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INTRODUCTION

HAA1AG35111S is 16GB 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. HAA1AG35111S has a
standard MMC protocol for easy use.

FEATURES
HAA1AG35111s Interface

HAA1AG35111s 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

HAA1AG35111S

16GB

11.5mm x 13mm x 0.8mm(max)

1 x 128Gbit 15nm

0.18g typ.

Operating Temperature and Humidity Conditions

-25°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 Frequency [MB/sec]
Density NAND Flash Type . VeeQ
Operation IMode
Read Write
1.8V 45 25
52MHz/SDR
3.3V 45 25
16GB 1 x 128Gbit 15nm 52MHz/DDR
Interleave 3.3V a0 25
HS200 1.8V 180 25
HS400 1.8V 220 25
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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 Frequency Current [mA]
Density NAND Flash Type ] VecQ
Operation IMode
lccq lcc
1.8V 95 40
52MHz/SDR
3.3V 110 40
Non 1.8v 115 40
16GB 1x128Gb 15nm 52MHz/DDR

Interleave 33y 140 40

HS200 1.8V 170 45

HS400 1.8V 215 45

Sleep Mode Current

Inter] lccgs [pA] lccgs+lccs [pA]
Density NAND Flash Type nterieave
Operation

Typ. ™ Max. *2 Typ. ™ Max. "2
. Non )

16GB 1 x 128Ghit 15nm 100 515 120 590

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 HAA1AG35111S.
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) 1_
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HAA1AG35111S 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
’ i S Extended CSD
HAA1AG35111S 16GB Non Interleave 15,758,000,128 0x01D5A000

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 Ob
[113:112] Device/BGA CBX 2 01b
[111:104] OEM/Application 1D OID 8 Ob
[103:56] Product name PNM 48 0x30 31 36 47 37 30 (016G70).
[55:48] Product revision PRV 8 0x00
[47:16] Product serial PSN 32 Serial number
[15:8] Manufacturing date MDT 8 see-JEDEC Specification
[7:1] CRCT checksum CRC 7 CRCT
[0] Mot used, always ‘1’ 1 1b
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CSD Register

CED-slice Name Field Width | Cell Type Valus
[127:128] |CSD structure C50_STRUCTURE 2 R 03
[125:122] | System specificalion version SPEC_VERS 4 R Ot
[121:120] |Resernved - 2 R 0D
[11%112] | Dafa read access-time 1 TAAC ] R 027
[111:104] ma??ftmz'"q‘ﬁmﬁ MEAC g R 00
[103:94] Max bus clock frequency TRAM_SPEED R w32
[B5-84) Device command classes CCC 12 R D0F5
[B3-80 Max_ read data block length READ _BL_LEM 4 R uF]
[73:79 Partial blocks for read allowed READ_BL_PARTIAL R 0D
[7a:74] Wirite block misalignment WRITE_BLE. MISALIGH R 0D
{777 Read bleck misalignment READ_BLK_MISALIGN R 0D
[F3:7d] DSR implemented DER_IMP R 0D
[M5:74] Resaned - 2 R 0D
[F3:60 Dievice size C_SIFE 12 R FFF
[51:59) Max_ read cument & VDD min. VDD_R_CURR_MIM 3 R 07
[5a:54] Max_ read cument & VDD max VDD_R_CURR_MAX 3 R ik
[Liii! Max write cument & VDD min. VDD_W_CURR_MIN 3 R ik
[52-50 Max write cument @ VDD mazx VDO_W_CURR_MAX, 3 R D7
[43:47] Dievice size multiplier C_SIFE_MULT 3 R 07
[43:42] Erase group szes ERASE_GRP_SIFE 5 R x1F
[41:37) Erase group sze multiplier ERASE_GRP_MULT k] R OxiF
[33:20) Wirite protect group sze WP_GRP_SIZE ] R 007
[31:231] Wirite protect group enable WP_GRP_ENAELE R ik
[30:29) Manufachurer default ECC DEFALLT_ECC 2 R 0D
[28:24] Wirite speed factor R2W_FACTOR R ik
[25:20) Max write data block length WRITE_BL_LEN R k]
[21:21] Partial blocks for write allowed WRITE_BL_PARTIAL R 0D
[20:17] Resaned - 4 R 0D
[18:16] Content protection application COMNTENT_PROT_APP R 0D
15:15) File fiormat group FILE_FORMAT_GRP RW 0D
[14:14] Copy flag (OTF) CoPY RW 00
[13:13 Permanent weite protection PERM_WRITE_PROTECT R 0D
[12:13 Termporarny write protection TMP_WRITE_PROTECT RWE DD
[11:10 File fiomiat FILE_FORMAT RW 0D
[B:8] ECC code ECC RWE DD
1] CRC CRC RWE CRC
[ Mot used, always 1 - ik
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Extended CSD Register(TBD)

