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Preface

About this document
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Chapter 2. Indilinx Barefoot™ SSD Controller Specification

0] &0l = Barefoot ZAE 2] 0| 8/=90f OF7| €K I Ly HEZ 20| CH) &
Al BhC,

Chapter 3. Jasmine OpenSSD Platform Firmware Architecture
O] Z0 M= Jasmine 2E0f B =|= SSD HYO{0f Tzl S Mlehct.
Chapter 4. Jasmine OpenSSD Platform Software Specification
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Chapter 1.
Jasmine OpenSSD Platform Specification

rh

H0|M £ Jasmine OpenSSD Z3HF2| SLE90f Tt Abehof| CHo FAMSHCt.

v Jasmine OpenSSD Platform overview
v Jasmine board

1.1. Overview

Jasmine OpenSSD Z2{Z2 CLII:|%','¢2| DM%S Barefoot™ SSD ZAEE2{7} x| &l 7
c X

—_—=
HAA HE(Jasmine B | 8= SSD T 0{(Jasmine HYO)HE =Tt
st

1.2. Jasmine Board

Of2lf Figure 1 2 Barefoot SSD ZAEE2{7} E Al =l Jasmine & = 0|C}.

NAND flash module (Samsung MLC NAND flash, K9LCGO8U1M)

Barefoot SSD controller
(ARM7TDMI-S core)

3Gbps SATA host interface

Mobile SDRAM (64MB) Mictor connector

1} .
JTAG debug port /f Factory mode jumper

UART port

Figure 1) Jasmine OpenSSD Platform: Jasmine board

Ct22 Jasmine board 2| S} = 2|0 Key feature O|LC}.

e Indilinx Barefoot™ SSD controller
o ARM7TDMI-S core running at 87.5Mhz
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1.2.1.

1.2.2.

DRAM access bus, flash/SATA control running at 175Mhz

96KB internal RAM

SATA 2.0 host interface (3Gbps) with NCQ support

Mobile SDRAM controller up to 64MB (running at up to 175MHz)

NAND flash BCH 8/12/16 bit correction per sector

SDRAM Reed Solomon 2 byte correction per 128 + 4 byte

NAND flash controller up to 64 CE's (4 channels, 16 bits/channel, 8

banks/channel)

o  Separate DRAM access bus for transferring data between NAND flash
memory and DRAM buffer

o  Supports various NAND flash memory chips from different vendors such as
Samsung, Hynix, Toshiba, Micron, etc.

o  Specialized hardware for buffer management and memory utility functions

Debugging/monitoring aids

- JTAG

—  UART

— 1LED and 6 GPIO pins

—  Mictor connector to NAND flash signals for logic analyzer

O O O O O O O

—  Separate current measurement points for core, /O, SDRAM, and NAND
®  Mobile SDRAM
o  64MB from Samsung (subject to change)
o 8 NAND flash memory slots (DIMM)
o  64GB from Samsung (subject to change)

tTM

Indilinx Barefoot™ SSD controller

OIC| 2l A Barefoot SSD ZHEE2{2| HM = £ 29| Chapter2 & &g A.
Factory mode jumper

Jasmine 2 E = Factory mode ®HE 7IX|1 JU=0|, 0] I Barefoot HEE2{2|
GPIO #0 O G1ZA%|0f QICt =0 Hel0| Q17 B CPU Z4 E7+] 0 #X|= ROM
Ol WO 22 Z ROM code 7 Al £ 7| A|ZEFSICE ROM code & ZHEFSH L9 0
=7|=h B8-S AKX LA GPIO #0 2| HE{S AAFSICE. O] o HE{O] 2t Ths it &

| 4 Exto| Zrabaict.

(@]

GPIO #0 ©| 40| 0 @1 AL (12| X|7} Normal 9 Z2)

ROM code = A El NAND Z2fA|2] K|t 745 Tt F0f, 0 B S 9

Hof O|0|X| & 210{A| SRAM 0f 2 &3S}, address remap S2H0f| 9|510f CPU

T4 57t2 0 #HX|7F ROM O] Ot il SRAM 0| &| =5 oF F0f| CHA| 0 BiX| =
ZotC} O|t 22 WA o= HY o7k A|ZHEICE Y 0 B 3o 80| d4=2

SO K| X AL & E 8% E= 7|E O|f = 2I510f 0 H =32 4 H

| O X| Of| A signature (0xCOC2E003)7} LA L|X| Y= B2 0= Yo 22 1g0|

S CHE| 20 Factory mode Of T ISHC
*  GPIO#0 9| 2t0| 1 91 ZP (Mol 9IX|7} Factory mode 91 Z9)

ROM code = SATA QIE{I{|O|A & X 7|3}8l 1 install.exe 258 E Q| W& S 7|CtEICT

o o2 4

=
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Chapter 2.
Indilinx Barefoot™ SSD Controller Specification

[l
o
M

OpenSSD Z 21 Z0j| EHxfj ! OIC| WA Barefoot™ 71EE2{= ARM 7|§0| SATA HEERZM, H
X Cryet SSD M| F 2of EXHE| 1 C O] ZoflA{ = Barefoot ZIEE2{2| SLE9)|0] OF7| =l X 0ff

=]
CHol ¥m=Ct. 2 ¥2 O3 HE8S F=2 Z&5ta ULt

[

+4

Indilinx Barefoot controller architecture
Memory map

NAND flash controller (FCP, WR & BSP)
SATA controller (NCQ, SATA event queue)
DRAM host buffer & Buffer manager
Memory utility

AN N N N N NN

Interrupt controller

2.1. Hardware Architecture

Of2lf Figure 2 = Jasmine ZEHZ 0| H/W O}7 |l & £2 CIO|0{A O 2 LIELH ZO|

C}.
INDILINX
Barefoot™ Controller
Clock UART
Generator
ggﬁg’; ROM ARM7TDMI-S 'ﬁ GPio ‘
Core APB Bridge
Controller Controller 9 .
T l Timer
A A
AHB WDT
A \ 4 \ 4
Buffer SATA DRAM i m PMU
o
NAND Controller [ Manager [€>|  Device Controller Memory Utility &
|
DRAM Access Bus
JTAG
7

NAND Flash SATA Host interface DRAM JTAG debug port

Figure 2) Jasmine OpenSSD Platform architecture
Barefoot ZAE E2{= ARM 7|HIO| SATA-compatible SSD ZAEEZZMN, 22 SSD HE
0| B A= UL} Barefoot ZAEE2{= ARM, Ltd AtC| 16/32-bit ARM7TDMI-S RISC
o032 Z=ZMAME LWESta QUCE ARM7TDMIS-S & WEHOZ AMBA HAQL
ARMVAT Z 0|2t O} |8 K rAlo 2 Teig|of QUct
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NAND
flash
controller

Barefoot ZHEED|{= 7|2XM2=Z 96KB SRAM, system manager(SDRAM/NAND
controller), buffer manager 2 SATA 2.0 host interface, clock generator, UART, timer,
WDT(Watch-dog timer), PMU(Power Management Unit), ICU(Interrupt Control Unit),
JTAG 522 74 &[0 ULt Barefoot HEEZ| = 2|F HAXEEHECQI SLC/MLC NAND &
Zif A|, Mobile DRAM §& N O{3tCt

2.1.1. NAND flash architecture
Barefoot ZAE Z22{2| NAND Z2{A| O}7|El A= SSD °| =2 CHHZS N 238}7| &8l Ct
% channel 8! Ct& way 7|82 2 A A | ULt 2t channel 1 way Of HZ =l NAND Sz
Al o222 B(E)2 00 2Ish bank T2 10 & =32 == ULt
Figure 3 = Jasmine OpenSSD E21Z 0| NAND Zz2jA| Ot7|EIN & H O F 10 QUCt
Way
_ 10 Bus
v v v “High *
(o] (] - [~]
CE A
10[0..7] p(0) p(m)
p(1)
RB
10 Bus 8 p(m-1)
2 16
s
()
- [0 |[s | . [s7] 10[8.15]
E | co | | c1 | | c7 | “Low " b(0) b(1) b(n-1)
= ) :
= | Do | | D1 | | D7 | Virtual block size
(2-plane mode)

Figure 3) NAND flash architecture

Figure 3 2| &1Z T2l & Jasmine ZEHZ9| NAND E2{A| Of7|HIN = AT HEH
Ol SEHMoZ FASIE= 4 channel 2 AA k|0 ULt 2t channel & 8 72| bank 7} &
stE, 0218t bank &= Figure 32| QEZ 2N SIEQ0{Xoz AAR = |9
NAND Z2jA| o=z FEEICt EESH ZF bank = 16bit IO H{ A (Data bus)E E3l s A[0
HOolM HIOIEHE YZ=st0, CE(Chip Enable) 15 Z1f R/B(Ready/Busy) 25 =S
Stét= @ 74 Q| X0 T (Control pin)2 £ ZefjA| HEZ2 7} NAND Z2{A|E K O
FC}.

ktl -{n

rot

-IF

NOTE: CE pin 2 At & 7] &E MO{st7| /el 22l=0f Y=, 282
0| enable/disable ZICH (c.f E X BHS enable/disable 8= Zi0| 753t
o x

=
f1SH7| HEZEDH.

o
= O

o

’H
. 0l

rr rz

Tablel 9| Fo H, FO L &M

SHH

, SlLEC| channel O] A4l 8 72| bank =10 HAE Z29517| 20 IO A A X}A|
= 0f2{ bank 0 CHsl SA[0| O|FO & == QICk SHX|TH NAND Z2fA| & LHE cell

Page 9

Copyright 2011 VLDB Lab. All rights reserved.

v L <
http N‘I db.skku.ac.kr



The Jasmine OpenSSD Platform: Technical Reference Manual Version 1.4

operation 2 HEMO=Z Jtsdtrt Ot SIEQIO A EAl HEEZ = SHLQ
channel L{f 2 79| bank Of CHsl 3tLto| R/B &3 TS 27| IZ0| SA|0f 8 7§2| bank
7} ofdl, &|CH 4 7§2| bank Of| A interleaving IO 7} 7}58LCE = channel A 2] 22, A0 9}
A4, 112|11 A1/AS, A2/A6, A3/AT bank 7} 8tLIQ| R/B =2 To 2 F0fQICt WHatA|, A0
1} A4 bank 0f CH&H Al S A|0f| cell operation & £ 745 3tC}.

