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What is UFS?

UFS ???

* Universal Flash Storage (UFS) is a common flash storage specification
for digital cameras, mobile phones and consumer electronic devices. This
could bring higher data transfer speed and increased reliability in flash
memory storage

e High performance
e Serial interface
« Command queuing

e Mobile usages friendly
e Flash memory oriented
» Low power

Standardization

Low Power

i
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What is UFS?
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UFS ???

» JEDEC defines UFS as the next generation mobile storage spec

JEDEC

Booting Flash-centric Future expandability
Partitioning Security Serial interface
Data integrity Command queuing

Device-level partitioning

i
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What is UFS?
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UFS vs eMMC

Good Features, But

e.MMC today

- Designed for Single-

thread computing model
will not

further improve BW

Low-Power Serial Interface sgle arch]itectur(?
: mode , a Multi-
MUItI_TaSk’ threaded computing

Async & Queuing operation model
D : >
Command Prioritization, [E——————

Out-of-order execution commands

|
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What is UFS?
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UFS vs eMMC

SCSI architecture _
model[ ], Low-Power Serial

Interface

a Multi-threaded Multi-Task,
computing operation model, Async & Queuing

Command Prioritization,

RESSE SlandardSCSt Out-of-order execution

commands

\
Value-added Point
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UFS Merits

eMNC 45

Serial
Interface

Security

Data Integrity

Stateless
Transition

Performance Low Power

enhancement

CMD queuing

Flash
Management

Asynch
operation

Command
Queuing

Protocol Asynch
enhancement Stateless

* CMD queuing is supported from eMMC5.1

i
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What is UFS?

Serial Interface

Confidential
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* the demand for speed and cost has led to parallel communication links
becoming deprecated in favor of serial links.

* Speed:

— Clock skew reduces the speed of every link.

— Crosstalk creates interference between the parallel lines,
* Cost: The decreasing cost of integrated circuits

Limitation of Parallel Interface

*More parallel

- higher power
*More pins
> - Cost Up

Performance

Parallel data pins

+Signal Skewing *Crosstalk

o T

Originglsignals Signalsshowing skew ::ulf:;l ad?aunisiu:llls

MIPI

M-PHY for UFS

M-TX

M-RX

M-TX

Optional expansion

SK ’h'ynix
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Async Command & Command Queuing
Sync operation (e-MMC)

| TRANSACTION I
UFS ASync operation

=FEZ'.'.'.'.'.'.:'.'.'.'.'.'_'_'_I

TRANSACTION
| TRANSACTION I

NAND chip1

RX
= Setit and forget it TX
= Optimal for multi processing RX
=  Support multiple CMD queuing Maximize TX %
parallel programming Read while Write _
= Better throughput through better NAND (Full duplex) Dual Write

(Multi lane)

utilization e
’ SK Fynix
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Async Command & Command Queuing

Re-Ordering.
- Command queue execution sequence can be changed by considering NAND interleaving
- Number of active NAND chips per time is improved.

- Suitable for UFS because UFS protocol is a multi-thread, asynchronous protocol

Command
0 * Even chips are connected to channel 0
U and odd chips are connected to channel 1
2l
In—order command 3
scheduling A .
5 Chip #2
6 | 7] Chip #3
¢
-———— —Number of active NAND chips per time is improved - - - - —————— — —— — —
Z N
N 7! .
Command | | _ _ ; NAND read request (ch.0)

0

NAND read request (ch.1)
Y NAND data transfer (ch.0)
NAND data transfer (ch.1)
1 tR

BBE Send Response

Others

Proposed NAND
activation based
out—of-order
command scheduling

B WM =
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What is UFS?

11

eMMC vs UFS

« UFS has better features than eMMC

Confidential
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Packed Commands

Items eMMC UFS
Transfer scheme Sync Async
Command Queue No(Yes for eMMC5.1) Yes

32-Queue Depths

State State Transition Stateless
Interface Parallel/Half-Duplex Serial / Full-Duplex
Priority No SCSI Command Priority

Higher-Priority LU
Abort Scheme HPI Task Management Scheme

Features

Legacy eMMC Functions

Same with eMMC

Command Set

Legacy eMMC Commands

SCSI Commands

Partitions

Boot/RPMB/User Area

8-LU(including Boot)/ RPMB

SK
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UFS Host

UFS Architecture

UFS Device

Driver

UFS Host
Controller

UFS g

Confidential
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UFS Protocol Layer

Application Layer

Simplified SCSI Future
Command Set Extension ...

UFS Transport Protocol Layer(UTP)

i
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UFS Specification
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UFS Architecture

| UFS Host

Application

Driver

UFS UFSHCI

Driver

/

Driver Stack

UFS Device ,

'15.08.21~ "18.08.20

(LU : Logical Unit)

Host Controller

T Figure 2-4 — UFS System Model \

| Device Level

control il

Managing

Descriptors

LU-N

-—+— -+»  Storage
L]
.
L
v
-« \> Storage

Device Controller

Flash
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M-PHY

" Up_stream
SUB-LINK = LANE
= e ol —1] S R e
WTXEF M-TX I M - M-RX "“"""F_l/ XD _;Tll?‘h
—[ PINs ]— e LANE
<:J\ § # M-TX "2<%!§:S><><><UN><E ><><RE><::"’ M-RX Jm_wj\ § A{> MTX P <> _:m MRX %
[ hon P.xnr;» 1/ i :::: S
V % _[ PIN ]_ % \r 1-Pail' r- coe §<M>
iy b= e o4 1L Down stream é NV
woer | M-RX M%90000(){355F MTX | wner LANE L
_P/ PINs - ]—_ . LINE <Z(
SUB-LINK 2-Pair — =
L LANE P
Figure 1 M-PHY Lane Example
nrPair
Each 1LANE
PWM-GO ~ PWM-G7 ( Normal Speed ) HS-G1 ~ HS-G3( High Speed ) M-PHY Lane In UFS
PWM G1 : 3 - SMbps ® Extensible by lane increase in pairs
HS-G1 : (1.25Gbps or 1.45Gbps)

optional : HS-G2(2.5Gbps or 2.9Gbps) HG-G3(5Gbps or 5.8Gbps)

HS-Mode : A/B = for EMI Mitigation ® Each lane's speed is 2.9Gbps(HS-G2)

So, ideal bi-directional speed is double of this.

