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INTRODUCTION

HAA18G35111I is 8GB density of e-MMC Module product housed in 153 ball BGA package. This unit is utilized
advanced NAND flash device(s) and controller chip assembled as Multi Chip Module. HAA18G35111l has a
standard MMC protocol for easy use.

FEATURES
HAA18G35111I Interface

HAA18G351111 has the JEDEC/MMCA Version 5.1 interface with either 1-1/0, 4-1/0 and 8-1/0 mode support. (*)
MMCA Version 5.1 is under discussion in JEDEC

Pin Connection
P-WFBGA153-1113-0.50 (11.5mm x 13mm, H0.8mm max. package)
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Pin Number Name Pin Number Name Pin Number Name Pin Number Name
A3 DATO cz VDDi J5 Vss N4 VeeQ
Ad DAT1 c4 VssQ J10 Vee N5 VssQ
A5 DAT2 cé VeeQ K5 RST_n P3 VeeQ
AB Vss E6 Vee K8 Vss P4 VssQ
B2 DAT3 E7 Vss K9 Vee P5 VeeQ
B3 DAT4 F5 Vee M4 VeeQ P6 VssQ
B4 DATS G5 Vss M5 CMD
B5 DAT6 H5 DS M6 CLK
B6 DAT7 H10 Vss N2 VssQ

NC: No Connect, shall be connected to ground or left floating.
RFU: Reserved for Future Use, shall be left floating for future use.
VSF: Vendor Specific Function, shall be left floating.

Part Numbers

Part Number

Density

Package Size

NAND Flash Type

Weight

HAA18G35111I

8GB

11.5mm x 13mm x 0.8mm(max)

1 x 128Gbit

0.17g typ.

Operating Temperature and Humidity Conditions

-40°C to +85°C, and 0%RH to 95%RH non-condensing

Storage Temperature and Humidity Conditions

-40°C to +85°C, and 0%RH to 95%RH non-condensing.

Performance

X8 mode/ Sequential access (4MByte access size)

typ. Performance
Interleave [MB/s]
Densi NAND Flash F I/ Mode | V
ensity ash Type Operation requency / Mode | Vecq
Read Write
1.8V 45 35
52MHz / SDR
3.3V 45 35
Non 1.8V S0 35
8GB 1 x 64Gbit 15nm 52MHz / DDR
Interleave 3.3V 90 35
HS200 1.8V 180 35
HS400 1.8V 215 35




axeme HAA18G35111| 8GB eMMC Datasheet

Power Supply

Vce = 2.7V to 3.6V
VeeQ =1.7Vto 1.95V/ 2.7V to 3.6V

Operating Current (RMS)

The measurement for max RMS current is done as average RMS current consumption over a period of 100ms

max. Operating
Interleave Current [mA]
Densit NAND Flash T
ensity ash Type Operation Frequency/ Mode | Ve
lcca lec
1.8V 95 40
52MHz / SDR
3.3V 110 40
) Non 1.8V 120 40
8GB 1 x 64Gbit 15nm 52MHz / DDR
Interleave 3.3V 140 40
HS200 1.8V 175 40
HS400 1.8V 220 40
Sleep Mode Current
Interleave lccas [HA] lccas * lecs [HA]
Density NAND Flash Type Operation
typ. Mote1 max. Nete2 | typ, Note max, Nete2
i Non
8GB 1 x 64Gbit 15nm 100 510 120 585
Interleave

*1 : The conditions of typical values are 25°C and VccQ = 3.3V or 1.8V.
*2 : The conditions of maximum values are 85°C and VccQ = 3.6V or 1.95V.

Product Architecture

The diagram illustrates the main functional blocks of the HAA18G35111l.
Specification of the Crec and recommended values of the Cvcc, and Cvccq are as follows.

Parameter Symbol | Unit Min. Typ. Max. Remark
uF 0.10 - 2.2* Except HS400
Vi capacitor value Crec
uF 1.00 - 2.2* [Hs400
Vcc capacitor value Cyce KF - 22+01 -
Vccq capacitor value | Cycca uF - 22+041 -

* Axeme recommends that the value should be usually applied as the value of CREG.
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Package
Vee(3.3V) F
VocQ(1.8V/3.3V) — T , T 1 I
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HAA18G35111I Block Diagram

PRODUCT SPECIFICATIONS

Package Dimensions
P-WFBGA153-1113-0.50 (11.5mm x 13mm, H0.8mm max. package) Unit: mm
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Density Specifications

Part Number Densit Interleave Operation | User Area Density [Bytes] SIHC_COAT I
’ P S Extended CSD
HAA18G35111I 8GB Non Interleave 7,818,182,656 0xE90000

1) User area density shall be reduced if enhanced user data area is defined.

Reqister Informations

OCR Register

OCR bit VDD Voltage window Value
[6:0] Reserved 000 0000b
[7] 1.70-1.95 1b
[14:8] 20-286 000 0000b
[23:15] 27-386 11111 1111b
[28:24] Reserved 0 0000b
[30:29] Access Mode 10b
[31] ( card power up status bit (busy) }|1

1) This bit is set to LOW if the Device has not finished the power up routine.

CID Register
CID-slice Name Field Width Value
[127:120] Manufacturer ID MID 8 0001 0001b
[119:114] Reserved — 6 0Ob
[113:112] Device/BGA CBX 2 01b
[111:104] OEM/Application 1D oID 8 Ob
[103:56] Product name PNM 48 0x30 30 38 47 42 30 (008GBO)
[55:48] Product revision PRV 8 0x00
[47:186] Product senal PSN 32 Serial number
[15:8] Manufacturing date MDT 8 Refer to JEDEC Specification
[7:1] CRCT checksum CRC 7 CRC7
[0] Not used, always "1 — 1 1b
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CSD Register