HIO|E SOfAl ot| HIO|EZ &L= HE low 2t F
= &S high 2t2 “gofstrt. HYY oo M = H2 otLtel 7hd Xl He

o, Barefoot 74 £2{0] 2/3}0] 0|2{3t 7tAH%}7} 0| = 0fFCh,

Figure 4 = £ bank 0] 512B G|O|E{7} 7| 2&|= 0t S 20| =L} 3HH
~ H
(o]

DRAM buffer data
Flash Flash
Memory Memory 353182 4E BC5AE002AACYI ...
Chip Chip <—512 bytes———p
“Low” “High"
Flash Memory Chip “"Low”
3582BCEQAA ...
8 8 -4—256 bytes—»
10[0..7] 35 I0[8..15] 31
82 4E Flash Memory Chip “High”
BC 5A
EO 02 314E5A02C9...
AA C_9 -4—256 bytes—p

Figure 4) Bank interleaved operation

HAO7E SIERIOOA 2= &71/27] BFQ| Thel= HO[X| 21T, StEH oo 2|5t
o = "o 7taztlt O|R0{X|E2 0| 74t H|O|X|(Virtual Page, EE&= VPAGE)Zt
1 Folgtrt. oA d Yot Htet 20 low H 2| oF H|O|X| 2t high & Of B H|O[X| 7+ S A[0f

SS|7 L 20X 22, 7ty HO|X|2| 37| =2| HO|X| 27|2] 2 B{7} ElCt.

tEzel E2HAl M 22| 2-plane mode 2t20 5t= 7| 5& X[/ SC. & HO[X[S StLt
Ol HO|X|MEH FOM SAIO AALE A= 715 7| S22 XM, Ol= Y02 2HAM &
A2 Mo MolX|2] 27| & = 50|11 H|o[X|2] MH| 7|+E B ez E0|= 2E
ZFM2LL (M2 LHE 280 £5t= & HO|X|7} 5tL2 F0|22, S5 H|0[X| ==
ol pl S &9 ™A /47t g2 2 Z0{=L}) Barefoot 71 EE2{+= 2-plane mode
Of Z0{5t= & TO|X|7t StLto| HO|X| M EO|H St= 7He=2tE MSetot A2,
Jasmine ZEHZ 0| A 1-plane mode £ AFEE 0= 7+4F 10| X| Q] 2 7|7t 2| H|O| X|
3A7|9| 2 H{O| 11, 2-plane mode £ A& 0] = 74+ HO|X|2] 27|7} 22| HO|X] 2
719| 4 Hjo|C}.
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2.2.

EE K27 &L A7|/MA7|9t OrEtZEX| 2 7H4t3te| CHA0| 22, 1-plane mode £ A}

22 Moe 7t E220| A7|7F 28| 22 A7|29| 2 40|11, 2-plane mode & At2% [jf

o= 7ty 282 377t 22| 25 27|2| 4 H{O|Ct

5HH, Jasmine ZABOIA 10 HEHS Hrhzt ot7| Dok JIEHOR bank Lf £

NAND E2{A| &2 25 293 ofX|o MEtdoz Al BHES TEY I (Fo_L/
=1 = e L= command/input signal

Al gEe Mo =9,
Ei7h 7|27 Tk 4] QMO FRL Erd| R4
High E0IAf O 7|%] R3H Zt50| 98iT + Yooz

S} X| 9t ECC/CRC X2
SMO| 243} £ H, 10
A gt &az olafst o
A 2FS| 2 BhC},

=

M, FO HENd2

o
=3 A| "uncorrectable data corruptlon" °,_|E-|EH*E7|- g A S}
—

=
EIRE 2 Mol B BHAl B MY Al Fo & SN

gystetol 22
w & o2t [35 82 BC ..] H|O]
#0|X|B, 97| AALto] L

E
2|51 0] OF SHLY.

NOTE: Jasmine EE9| S}EQ|0{ MA0ff &tst EOH

= 10| X| 2| Jasmine board schematic 1} NAND flash module schematic &

Hf2HC.

AEM|St M2 OpenSSD Project

st

(http://www.openssd-project.org/wiki/Downloads#Jasmine_Hardware_Schematics)

NOTE: Z2jA] YZ(FCP)O| Bet MBS 2 2Mo| 2312 &a

Sz

rok

FC}.

Memory Map
Barefoot ZIEE2{2| 22| B2 Of2f Figure 5 1t Z

Factory mode

OXFFFF_FFFF
Interrupt controller
0x8500_0000

GPIO
0x8300_0000

BS (SATA controller)
0x7000_0000

FREG (Flash controller)

0x6000_0000
MREG (Memory utility)

0x5000_0000

OXFFFF_FFFF

0x8500_0000

0x8300_0000

0x7000_0000 >

0x6000_0000 >

0x5000_0000

c}.

Normal mode

Interrupt controller

GPIO

BS (SATA controller)

FREG (Flash controller)

MREG (Memory utility)

DRAM controller DRAM controller

0x4800_0000 0x4800_0000

DRAM DRAM
0x4000_0000 0x4000_0000

SRAM ROM
0x1000_0000 0x1000_0000

ROM SRAM
0x0000_0000 0x0000_0000

Figure 5) Memory map
Page 11
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HX{, ROM 0f| = 'Factory mode’'2 £ EIS|7| Q|$t AEE0| &L ULt

NOTE: Factory mode = Jasmine EE0| YO E HX|sl7| {I$F ZEO|CL O] REZ
£ E51H ROM Off MEE ZEJL HE|0, AFEX0| 28 HYOf HO[LH 2] 0|B|X]|, H
ol S fIS HE YESS A HE2|of X = ALk 7|2H2Z Jasmine
RO = VBLK #0 0f 0|2{3t YESS 7| S5tH, HY O 2X| 0|20 Jasmine EE0f T
& Q7t5IH EEZEH7F VBLK #0 0f 7|2 = EH|Of O|0|X|& SRAM 2Z2E&}1, O|%

Heof 352 sdstA =t

0] ZE0| A= ROM 0| 0x0000_0000 A X0 BT £|0f, Lo AM%X|Z 2|5+ ROM 0f X
el AETE ™|, ‘'Normal(Non-factory) mode'0| M= ROM 0 22| FAT7F SRAM
ol 22| FA% M2 HF(remap)El L.

SRAM 0= Factory mode Of| A 0x1000_0000 HX|0f EL|0{ ROM ZEJt EEE|H,
Normal mode 0| M= 2 EZH 3 02l H|0f o|0[X|, 22|12 H 0| ZI/RO/RW H|0|
H=0| EEECH

HH, SDRAM 2 Figure 6 O A| 20| = bt ZH0| BT F St FTL O EFEY O £ S X &3}
7| 9%t Yojoz Byt

DRAM H{I{< SATA read/write H{I{, 12|10 copy H{TH{2 LHHO, I LY CJO|E{=
DMA #AEZ2{0] o8}l Z2fA| B 22| 2 Q=2 =IC} SATA read/write H{IH{= SATA 0]
HIE F0| M= AFRA 2Ko| HO|HE HIHASID, copy HHIH+= simple copy-back
1t modified copy-back B&E A| A& =Lt

OXFFFF_FFFF —>
(omitted)
0x5000_0000 >

DRAM
(FTL metadata)

DRAM Copy buffer
(buffer)

SATA write buffer

0x4000_0000 >

............. SATA read buffer
(omitted) [ T -

0x1000_0000 >

SRAM

0x0000_0000 >

Figure 6) Memory map (DRAM segmentation)
SATA Read buffer

NAND Z2jA| 28 E A%l AL X} C|O|H2 &1 9= HIO|Ch SAET} QX
otHO|HE 25 2{0f O| HIHO|| 22 E2 W™, SATA HE ER{7 S AEO| MES|
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Al EICt O] HIH+&= AMB XL CIO|H 2HE MEDICE WE HO|E&S HIEo "o LHF
CIOIHE 2ol d o= O] HI{ 37t ALESHA| =L
SATA Write buffer

FIL 2 3t 5, = 2 E7F HEeh AL X HIO|E S NAND S2{A|0f 24| 57| 23},
SATA ZHEE 2|7} AL Xt HO|E & 28] 5= HIHO|L,.