CED-slice MHama Fledd |E's¥'l§:“' Call Type Value
[E11:505) | Resaned - 6 - AllT
[505] Extended Security Commands Emor EXT_SECURITY_ERR 1 R axno
S04 Suppored Command S2ts 5_CMD_SET 1 R ikl
=03 HP1 features HPI_FEATURES 1 R =i
[Eaa] Sackground cOerations suppan BKOPS_SUPPORT 1 R ¥
[E01] Max_packed read commands MAX_PACKED READS 1 R aF
[500] Max_packed write commands MAX_PACKED WRITES 1 R Ox3F
[433 Data Tag Support DATA_TAG _SUPPORT 1 R ¥
[438] Tag Unit Size TAG_UMIT_SIZE 1 R %03
[457] Tag Resounce Sizs TAG_RES_SIZE 1 R ax0o
[436] Context management capablitas CONTEXT_CAPABILITIES 1 R O¥7F
[435] Large Unlt size LARGE_UNIT_SIZE_M1 1 R ax0o
[d34] Extended parifions atiribuie support EXT_SUPPORT 1 R D3
[433] Supported modes SUPPORTED_MODES 1 R o
433 FFLU features FFU_FEATURES 1 R D0
[431) Operation codes Hmeout CPERATION_CODES _TIMEOUT 1 R 00
[430:4E7] | FFU Arguenent FFU_ARG 4 R OsFFFFFFFF
[435] Sarmer support BARRIER_SUPPORT 1 R i
[485:309) | Resaned - 177 - ALTT
[305] CMD Queulng Suppart CMDQ_SUPPORT 1 R oxD0
307 CMD Queuing Dapih CMDQ_DEPTH 1 R axDo
[306] Resarad - 1 - axDo

o =
[305:302] Humber of W seors comectly programmead ;ﬁ::g%f?::&;iﬁ;i?—c 3 R Al
=| b
[F01:270)  |wendor proprietary health report V;:ES_E—':;Z?F"H 3z R AllT
[260 Desice IFe time estimation type B DEVICE_LIFE_TIME_EST TYP B 1 R oxDo
[26E Desice IFe tme estimation type & DEVICE_LIFE_TIME_EST_TYP A 1 R o
[267) Pre ECL Information PRE_EOL_INFO 1 R i
[256] Optimal read size OFTIMAL_READ_SIZE 1 R 1]
[265] Cptimal write size CPTIMAL_WRITE_SIZE 1 R xS
[254) Cotimal trim unit size CPTIMAL_TRIM_UMNIT_SIZE 1 3 it |
[263:262] Dewice vErsion DEWICE_VERSICN 2 R D0
[261:254] Firmaare version FIRMWARE _WVERSICON B R D2
233 Power class for 200MHz, DDR atWCC=3.6V | PWR_CL_DDR_200_ 360 1 R mCC
[2axa49] Cache size CACHE_SIZE 4 R a0 000 D00
[248) Gananc CMDS dmeout GENERIC_CMDE_TIME 1 R OmlA
[247] Power off notificationflong) Smeout POWER_OFF_LONG_TIME 1 R maz
[246] Sackground ooeralons status EKOFS_STATUS 1 R axDo
[245:242] | Mumber of comectly programmed seciors CPD:SESEEOE UM 4 i DxI0300000
[241] 1* niialzation ime afer parsoning INI_TIMEQUT_AP 1 R miE
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Slze
CED-glice Hams Fleid Call Type Valug
[Eytes)
[240] Cache Flughing Poilcy CACHE_FLUSH_POLICY 1 R it 1|
[230] Power class for S2MHz, DOR @ 3.6V PWR_CL_DDR_52_360 1 R OxES
[238] Power class for S2MHz, DDR @ 1.5V PWR_CL_DDR_52_195 1 R 0xBE
[237] Power class for J00MHz @ 364 PWR_CL_200_360 1 R OxBE
[236] Power class for Z00MHZ @ 1.35V PWF,_CL_200_155 1 R OxBE
Minimum Write Perfomance for 3ot
35) MIN_PERF_DDR_W_3 52 1 3 =00