CSD-slica MHame Field Width Cell Typ= Value
[127:128] | CSD structurs CSD _STRUCTURE 2 R [
[125:123] | System specification version SPEC VERS 4 R et
[121:120] | Reserved _ 2 R )
[118:112) Diata read access-time 1 TAAL ] R 27
[11-104] E:;E:dﬁfm fime2n ClKoydes | aac B R D0
[102:68] Max bus dock frequency TRAMN_SPEED ] R 32
[05:84] Device command dasses coo 12 R NBFE
[B2:0] Max. read data bock lengh READ BL LEN 4 R )
7.7 Partial biocks for read allowed READ_BL_FARTIAL 1 R )
[7E:TE] Wirite block misalignment WRITE_BLK_MISALIGN 1 R )
77771 Fiead block misaignment READ_BLK_MISALIGN 1 R b
[E7TE] | DSR impemented DSR_IMP 1 R 0
[75:74] P — — 2 R )
7367 Device size C SIZE 12 R D4FFF
[B1:50] Max. read cument at Voo min, VDD _F. CURR_MIN 3 R T
[56:56] Max. read cument at Voo max. VDD R, CURR_MAX 3 R T
[55:57] Max. write curment 3t Voo min, VDD _W_CURR_MIN 3 R T
[B2:50] Max. write curment at Voo max VDD_W_CURR_MAX 3 R T
[40:47] Device size multiplier C._SIZE. MULT 3 R [
[46:47] Erase group size ERASE_GRP _SIFE 5 R eiF
[41:37] | Erase group size mukiplisr ERASE_GRF_MILT 5 R eIF
[36:32] Write protect group size WP_GRP_SIZE 5 R 7
[31:31] Wirite protect group enable WP _GRP_ENABLE 1 R [153]
[20:20] Manufacturer defauit ECC DEFAULT_ECC 2 R [
[26:26] Write spead factor RZW_FACTOR 3 R et
[25:27] Max. write data biock length WRITE_BL_LEN 4 R el
21:21] Partial blocks for write allowed WRITE_BL_PARTIAL 1 R )
[20:17] Reserved — 4 R )
[16:16] Content protection application CONTENT_PROT_APP 1 R )
[15:15] Fie fomat group FILE_FORMAT_GRP 1 RW O
[14:14] | Copyfag (OTF) COPY 1 RAW b
[13:13] Pemmanent write protection PERM_WRITE_PROTECT 1 RW )
[12:17] Termporary write protection TMP_WRITE_PROTECT 1 RWE o
(110 Fie fomat FILE_FORMAT z RW O
@4 ECC code ECC 2 RWE o
71 CRG CRC 7 RIWE CRC
m Not used, always "1 — 1 — et
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Extended CSD Register