Copy buffer

FC_CPBACK I} FC_MODIFIED CPBACK HHEEZ K| [ AFEEl= HI{ZM,
NAND Z2jA|0 22| & Lf S Z3|Ql(plane) Off ZX§5t= HO|X| X 2| B|0|E{S
HO|X| Y 2 2 AR [ A+ EICE

DRAM Controller DRAM

for ECC correction

@
Internal buffer |y - Copy buffer
/

\ Plane #0

Page register

@ | \

P; CLEAN (&

NAND Flash

Figure 7) Copy buffer for copy-back operation

B0 ofl EXfs, UHEK O 2 H0|X| ZAF ®AFS NAND ZajA| B 22|2| primitive

operation 2 2 L{FO|A X2[g = U=, & HEo| Copy HIHE SAGLAS =AWt
=X 33¢ A0|Ct. 0= HtE H|O|X| HAL M ECC HF 1°g0| Q7| WfZOlCt ¢
Figure 7 = FC_CPBACK Gt I3 S EO0{FELCE 5 plane L HO|X| A, E CIE 2&E2°

P2 SALSH| /IS X LiF page register Off CIO|E{E 2ESH 2, HIO|E{ 2| MZ[d

Ol & 2QI57| /¢l DRAM ZHEE 2] LiF &IA| H{IH 2t DRAM 2| Copy H{IHO| 22l &
ECC HT S AL THof ECC FYO| B e F20= Copy HIHO| CHSH M 22
ECC & 4g3t7| flel 18 ®, @2 =M= P 0| SAFSHA ECf. B0 ECC 780l E

%
9]
2 it HEE Z20 = M8 @S sdSHA| §1, B2 1Y @0f 2|3f page register

of Q= P EIOIEE P Off SAFSEA EIL.

NOTE: DRAM & 7t2 2| 3 7tX| B I (SATA read/write & Copy HHIH)E X| 2| et LIH X|

Ool7 S7t= Ao o ook AtrEA AHEE 5= ALt
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A &5l A, 0x4800_0000 #HX|0f|= DRAM 22| HAEEZ HXAHSO0| WHEIY AL
0x5000 0000 HX|2EH = M2 SE /g YXAH H(MREGS Q8 &0 YUC
Ol g0 BHE X AH Zt= &5 DMA 7+ 2517 EICh

r

B

NOTE: Barefoot ZHEE = SIEQO HZ22| FEZ/EIE EXSH DMA 0f 2|zt
DRAM 1t SRAM ALO|Q| D 22| SAtQL H/W TS 283t e o22| BM 7|5 &

s x| Yot

SATA AEE2] g X|AE Al(BS)2 0x7000_0000 HX|0off & L0 RL11, 0x8300_0000 H

RIS E{& GPIO 50| YHECh

EIE 2| AE| A2 0x8400.0000 #AX|0 WHE|0f LoD, AEIYE HES2|E 7|
o Z Z-

XM O 2 SATA/Flash/DRAM 7HE £ Gl APB(Advanced Peripheral Bus)0j| HZ =l A&
EES0| 2H8%t= QAHHEE Ne|oti)

m e re

D|-X|E_'|F2 ZEA| HEE B Y X|AE M(FREG)E 0x6000_0000 HX| 0| EHZ|O| QULCE.
| ZES2lE SaAl Bi=2lof 10 BHS +33}7| 8, FCP, WR, 12|71 BSP o
S4Bt 07| K S AL, ZH2to] 75T RS YXIAEISO| o] Yojof ¥
. £9|, Figure 8 0j|Aq] £ 0|= HQ} Z0|, Barefoot ZIEE2{= CHEF SSD £ X[ &
|8l, 32 7f bank & {|st BSP K| 22| A7} &2 |0 QACt sHH, 0|2t FCP, WR
SP 9} Figure 8 o 9 2| K| AE 0| Y= TS 23 HOI M REAI3| CHEES 3t

m rjo &2

@ Ok oF mN M
N

[
-
w

0x6000_0160 >

FCP_ISSUE

0x6000_0760 >

0x6000_0034

FCP_CMD_ID

FCP_DST_ROW_H

FCP_DST_ROW_L

0x6000_0190

FCP_DST_COL
8byte
FCP_ROW_H x 32 banks
BSP of
FCP_ROW_L bank #0
FCP_COL

FCP_DMA_CNT

FCP_DMA_ADDR

FCP_OPTION

FCP_BANK

FCP_CMD

|-74 Byte4>|
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0x6000_0160

(omitted)

BSP_ECCNUM

BSP_CMD_ID

BSP_DST_ROW_L

BSP_DST_ROW_H

BSP_DST_COL
48 Byte
BSP_ROW_L X 32 banks
BSP_ROW_H
BSP_COL
BSP_DMA_CNT

BSP_DMA_ADDR

BSP_OPTION

v

BSP_CMD

Byt
B

yte

A
4

Figure 8) Memory map (FCP & BSP)

SLIDB L SKK
http://vidb.skku.ac.kr
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2.3. NAND Flash Controller

NAND EziA| HEEZ &= CHE bank 2HZ0M E2fA| HEZ2(0 IO RXE 28XHo=E
eS| |8, FCP(Flash Command Port), WR(Waiting Room), 212|113 BSP(Bank Status
Port)E AFE%HCE

BSP
(Bank Status Port)
FCP WR
(Flash Command Port) (Waiting Room)
Accept by Bank 0
FCP_CMD H/W
Issue by Bank 1
FTL
(omitted) _— Queue depth #1
FCP_ISSUE
Bank n-1

Figure 9) FCP, WR and BSP

EeiAH 220 10 28 ot 182 Ct3 ot 2ot M, EefjAln 2|0 28E H 0|
X| Q7|/M7| EE £5 AH|Qt 2210 EHS FCP o] M7YsiCt O|=, FTL O] s Y
= issue StA| E|H, WR 2 MEEIC | CH7|3tn A= 10 BHE StEofof Qfsf
S bank Off S M=t T, s S bank 7t busy AEf2tH, O HHO| 2tFE &
U 7EX], WR Of A CHZ|SA EICH HE, SEfA|H 2 2|0 MEE= 10 YH2 BSP Of| 7| &
oo, s BHES THSICE QIEHE7L LSt H Bsp_ INTR K| AHOf| &EfEET
A Elct.

2.3.1. FCP (Flash Command Port)
EaiA| oj=2|of HO[X| §7|/M7| £ 25 AHQt Z
MK FCP 2 MANB|OF s AXB{OF St F
row/column =2, HIH F2, flag M S0| EXYICE 0|2 g

Hissue & T&SHH, o' FCP 7k WR Off M &L}

1

FCP 2f| K| AE| Moj| CHSH M B2 ol Table 1 I} ZtC}. FCP 2| K| AE| M2 FTL O] ZafjA|
H22of A 102H S & M, & SHAl HZ2AHHO|ATE &= LLD(Low-
Level device Driver) O Al AHS

Page 15
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Table 1) FCP register set

Register Address Description

FCP_CMD 0x6000_0034 NAND Z2HA| B2l MK
0x00 = FC_WAIT 0x01 = FC_COL_ROW_IN PROG
0x02 = FC_COL_ROW_IN 0x03 = FC_IN
0x04 = FC_IN PROG 0x09 = FC_PROG
0x0a = FC_COL _ROW__READ OUT 0x0b = FC_COL_ROW READ
0x0c = FC_OUT 0x0f = FC_COL _OUT
0x10 = FC_READ ID 0x12 = FC_COPYBACK
0x14 = FC_ERASE 0x15 = FC_GENERIC
0x16 = FC_GENERIC ADDR 0x17 = FC_MODIFY COPYBACK
note: & Z2A| ¥ AEQ st S2+ME . /include/flash.h &
H0g A,

FCP_BANK 0x6000_0038 | Bank H13 (max: NUM_BANKS)
0x3F = auto-select mode(AUTO_SEL)
note: AUTO_SEL 2 M35}, FCP command issue 20| 7}& HK
idle 2B} 7} k| = bank 7} WR 2| LI 2 7tMZEM HE LS =L =
ojo
A O

FCP_OPTION 0x6000_003C FCP option flag A7
0x001 = FC_P 0x006 = FO_E
0x008 = FO_SCRAMBLE 0x010 = FO_L
0x020 = FO_H 0x040 = FO_B_W_DRDY
0x080 = FO B SATA W 0x100 = FO B SATA R

FO_P: 2-plane mode

FO_E: ECC & CRC hardware enable

FO_SCRAMBLE: enable data scrambler

FO_L: disable LOW chip

FO_H: disable HIGH chip

FO_B W _DRDY: ready data to write in write buffer

FO_B_SATA W: release write buffer when FCP command is completed
FO_B_SATA R: release read buffer when FCP command is completed

note: 2| S2lA| M flag Of Ciot MH2 . /include/flash.h &
&g A

FCP_DMA ADDR

0x6000_0040

DRAM to flash EE = flash to DRAM £ Q|3 HI{ A
note: HI§ &A= 512B 9| Hi =7} E£|O{OF &

FCP_DMA CNT

0x6000_0044

ClO|E 37| (SHSY: Byte, 512B 2| H{=0{Of &t

FCP_COL 0x6000_0048 | A|Zt column §|X| (THS: Byte, FO_E £ A23}= ZS0<= 5128 2
Hi <=0 OF 2, max: SECTORS PER PAGE - 1)

FCP_ROW_L 0x6000_0048 A TFAF T O|X| JH 7|=0 WO|X| s

FoP ROW H MA| 7bek TO|X| 7H4= 7| F 2| target | O] X| i

0x6000_004C

(max: PAGES PER VBLK - 1)

O| 2| X|AE & bank 7{£=0t3 EXYSHO, H/L 2 2+2F &2|/519] &2 2(0|
(gEtd o2 H/LH 25 SUstrow g2 H7%)

note: bank 7§ =0t2 =X} 3}= 0|5 = auto-select mode 2 T Ztat [, 2+
bank 9| target | 0| X| &/X| & X|H3}7| {lg

note: copy-back H&H Y AL+ source row 7t &

FCP_DST COL

0x6000_0118

Destination O| € 7}AF 1| 0| X| 2] A|E} column €| K|

FCP_DST ROW L
FCP_DST ROW H

0x6000_0150
0x6000_0154

(NAND Z2§A| & Li% Y3l copy-back g AL S I HH)
Destination 0| E 7tAF H|O|X| HZ
(NAND Z2§A| & LH% B3l copy-back g ALEE I HH)

Page 16
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FCP_CMD ID

0x6000_0158 FCP command id
ClHZ 82 ALESH| &

ot EIXI*HEN WR O M2 [ SLERI 07}
AEMozZ HE 2 Has = =

FCP_ISSUE

0x6000_015C | FCP command & WR 0Of A &ts}7] -.-|0F B K| AEH
O] x| AE{0f 22| gh2 MFH WROf| slfe FCP 0| M (i, issue)

&l
=

2.3.2.