B3 & S2WHz In DDR mode = - - ==

_ Minimum Fead Perormance for Soit N
[234] MIN_FERF_DDR_R_3_52 1 R e

& S2MHE In DDR mode
233 Resarved - 1 - ax00
3 TRIM Multiplier TRIM_MULT 1 3 =i
[231) Secure Fealure support SEC_FEATURE_SUPPORT 1 R ]
[230] Secure Erase Multiplier SEC_ERASE MULT 1 R OxF3
229 Secure TRIM Multipiler SEC_TRIM_MULT F B 0eFT
28] Boot Information BOOT_INFO 1 R Qui7
[227] Resanad - 1 R ox00
[226] Bool parition slze BOOT_SIZE_MULTI 1 R 20
225 ACTESS BlZE ACT_SIZE 1 R (i ]
[224] Hign-capacty erase unil size HC_ERASE_GRP_SIZE 1 R ax08
223 High-capacity erase timeout ERASE_TIMEOQUT_MULT 1 R Da11
2] Redlaie Witz secior count REL_WR_SEC C 1 R ¥
[221] Hign-capacity witte protect group ste HC_WP_GRP_SIZE 1 R T
2207 Sleep current (Voc) 5_C_WCC 1 R i
219 Sieep current (Vood) 5 C wooa 1 R i
PRODUCTION_STATE

] Production siate Fwareness imeow = 1 A
18] _AWNAREMESS TIMEOQUT R
217 Sleep/awake imeout 5_A_TIMEOUT 1 R Tuid
18] Sleep Nolffication Timeowt SLEEP_MOTIFICATION_TIME 1 R el
R1s213] Sector Count SEC_COUNT 4 R CocD1DSADCD
E11] Secure Write Protest Indarmation SECURE_WP_INFO 1 R Q=00

_ Minimum Write Perfimance for 36t _ .
[ 10] @ sz MIN_FERF_W_E 52 R axDo

. Minimum Read Peromance Bbit _ . ) _

[208 @ SouHz MIN_PERF_R_&_&52 R iy

. Minimum Write Perfimance for 36t _ .
[20E] 8 25MHz, for dbit at S2MHz MIN_FERF W _E 26 4 52 R axDo

- Minimum Read Perfomance for & bit VIN PERF R B 25 4 52 i a i

= @ 2EMHz, for dbit 3t S2MHz el o

! Minimum Write Perfomance for Sbit _ .
[206] @ 26MHz MIN_FERF W _4 26 R ax0o

Minimum Read Perorance for 4ot

[205] MIN_FERF_R_4 5 1 R xiE

@ 26MHz
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CED-alice Hams Fledd |;¥l'§;i Call Type Valug
[204] Resarvad - 1 - ax0o
[203) Power Ciase Tor 26MHE @ 3.6V PWR_CL_26_350 1 R 055
[202) Power Ciass Tor SZMHZ @ 3.6V PWR_CL_S2_350 1 R %55
[201] Power class for 25MHZ & 1.95V PWR_CL_26 195 1 R 0xBE
[200] Power class for S2MHZ & 1.95V PWR_CL_S52_195 1 R 0xBE
[199] Partttion switching timirg PARTITION_SWITCH_TIME 1 R A
[198] Cut-of-intemupt busy tming OUT_OF_INTERRUPT_TIME 1 R oilA
[197] L0 Driwer Strength DRIVER_STRENGTH 1 R Ox1F
[12€) Devics Type DEVICE_TYPE 1 R Q57
[135 Resarsed - 1 - ax00
[194] C3D sthucture warsion CED_STRUCTURE 1 R axi2
[153 Resarad - 1 100
(193] Extented CSD revision EXT_CSD_REV 1 R 7
[191) Command Sat CMD_SET 1 RWE P 00
[190] Resarvad - 1 - =00
[139) Command gt revtsion CMD_SET_REV 1 R 00
[188] Resarved - 1 - 100
[187] Power class ' POWER_CLASS 1 RWIE_P Ox00
[186] Resarved - 1 - ax0o
[185] Hign-speed Int2rface tming HZ_TIMING 1 RWE_P =00
[184) Srone Suppart STROBE_SUPPORT 1 R =l
[133) Bus widih moga BUS_WIDTH 1 WE P Q=00
[183] Resarves - 1 - 100
[181] Erased mamary content ERASED_MEM_CONT 1 R =00
[180] Resarad - 1 - 100
(179 Partition configuraton RARTITION_CONFIG 1 ::::Z': f; %00
[178] Boot confg protection BOOT_CONFIG_PROT 1 RT‘T'JCE:" =00
[T Boot bus width BOOT_BUS_WIDTH 1 RWE Q=00
[i76] Resarved - i - =00
[175] High-density erase group definifon ERASE_GROUP_DEF 1 RWE_P =00
[174] Boot wilhe profection stafus regisiers BOOT_WP_STATUS 1 R Ix00
73 Sool area white protection regisier BOOT_WP 1 s =00