CED-slics Hame Fledd [;l;' Call Typs vabus
[511:506)  |Reserved - 6 - AT
[505] Extended Securlty Commands Ermor EXT_SECURITY ERR 1 R D
[504] Supported Command Sets 5_CMD_SET 1 R DD
[503] HF Teatures HF_FEATURES 1 R Dl 1
[502] Background operations support BKOPS_SUPPORT 1 R Dl 1
[=01] Max packed nead commands MAX,_PACKED READS 1 R OxaF
[500] Max packad wrile commands MAX_PACKED WRITES 1 R Ox3F
[4a3 Data Tag Support DATA_TAG_SUPPORT 1 R Dl
[42g] Tag Unilt Size TAG_UNIT_SIZE 1 R D3
[4am] Tag Resourcs Size TAG_RES_SIZE 1 R e
[43€] Context maragament capabiliies CONTEXT_CAPABILITIES 1 R OX7F
[4ag] Large Uinit size LARGE_UNIT_SIZE_M1 1 R e
[434] Extended paritions aftribube support EXT_SUPPORT 1 R eDl3
[#33] Supported modes SUPPORTED_MODES | R Doell 1
[#32] FFL features FFU_FEATURES | R Doel0
[4a1] Operation codes timeout OPERATION _CODES_TIMEOUT 1 R D
[#30267] | FFU Argument FFU_ARG 4 R [aFFFFFFFF
[456] Barmer support BARRIER_SUPPORT 1 R Dl 1
[435:309] | Reserved - 177 - Al'T
208 CMD Queuing Support CMDE_SURPORT 1 R o1
BT CMD Queulng Depih CMDE_DEFTH 1 R xiF
[R08] Aesarved — 1 - D]
p
[F05:302] | Mumber of FW seciors commecty programmed fg;::ﬁ;;;—umn 4 R AT
[F01:270]  |Vendor proprietary health report f:m:iﬁg%ﬁmr 3z R Al'T
[265] Denvice Ife Sme estimation type B DEVICE_LIFE_TIME_EST TYP B | R Doel0
[258] Denica |He Eme estimation type & DEVICE_LIFE_TIME EST T¥P_A| 1 R Dl
[267] Pra EGL Infamagon PRE_EOL_INFO 1 R Dl
[25E] Optimial read size OPTIMAL_READ SIZE 1 R 8
[265] Optimal write slze OPTIMAL_WRITE_SIZE 1 R D8
[254] Optimial trim unit size OPTIMAL_TRIM_UMIT_SIZE 1 R D1
[263262] | Dewvice vession DEVICE_VERSION 2 R D0
[251:254] | Firnware version FIRMWARE_VERSION & R D3
233 Power class for Z00MHz, DOR 3t Ve = 3.6V | PWR_CL_DODR_300_360 1 R xCC
[25224%] | Cache sze CACHE_SIZE 4 R Qx00001000
[248] Generic CMDS imeout GEMERIC_CMD6_TIME 1 R Ol
247 Power O noticationilong) timeout POWER_CFF_LONG_TIME 1 R w32
[246] Background operatons status BKOPS_STATUS 1 R D
[245:242] Humiber of comeclly programmed seciors f:}ﬁﬁgf:ggm_uum 4 R xDOD0I000
[21] 15t Initiaitzation time afsr paritioning INI_TIMECUT_AR 1 R Ox1E
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CSD-slice Hame Flld {E;::a' Coll Typs | wvaus
[24E] Cache Flushing Pailcy CACHE_FLUSH_POUICY 1 R i)
[235  |Powerciass for ©MHz, DOR at 36V PWR_CL_DDR_52 360 1 R s
[235 | Powerciass for S2MHz, DOR at 155V PWR_CL_DOF_52_125 1 R A
2 ;ﬁ“fgg?::?w PWR_CL_700_155 1 R mEs
Powar ciass for 2000
BEL | v ;EW PWR_CL_200_130 1 R mEs
[235 :tg;“:z Tﬁm“ fr Bt MIN_PERF DDF_W_E 52 1 R w00
[23g :r;;":; T;’m for Eoit MIN_PERF_DDR_R_E 52 1 R e
233  |Resenved — 1 — e
237 | TRIM Muftiplier TRIM_MULT 1 R ot
23] | Securs Feawurs support SEC_FEATURE_SUPPORT 1 R s
[230] | Securs Erase Mulbipler SEC_ERASE_MULT 1 R 06FE
225  |Securs TRIM Mutpler SEC_TRIM_MULT 1 R FF
225 |Soot momaton BOCT_INFO 1 R o7
EZ |meserven — 1 R g
[22]  |Soot partton slz= BOOT_SIZE_MULTI 1 R Dz
[225]  |Acossssie ACC_SITE 1 R 03
[224]  |High-capacty arase unit slze HC ERASE_GRP_SIZE 1 R DA
223 | High-capacty erase tmeout ERASE_TIMEOUT_MULT 1 R D7
222  |Rellabie wits sector count REL WR_SEC C 1 R o
[Z21] | High-capacity wiite protect group slze HC._WP_GRP_SIZE 1 R ol
220 |Skeep cument (Veg) 5 G Voo 1 R a7
219  |Skeep cument (Vew) 5 ¢ veon 1 R o9
PRODUCTION_STATE
217 |Siesp: awaks tmeot 5 A TIMECUT 1 R 12
[216] | Sieep MoMcation Tmeout SLEED MOTIFICATION TIME 1 R Dt
[215:217] |Secor Count SEC_COUNT 4 il CDOEE0030
[211]  |Sectorwits Protecion information SECURE WP _INFO 1 R o
g | Ve Peromance for S MIN_PERF W _E 52 1 R (]
at samHz oA B
(205 ;’;";"EHEH Perfamans: St MIN_PERF R B 52 1 R w73
[208] :tr;":; fﬁm for 2ot MIN_PERF W _E 26 4 52 1 R (2]
MInL Rad Parammance for B bt
BT | i oowbie, for dot b Svbs MIN_FERF_R_B 35 4 52 1 R 45
[ e e for dok MIN_FERF_W_4 25 1 R i
al 26Nz FERF A
205 :tr;":;ﬁe” FeriommanG for doit MIN_PERF R 4 26 1 R DHIE
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CSD-alica Hame Flald [E’;':;] Cell Type Valus
[204] Feegerved — 1 — %00
[203] Power class for 26MHz at 3.6V PWR_CL_2E 360 1 R D4
[202] Powear fass for SIMHE a1 3.6V PWR_CL_52 350 1 R xdd
[201] Powear t3ss for 2EMHz at 1.55V PWR_CL_26 195 1 R LEETY
[200] Powear ta3ss for SIMHz 3t 1.55V PWR_CL_52 195 1 R LEETY
[194] Partton switching tming PARTITICN_SWITCH_TIME 1 R DorllA,
[124] Oui-of-intamupt busy timing OUT_OF_INTERRUPT_TIME 1 R DoliA
[157] 40 Drlvier Strength DRIVER_STRENGTH 1 R m1F
[126] Dvice Type DEVICE_TYPE 1 R OXST
[155] Feegerved — 1 — %00
[154] CS0 stnuciure verslon C5D_STRUCTURE 1 R b2
[153] Feegerved — 1 — %00
[152] Extanded CSO revisian EXT_CSD_REV 1 R %03
[151] Commard Set CMD_SET 1 RAWIE_P %00
[120] Razened — 1 — OixCO
[184] Commard sat revision CMD_SET_REV 1 R %00
[188] Razened — 1 — OixCO
[187] Prowear clags Mo POWER_CLASS 1 RWIE_P nx00
[1E£] Razened — 1 — OixC0
[185] High-speed Interace tming HE_TIMING 1 RAWE_P %00
[184] Strobe Suppart STROSE_SUPPORT 1 R o0
[183] Bus widih mode BUS_WIDTH 1 WE_P %00
[182] Fiasened — 1 — %00
[181] Erased mamary content ERASED_MEM_CONT 1 R 000
[160] Feagerved — 1 — %00
[179) Farifon configuration PARTITION_CONFIG 1 :“:::':; %00
[178] Boot conlg probaction BOOT_CONFIG_PROT 1 R & %00
FWIC_P
[177] Boot bus Conditions BOOT_BUS_GONDITIONS 1 RANIE %00
[178] Feagened — 1 — 000
[175] High-density erase group definition ERASE_GROUP_DEF 1 RAWIE_P 000
[174] Boot wiite protection siatus registers BOOT_WP_STATUS 1 R 000
[173] Boot area witte protection register BOOT_WP 1 R & 0x00
RAWIC_P
[1727] Feagerved — 1 — %00
FUW,
[171] User area write protection register USER_WP 1 RWIC_P & Ox00
RAWIE_P
[170] Fesenved — 1 — %00
[189] FW configuration FW_CONFIG 1 W 000
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C5D-alice HName Fleid [E?::EJ Call Type valua
[158] FPME Size RPME_SIZE_MULT 1 i 020
[167] virite rellaniity seting regster WR_REL_SET 1 AW kelF
[156] Vire rellaniity parameter ragistar WR_REL_PARAM 1 i X1
[155] Start Sanfitze operation SANITIZE_START 1 WE_P a0
[154] Manually start backgrourd operatons BKOPS_START 1 WE_P oDl
[163] Enable background operations hantshake | BKOPS_EN 1 :::.: DD
[182] HAW resst function RST_n_FUMNCTION 1 AW a0
[151] HPI managemeant HP1_MGMT 1 RAWWE_P oD
[150] Fartiioning Support PARTITICNING_SUPPORT 1 i Ca0?
[155:157] | Max Enhanced Area Stze Fes? MAX_EMH_SIZE_MULT 3 R 0xDO0GA4
[158] Fartiions attrioute PARTITICNS_ATTRIBUTE 1 AW Ca00
[158] Fartificning Setting EEF;%SDE”ING 1 W Dl
[154:143] |General Purposa Parfton Stze el GP_SIZE_MULT 12 AW a0
[142140] |Ennanced Uiser Data Area Size e ENH_SIZE_MIULT 3 RAW Ca00
[13%:135] |Ennanced User Data Start Address ENH_START_ADDR 4 AW oD
[135] Fiaserved — 1 — oD
[134] Bad Block Management mode SEC_BAD_BLK_MGMNT 1 RIW C00
[133] Production state awareness <=2 F;RHOJEHUECIESF;_STHE 1 RAME ]
[137] Package Case Temperabure 15 controlied ™1 [ Toass SUPPORT 1 WE_P Ca00
[131] Perlodic Wake-up P 1 PERICDIC_WAKEUR 1 RANIE Ca00
[130] Program CID CSD In DOR mode support f:ﬁfpm—cm—csn—m“ 1 R 001
[129:128] |Reserved — z - AT
[127:64] | vendor Speciic Fleids WENDOR_SPECIFIC_FIELD 64 — —
[53] Native sactor size NATIVE_SECTOR_SIZE 1 i ]
[52] Secion size emulation USE_MATIVE_SECTOR 1 AW ]
[61] Secior size DATA_SECTOR,_SIZE 1 i Ca00
50 ;?E'r"l"“:’;""“n;“ﬁm e vl INI_TIMECUT_EMU 1 R axDa
[53] 1355 £ COMMants contrmi CLASS_ 6 CTRL 1 RAWE_P ]
[55] Nurrives of adaressed group to be Released | DYNCAP_NEEDED 1 i L]
[57:58]  |Exception events control EXCEPTION_EVENTS_CTRL z RWWE_P a0
[55:54] | Exception events stabus EXCEPTION_EVENTS_STATUS z i AT
[3352] | Extended parittions atirbute " EXT_PARTITIONS _ATTRIBUTE z AW ]
[51:37] | Context configuration CONTEXT_COMF 15 RAWWE_P Ca00
[35] Packad command status PACKED_COMMAND_STATUS 1 i Ca00
[35] Packed command fallure Index PACKED_FAILURE_INDEX 1 R LoD
[34] Power O Motfication *ees POWER_OFF_NOTIFICATION 1 RWWE_F Ca00
3] Controd to furm the Cache ONIOFF CACHE_CTRL 1 RW/E_P oD
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Si
CSD-slice Name Field 7€ | cell Type Value
(Bytes)