2.3.3.

WR (Waiting Room)

|_|

WR S5 H0| BajAo|2alo] MEE7| Mol BA| Ch7|5He FA0ID FCP o 5
YEE ZHoCh BojA HESE Q¥E YHO| 2HE bank O HEHZ EHOIsto]
AEf(dle) I, 5 bank Of WR o] LH8S FESHA| EIC} BHo} S bank 7} busy
EfY Z20= WR oA A% CH7|SkH| ST Figure 9 0fl 4| 20| Btet 20|, WR 2 Et
SLte| FCP 2B TS 4 QUL

40 no
0x ob rot

r

Table 2) WR register set

Register Address Description
WR_STAT 0x6000_002C WR O| AFEJE ZHEHSH7| QI3h 2| K| A
note: O}2f =742 WR 0| I ALEjZ o|O|
(WR_STAT & 0x0000 0001 == 0)
WR_BANK 0x6000_0030 Auto-select mode 2 FCP 2 NAND Z2jjA|0f FEts}

As B2 oY BYE 7HM 7t bank M= E 2015}

=
pi ks NESS

NOTE: WR 0f 0]|0] Efé FCP 20| M| Y= AEHOIAM MZ2 FCP HAO] issue
=g 4= itk et EHelol= wr_sTAT 2
XIﬁH% zmaroq HEEA] WR O] H|OJ QU= MEfY [ 2R Ze2iA] FHEE TSt

—

U
E
Jo
_>'._
ur
rn
0%
o
_I
0%
2
4
i
I
S~
=
N
=

BSP (Bank Status Port)

BSP = Figure 8 O A| £ CtA|L| FCP O A WR £ issue &=l Z2iA| @ ™EE 2t WR £ issue
CIHM FOtE §ESE FEECHS WROIM HEE YEE Q02 B4 ALH.BSP =
Z} bank OFCH =X 5FH, 0x6000_0160 £ E{ 48 HIO|EM & 32 bank BSP 7} 0x6000_070
TR HLE|0] UCE 7| 2H 2 2 BSP = 3l bank O M OHX|2t o 2 =24 & FHO|| ot
HEE 0 A7 W20 Oy Sz 0f2 Z0[5HA AL E 4 AL

shH, BSP = Q0 B2HAl L A0 SUE|E IHOA LB ©FE Table 3 9
EHEE @2 &7} 7|E &&= BSP_INTR M X|AEQt SfE bank O] SRl S2F AEf
o]

HE B Qe BSp FsM A AHE Sl &olg = ULt

=

NOTE: BsP_INTR 2| X|AE & HO7} clear 57| MOl& AAR clear | X| &=L

Lol_
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Table 3) BSP_INTR & BSP_FSM register

Register Address Description
BSP_INTR 0x6000_0760: | Bank QIE|ZHE H . (1Byte)
0x6000.0780 | o\ ot i = =gy
0x01 = FIRQ CORRECTED 0x02 = FIRQ CRC FAIL
0x04 = FIRQ MISMATCH
0x08 = FIRQ:BADBLKiL 0x10 = FIRQ BADBLK H
0x20 = FIRQ ALL FF 0x80 = FIRQ ECC FAIL
0x82 = FIRQ_DATg CORRUPT - -
BSP_FSM 0x6000_0780: | Bank FSM(Finite State Machine) . (1Byte)
0x6000.0800 | gop (NTR ajX| AE|QF OFAH7}X| 2 bank OFCH S5 2 Zx)
0x0 = idle others = no idle

2.4. SATA Controller

Barefoot ZAEE 2| LR 0= TAEQL FX| AtO[Q] H|O|H ©& S EHESts SATA HE
E2{7f EXSHL}E SATA ZHEE2{= NCQ(Native Command Queuing)dt HEO| BHEH F/

O|HE F)E B2 FTILO| 28X 210 & HEY + JUALE oIt

NOTE: SATA Operation 0] 25t ZC 7|28 Ql L OpenSSD HRL|E|Q| Y& 0O
w92 &5HY| Higto}

2.4.1. SATA protocol
SAETZSSD O] 10 ¥ S HLIHH, SATA Z2EZ0f o3 s H&Ho| H4g/of At
o2 A0 SUS HAECL RO 47| FHY Z2, BY0{7t HOIE Ha AIXE
QYsHH, s YO tiet 2= M&0| 2 E W7HX| ] 30l SHE 00| 23 Ats
oz Xa|=Cct
oHH 10 = =50 01I9I 20| HUSIA| EACHH
EQoj7t X522 METiot

2.4.2. SATA NCQ

SATA NCQ £ SA[0f 3t =2to|= LjojAf 03] Jjo| Hag ol
=SATA 8 33 =2 EZ0|LC}L

e B st 2F SE= o

il
|o
Hu
nk
o
I
e
>
30

Barefoot 9'|E§E12| NCQ = SATA 2.0 of [z, 32 7H2I SAE HHS 8 £+ Ao
Of FIFO WA O 2 SXHol=S A7 =91t $HE NCQ O HEHE HHS2 OFF SATA
01} 50| 020X B2 BYSOICE 5, SAES LHOINE oFH BREX B2 3
50| NCQ O Cf7I57 EICt. Ol2{8t BYSS 0|3 SATA O[MIE F2 0|SE/of FIL

of Mt

2.4.3. SATA event queue

Page 18
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SATA O[HIE R SAE 0| 0[0] SATA HlO|E F£0| A2E BYSS FYs

= 922 HYSL) o|2fst YHE2 HX 10 7t =& | X| &0F DRAM OfAf NAND Z2f
AM=Z2o| HES 7It2| 1 s SEHOICE
Otz Figure 10 M & SATA O|HE F = X|Cff 128 7{o| HH S =& 3|, SATA NCQ 2 Of
IR 2 FIFO Y22 SHICE S AE FE2 FIQ AHYE ofs) ™ E[H, FTL Of
sie BES 7t ot M E Ck

SATA

event queue

Host —>

tail

A

128
NCQ cmd

head |:> ETL

|

Figure 10) SATA NCQ & event queue

}
I
1 Read BO| 3t SAE f7|A|ZH0] ZO{E £ QUct

2. Read A| DRAM 0| SAE 2 H|O|Ef F&0| Mg

=
[y
o227} F2(dle) LEHO| AS 7t590| =0t 95 FHAHM =2 + AL

rok
=

, SATA O|HIE R E FIFO 422 XN2|s5t= Z20= of2iet 20| R 7tX| 2XH

NERS

o
T

!

ol2ist =HE S siZ5H7| fIsH SATAO[HIE H= 217 BES A7 HECH MM
MelsteE A = UACt. SHX 2 o] L2 EF F240f LK “read-after-write” A LH0f| CH
Sl A| data coherence EX|7} diAist JF5M0| 7| IR0 (0 £=0{, <WRITE,
1sn=3> B 20| SATA O|HIE Z0j A0l AFE{O|A| <READ, 1sn=3> H2S FTLO| HX
XE|gt 22, old H|O|E{ 2 NAND ZEH HL{A =), 3tEL 00 2|t history log search
£ &3l 0|2{ct data coherence & HSHA ECt 28k OFL| 2L ME{ 7t AX[= Z20f CH

M= SHER 0= S ZStLt.

2.5. DRAM Host Buffer & Buffer Manager

DRAM S A E HT{& SATA O|HIE {2/ 10 20| CHet ZX| AFEAL HIO|H & HI Y}
7| /el AHEEIH, Ol =AE 817| 280 28 Z2iAl H22|27E MEE HOHE
B 25t7| ?|et 'SATA read B’ A 7| C|O|H E HI{ 57| T 'SATA write H{IH’

Page 19
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2.5.1.

2 L0 22|l o]t I 7|2 X e 2 /Y HIH(circular buffer)2| HEZ &
ZH5IH, DRAM S A E H I QF SATA ZAEE2{ 9] flow control 2 F= 9|0 H{I{ OfL| X 0j

ofs| 0|2 0fZICt.
SATA read/write buffer

SATA read/write H{I{ 9| 7|2 H{I§ Z2{|Q Ct|= VPAGE A7|(e.g., 4~32KB)O|LC}. Zt H
I 27t9| 37|= DRAM LY FTL O EtH|O|Ef 3 7|0|| 2} AL =0, 25 SATA read H
IH{Z 2F 1IMB, 12|11 SATA write H{IHE =4 MB M & A3} =ICt.

