ENPGM
P1 Confiquration RANDOPT RANDEN (Enable
9 Randomizer (Randomizer (Enable RANDOPT
Operation option)***" | Randomizer) and
Note2, Note3 Note1, Note3 RANDEN
Program)
P2 Reserved (0)
P3 Reserved (0)
P4 Reserved (0)
Notes:

1. The value of RANDOPT and RANDEN are Volatile type (V2 type). The V2 type which the value is
volatile type; however, the default value of these V2 volatile feature bits can be changed once by the
Flowchart of RANDEN and RANDOPT Bits Program Operation.

2. The value is defined in the Table 10. The definition of RANDOPT bit for the randomized area per

page (as grey color).

3. The ENPGM bit is volatile bit
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Figure 28. The Flowchart of I1/0 Drive Strength Bits Program Operation
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6-16-1. Set Feature (ONFI)

The Set Feature command is to change the power-on default feature set. After sending the Set Feature
command (EFh) and following specific feature and then input the P1-P4 parameter data to change the default
power-on feature set. Once sending the EFh command, the NAND device will remain in the Set Feature
mode until next valid command is sent.

The Status Read command (70h) may check the completion of the Set Feature.

Figure 29. AC Waveform for Set Feature (ONFI) Operation
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6-16-2. Get Feature (ONFI)

The Get Feature command is to read sub-feature parameter. After sending the Get Feature command (EEh)
and following specific feature, the host may read out the P1-P4 sub- feature parameter data. Once sending
the EEh command, the NAND device will remain in the Get Feature mode until next valid command is sent.

The Status Read command (70h) can be used to check the completion. To continue the read operation, a
following read command (00h) to re-enable the data out is necessary.

Please refer to the following waveform Figure 30. AC Waveform for Get Feature (ONFI) Operation for
details.

Figure 30. AC Waveform for Get Feature (ONFI) Operation
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6-16-3. Special Read for Data Recovery

When the host ECC fails to correct the data error of NAND device, there’s a special read for data recovery
method which host executes the Special Read for Data Recovery operation and may recover the lost data by
host ECC again. After that, it is needed to move the data to another good block.

The Special Read for Data Recovery operation is enabled by Set Feature function(Table 8-1. Definition of
Feature Address and Table 8-4. Sub-Feature Parameter Table of Feature Address - 89h (Special Read
for Data Recovery Operation)). There are 5 modes for the user to recover the lost data. The procedure of
entering and exiting the operation is shown as the figure below.

Figure 31. Procedure of entering /exiting the Special Read for Data Recovery operation
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Note: Please refer to Table 8-4. Sub-Feature Parameter Table of Feature Address - 89h (Special
Read for Data Recovery Operation).
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6-16-4. Secure OTP (One-Time-Programmable) Feature

There is an OTP area which has thirty full pages (30 x 2,176-byte) for 1Gb/2Gb and (30 x 4,352-byte) for
4Gb, guarantee to be good for system device serial number storage or other fixed code storage. The OTP
area is a non-erasable and one-time-programmable area, which is default to “1” and allows whole page or
partial page program to be “0”, once the OTP protection mode is set, the OTP area becomes read-only and
cannot be programmed again. The OTP area is scrambled if randomizer function is enabled.

The OTP operation is operated by the Set Feature/ Get Feature operation to access the OTP operation mode
and OTP protection mode.

To check the NAND device is ready or busy in the OTP operation mode, either checking the R/B# or writing
the Status Read command (70h) may collect the status.

To exit the OTP operation or protect mode, it can be done by writing 00h to P1 at feature address 90h.

OTP Read/Program Operation

To enter the OTP operation mode, it is by using the Set Feature command (EFh) and followed by the feature
address (90h) and then input the 01h to P1 and 00h to P2-P4 of sub-Feature Parameter data (please refer to
Table 8-2. Sub-Feature Parameter Table of Feature Address - 01h (Timing Mode) to Table 8-7. Sub-Fea-
ture Parameter Table of Feature Address — BOh (Configuration)). After enter the OTP operation mode, the
normal Read command (00h-30h) or Page program( 80h-10h) command can be used to read the OTP area
or program it. The address of OTP is located on the 02h-1Fh of page address.