TYPE | : PWM Signaling - in UFS 1.0

® Interface of FS i M-PHY of
TYPE Il ; system Clock Reference(NRZ Signaling) nterface of card type UFS is same as of embedded

UFS. So, host side implementations (HW, SW) have no difference.
2.9Gbps(HS-G2) & 1.45Gbps(HS-G1) In UFS 1.0(currently)

i
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UNIPRO

® UniPro = Unified Protocol
L Application-specific protocols
® Optimized
“ For mobile use cases & multiple applications
% Low power & small battery-powered systems

(LA)

L : : : |
® Enables minimized/extendable implementations [ o ) > | < |
! e A
. ore . . . . [ - = |
® Reliability with error detection and correction via | s |8
retransmission simplifies protocol design (| Newek (59 ET| o
I 72| 2 |
l se| T |
® Optimally uses MIPI's PHY technologies || Datalink (L2) = |2
% Allows aggressive power optimization i £ 18 |

. . . @ O
< Allows for bandwidth scaling options i _ o |3 |

® Formal UniPro SDL model available _

® UniPro testing specification available

Medium

17 SK’P



UFS Specification

v highest HW Layer

v SLOT : HW Resource for Command Acceptance
v' 32 CMD Slots, 8 Task Slot, 1 Query Slot = Each Slot has it’s own DESC. (Description of operation)

)

NETWORK Layer({L3)

- UlC

_ =

18

Application Layer

Task
Simplified SCSI Manager
Command Set

UFS Transport Protocol Layer(UTP)

UFS InterConnect Layer{UIC)

Unipro

M-PHY

Confidential
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SW

HwW

i
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Hardware vs. Software

Host

Confidential
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NAND

NAND NAND NAND

UFS Transoort
Protocol Layer(UTP) _

§ ¢ ¢

Flash Controller and Management

Ll B

SW

“PacketSA

“TC P”

“U DP”
10B
HW
e

SK Fynix
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Standardization
Storage unit X SonEC |.....
JTC-1 = - -
I American National
Protocol Layer | Standards Institute (ANSI)
& FTL AN T SO errrorrrores |
I S I Similar : Information
| [ g . -
I I I |_ # (I ! functional o InterNatlopaI Committee for i Technology
I I I Lo | feat Information Techneology Industry
I I | ;L ! ea ;;:é Standards (INCITS) Council (IT1)
I o I asemmC ... . _ _ .
TN I I ]
: : | I I 4 T10 Technical T11Technical T13 Technical
| P Committee on Committee on Committee on
I I T SCSI CDB SCSI Storage Fibre Channel ATA Storage
| | I | P Interfaces Interfaces Interfaces
| | 1 Pt SCSI architecture, ;
I | : : 4‘ command sels, protocols, E%gf:;gr;;ll, ATA, ATAPL
: : | P ! and physical layers for ' and Serial ATA
| | Easales s —an—an—n s s i SCSI CMD parallel SCSI and SAS.
— o gl = == ——— 1 1
[ 1 N
| 1
: P
| i — Ly
| L cUCy
| L1y sam spec [
1
l I v uUrs sPec [
I A
I Transport (L4} | | : o ¥g
] @ ®
I Network (L3) | | | ® @
1
l : i UNIPRO m I |®
| i
I ' i .
|
| ' M-PHY alliance .

oY e Ui Y el v SK Fynix
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Normative Reference

- UFS HCI Version 2.0

[MIPI-M-PHY], MIPI Alliance Specification for M-PHY"", Version 3.0

[MIPI-UmiPro], MIFI Alliance Specification for Unified Protocol (UniPro™), Version 1.6

[SAM], INCITS T10 draft standard: SCSI Architecture Model — 5 (SAM-5), Revision 05, 19 May 2010
[SPC], INCITS T10 draft standard: SCSI Primary Commands — 4 (SPC-4), Revision 27, 11 October 2010
[SBC], INCITS T10 draft standard: SCSI Block Commands — 3 (SBC—3), Revision 24, 05 August 2010
[UFS], JEDEC JESD220B, Universal Flash Storage (UFS), Version 2.0

[JEP], JEDEC JEP106, Standard Manufacturer’s Identification Code

- UFS Device Version 2.0

[MIPI-M-PHY]. MIPI Alliance Specification for M-PHY"", Version 3.0

[MIPI-UniPro], MIPI Alliance Specification for Unified Protocol (UniPro™), Version 1.6

[MIPI-DDRB]. MIFI Alliance Specification for Device Descriptor Block (DDB), Version

[SAM]. INCITS T10 draft standard: SCSI Architecture Model — 5 {SAM-3), Revision 03, 19 May 2010
[SPC). INCITS T10 draft standard: SCSI Primary Commands — 4 (SPC-4), Revision 27, 11 October 2010
[SBC]. INCITS T10 draft standard: SCSI Block Commands — 3 (SBC—3), Revision 24, 05 August 2010

i
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UFS UPIU

General UPIU Format

Confidential
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Basic Head format

Initiator UPIU Target UPIU

NOP Out NOP In

Command, Data Out Ready to Transfer, Response

Command Data In, Response

Task Management Request | Task Management Response

Query Request Query Response

0 1 2 3

Transaction Type Flags LUN Task Tag
4 5 6 7

Query Function /
Reserved CSom_rrn i y ) Response Status
etType | Task Manag. Function

8 9 10 (MSB) 11 (LSB)

Total EHS Length Device Information Data Segment Length
12 13 14 | 15
16 | | 19
20 | Transaction Specific Fields | 23
24 | | 27
28 | [ 31
k [ Kk+1 [ k+2 [ k+3

Extra Header Segment (EHS) 1

j i*+1 | j+2 i*3

Extra Header Segment (EHS) N

Header E2ECRC (omit if HD=0)

Data Segment

Data E2ECRC (omit if DD=0)

Table 10-3: General format of the UFS Protocol Information Unit

Table 10-9: UPIU associated to a single task

Different information
included depend on
“Transaction Type”

i
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General UPIU Format

Basic UPIU Header Formate

———————————————————————— [ = = == = = = = - " o o o oFT o o oFT o
: ’ Transaction Type 1 Flags ? LUN ’ Task Tag | Transaction Type I Flags LUN Task Tag |
| ) ’ Query Function / i | il R_ - d_ Co_mm_and_Set_ Query Function, N _R ______ St_t - T
j| Reserved %ZT[P;? rask Manag. Functon Respanse Status N Type Task Manag. Function esponse atus
e Total EHS Length J Device Inf . 10 (MSB) Data 549 11tL g(t;SB) Total E S Length Device Information Data Segment Length
L e e T o o e e e e o e -

12 13 14 | 15

16 | [19 ~

Transaction Type Bits
20 | Transaction Specific Fields | 23
7 6 5 ‘ 4 ‘ 3 2 ‘ 1 ‘ 0

24 | | ar HD DD Transaction Code

28 | [ 31

k [ ket [k+2 [k+3 -

PR =oment E1S) 1 Initiator To Target Transaction Code Target to Initiator Transaction Code

J S A T NOP QUT 00 0000b NOP IN 10 0000b

. % COMMAND 00 0001b RESPONSE 10 0001b
Device Server y
DATA QUT 00 0010b DATAIN 10 0010b
TASK MANAGEMENT TASK MANAGEMENT

Task Manager REQUEST 00.0100b RESPONSE 100100
Reserved 010001b READY TO TRANSFER 110001b
Device Manager QUERY REQUEST 010110b QUERY RESPONSE 1101100
Reserved 01 1111b REJECT UPIU 11 1111b

Reserved Others Reserved Others

»

SK
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UFS UPIU Transaction Type
Initiator To Tﬂrgﬂt Transaction Code TﬂrgEt to Initiator Transaction Code
NOP OUT 00,0000 NOP IN 1000000
COMMAND 000001 RESPONSE 100001
DATAQUT 000010 DATAIN 100010
TASK MANAGEMENT TASK MANAGEMENT
REQUEST D00100b RESPONSE 1001000
Reserved 01000b | READYTOTRANSFER |  110001b
QUERY REQUEST 010110 QUERY RESPONSE 101100
Reserved 01 1111 REJECT UPIU 11111