NOTE: DRAM SAE HI{ Z7+2 FTL MEIEO|Ef A7|0f o8 ZAE|D 2, FTL 3|
oo (££1.h)0j| M (0] QUCE

O} 2= SATA read/write H{I{ @} 2t&# &I | X| A E{O|C}.

Table 4) SATA register for read/write buffer

Register Address Description
SATA BUF_ PAGE_SIZE 0x7000_00B4 SATA buffer frame size (default size = BYTES_PER_PAGE)
SATA_WBUF_BASE 0x7000_0170: | SATA write/read buffer 2| base address
SATA RBUF BASE 0x7000_0174
SATA_WBUF_SIZE 0x7000_0178 SATA write/read buffer frame 2| 7}~
SATA RBUF SIZE 0x7000_017C

SATA_RESET_WBUF_PTR | 0x7000_0184 SATA write/read buffer frame I QIE{ reset 2| X| A E
SATA_RESET_RBUF_PTR | (,7000_0188

H o7t AN buffer management £ St7| oM AR E

= UAS
SATA WBUF PTR 0x7000_0194 SATA write/read buffer ZQIE (id #)
SATA RBUF_PTR 0x7000_0198
SATA WBUF_FREE 0x7000_019C SATA write buffer 2| free buffer frame 7%=
SATA RBUF PENDING 0x7000_01A0 SATA read buffer 2| pending buffer frame 7| =

2.5.2.

SHH, SATA read/write H{IHO| AXXO| ME|= J|2HO=Z SATA, Buffer Manager,
NAND controller Zt2| signal &2 O|R0{X|A =0, A 42 HAO7 HYH2

2 2ojsto] 0|5 =FY & UL
SATA read/write H{I{ 2| 2t2|0f| Ciot @2 CHS 2.5.2 ¥ T 15t7| Hi2tCh

Buffer management

DRAM SAE HI{S SATA SIC9(0f B OjL|A, 2|2 FTL 7ko| ZOIE{(e.
sata xxx_ptr, bm xxx limit, ftl xxx ptr) ZFO| oo &e2|=ICt oHH, &
SOJA MBS C)2, DRAM SAE HHE U BHZ S5e|7] 120] 220 K
o ZUHE &g RLEAEL 2 SIIGHE R 22| £ 0{0F BHCt

[El

Figure 11 2 DRAM B AE HI{o| #z| Mg Q2loz mast Zo|Ct,
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SATA Read Buffer SATA Write Buffer
frame #0 frame #0
sata_read_ptr >
frame #1 frame #1
bm_write_limit
NAND
bm_read_limit flash
ftl_write_ptr
NAND

flash

sata_write_ptr

ftl_read_ptr >

Virtual page size Virtual page size
le——
(4~32KB) (4~32KB)

Figure 11) DRAM host buffer
Ot2j = SATA read H{ T 22| &=A{O|LCH.

1. ®HXY, ¥ £ft1 read ptr O] 7}2|7|= HIH =52 FAZ 510 SefA|
HEE2{7I ¢17] B &2 NAND E2A|0f M ESHH, DMA = NAND E2A| 2| EfZ
H 0| X Ofl M 3T BT 0jl GlO|E{S 2=tk

2. HAOE ftl read ptr 2 F7HA|7|1, CFS 10 S XN 2|$HCL

SATAZAEE2{= FTL 0| EE3 AL X} O|O|E{ & sata_read ptr &

SIIA7|HAM &XtR o2 S AE| MESIC]

w

otH, Z2fAl H22|QF SATA Zto| bandwidth gap 22 QI8} sata_read_ptr 7t
ftl_read ptr 2 FHOIK, ZRE HO|HE 2AE0 HE3t= X7t 2oz = AU
C. of2fet 2X7t THEl= RS SXISH7] o) ME fLIX7} #2[she ZEQIE 2,
bm_read limit 2 F0{, &4 NAND Z2jA|0f| A SATA read H{TH 2 G|O|E{ M&0| g
2E HOHIE SAE0 MESE As EYUCL 5, EHA| HEER = S5 bank
of 87| AMO] AREIUCHE AdES HEHOLMO SESHEH HEHLXE
bm read limit ZQIHE Z7HAZL2ZM SATAZHEEZZ 10| Z EAEoﬂ IANE

OlHE H&E & U=F otCt

t

r

NOTE: £7}X 02 FTLO| 97| BHS ZajA|
M, ft1 read ptr O] sata read ptr & FEZ = YA =Lt 0| OFF SAEQ
TEEX| @42 HOo[HO M=z=2 27| HOIHE HOMHE = A= 7tsdE 2l0l5t
7] W20, £t1 read ptr O| sata read ptr & FEHOIX| UTE HYO CHOfA
0|2 M|O{sliof StCt (c.f. ££1 read() in ./ftl tutorial/ftl.c).

HEER0| Bt =7t 47 2

H B8 A SATA write HHI{ S2t0| A2 = SATA read HIH @} S A}SH BHAl © 2 T4E| EIC}
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1. SATAZIEEP| = sata write ptr & F7FA|7|HA event queue 0Of F A=
M7 @HF0|| Cfst S A E O] E{ & SATA write I 0f| M50, DMA 7} NAND
SAI0f CIOIHE HEY = AEF B}

2. FTL 2 eventqueue O A AA7| QS 7154t EejA| AEEZ 0 »7| HHS
MY, ftl write ptr 2 Z7HA|ZICH

3. SATAAEEZg= M2{1 3H= [ 0| E 7} SATA write H{IH 0| MTHo| 22 S mj, t{
OLIK 0| Al O At & SEotD, HIHO{LX = S2HA| AEE2{7F NAND Z2iA[0f
SAEHOIHE 7|5 &+ AEF oo

SHX|BE Z2A| M2 2|2 H| WX =2l T2 O2jY £ (tPROGE QI8f, O)X NAND Zaf
Alof| 7|2 E|X| 42 AFEX} OIO|EE SATA 7L CHE A 7| QK0 Cfist Ml2Z2 HO|HZ
SO{ME 2 £ QICt FEFA 0|2 St 2X|E sHZ8t7| 8l SATA write H{IHO| &£ 3}E= <)
Of o O X7} 22|Sh=bm write limit XQHE F0{, sata write ptr 7}
bm_write limit & FHotEs M-S WX[SI0 TAE MT| Abto| Hy SEE HY
=g

Otz Table 5 & Buffer Manager 2| BX|AH MZ EF0 QCt 7|28 S F Buffer

Manager 2| flow control 2 NAND controller 22| &S 2-20] O[5 O|FO{ X| K| 2, HE

017t A% flow control 2 3i0F & L7t AS FR0= 0| HX[AHE 2&5HH ECh

[

Table 5) Buffer Manager register

Register Address Description
BM_WRITE_LIMIT 0x5000_0000: Buffer Manager 2| SATA read/write limit pointer (READ-ONLY)
BM READ LIMIT 0x5000_0004 o o Exy Ax E
| X 2E 242 S3 & 2X 2l flow control O O|R0{H

(AH AHE Ol ./ftl dummy/ftl.c &)

BM STACK RESET 0x5000_0008 BM read/write limit pointer £ reset

0x01 reset BM write limit to BM SATA WRSET
0x02 reset BM read limit to BM SATA RDSET

BM_STACK_WRSET | 0x5000_.0028 | BM write limit & reset 3}7| 9|8t | X| AE.
0| 2| X| AE{0f| SATA write bufferid £ 7|28t
BM_STACK_RDSET | 0x5000_.002C | BM read limit 2 reset Q| 2| X| AE

0| 3| X|AE{0f SATA read bufferid & 7|2¢&

2.6. Memory Utilit

Memory utility = 7| 2% O 2 SRAM I} DRAM 7to| H|O|E| M4 S Shetsict 1
22| x£7|3He.g., mem_set)it Z2 BHEX QI B 22| 2 YO|LI EF T EZ2| SHo| A

Aits WEA St= 7| sk ATt

8HH Barefoot 71E E2{= DRAM [|O|E{Q| A2|MHS =0|7| 98} HEo| 3t=9|0f ECC
AZXIZ AHESHH, DRAM ECC M E & DRAM ECC_UNIT(128 Byte)T 4 Byte 7} 4 EICt.
2 SRAM [|O|E{ 7} DRAM 0f 7| 2 &= I1H S HO{FL}

%]

1. DRAM Of|A{ SHEHO|| 132B(128 Byte H|O|E{ + 4 Byte ECC Tl{ 2| E| H )% A0 A
Barefoot ZIEE2{ 9| L& 132 Byte Y A| K| 22|0| MZ
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2. 911 IHOIN ECC BNl BT A2, ¢4l HR2IS Cj4oz ol BY
Otk 8 (cf. ALAL DRAM & 42| 02 2(0)7] T2 0f ECC B Q4 wid
280/ 02 2 8)

. SRAM O] I8H= BIO|EIS 2/0f YAl HRE|o| LIS +7
4, M=Z& 128 Byte 0f| Cli{o| A2 2 ECC I 2| E| & MM, & 132 Byte & DRAM 0
e

NOTE: CPU 7} DRAM G|O|E{ 2 Z|H HZASIAH E|™ memory utility O 2|3t ECC H &
7 EHEAL Fol0siE 4= A7| W20, SRAM If DRAM At0|2| 0| &2
E Al memory utility(. /include/mem util.h)E AIES S EM O|F0{XOf SHC}.