[32] Flushing of the cache FLUSH_CACHE 1 WIE_FP 0x00

[31] Control to tum the Barrier ON/OFF BARRIER_CTRL 1 RV 0xD0

[30] Mode config MODE_CONFIG 1 RIWIE_P 0x00
0xD0

[29] Mode operation codes MODE_OPERATION_CODES 1 WIE_P (Not Support.

Return switch error)

[28:27] Reserved — 2 — All'D

[26] FFU status FFU_STATUS i R 0x00

[25:27] Pre loading data size M5 PRE_LOADING_DATA_SIZE 4 RMWIE_P 0x00748000

] . MAX_PRE_LOADING
: Max. pre loading data size — —
[21:18] p g _DATA_SIZE 4 R 0x00748000
PRODUCT_STATE

1 Product state awareness enablement M8 = 1 RWE &R 0x03

1l _AWARENESS_EMNABLEMENT

[16] Secure Removal Type SECURE_REMOVAL_TYPE 1 RWE&R 0x39

[15] Command Queue Mode Enable CMDQ_MODE_EN 1 RAWIE_P 0x00

[14:0] Reserved - 15 — All'D

Mote 1: Although these fields can be re-written by host, e-MMC does not support.

Mote 2: Max. Enhanced Area Size (MAX_ENH_SIZE_MULT [159:157]) has to be calculated by following formula.

Max. Enhanced Area = MAX_ENH_SIZE_MULT x HC_ WP_GRP_SIZE x HC_ERASE_GRP_SIZE x 512kBytes

4
> Enhanced general partition size(i)+ Enhanced user data area <Max enhanced area

im1

Note 3: General Purpose Partition Size (GP_SIZE_MULT_GPO - GP_SIZE_MULT_GP3 [154:143]) has to be calculated
by following formula.

General_Purpose_Partition_X Size = (GP_SIZE_MULT_X_2 x 2'8 + GP_SIZE_MULT_X_1 x 2
+ GP_SIZE_ MULT_X_0x2°) x HC WP_GRP_SIZE
¥ HC_ERASE_GRP_SIZE x 512kBytes

MNote 4: Enhanced User Data Area Size (ENH_SIZE_MULT [142:140]) has to be calculated by following formula.

Enhanced User Data Area x Size = (ENH_SIZE_MULT 2 x 2'® + ENH_SIZE_MULT 1 x 2°
+ ENH_SIZE_MULT_0 x 29 x HC_WP_GRP_SIZE
x HC_ERASE_GRP_SIZE x 512kBytes

MNote 5: KIOXIA recommends fo issue the Power Off Notification before turning off the device, especially when
cache is on or AUTO_EN (BKOPS_EN [163]bit1) is set to “1b".

Note 6: Pre loading data size = PRE_LOADING_DATA_SIZE x Sector Size
Pre loading data size should be multiple of 4KB and the pre loading data should be written by multiple of 4KB
chunk size, aligned with 4KB address. This is because the valid data size will be treated as 4KB when host writes
data less than 4KB.

If the host continues to write data in Normal state (after it wrote PRE_LOADING_DATA_SIZE amount of data)
and before soldering, the pre loading data might be comupted after solderning.

If a power cycle is occurred during the data transfer, the amount of data written to device is not clear.
Therefore in this case, host should erase the entire pre loaded data and set again
PRE_LOADING_DATA_SIZE [25:22], PRODUCTION_STATE_AWARENESS [133], and
PRODUCT_STATE_AWARENESS ENABLEMENT [17].
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ELECTRICAL CHARACTERISTICS

DC Characteristics

Absolute Maximum Ratings

The absolute maximum ratings of a semiconductor device are a set of specified parameter values, which must not
be exceeded during operation, even for an instant.