Besides the normal Read command, the Random Data Output command (05h-EOh) can be used for read
OTP data. However, the Cache Read command is not supported in the OTP area.

Besides the normal page program command, the Random Data Input command (85h) allows multi-data load
in non-sequential address. After data load is completed, a program confirm command (10h) is issued to start
the page program operation. The number of partial-page OTP program is 8 per each OTP page.

Figure 32. AC Waveform for OTP Data Read

{CLR

CLE /[ \
B\ .

ALE g \ ‘

RC
e AN Ay
e

twa [
—_— —

TP Not [
L s 8 D ) e ) (D B

R/B# 1

Busy

Note: Address cycle of 1Gb is four; therefore, the last address cycle of "00h" is for 2Gb/4Gb.

P/N: PM2823 Macronix Proprietary REV. 1.2, August 04, 2022

61



MX30UF1G28AD
MACRONIX MX30UF2G28AD
INTERNATIONAL CoO., LTD. MX30UF4G28AD

Figure 33. AC Waveforms for OTP Data Read with Random Data Output
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Figure 33-1. AC Waveform for OTP Data Program (1Gb)
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Figure 33-2. AC Waveform for OTP Data Program (2Gb/4Gb)
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Figure 34. AC Waveform for OTP Data Program with Random Data Input
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OTP Protection Operation

To prevent the further OTP data to be changed, the OTP protection mode operation is necessary. To enter the
OTP protection mode, it can be done by using the Set Feature command (EFh) and followed by the feature
address (90h) and then input the 03h to P1 and 00h to P2-P4 of sub-Feature Parameter data (please refer

to Table 8-2. Sub-Feature Parameter Table of Feature Address - 01h (Timing Mode) to Table 8-7. Sub-
Feature Parameter Table of Feature Address — BOh (Configuration)). And then the normal page program
command (80h-10h) with the address 00h before the 10h command is required.

The OTP Protection mode is operated by the whole OTP area instead of individual OTP page. Once the OTP
protection mode is set, the OTP area cannot be programmed or unprotected again.

Figure 35. AC Waveform for OTP Protection Operation
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6-16-5. Block Protection

The block protect operation can protect the whole chip or selected blocks from erasing or programming.
Through the PT pin at power-on stage, it decides the block protection operation is enabled or disabled. At
power-on, if the PT pin is connected to high, the block protection operation is enabled, all the blocks are
default to be protected from programming/erasing even the WP# is disabled. If the PT pin is low, block
protection operation is disabled. Please refer to Figure 36. PT Pin and Block Protection Mode Operation.

When programming or erasing attempt at a protected block happens, the R/B# keeps low for the time of tPBSY, and
user may get the block protection status by sending Block Protection Status Read command (7Ah) if the protection
was set by PT pin. The Status Register SR [7] of Status Read command (70h) is only report for the WP# signal.

There are Temporary Protection/un-Protection and Solid Protection features as the description below.
Temporary Protection/un-Protection

At power-on, if the PT pin is connected to high, all the blocks are default to be protected for the BPx protection
bits are all “1”. The Set feature command with feature address AOh followed by the destined protection bits data
is necessary to un-protect those selected blocks before those selected blocks to be updated. The WP# pin needs
to connect to high before writing the Set Feature command for the block protection operation. After the selected
blocks are un-protected, those un-protected blocks can be protected again by Block Protection procedure if
required.

Solid Protection

The “solid-protection” feature can be set by writing the Set Feature command with address AOh and the “SP” solid-
protection bit as “1”, after that, the selected block is solid-protected and cannot be up-protected until next power
cycle.

Table 9. Definition of Protection Bits

BP2 BP1 