Memory utility 28 2| X|AE M2 o2l Table 6 1 ZE2 0, memory utility 5%+ 0t%H
1 E B = g0

-y
+= SDRAM Z1E E2{9| SDRAM INTSTATUS 2| XA slolsl £

M A= OlE| 3 E

=H—
CRM WA 2UDIS P 4 QUCk.

Table 6) Memory utility register set

Register Address Description
MU_SRC_ADDR 0x5000_0010 | = Atgk(source) M 22| 4. DRAM HIO|HE 22 If A
MU_DST_ADDR 0x5000_0014 | = At (destination) I 22| 4. DRAM 0f H|O|E{S & [f 4
MU_VALUE 0x5000_0018 7|2 M oo|E
MU_SIZE 0x5000_001C | A% el EFMISE B2 2| Qo] T 7|

note: npem search 2| 22, max 32768 Byte ¥

MU_RESULT 0x5000_0020 | mjza| GIAF bzt

OxFFFFFFFF = ¢ ojj@a| o1k =3 5 g 20|
MU_CMD 0x5000_0024 | Memory utility 33 FE
MU_UNITSTEP 0x5000_0030 | dr=xo| H@a| &Y A|, step B MY

note: SETREG (MU UNITSTEP, MU UNIT 8 | 1);
SETREG (MU_UNITSTEP, MU UNIT 16 | 2)
SETREG (MU_UNITSTEP, MU UNIT 32 | 4)

Table 7) SDRAM controller register set

Register Address Description
SDRAM_INTSTATUS | 0x4800_001C | DRAM ZAEZ2{7} A7l QIE HE MEf Y
0x01 = ECC fail 0x02 = ECC correction
0x04 = Address Overflow 0x08 = Deadlock

2.7. Interrupt Controller

OIEHHE AEEYHE UWE =Y ZX| Q2 SATA, Z2A| M 22|, DRAM, UART, Timer,
WDT o 9|2 g &X|of o8 QIE{YE X2| R TS 441311, CPU 2 310i2 242
of ZMEK|O|A LS QIEIHES Ha|sp et
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Of2f Table 8 = QIHHE HEEZ 9| YX|AH ME RO FECL HYO= FE AL &
SRt & FHZEK|E APB ICU CON HX|AEO| AHSHOF Stk a2 HELY O
E9o] AHBET LlSHH, apB_INT_STS HXA[AHE 221510 oot FHFXK|
M ot QIEZHEQIX| Lot = HMelst QIHBE HEY ALHS A3 Of BHOt.
Table 8) Memory utility register set
Register Address Description
APB_ICU_CON 0x8500_0000 FIQ QIE{ M E A%
APB_INT_STS 0x8500.0004 | OIE{BE AE} Hu. WY Ol 0| ZX|AEE S8 AE[HES
YA FHEXE 20 = AS
0x001 = INTR SATA 0x002 = INTR FLASH
0%x004 = INTR_SDRAM 0x008 = INTR UART TX
0x010 = INTR TIMER 4 0%020 = INTR_TIMER 3
0x040 = INTR_TIMER 2 0x080 = INTR_TIMER 2
0x100 = INTR TIMER 1 0x200 = INTR_WATCH DOG
0%x400 = INTR EXT
APB_INT_MSK 0x8500_000C | IRQ QIE|HE MH
note: Y AR, sllY FHHKX|O| QIEHHE 5|8
APB PRI SETI1 0x8500_0054 -
APB_ PRI _SET2 0x8500_0058 _
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Chapter 3.
Jasmine OpenSSD Platform Firmware Architecture

2 Z}H0j| A= Jasmine OpenSSD Z81Z09| SSD 02| Lf 5 L =0f CHsH HAM|StC}.

3.1. Firmware Overview

Jasmine OpenSSD Z2HZ9| 02l H 0= I A HIL(Host Interface Layer), FTL(Flash
Translation Layer), FIL(Flash Interface Layer)2 7t &3]0 QUL

HILS =2 SATA SAE W20} B 2|2 Soste AZSO 2N SAEZEE SATA
HES20) 10 Q30| MYE|B, 8iY BYS SATA O[ME F0| &St 0|3 FIL O]
=Moo siY @S NESH=E S=L

CH22 2 FTL 2 S2iA| H 22| S StEL[A39 €2 S5 CIHO| A2 QMg £+ /= E
e SEEHO| ABOIC FTLE YuRom YR B JI5 2 KX Fait 3 o
273375 2 HEoHH, 10 72| 4N Mel= FTLO| Z2fA| H22|of ST &4t
= HEYoZMN O|ROTICL FIL 2 45 A eH8d2 =0/7| 2lsf Crat 7|g S0l &
X St=4|, Jasmine Q|| 0 0f| = Tutorial FTL, Greedy FTL, 12|21 Dummy FTL O| 7131 £|0f
AL

FIL AS2 Z2Al HE2E S, FIL2R2E TEE 2aiA o 4H &2
LLD(Low-level device driver)0f| 2|38} = |, MASZH DO A 2HAliSH 0f Q| A ghe.g.
runtime bad block, data corruption)S2 QEHE HEZ2{0f 9|8 E-X|=l =, FTL O] 3H

=gttt

3.2. Host Interface Layer
3.2.1. Hardware event queue

Jasmine H 00| A SATA O|HIE 7243 E Z1)= StERO] O|HE 2 3|0
Ct. SATA QIEIO|A 2 MY E|E read/write ATA T E = SEEQ0f O|HIE FO| 2|
22| £| 1, HIL(Host Interface Layer)Q| H| Q1 $h4=0j| A FTL Off M Z|0 X 2|=IC}. of2f=
ATA HHET} O|HMIE Fof| o3| X2|x|= urgE B9 EC

b

2
o

1. ZAE0NAMJasmine EEZ ATAHHEES ME
2. SATASAE OIE|HO|A OfA FIQ QIE|ZE QM QI FIQ $HE2| &
3. FIS(Frame Information Structure)O| A SlijE HHZ A4S 28 HHO| cmd_type,

lba, sector count —.—g

4. A7|/M 7| HLHCCL_FTL_D2H/CCL_FTL_H2D)Ql A2, SIEL|0f O|HE F0f sl
¥ =7t (. /sata/sata_isr.c 2 handle got cfis())

5. 27|/ 7] 2|9o] HEH(e.g. TRIM 1} Z+ slow command)Q| 42,

g _sata context.slow cmd H=0f A&
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6. HAO O et(./sata/sata main.c 2 Main ())0A] EH X 2|
o O[MiE o 27|/M7] RFO| U AL, S MU LME o2 Kz
(./sata/sata main.c 9| eventq get())

o 2% read/write 20| G R, slow_cmd H0| MYE Y X

3.3.  Flash Translation Layer

FTL(Flash Translation Layer)2 SAEJ} SaiA| HZ2|E SIECIATNEH 2 £ AT
£ St= 2ZEQ0] ASOICE FTL 2 5tERI0] O E FOof & E 247|/27] 28S 7t
Mot Ao 2 M2|otH, ZeiAl HEE 0| 10 &S Pttt
3.3.1. FTL protocol interface

FILZ2EE QHEO0|A & SATA ZAE QBT 0|22t HAIX|E FgT| 23 at+5
= o|0|otCt 2 HOME 471X S T2 EF QB 0| A(ftl open, ftl read/
ftl write, ftl flush) &=0f i3 OES 7|5 S0| FRIE/O{0F SHEXE SH2
2 2FSt=E otot

NOTE: FTL protocol API 9| &= HM|= &2 2AM0| 42 S &t A

ftl_open
0| gt Jasmine EE9| 7|5t IpE S OHl 2, S AE J0 28 2 HHOHS0(7| 9
& FTL 2 x7|8}8t= 7|15

1. YO 2AAE A|, =l VBLK #0 O 7| 2 &l scan list & 0] &£7] bad block
o
=

2
rin

2. NAND ZA| {222 SAE IO 2K H2|Z2 QI X7| AE}E2 DHEC} A
A

o
AHHOIHE 715317 fl8 TH =52 A A (format)dlj == ALt0] ==

4> op

SoiAl HZ2|0f EX|3 FTL | EFE| O] H EE= O|F power-
O EHG| O] B M & 2 SRAM L= DRAM 0f| 2 S 8tC},
St FTL O| 2|3k 7| Bt M|EFD|O|E HEE 7|3} SHC}

[l

3. EHo AE A
off A| & 0| 7| F 3t
4, volatile Bis=& &

Al HEER2 UHYE S

E &4 S5 8%t

=2 o

ftl_read
Event queue 2R E MFE 2 AE 17| @™ S M2|5t7| 2|t AP O|C. T AL
"EE &9, virtual page THP| 2 valid H| 0| X| 7} ot Z2A| 22| Hof §47] FH
2 MEtSICH 2|3 FTL 0] 2+2|8h= SATA read H{IH EQIE| S =X IO}

ftl_write
Event queue 22 E MUE SAE M| QXS X2|5t7| 93t APIO|CH 2L §
O|HE 27| 2|2t o & | 0| X|(free pace)E X1 {22 | X(0f HIO|E{E AW J|E
B ANYEEE M IO|X| §EE HYSI =S SO}

ftl_flush
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POR/SPOR £ 2|3} BFE A| 2 Z5|0{OF & FTL B|EFH|O|Ef & 2= NAND Z2§A| O
22|0f 7| 23}= API O|C}. O] API = SATA idle/standby A| Z=7| &0 2 SZg(0f
FTL i E}G[O| B 2| Yt 3 POR & 7+55tHA oHCt