If any of these rating would be exceeded during operation, the device electrical characteristics may be irreparably
altered and the reliability and lifetime of the device can no longer be guaranteed. Moreover, these operations with
exceeded ratings may cause break down, damage, and/or degradation to any other equipment. Applications using
the device should be designed such that each maximum rating will never be exceeded in any operating conditions.
Before using, creating, and/or producing designs, refer to and comply with the precautions and conditions set forth
in this document.

Parameter Symbol Test Conditions Min Max Unit
Supply voltage 1 Ve -05 41 v
Supply voltage 2 VeeQ 05 41 \
Voltage Input Vio -0.5 VecQ+0.5(=4.1) A
General
Parameter Symbol Test Conditions Min Max Unit
Peak voltage on all lines -0.5 VeeQ+0.5 Vv
All Inputs
Input Leakage Current (before initialization sequence’
_ _ -100 100 pA
and/or the internal pull up resistors connected)
Input Leakage Current (after initialization sequence and 2 2 A
the internal pull up resistors disconnected) H
All Outputs
OQutput Leakage Current (before initialization sequence) -100 100 LA
Qutput Leakage Current (after initialization sequence) -2 2 LA

1) Initialization sequence is defined in Power-Up chapter of JEDEC/MMCA Standard

Power Supply Voltage

Parameter Symbol Test Conditions Min Max Unit
Supply voltage 1 Vee 27 36 \
1.7 1.95 \
Supply voltage 2 VeeQ
27 36 v

1) Once the power supply VCC or VCCQ falls below the minimum guaranteed voltage (for example, upon sudden power fail),
the voltage level of VCC or VCCQ shall be kept less than 0.5 V for at least 1ms before it goes beyond 0.5 V again.
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Supply Current

Min Max
Parameter Symbol Inte rle:.t ve Mode VeeQ Unit
Operation leeq lec leeq lee
18V — — 95 15
SDR mA
33v — — 110 15
1.8V — — 115 20
Read lrop Non Interleave DDR mA
3.3V — — 140 20
HS200 1.8V — — 170 35 mA
Operation HS400 1.8V — — 215 40 mA
(RMS) 1.8V — — 60 40
SDR mA
3.3V — — 60 40
1.8V — — 60 40
Write lwop Non Interleave DDR mA
3.3V — — 60 40
HS200 1.8V — — 65 45 mA
HS400 1.8V — — 70 45 mA

Internal resistance and Device capacitance

Parameter Symbol Test Conditions Min Max Unit
Single device capacitance Coevice — 6 pF
Internal bull up resistance DAT1 — DAT7 Rint 10 150 kQ

Bus Signal Levels

\_r F 9
Vopp
. . output
input Vou high level
high level | =
Vg
undefined
r
Vi
mput |
low level VoL output
¢ low level
Y\"re o t
Open-Drain Mode Bus Signal Level
Parameter Symbol Test Conditions Min Max Unit
Qutput HIGH voltage VoH lgH = -100pA VeeQ-0.2 — V4

Qutput LOW voltage VoL loL = 2mA — 0.3 A
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Push-Pull Mode Bus Signal Level (High-Voltage)

Parameter Symbol Test Conditions Min Max Unit
Qutput HIGH voltage VoH loH =-100pA @ VDD min | 0.75 * VccQ — Vv
Output LOW voltage VoL loL = 100pA @ VDD min — 0.125* VeeQ "
Input HIGH voltage VIH 0.625* VecQ VecQ +0.3 \
Input LOW voltage VL Vgg-03 0.25* VecQ \

Push-Pull Mode Bus Signal Level (Dual-Voltage)

Parameter Symbol Test Conditions Min Max Unit
Qutput HIGH vo\tage| VOoH loH =-2mA @ VDD min VeeQ - 0.45 — A"
Output LOW voltage VoL loL = 2mA @ VDD min — 0.45 v
Input HIGH voltage VIH 0.65 * VecQ VeeQ+ 0.3 \
Input LOW voltage VL Vgg-03 0.35* VecQ 4

Driver Types Definition

Driver Type-0 is defined as mandatory for e-MMC HS200&HS400 Device. While four additional Driver Types (1,
2,3 and 4) are defined as optional, to allow the support of wider Host loads. The Host may select the most
appropriate

Driver Type of the Device (if supported) to achieve optimal signal integrity performance.

Driver Type-0 is targeted for transmission line, based distributed system with 50Q nominal line impedance.
Therefore, it is defined as 50Q nominal driver.

For HS200, when tested with CL = 15pF Driver Type-0 shall meet all AC characteristics and HS200 Device output
timing requirements. The test circuit defined in section 10.5.4.3 of JEDEC/MMCA Standard 5.0 is used for testing
of Driver Type-0.

For HS400, when tested with the reference load defined in HS400 reference load figure, Driver Type-0 or Driver
Type-1 or Driver-4 shall meet all AC characteristics and HS400 Device output timing requirements.

The Optional Driver Types are defined with reference to Driver Type-0.

Driver Nominal Impedance Approximated driving capability
_ Remark
Type {Driver strength) compared to Type-0
0 500 (18mA) %1 Default Driver Type

Recommendation at H5400 under the
1 330 (27mA) x15 condition of JEDEC standard
reference load

2 660 (14mA) x0.75

3 1000 (SmA) x05

Recommendation at H5400 under the
4 400 (23mA) x12 condition of JEDEC standard
reference load

Note: Nominal impedance is defined by I-V characteristics of output driver at 0.9V when VCCQ = 1.8V.

* The most suitable setting for user’s operating environment should be selected.