. - RN P
[73A Resarvad - 1 - 100
AL
[71] User area write protection register USER_WP 1 H.fl.-'.;-c_ﬂ- 100
RWIE_F
[70 Resarvad - 1 - =00
[1689] FW configuration Pl_COMNFIG 1 W =00
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Slze
CSD-allce MHama Fleid Ccall Typs valus
[Bytes)
[158] RPME Size RPMB_SIZE_MULT 1 R %20
[167) ‘Wirite rellability setting register WR_REL_SET 1 AW Ox1F
[156] ‘Wirite rellabillty parameter regisier WR_REL_PARAM 1 R is
[155] Stan Sanltize operation SANITIZE_START 1 WE P 100
[154] Manualy st background operations BKOPS_START 1 WE P =00
163 Enaisle background operafions handshake BROPS_EM 1 W D0
[163] HAY resat funcion RST_n_FUNCTION 1 W Qx00
[151] HP management HPI_MGMT 1 RWiE P =00
[160] Panioning Support PARTITICNING_SUPPCRT 1 R [T
[15157]  |Max Ennanced Area Size’ MAX_EMH_SIZE_MULT 3 R OaD00TST
[156] Partitiors abirbute PARTITIONS_ATTRIBUTE 1 W OxD0
| =

(159 Partitoning Setting z.g'x"rmm_ut—rrms_cmncr ; - —
[154:143] | GSeneral Pupose Parttion Sze GP_SIFE MULT 12 R =00
[14Z140] | Enhanced User Data Area Stze ™ ENH_SIZE_MULT 3 AW 100
[13&135] |Enhancad User Data Start Address ENH_START_ADDR 4 AW 100
[35 Resarad - 1 - 100
[134] Bad Biock Management mads SEC_BAD BLE_MGMNT 1 AW axi0

PRODUCTION_STATE
133 Produciion siae a'na'enses’ - 1 'E K
[133 J— R 000
133 Package Case Temparature is controlied’ TCASE_SUPPORT 1 WE P D0
[131] Pefodc Wake-Lp’ PERIDDIC_WAKELP 1 RIWE w00

b= o o
[130] Program CIDACSD In DOR mode support j;gTGR'a'”—C'D—G"D—DM—“UF 1 R i
[125128] Resarved - 2 - Al
[127:64] Wendor Specic Fleids VENDOR_SPECIFIC_FIELD 1 - -
B3] Mallve seior slze HATIVE_SECTOR_SIZE 1 R it
2] ‘Sechor size emulation USE_MATIWVE_SECTOR 1 AW Ox00
[E1] Sector slze DATA_SECTOR_SEEES 1 R =00

15t Inifiailzation _
[E] after disabing Secior SiZe ETLIEton INI_TIMECUT_EMU 1 R A
[=9] Class 6 commands confrol CLASS_6_CTRL 1 RWIE_P Ox00
|Ea| HNumber of addressed group: o be Released ZVNQAP_HEEDED 1 R =00
[57:58] Exception events comrol EXCEPTION_EVENTS_CTRL 2 RWE_P =00
[55:54] Exceplion avents staius EXCEPTION_EVENTS_STATUS 2 R All'T
[53:52) Extended partitions attribuie’ EXT_PARTITIONS_ATTRIBUTE 2 AW Qx00
51:37] Comtext comfiguration CONTEXT_CONF 15 RWE P Qx00
4] Packed command states PACKED COMMAMD STATUS 1 R Qw0
B4 Packed command falure Indax RACKED FAILURE INDEX 1 R w00
B4 Power OfF Notification POWER_OFF_MNOTIFICATION 1 RWE P OxD0
B3 Control to tum the Cache ONAOFF CACHE_CTRL 1 RWE_F %00
CED-slics Mams Fleld S8 | o Type valug
[Eytes)
B Flushing of the cache FLUSH_CACHE 1 WE_P =00
B1] Control to tum the Bamler SMNAOFF BARRIER_CTRL 1 W Qx00
Eh| Mode config MODE_CONFIG 1 RWE_P =00
Cx00yniot support.
Mode ration codes ] 1 fE_P
29 ape MODE_OPERATION_CODES WIE_| FEsum switch
[25:27] Resariad - 2 " Al
[24] FFU stails FFU_STATUS 1 R 00
2527 Pre lpading data size” PRE_LOADING_DATA_SIZE 4 RWE_P DxO0757000
[21:18] Max pre loading data size "L’ IZG;EFHE—LD“"“E—D""T'&' 4 R D00757000
5