3.3.2. Tutorial FTL

Tutorial FTL 2 Jasmine Z2HZ Of7|ElX{ A0 A FTL 9
7] st EXM o=z FHE|QCE O] FTL 2 Ijo|X| 7|Hte
of B4l 7|50l JHH|X] 22 M/0t3 FS3/POR S EY 2

2 PHE|0f YLt & Mo M= Tutorial FTL O] DRAM £81t 97|/M7| RHE o{EA|
XNe|ste K| & ez dHSI & it

DRAM usage

Of2H Figure 12 2 Tutorial FTL 2| DRAM AL S H O &=L}

OXFFFF_FFFF —>
(omitted)
0x5000_0000 N Pt
DRAM
(FTL metadata) ) PAGE_MAP
DRAM FTL buffer
(buffer)
Copy buffer
0x4000_0000 >
(omitted) ‘ SATA write buffer
0x1000_0000 —>/ SATA read buffer
SRAM

0x0000_0000 >

Figure 12) DRAM usage of Tutorial FTL

Dummy FTL -2 DRAM H{T{ BZt0fl & £ 9| ‘FTL buffer'S SHErsH0] AFSSHCE O 2{SHFTL
M= HEE HEHOIHE SeiAl H=2(of 7|ZE W == o|0] 7| &l HE Ho|H
EEZA HEZ 2R A0S I} YA HIH B2 AFRSICE

£5H DRAM FTL OYEIH|O|Ef =Zt0l& L|O|X| A4 E|O|=(PAGE MAP)Z Zt2|THCL
PAGE MAP 2 H|O|X| =40 CHs S2| H|O|X| T4 WES HESl= 10| X] M O
=0|C.

|'0I-

NAND Structure

Tutorial FTL 2 Of2lf Figure 13 @ Z2 &2 ZeiA| HE2[E Zt2|PHCE VBLK #0 =

A AKX Al HYON 2AAEZ B4(./installer/install.c Q| install ())0

oIl 2 dEICt O E50= HAUOZLFTIL S SEAIF|7] I8 FE(i.e, bad blk scan list,

firmware binary image S)&0| X% =ICt. Tutorial FTL 2 VBLK #0 2 A|Q|$t LI X| &
2 AEXLEIOHE =XAH o2 7|Bte 82 AHEDICL
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VBLK 0 1

Scan list

Size info. of
firmware image

User area
Firmware
binary image

Figure 13) NAND structure of Tutorial FTL

Address mapping

FIL2 gt o 2 SAEZRH MEE <1sn, sector size> JEE Fdll, VPAGE
CtQ| 2 10 & $8SIC}. Tutorial FTL 2 H|O|X| EHQ 2 A I Ho|E28 &E|BiCt =
SoAl H22] o AFEA HIOIHE B0 BMuY o] X Ated(direct mapplng)
o=z FYIotA ECt

m

Of2lf Figure 14 = Tutorial FTL Q| =4 T WMMES HO =L HX, FTL 2 SATA event
queue OfA LPN 2 Of CHot 847 2FS 7tM2CF d2[1d Ho[X| HE H|O[=(ie,
PAGE_MAP)S E8) LPN Of Ch3t ARM HEE Qrh of HEO 8iE LPN O 7|28
bank #1222} VPN FE 7t ot 7| S |0 ULt O|F FTL 2 ZefA| 10 HHS FIL O HE
510 3l PPN Of CHot AL A} HIO|E & 2 A E0f HEotLt.

HIL FTL FIL
Hardware event queue NAND Flash
<READ, LPN = 50> os}

PAGE_MAP )
LPN | <Bank#, VPN> >
<WRITE, LPN = 10> 0
1
P < >
<READ, LPN = 2> 2 1,10 »[10 ] @
i 7 2
N
...................... 5

Figure 14) Address mapping in Tutorial FTL
Read operation
Of2f Figure 15 1} 7*% w=MZ ZHE=ICL Tutorial FTL 2 2/ 0 HO|AM HHTH
2 YT EE AN X ot= AEAL HIOIH S| 2| /K|S HOtHEt
OME Al _EEEMI 17| 3d= TS0, SATA read H{THO| AHE Xt
4|0

2 g
HE ML Ol StEY 07 ALEAL HO|H H&0| M= AtedS BT DY
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Moj| e, HI OjLM= 2t8 @2F 20| DRAM HIHO| HIO|HE SATA S AEZ
T ottt

SATA Read Buffer NAND Flash

Host

Virtual page size
(4~32KB)

Figure 15) Read operation in Tutorial FTL

Write operation

MT7| Ak A7) CHROf hEE EEof 87| ALt0| Ftz LMBICE F, VPAGE 37| L
42 2 10 & ddiof 5tH, %EHAI 22| ol 7|F = 7|E HOoIHE /Al K
of Sio{et Heloh & A7] AitS SAotCt

otz Figure 16 = vpPAGE A7| HLC} 22 CiQo| M7| QK 0f CHSH HANPEE HOE
Ct. HA, 97| HAHD} OFAEZFX| 2 FTL 2 hardware event queue £ Z 2l (polling)sto]
’lads 7H12Ef Jdg2la 4 ¢Wd HolS0 25t 7| E H|o|E 7t EXHSH=R| 2
QISHCt. BHOF O[O S LPN Of CHot 7| & G|O[E{ 7t ZAHSHCHH ubd OXE siE 1|0
X LHO| M2 2 MEE X et LI X| A+ Xt |0 E{(O| £ left hole & right hole sectors
2} 22)2 SATA write H{I{ 0| 22ICt 12| 38 @2 20| $tEQ02 3tojg SAE

FE MZ2 AL HIO|E =22 7|CHEICH7E 2 M O| X|off &H7H 7| 5t BHef, 7|1 &
HIOIE{ 7t EXHSHA| GE7ALL HO|X| 7| 2F 2| 47| Hitg S OF SHOHEH 1Y @2

yepect
SATA Write Buffer NAND Flash
@
Host e ST
I:)i
: [ K A @ [ :
©) H
R SRR— > P,
®
Virtual page size
(4~32KB)
Figure 16) Write operation in Tutorial FTL
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Tutorial FTL 9| write HALO| M A|{22 O|O|E{ & £ free page & T &dt= 1t
= (Ot £0|7| flg LAz FoE0f Lt F, Zf LPN Of Ot 27| A
bank O D7 E|0 =S E[X| 1, O|TOf| A 0%l bank 2| HFE L& bank 0ff A
EL|A =t a2|2 7| &%l bank HZ 2F VPN M E & address mapping table 01
ST (28 02|t A7| AL A2 +=X197| Al HEY ZHOM £8l 2

ok

FH, Tutorial FTL 2 A
PRl X2 1 3l =
HEF & HE L&

\J

r

| Q1A Al MZE OiEF HO|EIS e ZajA H=ajo) 7|2
SlsiAl s SelAl B2l L BEr FoS Bwstol F7 Ko
7|28} 7=0{ 0} Bt

Ol'

BSP Interrupt handling

FTL 2 S2fAl H2e(of MEE FHO| ME|xl= 1-E S0 2 4dt= o2l d&(e.g., ECC
=, runtime bad block &M 5)& $IEQ|0| QIE{HEZ X 2|SHC}

SHA HEE] S% T U LF7F LASHH BSP QB HEZH HWSHA E=0, ZaiAl

HEEH7I SIEQIO QHEE HEER O oY QHEYEE SEottt. st=9)0f 2AHE

E HEE2= ARM 0| IRQ QIHHET7} YWHMC= AtH S L2

=13
=
EZEp
=
B, ARM 2 IRQ QI
E3iC}

—

|m

=

SH=2{(./target spw/misc.c Q| irg handler ())& =
2= SA| HEER O 2$t QIE B E(INTR FLASH)Y AL, FTL QI
El(fel_ +=E ZESICL 0|F, FIL 2 QHBE 2X[AH
(BSP_INTR)E QIS0 @ F 2l QIS ® 1 Metst 0|2 X2| ZEE sHotrt
3.3.3. Dummy FTL

Dummy FTL 2 SATA 9f DRAM £ & Q|8t JHAF FTL 20, ZajA| III-||EE|01|

HMOSIK| @1 event queue 2HE| MEtEl SAE QXS K2|8}7| S8t A|asto| T

2F oI E[Of QUL

i
[
24

Ot

ﬁ

_I.
ﬂ J

Dummy FTL Q| M| Fo(./ftl dummy/ftl.c)2, ftl read/ftl write 9|
A9, ZoHAl HI22|ofA HIO|EE YFLE M GIMS USR] =Ll 5, SATA 9
FTL O] MAE Ol Ex+2 2|8l SATA read/write H{IHO| H{IH ZQIE{OF XX SH= A

etz 2 THEO] YLk

m 50

3.4. Flash Interface Layer

FIL.2 FTLO| AX| 10 YHS SajAl Bl=2lof MEel7| At AZ22M, LD of o}
CtS

= |
EeiA HH(.e FCP)Z HFStD A 222|010 2™ S MEDICL
3.4.1. Flash command issue

LLD O MEE IO HEHEL YEHoZ Ze|A| HH X"% at=(. /target _spw/flash.c
9| flash issue cmd ())Of |8} O|F 0 ZIC}L O] &= 7|2XMOZ LLD A M-t
FCP E WR Off TESt= 7|58 L)

oHH, = O = of2lf Table 9 ME A 7tX| EtRe| S7|/H|S7| 10 Y= MSSHL,.
0|24t Ol7r EtY S & &80l0] S2A| HEEH 10 & HEHSHH SSD 2| 10 Xz2| ¥
22 L0l A O] |.
o= o2 T M .
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Table 9) FCP issue type