Confidential
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Command Flow

UFS Host UFS Device
Application
1.Host Application :
Cﬁx} Write6(0~ 4 sectorD A | El’_i":gle - Descmtors
l RESET n Managing
4 [ I
2. Driver REF CLK ControlJ' : - J” Config
- Memory allocation UFS Host | I~ |' |
~Make U Driver Contoler| (UG uc ¥ vt -
- Make data
- Make descriptor DOUT t = LU0 i Storage : 7. Device Nand
- == -———- - Using NFC
22" 2/2 e ,
UFS 0|2 ) DOUTc (B3 : * : .
e [ st | [ OEIE STl v '
Reg ggb DlN_t_%g (—===n |
iR’ T | = W e s 6. Device FTL
DIN_¢ . b - Using Mailbox & ipc Buffer
4. UFS Device 5.UFS Device LU
’ - Task Queue -> Device Server

- UPIU receive

- Device Manager
- Data receive &

3. UFS Host
- UPIU Transfer
- Data Transfer j - R/W Buffer
25 Siﬁynix
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UFS Specification

Command Flow

UFS Device (LU : Logical Unit)

[ UFS Host

Sector
R v

Application

pEwce tewn i), Descriptors

/

Managing
cmtroléﬂ] lcmﬁo
,, : 7
iy £ U-1 p—f—ft®  Storage
15
UFSHCI ) % : :
UFS - !
Lol 2 : DOUT_C i By .
5 g v
| DN i |
‘DTQ_ LU-N - +»  Storage

Driver Stack

T Figure 2-4 — UFS System Model \

Flash

Host Controller Device Controller
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UFS Host UFS Device
— Sector
pplication R _
Device Level
Managing
comrolgj
e
Driver ' |
z _Ref_CLK _ R
% Reset
UFS Table 11-10: READ (6) UFS Command i : |
Drive Bit g e
7 6 5 4 3 0 B v
Byte ‘g
0 OPERATION CODE (08h) LU-N
1 Reserved (MSB)
2
LOGICA K ADDRESS
3 1@@ (LSB) || =
4 TRANSFE5LENGTH l
Driver St, 5 CONTROL=00h

Command Flow

(LU : Logical Unit)

Storage

—+»  Storage

Host Controller

Device Controller

Flash
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Command Flow

~ A

(LU : Logical Unit)

UFS Hnes S 1HEC Novsira
Table 10-11: COMMAND UPIU
Appl COMMAND UPIU
0 1 2 3
xx00 0001b @x40h N Tasi Tag
4 5 6 7
Corfhand
Reserved Reserved Reserved Reserved
S L] —Set—'l'—ype—
Drive | 8 Q 9 10 (MSB) (LSB)
Total EHS L kbth (O0h) Reserved Data| Seg@knt Length
12 (MSB) 13 14 | 15 (LSB)
Exp ctec&hta Transfer Length
u 1 Table 11-10: READ (6) UFS Command 19
Dri Bit
6 5 4 3 2 1 0 CDB[3]
l| | Byte
0 OPERATION CODE (08h) 23
1 Reserved (MSB) CDBU]
2 27
LOGICA K ADDRESS
? 3 100 (LSB) CDB[11]
I 4 TRANSFERLENGTH 31
Driver S 5 CONTROL=00h CDB[15]

Header E2ECRC (omit if HD=0)
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29

JNIL

COMMAND UPIU
(READ CDB)

DATAIN UPIU
(READ DATA)

DATA IN UPIU
(READ DATA)

RESPONSE UPIU
(STATUS INFO)

Read Operation Flow

Send Command|
LT LQ,

CDB (Read CMD),...)

UTP copies
Data In to
App Client
Buffer

T_CO_DATA.req(
Command UPIU, EOM)

T_CO_DATA.cnf_L{
L4CPortResultCode )

T_CO_DATA.ind(
Command UPIU,
MsgStatus)

T_CO_DATA.rsp_L()

UFS Unit
DevServer

Command Received|
L TLQ,

CDB (Read CMD),...)

T_CO_DATA.ind(
Data In UPIU,

L

*_—_—‘_—______,_._.
Send Data-In (

I_T_L_Q, Device

MsgStatus) T_CO_DATA.req( Server Buffer,
Data In UPIU, EOM) Application Client
Buffer Offset,
Request Byte Count ))
T_CO_DATA.cnf_L(
L4CPortResultCode ) “_‘\—__, ExeCUte
Data-In Delivered ( Read
L TLAQ,
T_CO_DATA.rsp_L() Delivery Result ) C M D
I
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COMMAND UPIU
(WRITE CDB)

RTT UPIU
(DMA CONTEXT)

DATA QUT UPIU
(WRITE DATA)

:' | B B |
<
m
RTT UPIU
[ (omaconTEXT)
DATA OUT UPIU
=% (WRITE DATA)
~
k RESPONSE UPIU
(STATUS INFO)

30

Write Operation Flow

?-___‘_-_‘-b

end Command(
I.TLAQ,
CDB (Write CMD),...)

T_CO_DATA.req(
Command UPIU, EOM)

L4CPortResultCode )

T_CO_DATA.ind(
Command UPIU,
MsgStatus)

T_CO_DATArsp_L()

Confidential
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UFS Unit
DevServer

Command Received(
I_TLQ,

CDB (Write CMD),...)

UTP fetches
Data Out
from App
Client Buffer

_GO_DATA.ind(
Ready to Transfer

UPIU, MsgStatus

T_CO_DATA.rsp_L()

T_CO_DATA.req(
Data Out UPIU, EOM)

T_CO_DATA.cnf_L(
L4CPortResultCode )

.

T _CO_DATA.req(
Ready To Transf
UPIU, EOM)

T_CO_DATA.cnf L
L4CPortResultCod

T_CO_DATA.ind(
Data Out UPIU,
MsgStatus)

T_CO_DATA.rsp_L(

Receive Data-Out (

App Client Buffer Offset
Request Byte Count,
Device Server Buffer)

Execute
Write
CMD

UTP copies
Data Qut to
Device Server
Buffer

Data-Out Received (
LT LQ,

Delivery Result ))

i
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Total Data Segment

Data Data Data
Segment Segment Segment
1 2 3

Task Router
/ Device manager

Data Data Data
Segment Segment Segment
1 2 3

Same Tag#
> Time

i
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Commands (CDB Size)

SCSI Command

v Scsi Command Set supported by UFS is based on UFS native commands and Scsi primary
commands spec(SPC-4/SBC-3).