At HS400, AXEME recommends Driver Type-1 and Type-4. This is because they meet all AC
characteristics and Device output timing requirements under the condition of JEDEC standard reference
load.
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Bus Timing
1 lPP |
- P >
T P
- T o H‘— =---min (Vig)
CLK 50% Vpp—»/ e WL e 50% Vpp
+'tIH+ :_%_t 41“_4' ! . ----max (V)
fISU | —l-: :JHL —--1' : !-lILH
J:-\ / N ---- min (Vi)
Input Datm : Invalid ) Data | \
\. | ) : ----max (Vq)
| |
Lt toSU 't
< ODLY > OSU < OH :
\\ /*_ ] ----min (‘TOH)
Output Data Tnvalidx Data !
* . --=-- max (Vo)

Data must always be sampled on the rising edge of the clock
Device Interface Timings (High-speed interface timing)

Parameter Symbol Test Conditions Min Max Unit

Clock frequency Data Transfer Mode (PP)* fpp CL= BOpF- 0 52° MHz
Tolerance: +100KHz

Clock frequency Identification Mode (OD) fop Tolerance: +20KHz 0 400 KHz
Clock high time twH Cp < 30pF 6.5 — ns
Clock low time twL Cp < 30pF 6.5 — ns
Clock rise time* tTLH CL < 30pF — 3 ns
Clock fall time tTHL Cp < 30pF — 3 ns

Inputs CMD,DAT (referenced to CLK)

Input set-up time tisu Cp < 30pF 3 — ns

Input hold time tiH Cp < 30pF 3 — ns

OQutputs CMD,DAT (referenced to CLK)

Output Delay time during Data Transfer topLy |CL<30pF — 13.7 ns
Qutput hold time toH Cp < 30pF 25 — ns
Signal rise time ° trise | CL < 30pF — 3 ns
Signal fall time tfall Cp < 30pF — 3 ns

1) CLK timing is measured at 50% of VccQ

2) This product shall support the full frequency range from 0-26MHz, or 0-52MHz

3) e-MMC can operate as high-speed interface timing at 26MHz clock frequency.

4) CLK rise and fall times are measured by min(VIH) and max(VIL).

5) Inputs CMD,DAT rise and fall times area measured by min(VIH) and max(VIL), and outputs CMD, DAT rise and fall times
are measured by min(VOH) and max(VOL).
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Device Interface Timings (Backward-compatible interface timing)

Parameter | Symbaol | min. | max. | Unit | Remark Netel
Clock CLK MN®&2
Clock frequency Data Transfer Mode (PP) N3 fom 0 26 MHz Co = 30pF
Clock frequency ldentification Mode (OD) fon 0 400 kHz
Clock high time twn 10 — ns C. = 30pF
Clock low time tw 10 — ns CL = 30pF
Clock rise time Me=4 trin — 10 ns C. = 30pF
Clock fall ime trra — 10 ns C. = 30pF
Inputs CMD, DAT (referenced to CLK)
Input set-up time tisu 3 — ns C. = 30pF
Input hold time fi 3 — ns C. = 30pF

Outputs CMD, DAT (referenced to CLK)

Output set-up time M3 tosu "7 — ns C_ = 30pF

Output hold time Mo ton a3 — ns C_ = 30pF

1) The e-MMC must always start with the backward-compatible interface timing. The timing mode can be switched to
high-speed interface timing by the host sending the SWITCH command (CMD6) with the argument for high-speed interface
select.

2) CLK timing is measured at 50% of VccQ

3) For compatibility with e-MMCs that support the v4.2 standard or earlier, host should not use >26MHz before switching to
high-speed interface timing.

4) CLK rise and fall times are measured by min(VIH) and max(VIL).

5) tOSU and tOH are defined as values from clock rising edge. However, the e-MMC device will utilize clock falling edge to
output data in backward compatibility mode. Therefore, it is recommended for hosts either to set tWL value as long as possible
within the range which will not go over tCK - tOH(min) in the system or to use slow clock frequency, so that host

could have data set up margin for the device.

Axeme e-MMC device utilize clock falling edge to output data in backward compatibility mode.

Host should optimize the timing in order to have data set up margin as follows.

_ WL -
CLK f —\
LooLy tosy ton
Output Invalid >< Data X
toq, (Min) = t, (min) - t,, (max 8ns)

Output timing
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Bus Timing for DAT signals for during 2x data rate operation

These timings applies to the DAT[7:0] signals only when the device is configured for dual data mode operation. In
this dual data mode, the DAT signals operates synchronously of both the rising and the falling edges of CLK. the
CMD signal still operates synchronously of the rising edge of CLK and therefore complies with the bus timing
specified in High-speed interface timing or Backward-compatible interface timing

pp ,
I‘ ' *I
1 | I
CLK y \ - min (Vi)
. \
r‘."/l' | J/:/ ----max (V)
_-,I
ISUddr!

-~ min (Vig)
nvalid
r--=max (Vi)

Input

| tODLYddr(min) | ‘ODLY d{ir(min)
- -

/ ! o \ ;’ C\ --- min (Von)
/ I
Output (1Y pata : | DATA | DATA <
[ AV | -~ max (Vo)
1 I I

In DDR mode data on DAT[? 0] lines are sampled on both edges of the clock
(not applicable for CMD line)
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High-speed dual data rate interface timings

Parameter | Symbol | Min | Max | Unit | Remark '
Input CLK '
Clock duty cycle 45 55 % Includes jitter, phase noise
Clock rise time trm 3 ns CL = 30pF
Clock fall time [ 3 ns CL = 30pF

Input CMD(referenced to CLK-SDR mode)

Input set-up time t1SUddr 3 ns CL < 20pF

Input hold time tiHddr 3 ns CL < 20pF

Output CMD(referenced to CLK-SDR mode)

Qutput delay time during data transfer tODLY 13.7 ns CL < 20pF
Qutput hold time tOH 25 ns CL < 20pF
Signal rise time tRISE 3 ns CL < 20pF
Signal fall time tFALL 3 ns CL = 20pF

Parameter Symbol Min Max Unit Remark !

Input DAT (referenced to CLK-DDR mode)

Input set-up time YSUddr 25 — ns CL = 20pF

Input hold time t1Hddr 25 — ns CL = 20pF

Qutput DAT (referenced to CLK-DDR mode)

Output delay time during data transfer toDLYddr 15 7 ns CL = 20pF
Signal rise time (all signals) * tRISE — 2 ns CL = 20pF
Signal fall time (all signals) tEALL — 2 ns CL = 20pF

1) CLK timing is measured at 50% of VccQ.
2) Inputs CMD, DAT rise and fall times are measured by min (VIH) and max (VIL), and outputs CMD, DAT rise and fall times are
measured by min (VOH) and max (VOL).