PROID 5 'E
|' ?‘l Produc slaie awarsness Eﬂab&l'l‘&{'ls QGJUCT—JTATE 1 RWIE %03

AWARENESS_EMABLEMENT iR
[18] Secure Removal Type SECURE_REMOVAL_TYPE 1 RWER Ox3a
[15] Command Cusue Mode Enabie CMDa MODE_EN 1 RWE_P w00
[14:07 Resarved - 15 - AT
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Note 1: Although these fields can be re-written by host, e-MMC does not support.

Note 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'® + GP_SIZE_MULT X_1 x 2
+ GP_SIZE_MULT_X_0 x 2°) x HC_WP_GRP_SIZE
x 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_0x 2%) x HC_ WP_GRP_SIZE
x HC_ERASE_GRP_SIZE x 512kBytes

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

Mote 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 soldering.

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].

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 VecQ -05 41 v

Voltage Input Vio -05 VecQ+0.5(=4.1) v
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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) B 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 v
Supply voltage 2 VeeQ
27 36 W

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.

Supply Current

Min Max
Parameter Symbol Inte rlea. ve Mode VeeQ Unit
Operation leeq lee lceq lee
18V — — 95 15
SDR mA
3.3V — — 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
Wirite lwop Non Interleave DDR mA
3.3V — — 60 40
HS200 1.8V — — 65 45 mA
HS400 1.8V — — 70 45 mA
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Internal resistance and Device capacitance

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

Bus Signal Levels

v A
Vop

. oufput

input Vou high level

high level | =

Vin
undefined
\';FIL
mput |
low level Vor output
low level
T\"ret:- t
Open-Drain Mode Bus Signal Level
Parameter Symbol Test Conditions Min Max Unit
Qutput HIGH voltage VoH lon = -100pA VeeQ-0.2 — Vi
Output LOW voltage VoL loL = 2mA — 0.3 \%
Push-Pull Mode Bus Signal Level (High-Voltage)
Parameter Symbol Test Conditions Min Max Unit

Output HIGH voltage VoH |loH=-100pA @ VDD min | 0.75* VecQ — v
Output LOW voltage VoL loL = 100pA @ VDD min — 0.125* VeeQ "
Input HIGH voltage ViH 0.625*VeeQ | VeeQ+0.3 v
Input LOW voltage VL Vgg-03 0.25* VecQ Vv

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

Parameter Symbol Test Conditions Min Max Unit
Qutput HIGH vo\tage| VoH loH =-2mA @ VDD min VeeQ - 045 — \
Qutput LOW voltage VoL loL = 2mA @ VoD min — 0.45 \
Input HIGH voltage VIH 0.65 * VeccQ VeeQ + 0.3 4

Input LOW vaoltage VL Vgg-03 0.35* VecQ '
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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.

HAA1AG35111S

16GB eMMC Datasheet

. HS200 Approximated driving
Driver Normal o
&HS400 capability compared to Remark
Type e-MMC Impedance
Support Type-0
0 Mandatory | Supported 50Q x1 Default Driver Type.Supports up to 200MHz operation.
1 Optional Supported 33Q x1.5 Supports up to 200MHz operation.
2 Optional Supported 66 0 x0.75 The Wv._eakest driver that supports up to 200MHz
operation.
For low noise and low EMI systems.
3 Optional Supported 100 Q x0.5 Maximal operating frequency is decided by Host
design.
4 Optional Supported 400 X12

1) Support of Driver Type-0 is mandatory for HS200&HS400 Device, while supporting Driver types 1, 2 and 3 is optional for
HS200 and Driver type 4 is optional for HS400 Device.

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

*Axeme recommends Driver Type Value 0x4 in HS400 mode.