Description

DATA IN UPIU

Confidential
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DATA OUT UPIU

TEST UNIT READ(6) Test if device is ready (not for a self-test) X X
Inquiry(6) Report device information - type, manufacture, etc | a single Data In UPIU(36byte) X
Request Sense(6) Report sense data - current status of device a single Data In UPIU(18byte) X
. Report medium capacity and block size . .
Read Capacity(10) 0 e Soawed per Lopmeel Lt a single Data in UPIU(8byte) X
Start Stop Unit(6) Change power condition or load or eject medium X X
Read(10) Transfer data from medium to host a series of Data In UPIU's X
Write(10) Transfer data from host to medium Ready To Transfer UPIU a Data OUT UPIU per RTT
Read Buffer(10) Read microcode and other data and tunneling a series of Data In UPIU's X
Write Buffer(10) Transfer microcode and other data and tunnelling Ready To Transfer UPIU a Data OUT UPIU per RTT
Mode Select(10) Set parameter , modes, etc Ready To Transfer UPIU a Data OUT UPIU per RTT
Mode Sense(10) Report parameters and other device Information a2 series of Data In UPIU's X
- geometry, other
one or more Data IN UPIU's
Report LUNS(12) Report the accessible logical unit inventory (Most likely one data in UPIU) X
(8byte+8*n) (n = LUN)
. Verify medium data is same as transferred data
N To determine if specific LBA's are accessible X X
Format Unit(6) Format medium into logical blocks, manage medium and Fecly T Trenedar JEIL a Data Out UPIU containing
defects the unmber of bytes
Send Diagnostic(6) Perform diagnostic operations on LU or device Ready To Transfer UPIU a Data out UPIU containing

the unmber of bytes

Synchronize Cache(10)

Recording most recent device data to medium

X

X

SK
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UFS Specification

SCSI Command & Operation

v Scsi commands operation by Command Flag Type
» No Data (Test Unit Ready, Start Stop Unit, Verify)

+ Data from Device (Inquiry, Read6, Request Sense, Read Capacity, Mode Sense, Report LUN)

« Data to Device (Write6, Mode Select, Unmap, Format Unit)
~—— | HOST —m~ | Device —T~

(SN VIR S

=114 7
Byte
0

Operation Code (00h)

Reserved (00h)

Control (00h)

AN

Response UPIU

xx10 0001b Flags LUN ] Task Tag
Reserved %%T?fpld Reserved L Response SCS| Status
Total EHS Length Device Information Data Segment Length
Residual Transfer Count
Reserver d
Reserver d
Reserver d
Reserver d

Header E2ECRC (omit if HD=0)

Sense Data Length Sense Data[0] Sense Data[1]

Sense Data[14] Sense Data[15] Sense Data[16]

Sense Data[17]

Data E2ECRC (omit if DD=0)

vandor specific

v' SCSI Status : GOOD, CHECK
CONDITION BUSY Etc...

v Response : target successs, fail,

/
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SCSI Command & Operation (TUR)

1. Indicating Interrupt

Basic UPIU Header Format
Transaction Type Flags @ Task Tag
Query Function,
Reserveg | Command Sel e Response Status
Type Task Manag. Function

Total EHS Length Device Information Data Segment Length
Bit

7 6 5 4 3 2 1 0

OPERATION CODE (00h)

Reserved

Reserved

Reserved

Reserved

CONTROL = 00h

¢

I 2. Read Command UPIU From Descriptor Buffer
Read 1) Transaction Type : Identify UPIU
Command 2) LUN : Routing to Task Queue in LU
[CMD UPIU] 3) Operation Code : Identify Command Type
3. Processing Test Unit Read Command
4, Response (Make Response UPIU & Descriptor)
RESPONSE UPIU
[i] 1 2 3
w10 0001b Flags LUN Task Tag
4 5 [ T
e | 0 | s
8 ] 10 {M3B) 1" {LSB)
Total EHS Length (00N) |  Device Information Data Segment Length
12 (MSB) 13 [ | 15 (LSB)
Residual Transfer Count
16 [ |18 [19
Reserved
20 | 21 |2 |z
Command Response L
[Response UPIU] . [25 [ 26 [27
Reserved
7] [0 [30 [31
Reserved
Header E2ECRC (omit if HD=0)
K 3] k2 E—
m Sense Dataf0] m
k+17 k#18 k+19
Sense Data[15] Sense Data[15] 1171

Data E2ECRC (omit if DD=0)
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SCSI Command & Operation

v Scsi commands operation by Command Flag Type
* No Data (Test Unit Ready, Start Stop Unit, Verify)

 Data from Device (Inquiry, Read6, Request Sense, Read Capacity, Mode Sense, Report LUN)

« Data to Device (Write6, Mode Select, Unmap, Format Unit)

HOST Device
-ﬂﬂﬂﬂﬂ-ﬂ ( \

Operation Code (28h)

1 000b b m Revd Ob  Ob
[ FUr ] Row
2 =)
3
R Logical Block Address
5
J

6 Reserved (000D 00000b
7
% [ Transfer Length ]
9 Control (00h)

Data IN UPIU

v FUA : 1 — cache on, 0 — cache off
v' LBA : Start block
v Transfer Length : Size

Status Response
I
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SCSI Command & Operation

v" Scsi commands operation by Command Flag Type

- No Data (Test Unit Ready, Start Stop Unit, Verify)
« Data from Device (Inquiry, Read6, Request Sense, Read Capacity, Mode Sense, Report LUN)

.Data to Device (Write6, Mode Select, Unmap, Format Unit)

36

0
1

© 0 NP~ N

/— HOST 4\

Operation Code (2Ah)

000b Ob  FUA Rsvd
(Ob)

Logical Block Address

Reserved (000b) 00000b
Transfer Length

Control (00h)

Ob 0Ob

)

i

Data OUT UPIU

| qu—p

/

v LBA : Start block
v" Transfer Length: Size

—

o

Device 4\

Re:

ady To Transfer UPIU

xx110001b

Flags

LUN Task Tag

Reserved

Reserved

Reserved

Status

Total EHS Length

Reserved

Data Segment Length

Data Buffer Offset

Data Transfer Count

Reserved

Reserved

Reserved

Header E2ECRC (omit if HD=0)

[ Status Response }

o\

-/
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UFS Specification

Descriptor & Attribute

v Descriptor : General Configuration for Device-level

v' Attribute : Frequently Configurable Range Value
v' Flag : Frequently Configurable BOOL Value

[ comeny e j
( - )
C S )