Bus Timing Specification in HS200 mode

HS200 Clock Timing

Host CLK Timing in HS200 mode shall conform to the timing specified in following figure and Table. CLK input
shall satisfy the clock timing over all possible operation and environment conditions. CLK input parameters should
be measured while CMD and DAT lines are stable high or low, as close as possible to the Device. The maximum
frequency of HS200 is 200MHz. Hosts can use any frequency up to the maximum that HS200 mode allows.

- trerIOD -

veca .

CLOCK
INPUT
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NOTE 1 VIH denote VIH(min.) and VIL denotes VIL(max.).
NOTE 2 VT=0.975V - Clock Threshold, indicates clock reference point for timing measurements.

Symbol Min Max Unit Remark

trerico 5 — ns 200MHz (Max.), between rising edges

trom, ttie < 1ns (max) at 2DOMHZI Cj;\.qCE:SpF,
true tri — 0.2 * trerioo ns The absolute maximum value of try, tra is 10ns regardless of
clock frequency.

Duty Cycle 30 70 %

HS200 Device Input Timing

il $ [
veea. trERIOD:
CLOCK  ,
INPUT 1 I"«
VS8S =
VECQ
CMD.DAT[7-0]
INPUT
ves . - ——7 7~ i/ /' — T T T
NOTE 1 tISU and tIH are measured at VIL(max_) and VIH{min_).
NOTE 2 VIH denote VIH{min.) and VIL denotes VIL{max.).
Symbol Min Max Unit Remark
tisu 140 — ns Coevice = 6pF
ti 08 ns Croevice = 6pF

HS200 Device Output Timing

tPH parameter is defined to allow device output delay to be longer than teeriop. After initialization, the tpH may have
random phase relation to the clock. The Host is responsible to find the optimal sampling point for the Device
outputs, while switching to the HS200 mode.

While setting the sampling point of data, a long term drift, which mainly depends on temperature drift, should be
considered. The temperature drift is expressed by AtpH. Output valid data window (tvw) is available regardless of
the drift (AtpH) but position of data window varies by the drift.
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ot} -
VECO trericc
cLock \
INPUT 7 : ]
!l..!’.'E,t‘i....::T.:""""""I \ /
([ to bw > ___vcea
ll"\ll'. __________ ] If— === ====
\ b Vo
CMD.DATL7-0] { VALID !
OUTPUT \ WINDOW ,
Voo L1 _____.I___'_“ftl -
! 1_
___________ g

NOTE VOH denotes VOH(min.) and VOL denotes VOL(max.).

Symbol Min Max Unit Remark

Device output momentary phase from CLK input to CMD

0 2 ul or DAT lines output.
Does not include a long term temperature drift.

Delay variation due to temperature change after tuning.
~ Total allowable shift of output valid window (Tw) from
350 +1550 :
Drpy _ . PR ps last system Tuning procedure
(AT=-20°C) (AT=90°C) Arpy is 2600ps for AT from 25 °C
operation.

to 125 °C during

tyw =2.88ns at 200MHz
Using test circuit in following figure including skew
ul among CMD and DAT lines created by the Device.

Host path may add Signal Integrity induced noise,
skews, etc. Expected t,y at Host input is larger than

0.475UL

tow 0.575 —

ATPH consideration
JARESE =-35Up5 Arpy =1550 ps
Sampling point

———

. —l
CrEmaEieareens

sndrnssrennardan

1

]

o 'ﬁi Sampling point after tuning

=
SE

e

N

Ui

WIHDOwW }( Sampling point after junction heated to +30 °C

Y AT

————— ——— ——

a-'...--...JT...--...--L..--

an .’:"’._“'.:

S

-

=
13
5

Dok 'x: Sampling point after junction cooled to -20 °C

‘L

e e

Implementation Guide:
Host should design to avoid sampling errors that may be caused by the AtpH drift.

It is recommended to perform tuning procedure while Device wakes up, after sleep.
One simple way to overcome the AtpH drift is by reduction of operating frequency.
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Bus Timing Specification in HS400 mode

HS400 Input Timing
The CMD input timing for HS400 mode is the same as CMD input timing for HS200 mode.

INPUT

SR e —_— ; i i
Note : VIH denote VIH(min) and VIL denotes VIL(max)

Parameter | Symbol | Min | Max | Unit | Remark
Input CLK
Cycle time data transfer mode teerion 5 ns 200MHz(Max), between rising edges
With respect to Vr
Slew rate SR 1.125 Vins With respect to ViV
Duty cycle distortion tCKDCD 0.0 0.3 ns Allowable deviation from an ideal 50% duty cycle.

With respect to Vr
Includes jitter, phase noise

Minimum pulse width tCKMPW 22 ns With respect to Vr

Input DAT (referenced to CLK)

Input set-up time tISUddr 0.4 ns Cpevice=6pF
With respect to Viu Vi

Input hold time tiHddr 0.4 ns Cpevice=<6pF
With respect to Viu/Vi_

Slew rate SR 1.125 Vins With respect to Viu/Vi_
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HS400 Output Timing
The Data Strobe is used to read data in HS400 mode. The Data Strobe is toggled only during data read or CRC

status response

-4 trerIOD >
veea |
tosoco
Data
v" 4 t
Strobe tosmew tosupw
tosoco
N8S. . —
veea ’
\ ]
Vou... 3
DAT[7-0] : VALID VALID :
OUTPUT ‘ WINDOW WINDOW \
,_vol. ! \
/ \ \
e = =S
Note : VOH denotes VOH(min) and VOL denotes VOL(max)
Parameter | Symbol | Min | Max | Unit | Remark
Data Strabe
Cycle time data transfer mode treriop 5 ns 200MHz{Max), between rising edges
With respect to V¢
Slew rate SR 1125 Vins With respect to VoV and HS400 reference load
Duty cycle distortion tDSDCD 00 0.2 ns Allowable deviation from the input CLK duty cycle
distortion(tCKDCD)
With respect to V¢
Includes jitter, phase noise
Minimum pulse width tDSMPW 20 ns With respect to V¢
Output DAT(referenced to Data Strobe)
Output skew tRQ 04 ns With respect to Vou/VoLand HS400 reference load
Output hold skew tRQH 04 ns With respect to Vou/VoLand HS400 reference load
Slew rate SR 1.125 Vins With respect to Vop/VoLand HS400 reference load
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HS400 Device Command Output Timing
The Data Strobe is used to response of any command in HS400 mode.