Bus Timing
| tpp |
I‘q b|
e WH !
T T -~ min (Vg)
CLK 50% Vpp—»/| N\ie—WL /e 50% Vpp
/ :tIH ' Jﬁ ! ----max (V1)
HSUL T e <THL o TLH
7 | J:r\—\ ‘ / i \ ----min (Vig)
Input + Data, » Invalid ) Data |
: £ ) : ----max (V)
|
i < 'ODLY _  ‘OSU _| JOH
\, /Jf_ i --—-min (Vog)
Output Data Invalid) : Data i
* . --=- max (Vor)

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

Parameter Symbol Test Conditions Min Max Unit

Clock frequency Data Transfer Mode l[F’F’)2 fpp CL= BODF_ 0 52° MHz
Tolerance: +100KHz

Clock frequency ldentification 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

Qutputs 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).

Device Interface Timings (Backward-compatible interface timing)

Parameter Symbol Test Conditions Min Max Unit
Clock frequency Data Transfer Mode (PP)* fop CL < 30pF 0 26 MHz
Clock frequency Identification Mode (OD) fop Tolerance: +20KHz 0 400 KHz
Clock high time twH CL < 30pF 10 — ns
Clock low time twiL CL < 30pF 10 — ns
Clock rise time* triH | CL< 30pF — 10 ns
Clock fall time tTHL CL < 30pF — 10 ns

Inputs CMD,DAT (referenced to CLK)

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

Input hold time tiH Cp < 30pF 3 — ns

Qutputs CMD,DAT (referenced to CLK)

Output set-up time® tosy Cp < 30pF "7 — ns

Output hold time® toH |CrL<30pF 83 — ns

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.
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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 / N
ooy tosy ton
Output Invalid >< Data ><
tog,(min) = t, (min) - t . (max8ns)

Output timing

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
| | I
1 o | —_— . .
CLK j’f H‘i ; ---- min (Vg)
_.i E ‘THddr |\ THddr ffi -~~~ max (Vp)
ISUddr! ~ 'ISIT_d:l:I T._ |
T TR Ve
Input 'pATA ) (! DATA!| ( DA
X TA | i DA}TA. A f\.\ DATA Invalid
l.— | Iy | / | / L. V.
e | max (Vi)
: : 1
] ] |
it ‘ddr(max it ’ddr(max) '
. QPLYddr(max) . ODLYddr(max) :
| ‘ODLYddr(min) | ‘ODLYd{r(min) |
- L !
_,"‘ 1 ‘f fl/ | : \\ { I \"\ --- min (‘roﬂ)
/ Iy L/ \
Output @ DATA i‘}\ ' DATA |/l DATA
\ : ./r ¥\ Il f'f ---max (VoL)
| I

AR

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 trepiam -
VCCQ ..
CLOCK v | \
INPUT , ; i
vsg —— : /
£
r—— tiy tiw - ____\vcca
\ T it B
Mo
CMD.DAT7-0] VALID
OUTRUT WINDOW
it Mo
!
__________ - P S S
V538
NOTE VOH denotes VOH(min.) and VOL denotes VOL(max.).
Symbol Min Max Unit Remark
Device output momentary phase from CLK input to CMD
try 0 2 ul or DAT lines output.
Does not include a long term temperature drift.
Delay variation due to temperature change after tuning.
250 +1550 Total allowable shift of output valid window (Tw) from
Drpy _ . PR ps last system Tuning procedure
(AT=-20°C) (AT=90°C) Arpy is 2600ps for AT from -25 °C  to 125 °C  during
operation.
tyw =2.88ns at 200MHz
Using test circuit in following figure including skew

t 0.575 ul among CMD and DAT lines created by the Device.

i . - Host path may add Signal Integrity induced noise,
skews, etc. Expected t,y at Host input is larger than
0.475U1

ATPH consideration
JARESE =-35Up5 Arpy =1550 ps
‘ . - -
-+ =+ |Sampling point
L] a
_________ _XEI__?___ ' ;___________
I ’ |
¥ ! . . .
< ‘wpow | Sampling point after tuning
AT
I a

sndrnssrennardan

1

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

S

-

=
13
5

e

3

Ui

VALID
WINDOW

Y AT

————— ——— ——

an .’:"’._“'.:

‘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.

}( Sampling point after junction heated to +90 °C

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




Gxeme HAA1AG35111S 1668 eMMC Datasheet

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

I
-4 trerIOD L
veea |
Data
Vs a
Strobe tosmew
N8S. . —
veeaQ ’
\ ]
Vou.....4 Vou /
DAT[7-0] : VALID VALID :
OUTPUT f WINDOW WINDOW \
Vo, Vo \
/ \ \
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 tesrioD 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)

S

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



6xeme

HAA1AG35111S

16GB eMMC Datasheet

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.1) 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) lteration of the following commands, CMD30 and/or CMD31

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