37
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Descriptor

Table 1031 Read descriptor

Transaction Specific Fields for READ DESCRIPTOR OPCODE
* 0h ' DESCRIPTOR IDN l ! INDEX " SELECTOR
"’ Reserved ' Reserved " e LEI\‘Ojl?ll (e
Reserved "
2 Tz I3 [E
Reserved
DEVICE DESCRIPTOR Configuration Descriptor UNIT DESCRIPTOR GEOMETRY DESCRIPTOR RPMB UNIT DESCRIPTCR POWER DESCRIPTOR INTERCONNECT DESCRIPTOR MANUFACTURER NAME STRING
00 bLength 00h bLength 00h bLength ool bLength 00h bLength 0ok bLength 00h bLength 0o blength
0ih  |bDescriptorType 0l |bDescriptorType 0lh  |bDescriptorType [h  |bDescriptorType 0l |bDescriptorType 0ih  |bDescriptorType 0l |bDescriptorType flh  |bDescriptorType
02 bDevice 0z bNumberLU 02 bUnitingex 02 EMediaTechnology 0z bUnitinex 0z whetivelCCLeveVCC[150) 0z bedUniproVersian 02 Ko
03h  |bDewcellss 03h  |bBootEnable 03h  |blLUEnable 03h  |Reserved 03h  |bLUEnable n CLevelWCCQLET) 0h  |bedMphyversion 04h
Mn  |bDevicelubllas 04n  |blescrAccessEn 04h  |bBootlunll 04h  |gTotaRawDeviceCapacty 04h  |bBootlunlD 42h |whetvelCCLevekVCCQIIISD) LENGTH-2 UC[[LENGTH-2)+ 2-1]
05h  |bProtocal 05h  |bInitPomerMode 05h  |bLUWreProtzct 0 Reserved 05h  |bLUWrteProtect
0éh  |bNumberll 06h  |bHighPriorityLUN Oh  |blUQueueDepth 0Dh  |dSegmentize 06h  |bLUQueueDepth PRODUCT NAME STRING DESCRIPTOR
07h ENumberiLU 07h bezcursRemovallype 07h Reserved 11h bAlocstonUntiize 07h Reszrved 0oh blength
02h |bBootEnable 08h  |bIntActvelCCLevel 0sh  |bMemoryType 17h  |bMinAddrBlockize 08h  |bMemoryType fih  |bDescriptorType
08h  |bDescrAccessEn 05h  |wPeriodicRTCUpdate 0%h  |blataRelabifty 13h  |bOptmalResdBlocksze 03h  |Reserved 02 U
0Al blntPowerhode 0BhOFh |Reserved DA blogicalBlockize 14h  |bOptmafWriteBlockize DAl blogicalBlocksze [4h
OBh  |bHighPriariLUN 0sh  |qlogicalBlockCount 15h  |bMadnBufferize 08h  |glogicalBlockCount LENGTH-2 UC][LENGTH-2)-2-1]
o bezcureRemovallype Unit Descriptor 13h dEraseBlockize 16h EMaxQutBufferSze 13h dEraseBlockize
0Dh  |blecuritylU 0oh  |bLUEnable 17h  |bProvioningType 17h  |bRPMB_ ReadWritsSze 17h  |bProvioningType COFEM ID STRING DESCRIFTOR
(Eh Reserved 01h bEcotLunlD 18h: 1Fh [qPhyMemResourceCount 18h Reserved 18h: 1Fh [gPhyMemResourceCount 0ol bLength
OFh BlnithctvelCCLevel 02 bLUWrteProtect Wh |wlontedCapabiifes 18h  |bDatsOrdering 20h: 21h | Reserved fih  |bDescriptorType
1oh | wipeckersion 03h  |bMemeryType b |blargelnitize M1 14h  |Reserved 02 U
12h |wManufactursDate 04h |dNumalocUnts 18h |bMaxContedDNumber 04h
14h |iManufacturerName 08h  |blataRelabifty 1ch  |bysDataTagUnitize LENGTH-2 UC][LENGTH-2)-2-1]
15h ProductName 0%h blogicalBlocksze 1Ch  |bAysDataTagRestize
16h  |iSeralMumber 0Al bProvsioningType 1Eh bSupportedSecRTypes SERLAL NUMBER STRING DESCRIPTOR
17h i0emiD 08h  |wConiextCapabilites 1Fh wEupportedMemoryTypes 0ol bLength
18h  |wManufacturerld Q0RO |Reserved bl dSystemCodeMaxNAllocl fih  |bDescriptorType
1ah  |bUDOBaseOffet 4h  |dSystemCodeCapAdfac ] ucm
18h bUDConfigPLength 26h dNenPerssthaAlocl [4h
1Ch |bDeviceRTTCap 24 dNonPersstCapAdyFac LENGTH-2 UC][LENGTH-2)-2-1]
10h  |wPerodicRTCUpdate X dEnhancedMaxNAllocU
3th  |dEnhancediCapAdiac
32h  |dEnhanced2MaxAllocl
36h  |dEnhanced2CaphAdiac
38h  |dEnhanced3MaxAllocl
3ch dEnhanced3CapAd Fac
3 8 3Eh dEnhanceddMaxNAlocl P ,
42h dEnhanced4CapAdFac
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Attribute & Flag

Table 10-33: Bead Artribute

Transaction Specific Fields for READ ATTRIBUTE OPCODE R
’ 03h HATTRIBUTE IDN SELECTOR ’ 00h bBootlunEn
- = Olh Reserved
Reserved Reserved Benarvad 02h bCurrentPowerMode
= T 2 R 03h bActivelCClLevel
Reserved 0dh bOutOfOrderDataEn
24 [ 25 [28 [27 05h bBackgroundOpStatus
Reserved 06h bPurgeStatus
07h bMaxDatalnSize
08h bMaxDataOutSize
09h dDynCapNeeded
0Ah bRefClkFreq
0Bh bConfigDescrLock
0Ch bMaxNumOfRTT
0Dh bExceptionEventControl
OEh bExceptionEventStatus
OFh dSecondsPassed
Flag 10h wContextConf

00h Reserved 11h dCorrPrgBlkNum

01h fDevicelnit Table 10-35: Read Flag

02h fPermanentWPEn Transaction Specific Fields for READ FLAG OPCODE

03h fPowerOnWPEN ‘ 12 13 14 I 15

04h fBackgroundOpsEn 05h FLAG IDN INDEX SELECTOR

0sh Reserved N Reserved " Reserved b Reserved ? Reserved

06h fPurgeknable

20 21 22 23

07h Reserved Reserved

08h fPhyResourceRemoval > 25 B E

0%h fBusyRTC Reserved

Confidential

'15.08.21~ "18.08.20

i
SK’?ynix






UFS HCI

'15.08.21~ "18.08.20

HOST Controller Interface

10 Memory/Register Space Host Memory Space
UTP Transfer Request List

. - 0
OS/Common UFS Host Controller Driver —_— o —
[ % Descriptor

mmmmmmmm e mm e e e e e e e e e -Eh i ' UTP Transfer Request Data bufi
' I 2 a Host Controller Capabilties s
i lﬂ-i H 3 T
i = i (9] Interrupt and host status
| E i UTP Transfer Request
i S UTP Protocol Engine : 31
i ..g ! UTP Task Management Request UTP Transfer Request
Lo UFS InterConnect ; sbaianil
i 5 i Vendor Specific
i T Tx- i UTP Task Management
x+lx --------- ﬁﬁg ------ e &g RequestList Data bufer
PSSR NSO - S I AN I
i 5 v v Y Rx-| [Rux+ I %‘g‘
i ; =

E UFS InterConnect Sa
: [1H]
P& ;

g UTP Protocol Engine
(ESEEETEET

w
T

=

NVM Core

S

Figure 1 — UFS Architecture Overview Figure 2 — General architecture of UFS Host Controller Interface.