- teerion >
vcea |
Data Strobe - tosmew
VSS
tro_cvp
veea o ___ . ___

\
Vou | / |
CMD \ VALID '
OUTPUT v, ! WINDOW \
] i

s A i

Note : VOH denotes VOH(min) and VOL denotes VOL(max)

Parameter | Symbol | Min | Max | Unit | Remark
Data Strobe
Cycle time data transfer trerico 5 ns 200MHz(Max), between rising edges
mode With respect to V¢
Slew rate SR 1.125 \ins With respect ta Vou/VoL and HS400 reference load
Duty cycle distortion tDsSDCD 00 02 ns Allowable deviation from the input CLK duty cycle
distortion(tCKDCD)
With respect to V+
Includes jitter, phase noise
Minimum pulse width tDSMPW 20 ns With respect to V¢
CMD Response (referenced to Data Strobe)
Output skew(CMD) tRQ_CMD 04 ns With respect to Vou/Voand HS400 reference load
Output hold skew(CMD) tRQH_CMD 04 ns With respect to Vou/Voand HS400 reference load
Slew rate SR 1.125 Vins With respect to Vou/Voand HS400 reference load

Driver

— P—.

: Measurement Point
Device /O Zo = 50 Ohm T _
Td = 350 ps Chererence =4pF

Reference Load —

HS400 reference load
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HS400 Capacitance
The Data Strobe is used to read data in HS400 mode. The Data Strobe is toggled only during data read or CRC
status response.

Parameter Symbol Min Typ- Max Unit Remark
Pull-up resistance for CMD Remp 47 100 kQ
Pull-up resistance for DATO-7 Rpar 10 100 kQ
Pull-down resistance for Data Strobe Rps 10 100 kQ
Internal pull up resistance DAT1-DAT7 Rint 10 150 kQ
Bus signal line capacitance CL 13 pF
Single Device capacitance Coevics 6 pF

Overshoot/Undershoot Specification

Veca Unit
1.70V-1.95V

Maximum peak amplitude allowed for overshoot area Max 09 vV
(See Figure Overshoot/Undershoot definition)
Maximum peak amplitude allowed for undershoot area. Max 09 vV
(See Figure Overshoot/Undershoot definition)
Maximum area above Veeo Max 1.5 V-ns
(See Figure Overshoot/Undershoot definition)
Maximum area below Vssq Max 15 Vons
(See Figure Overshoot/Undershoot definition)

Maximum Amplitude

Overshoot Area

VDDQ

Volts Veso
(V)

e

Undershoot Area
Maximum Amplitude

Time (ns)
Overshoot/Undershoot definition
H/W Reset Operation

1 1y A _ W
CLK [ ) eV AN A N | S N S A W A W |
/ I/ AR/ AW AWAW/ /
\ —\ —\ b\ e—
RS ) I
- ¢ Al ! i
we L— § €
g RSTW 1, tRSTH Ll
RSCA '
> :#—

I Host can issue boot
untiation or CMD]

—> -

Device starts a reset sequence

aft the RST_n nsing edze i:l Do not care
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H/W Reset Timings

Parameter Symbol Test Conditions Min Max Unit
RST_n pulse width tRSTW 1 — ys
RST_n to Command time tRSCA 200" — us
RST_n high period (interval time) tRSTH 1 —

ys

1) 74 cycles of clock signal required before issuing CMD1 or CMDO with argument OXFFFFFFFA
2) During the device internal initialization sequence right after power on, device may not be able to detect RST_n
signal, because the device may not complete loading RST_n_ENABLE bits of the extended CSD register into the

controller yet.

Power-up sequence

Supply voltage

R 1= 7

Yo omin
cc

Jcco max

V eq MIN

Y Power up time
ccg

Vcc Power up time

YV Power up time
ceq

time

tPRUL tPRUH tPRUL
Power up sequence
Power-up parameter
Parameter Symbol Test Conditions Min Max Remark
Supply power-up for 3.3V tPRUH 5 ps 35 ms
Supply power-up for 1.8V tPRUL 5 ps 25 ms

Functional restrictions

- Pre loading data size is limited to MAX_PRE_LOADING_DATA_SIZE[21-18] regardless of using Production

State Awareness function.

- MAX_PRE_LOADING_DATA_SIZE[21-18] value will change when host sets Enhanced User area Partition.
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Reliability Guidance

This reliability guidance is intended to notify some guidance related to using raw NAND flash. Although
random bit errors may occur during use, it does not necessarily mean that a block is bad. Generally, a block
should be marked as bad when a program status failure or erase status failure is detected. The other failure
modes may be recovered by a block erase. ECC treatment for read data is mandatory due to the following
Data Retention and Read Disturb failures.

-Write/Erase Endurance

Write/Erase endurance failures may occur in a cell, page, or block, and are detected by doing a status read
after either an auto program or auto block erase operation. The cumulative bad block count will increase
along with the number of write/erase cycles.

-Data Retention

The data in memory may change after a certain amount of storage time. This is due to charge loss or charge
gain. After block erasure and reprogramming, the block may become usable again. Also write/erase
endurance deteriorates data retention capability. The figure below shows a generic trend of relationship
between write/erase endurance and data retention.

A

-Read Disturb

A read operation may disturb the data in memory. The data may change due to charge gain. Usually, bit
errors occur on other pages in the block, not the page being read. After a large number of read cycles
(between block erases), a tiny charge may build up and can cause a cell to be soft programmed to another
state. After block erasure and reprogramming, the block may become usable again.

Considering the above failure modes, AXEME recommends following usage:
- Please avoid any excessive iteration of resets and initialization sequences (Device identification mode) as
far as possible after power-on, which may result in read disturb failure. The resets include hardware resets
and software resets.
e.g.1l) Iteration of the following command sequence, CMDO - CMD1 ---

The assertion of CMD1 implies a count of internal read operation in Raw NAND.

CMDO: Reset command, CMD1: Send operation command
e.g.2) Iteration of the following commands, CMD30 and/or CMD31

CMD30: Send status of write protection bits, CMD31: Send type of write protection