i
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MMID Space

Hast Controller Capability Registers

Runtime and Operation Register

HCI Register

Interrupt configuration

Host controller status

|1
UTP transfer r
management
TP Task Manage t request lists |
ma rment

C Command Registers

Figure 3 — A conceptual block diagram of UFS host system
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20h | 23k [ IS Entermupt Stams
. ) 24h | 3%h [ IE Infernupt Enable
Vendor Specific Registers £ 281 | 2Fh | Reserved Reserved
] 30h_| 33h | HCS Host Controller Ssanus
= 3ah_| 37h | HCE Host Controller Enable
3 38h | 3Bh | UECPA Host UIC Error Code PHY Adapter Layer
E ACh | 3Fh | UECDL Host UIC Eror Code Data Link Laver
Start | End | Symbel Description — 40L | 43h | UECN Host UIC Error Code Network Layer
00h | 03h | CAP Host Controller Capabiities M | 47h | UBCT ‘Host VIC Ernor Code Transport Layer
ﬁ g;*l f_’;ﬂd :g"‘fd i 48h | 4Bh | UECDME Host UIC Error Code DME
2 ersion 4Ch | 4Fh | UTRIACR UTP Transfer t Inermupt A ion Control Register
E OCh_| OFh | Reserved Reserved Boques! Inberrupi Ajgre o
'E_ won | 13 | BepDID Host Controller Identification Deseriptor — Device ID and Device B J0h | 73h ]| UTMELBA UTP Task Management Request List Base Adaress .
o Class S : 74h | 77h | UTMRLBAU UTP Task Manag HRequest List Base Address Upper 32-Buts
g wh | e | sepsm Host Controller  Identification Descriptos = Froduct 1D and E 78h | 7Bh | UTMRLDBR UTP Task Manag Request List Door Bell Register
Manofacrarer ID___ & 7Ch | 7Fh | UTMRLCLR UTP Task Management Request Lust € Leas Register
15h ' IBh | AHIT Auto-Fibernate kie Timer 5 80h_| 83h | UTMRLRSR UTP Task Management Run-Stop Register
1Ch | IFh | Reserved Reserved
Bdh | 8Fh | Reserved Reserved
20h | %3h | UTRLBA UTP Transfer Request List Base Address
& tah | $7h | UTRLBAU UTP Transfer Request List Base Address Upper 32-Bits w5 T 535 | UiechiD TIC T Py
E 58h | 5Bh | UTRLDBR UTP Transfer Request l.!il Door Bell Ii_tetism' . 'E 94h Th | UCMDARGH UIC Command Argument |
- SCh | SFh | UTRLCLR UTE Transfer Request List CLeor Reginer g E 98h | 9Bh | UCMDARG? TIc © d Argument 2
= G0h | 64h | UTRLRSR UTP Transfer Request Run-Stop Register E oCh | 9Fh | UCMDARGE VIC Command Argument 3
- £
63h | 6Fh | Reserved Reserved Adh | AFh | Reserved Rewerved
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UTP Transfer Request

1. SetCommand Type
2. Data Direction

3. Interrupt

4. Initialize OCS with OxF

5. Set UTP Command Descriptor Base Address
6. Set Response Offset & Length
7. Set PRDT Offset & Length

8. Check UTP Transfer Request List Run Stop Register
9. Set UTP Transfer Request Interrupt Aggregation Control Register to 1

10. Set Counter and Timer Reset bit to 1
11. Interrupt aggregation counter threshold

12. Interrupt aggregation timer threshold
13. Set Doorbell register{UTRLDBR) to 1

(lI) 27}2?3 25 2(5‘)3 16/15 |? | 5 0 Value | Description
Command l‘-’ 001 SUCCESS
e Type(01h) o Resae 01h INVALID COMMAND TABLE _ATTRIBUTES
DW1 Reserved 02h INVALID_PRDT_ATTRIBUTES
a4 03h MISMATCH_DATA_BUFFER_SIZE
Dwz Reserved '\IJ Overall Command Status 04h MISMATCH_RESPONSE_UPIU SIZE
oW Reserved 05h COMMUNICATION_FAILURE within UIC layers
06h ABORTED
Dw4 (3) UTP Command Descriptor Base Address | Reserved o7k FATAL ERROR within host controller that is not covered by the ermor
conditions described above in this table.
DwWs UTP Command Descriptor Base Address Upper SEBIQ-\_\ 0BL0ER | Reserved
DW6 Response UPIU Offset__ Response UPIU Length___ OFh [ INVALID OC5 VALUE
-] STV
DW7 PRDT Offset 7 PROTLength.
Figure 4 — UTP Transfer Reques \ MOP QUT, Command,
Query Request
Transfer Request
(SCSI Command, Natve UFS command and Device Management)
MNOP In, Response,
b |1'|" Transfer Response Query Response
DWO Data Base Address
DWA1 Data Base Address Upper 32-bits Max 10247}
DwW2 Reserved Physical Region Description Table (optional)
DW3 Reservad Data Byte Gount |1 [1 Data (max 256KB) L
Figure 6 — Data structure for Physical Region Description Table Figure 5 — UTP Command Descriptor (UCD)
43 s
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UTP Transfer Request Completion

UTP Transfer Request Completion

If Regular Command{UTRD.| == 0)
1) Check |A interrupt counter
2) If Counteris 0, IA Timer is running

Four conditions which make IS.UTRCS is set

1) UTRD.Il ==

2) When Counter reach Interrupt threshold(IACTH) value
3) Timeout occurs (IATOVAL)

4) When OCS value is not SUCCESS

If IE.UTRCE is set, Interrupt is disabled

Clear IS

Read IS

Confidential
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( Read UTRLDBR )

NO

UTRLDBR ==

Yes

¥ ¥
Command is Command is
outstanding completed

i
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Host Controller link startup
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UFS
System FSH vt Device
Reset n=0 -
Reset n=0 -
Write HCE=1 - .
DME_RESET req
P DME_RESET cnf L
- DME_ENABLE .reg
P DME_ENABLE cnf_L
opt | DVE SETreq Optional
SHESEn T »| - (Implementation
P L O specific)
Read HCE=1 -
opt
UiC CMD (DME_SET)
DME_SET reg »| = Optional

Read IS.UCCS=1

DME_SET.cnf L

Y

UIC CMD (DME_LINKSTARTUF)

Read IS.UCCS=1

DME_LINKSTARTUF.req

DME_LINKSTARTUP . cnf L

L ]

Y

SUCcess)

Read HCS5.DP=1(only in case 0?

-

Figure 8 — Host controller link startup sequence
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Host Power Mode Change

HC Driver HC Interface
's ~
—DME_SET (PA_ActiveTxDatalanes, ...) -
—DME_SET (PA_ActiveRxDatalanes, ...) -
UIC does not define high-level primitive for setting —DME_SET (PA_TXGear, ...) -
these power mode change parameters. | .
DME_SET of UIC attributes must be used. DME_SET (PA_RXGear, ..) >
—DME_SET (PA_TXTermination, ...} -
—DME_SET (PA_RXTermination, ...) -
—DME_SET (PA_HSSeries, ...) >
p. A
Preparing the remote L2 timeout values for )
the ot gower i —DME_SET (PA_PWRModeUserData[0], ...) -
This is equivalent to preparing the Remotel 2TimerData .-
parameter for UIC's DME_POWERMODE req. | .
| No change is performed on UIC. DME_SET (PA_PWRModeUserData[11], ...) aP

—DME_SET (DME_ Local_FCOProtectionTimeQutVal, ...)———————

-

Preparing the local L2 imeout values for —DME_SET (DME_ Local_TCOReplayTimeQutVal, ...) >
the next power mode. —DME_SET (DME_ Local_AFCOReqTimeQutVal, ...} -
This is equivalent to preparing the Locall2TimerData
parameter for UIC's DME_POWERMOQDE req. —DME_SET (DME_ Local_FC1ProtectionTimeQutVal, ...)————— |
No change is performed on UIC.
9= =P —DME_SET (DME_ Local_TC1ReplayTimeQutVal, ...) >
—DME_SET (DME_ Local_AFC1ReqTimeOQutVal, ...} -
4
Setting PA_PWRMode triggers the power mode change. 1
PA_PWRMode[3:0] and PA_PWRMode[7:4] | -
comrespond to TxPowerMode and RxPowerMode DME_SET (PA_PWRMode, ...) o
thI'\."I E_POWERMODE req parameters, respectively. )
fThebovPA DME_Locall 2TimerData attribut )
above PA or _LocallL2TimerData attributes
must not be set dunng the power mode change. UIC power mode change procedure J
The power mode change procedure is completeed ) ] h
when IS UPMS is setto '1°. - IS.UPMS ="1’; Interrupt if IE.UPMSE is "'

\_This Is equivalent to DME_POWERMODE.ind.

Figure 9 — UIC Power mode change
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UFS Host & Device System

AUTO TEST APP(For TG 64.5)

BLOCK DRIVER

CHAR DRIVER with File System

UFS HOST - PF100( Application Processor ) "P

4 SK Fynix
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TEST Implementation
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v" Device driver and AUTO TEST application have been developed on PC based HOST environment
v HOST(AP) / device firmware implemented
v" Technical understanding of AP side will be helpful for co-work with AP vendors
v Simplicity and easy debugging are most important factor of AUTO TEST application

7.12.1 Test Case Id: UFS_Read6_01

If this test case is used to BOOT well-known logical unit, WRITE command may not be issued

from host because WRITE command is not supported on BOOT well-known logical unit. Data

comparison may not be processed.

Ref. specs Section

UFS : Section 11.3.5

Test Purpose

To Verify the READ (6) command reads 256 blocks of data when TRANSFER

LENGTH = 00h.

Test Procedure

[Precondition]:
1. lIssue READ CAPACITY (10) command and verify LU has more than or
equal to 256 Logical blocks

[Main]:
1. Issue WRITE (6) command.
2. Issue READ (6) command.
3. Verily the Expected Output.

[Cleanup]:
MNone

Input parameter
values

WRITE (8)
LBA = 00h, TRANSFER LENGTH = 00h, CONTROL = 00h.
Any Data can be written.

READ (8)
LBA = 00h, TRANSFER LENGTH = 00h, CONTROL = 00h.

Expected Output

1. The READ (6) command response shall be:

Response Status Sense Key Additional Sense Code

Target

Success Goob

2. Compare data buffers of WRITE (6) and READ (6) commands. Data
shall be same.

[TG645],Reads6, 1
[Cmd],Read Capacity1@,LUN,®, LOGICAL BLOCK ADDRESS,@x@,CONTROL,®@xd
[Cmd],Write6,LUN,8x@, LOGICAL_BLOCK_ADDRESS,@x@, TRANSFER_LENGTH,@x@@, CONTROL ,0x@

[Cmd],Read6, LUN, @x, LOGICAL_BLOCK_ADDRESS, @x@, TRANSFER_LENGTH, 8x08, CONTROL , 02

./auto test input/Readb ©1l.csv

Tg645 readé.c

s include <stdio, b
s include <string, b

Eltabdb_readh_01

1 L 1 1
| printf} [E read 6] [E read_capacity | [E write_B}

2 include “ufs_blk_ioct.h” z 0 1

¢ include “hw_ufs_test,h”

s include test_main b®
s include "tgB45.0"
BUF_FILE_M&ME

&l tghd5_reads_0Z
[E] tg645_read6_03
[E] tgB45_readh

Command #2 :

Final Result...QK!

[root@ufs auto_test 1]# find . -name "*.[chS]" | xargs wc -1

74 ./Source/Pathfinder Linux Drv V@1/inc/common/common.h
296 ./Source/Pathfinder_Linux Drv_V@1/inc/common/ufs_AdaptationLayer.h
62956 total
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HOST & Device E2E Interface

HOST DEVICE (Client) UFS DEVICE (Server)

Logical Unit

Application Client LUN

1 to M Application Clients per Host

1to N Logical Units per Device

Figure 7-1 UFS SCSI Domain
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UFS Device

* LU : Externally addressable, independent, processing entity.

Logical Unit
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* Device contains 1 or Max 8 Normal logical units & 4 Well-known LU

* A Logical unit contains
— DEVICE SERVER : Processing SCSI Commands
— TASK MANAGER : Performs Task management Functions
— TASK SET : A Conceptual Group of Commands

HOST DEVICE (Client)

UFS DEVICE (Server)

SCSI Initiator

- I

1.. M Application Clients

per Host

SCS| Target

Device
Server

)

Logical Unit

Task Riasources under the
conirl of Logical Unit
{memory area, eic.)

-
Manager

01

M

1.. N Logical Units
per Device

Configurable parameters

Logical Unit

Name Description
bLUERNnable Logical Unit Enable LUO, ..., LUT
bBootLunlD Boot LUN ID LUO, ..., LUT

bLUWTiteFrotect

Logical Unit Write Protect

LUo, . LU7

bMemoryType

Memory Type

LUD, ..., LUT

dMNumAllocUnits

MNumber of allocation units assigned to the
logical unit.

The value shall be calculated considering
the capacity adjustment factor of the
selected memaory type.

LUD, ..., LUT

bDataReliability

Data Reliability

LUD, ..., LU7

bLegicalBlockSize

Logical Block Size

LUD, ..., LU7

bProvisioningType

FProvisioning Type

LUD, ..., LU7

51
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Logical Address zerg —-—————
LUN =0h
Logical Address zero ——————
LUN=1h
Logical Address zerg —------——-—-

LUN = 3h
Logical Address zerg —------—-—-—-
LUN =4h

Logical Address zero ——————-

LUN=7h
Logical Address zerg —------——-—-

W-LUN = 44h

52

LU Configuration

Protocol Address

Wormal Area
Hidden Area

Boot LU A J LU size
Boot LU B )
Active LU for boot J LU size
LUN= Logical Unit 2
LU size LBA=D
LUN= Loglcal Unit 3
) TTE i
LUN= Logical Unit 4
LU size Lea=a .
LUN=5 Logical Unit 5
LBA=0
LU size LUN= Logical Unit 6
LBA=0 .
J
LUN= Logleal Unit 7
LU size LBA=O
Admin Area

Confidential
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NAND Address

Logical UnitQ

Logical Unit 1

Logical Unit 2

Logical Unit 3

Logical Unit 4

Logical Unit &

Logical Unit &

Logical Unit 7

Logical Unit 3

I
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LU Configuration

8.4 UFS Descriptor

TABLE 1 Configuration Descriptor Header and Device Descriptor Configurable parameters

Offset Size | Name Value
00h 1 bLength 90h
01h 1 bDescriptorType 01h
02h 1 bNumberlLU 00h
03h 1 bBootEnable 01h
04h 1 bDescrAccessEn 01h
05h 1 binitPowerMode 01h
06h 1 bHighPriorityLUN 00h
07h 1 bSecureRemovalType | 00h
08h 1 binitActiveCCLevel 00h
05h 2 wPeriodicRTCUpdate | 0000h
0Bh:OFh | & Resenved 00h

TABLE 2 Unit Descriptor Configurable parameters

Offset Size | Name LUN=0_ | LUN=1 LUN=2 LUN=3 | LUN=4 | LUN=5 | LUN=6 | LUN=T
10h +16*LUN [ 1 bLUEnable 01h 01h 01h 01h 01h 01h 01h 01h
11h+16*LUN 1 bBootLunlD Q0h 00h 01h 02h Q0h 00h 00h 00h
12h+16*LUN 1 bLUWTriteProtect 00h 01h 02h 00h 00h 01h 02h 00h
13h+16*LUN 1 bMemoryType Q0h 00h 0ok 00h Q0h 00h Q0h 00h
14h+16*LUN 4 dNumAllocUnits 1000k 10000 1000h 1000h 1000k 1000h 1000h 1000h
18h+16*LUN 1 bDataReliability 00h 01h 00k 01h 00h 01h 00h 01h
19h+16*LUN 1 blogicalBlockSize OCh O0Ch 0Ch OCh 0Ch OCh ach OCh
1Ah+16*LUN 1 bProvisioningType 00h 02h 03h 00h 00h 02h 03h 00h
1Bh+16*LUN | 2 wContextCapabilities | 00h 01h 02h 03h 04h 05h 00h 01h
1Dh+16*LUN | 3 Reserved 00h 00h 00k 00h 00h 00h 00h 00h
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UFS Device

L Writs2 (8VB)
______,__________:\5

RTT1 (48KB)
RTI2G2B8)

-

Datal (48KB)

- Data2 (32KB)
_,_____________—>

Higher Priority LU

L Write2 (3MB)
______,________ __:\5
RTT2 (32KB) ]

L RmE

Jﬂ“f’ﬁ)’/

o Data? (BZKB)
- _____________>

Datal (48KB)

Figure 13-11: Host-Device interaction for LU with same the priority

___ Write2 (4MB)

™

i
Loop | {untilall data (4MB) is sent }
< RIT2 (data_size_n)
————___ Data2 (data_size_n)
_____7_________9
Response2
.
RTT1 (48KB)
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data_size_n may be changed
per iteration according to the
device’s internal status.

Figure 13-12: Host-Device interaction for LU with different priorities
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Boot Sequence

UFS CMDs and Modes required by boot sequence

Power-on Reset / HW Reset / EndPointReset

NOP OUT

NOP OUT

UFS Device

e

Opt

Query Request{READ DESCRIPTOR)

Query Response (Device Descriptor)

No active tasks in the device
UFS Descriptors, Attributes and
Flags set to their defaulf value
UniPro atfributes reset

M-PHY layer initialization on both sides
shall lead to PWM-G1 speed gear

UniPro Boot sequence and
Aftribufes configurafion

The host shall send a sequence of
NOP OUT UPIU until the device
answers with a NOP IN UPIU

UFS host gueries the UFS device Descriptor

- bDeviceClass/bDeviceSubClass — Mass
Storage Bootable Device

. bBootEnable — Boot process enabled

. bBootlunEn — LU configured for Boot

. bBootSeqlD — RFU

This operation is optional and allowed only if

bDescrAccessEn is equal to one.

The host issues a TEST UNIT READY fo
check if the Boot W-LU is operational.
This operafion is optional if the host does
not read the Boot W-LLIL

Host reads the boot code from the Boof well
known logical unit by issuwing one or more
SC3I READ commands

Query Request (SET FLAG fDevicelnit)

Query Response

The host enables the device initialization
completion by seiting fDevicelnit flag.

fDevicelnit flag is polled by the host to verify
the device initialization completion.

At the end of the initialization process,
fDevicelnit shall be reset by the device

UIC Layer Initialization Phase

\

== After Link Startup, By Default, M-PHY Speed is PWM G1 Mode

UTP Layer Initialization Phase

We expect that Host send only one NOP OUT UPIU, but, multi-NOPs are OK.
The Host can change bRefClkFreq value of descriptor
after UTP layer initialization phase.

BOOT W-LU Ready Phase

BOOT W-LU Transfer Phase

UNIT ATTENTION CONDITION will be cleared after sending RESP

Application Layer Initialization Phase

Device Initialization Done
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SCSI Command & Operation (Unmap)

Erase operation Type

Discard {unmap=any)
Erease (unmap=0)
Purge { emmc = sanitize )
Format erase + purge

Descriptor of regarding Erase operation

bProvisioningType(OTP) ReadCapacityl6 (TPE) ReadCapacityl6 (TPRZ)
0 0 Don't care
1 Don't care Don't care
2 1 0
3 1 1

- Erase in the multiple of dEraseBlockSize unit (bigger size than logical blocks)

Erase or Discard

—— One time programmable value during LU Configuration
bProvisioningType Erase or Discard is determined by ReadCapacityl6 for TPRZ field value

|
v v

bProvisioningType = 2 bProvisioningType = 3

Unmap Command = Discard Unmap Command = Erase

0 value read ¢
5 Any value read e
SK”
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Write Protection

UNIT DESCRIPTOR

Size

mov "

User
cont.”

Description

1 bLUWriteProtect

Yes

Logical Unit Write Protect
00h: LU not write protected
01h: LU write protected when fPowerOnWPENR =1
02h: LU permanently write protected when fPermanentiWWPEn =1
03h: Reserved (for UFS Security Extension specification)
Others: Reserved

bLUWriteProtect = 01h
(Write Once)

fPowerOnWPEN =1
(Power-On Reset)

Description

02h

fPermanentWWPEN

Read/
Write once

Permanant Write Protection Enable

fPermanentWVPENn enables permanent write protection on all logical
units configured as permanent protected; it cannot be toggled or
cleared cnca it is set.

0Ch: Permanent write protection disabled

I

l

( Power-On WP )

bLUWriteProtect = 02h
(Write Once)

fPermanentWPEn =1
(Write Once)

03

fPowerOnWPEN

Read/
Power on reset

Power On \Write Protection Enable

fPowerOnWPEN enables the write protection on all logical units
configured as power on write protected.
If fPowerOnWPEn is equal to one and the device receive a Query
Request 1o clear or toggle this flag, the Query Request shall fail
and Response field shall be set to ‘F8h" (Parameter already
written).
The device shall set fPowerOnWPER to 2ero in the event of power
cycle or hardware reset.

0b: Power on write protection disabled.

1b: Power on wiite protection enabled.

57

I

[

y
( Permanant WP )

¥
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