Type Value Description
RETURN_ON_ISSUE 0x0 WR O H| T FCP |22 WR 0f XMcHa} 2| &
RETURN_ON_ACCEET 0x1 WR O MEE ZefAl BHES bank 7k ZEH7HM Al

Xt 0j74X| O 7| (polling)3t % 2| &
RETURN_WHEN DONE 0x2 SHCH bank O A{ ZaA| T20| A2 WIHX| C)7|
o= EH

NOTE: T, Z2jA| FYS Mets Al FILOISZ WRO| Tf7|etn e Ho|
=

U= SE0A CHE SeiAl BB S TESHA| RS F2[sl{0F St

3.4.2. LLD(Low-level device driver)

LLD = S2jA| BB S FCP off 2785t 27 & FCP & WR Off HEH3t= Footel QIH|

O[£0[Ct o|2{gt QIEI O] A= HYO /HEXZ Sto5 7+ 80|92 MSE + UL,

— L
5, SA HZ22(0f 10 S TESHY| f/of i SeiAl AEER] HXAHE 28
= ZEE A8 22 |lo|, EaA W22 E =2lH 2= Ho|X|et 2F2| thest =2
TEE HR2tEA g 5 QUCh

LLD &= VPAGE 3! VBLK CtQ|2 ZafjA| HHES £l 4= QIEE AL 0| QCH CHEXR
O 2 (partial) page read/program 5! block erase, 12|11

copy-back 2| 7|5 & EYot= API 52 NS otCt.

simple copy-back 3! modified

NOTE: LLD APl S 20} A3 ARM S 2 M| 44 B HIE A
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Chapter 4.
Jasmine OpenSSD Platform Software Specification

= 0| M= Jasmine OpenSSD E2H E2| HHY0| 2ZE|0{0] CHsH B HCh B 2 ZEQ
0= 3A Eellol 22 mpY U build A3 E J2| 10 HeYo] X =23 S22 F/ECt 0|
2 "HHloje Y 2 =0 Cis| APISHE 7|=E[0f 1o, Lt 22 LIS Z& i)

v" Jasmine firmware file structure
v Jasmine Firmware APIs (FTL protocol API/LLD API/Memory utility, etc.)
v Some important macros

4.1. Source File Description

4.1.1. File hierarchy

Jasmine OpenSSD Z2iZ 0| HQ| 0] 8|t U AATIASS of2fet 20| FA %[0 QL

C}.
Table 10) File hierarchy (some files are omitted)
Location File List Description
./ release lock.inc Ol Z ASRIE THY K| KAHAFY QI A S| AER
COPYING, HISTORY, |I:HO—_ =H— |'Er |—| HI_I_ =x (b3 |— |:
README Jasmine H||0{ build 2 0f CHst MEt™ Ol M
-/build gnu Makefile, 1d script Code Sourcery G++ toolchain 2 0|88t EHe| 0] build
build.bat
AFJEE
./build rvds armlink opt.via RVDS M2 7 MM 0t gl B of build AT E
file list.via -
build.bat
./ftl_tutorial ftl.h, ftl.c Tutorial FTL :‘L}'El_:‘ HI.OEI g;[.l
. /ftl_greedy ftl.h, ftl.c Greedy FTL J_'n; En_ f% %H
./ftl dummy ftl.h, ftl.c Dummy FTL 23 GtQ Z 0
./sata sata_cmd.c SATA OIE{T{| 0| A 23 AA T} Z[
sata identifiy.c
sata_isr.c sata main.c
sata table.c
./installer allta77.h, installer.c, E_?_Jlo_i IAE-IX| %_%)& Ef%‘.install.exe El'OEI% A4 A
installer.sln,
ntddstor.h
./include jasmine.h HQO| AATE B O oY
mem util.h
flash.h, peri.h
rom.h, etc.
./target spw init_gnu.s, |0 startup ZE/HY O X7|3}/
init_rvds.s
flash warpper.c o =2| §E2/E|/LLD API/UART/EIO|H | EI2|E| &
initialize.c
target.h
mem util.c, flash.c,
uart.c etc.
/te te_synth.c FILAE A5 S QI8 HAE 0|27} Holgl B
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4.1.2. Header file

Table 11) Jasmine firmware header file (some files are omitted)

Location File Description
./include jasmine.h Barefoot ZAE 28| | H T} Y
- NAND A= 0f 2 10| X|/2 8 27| Z2|

- DRAM segmentation & 9|

mem_util.h Memory utility &j| G ot

flash.h EgiA| AEE Y 8| HTHY
- FCP/WR/BSP & Zetst ZfA| HEER] 2 X|AH
M Fo

- Flash command code 9|

- Bank interrupt flag 2|

peri.h Peripheral C|HIO|A 2| K| AE| A H o

- 916 & E/DRAM 71 E £ &, Buffer Manager

- GPIO/PMU/UART/Watch-dog/Timer/Clock &

hi.h SAE QHHO|A R R TR FO
SATA spec command H 9|
fel.h FTL O EtH 0| Ef Xt2 7= F O
FTL public function(Protocol API Z&h) M A
sata.h SATA 4@ & Cjmh
ATAHTE 2|AE HO| I SATA HH structure M A
sata_cmd.h ATAAHTE 22 & CTHY
. /targetispw target.h Target IZ| H|—O|¢ ok 5"|:_|r,_|.%|

-HERE Y g
- NAND/PLL/Timer/Clock cycle speed 9|

misc.h 7|E} S.83F St2~(LED, Time measurement 5) A ¢l

4.1.3. Source code file

Table 12) Jasmine firmware Source file (some files are omitted

Location File Description
-/ftl_tutorial | ftl.c Tutorial FTL 2AA A E (no GC)
-/ftl_greedy frl.c Greedy FTL 2A A E (simple GC)
-/ftl_dummy ftl.c Dummy FTL 2 A 3 E (not access NAND flash at all)
./sata sata cmd.c ATA 7 THE 3t KO
sata_isr.c FIQ X SATA QIE| B E MH|A 2El g4 Fo|
satamain.c SATA SH=Q0f 7|3t 2 B Of o @l 34+ o
./installer installer.c o0 QIAES Q5t 2 KO

- enable factory mode
- scan bad block list

- install block 0

- install FTL metadata

installer.sln OO QAED 2N I}Y

- Visual C++ 2010 Express 2 QA EF build
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./target_spw initialize.c Hoof X7|3} &4 KO

- PLL/QIE{ & E/Barefoot ZHEE 2| X7|3}

mem_util.c Memory utility g5 & 9|

flash.c ZojA o 22| X713 Y LS FCP &4 Mo
flash wrapper.c LLD &tz A 9|

- HO[X| 171/27|/Z AL &=
-EEMFESE
misc.c J|Et S 85t H

- LED/NAND block test/Time measurement

init_gnu.s B9 0f startup E(GNU/RVDS)
init rvds.s

./tc tc_synth.c Synthetic E|AE HO|A St Ko

4.1.4. Miscellaneous file

Table 13) Jasmine firmware miscellaneous file (some files are omitted)

Location File Description
./ release lock.inc JTAG C|H{ 11 ZEZ open 8= A3 2 E oHY
READE Jasmine H| 0 build Pt Al SO Cigt 710
2ol H S
HISTORY Jasmine HY| 0 revision 21
COPYING Jasmine OpenSSD Platform 2| license
- GPL ver. 3
T e L L L
file_list.via H90f build Al, AT+ CH0| &l T 2|l AE
- M2 2ot ot ol QUCHH A2 A
scatter.scl RVDS 2 ZAm2 A, code/ZI/RW H|O|Ef M 22| TA
St AFEE
-/build gnu ld_script GNU £E2 T A, code/ZI/RW T|O|E| Hj2a| F
A AFRE

4.2, Installer Function

Installer &=+ Jasmine H| 0| QIAE2{(./installer/installer.c)0|A| FTL S%t

—
[SIEPA PN

L
J
g 28t 27| HEIS THE 7|58 FUBCL

= TI
4.2.1. install
void install (void)

Function:

Jasmine EE0f| HY O AAE 5

00}'
o
oot
=+
=2
>x
-
0%
Ot
rir
re
rx
rlo
fin]
ojo
=2
my
ojo

load scan list

load firmware image
install block #0
install FTL metadata

O O O O
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NOTE: oiXf HYO HEOM= ££1_open Al NAND =8 HNE 4K -F, format-
S ETHCE 8K 3 Normal mode Of| M Jasmine EEE x=7|3}8 W response
time out error7t e 4= U7| W0l At O] install &= L{OJ M format 1S
elisl|OF SHCL EEBE X T|AENS| FTL metadata & A X|310], =F Jasmine EE £ &
Al, ft1_open ==0f 2J3{f E2fA| H22|0f 7| ZE HEIHO|HE EE2 24 POR
O 7ts5t=5 ofof Strt.

4.2.2. ftl_install_mapping_table
void ftl_install mapping table (void)
Function:
FILEE Fist WY HOISE T AT DI 0152 27| YA NAND o)

0| gt=& " E dX[5l= O| ‘Factory mode’0f| A{ install &+<~0f|

B+, 0| &40l A 7| 23t 0| ELE| 0| E{ = Jasmine B E £El A| FTL O] £7|3}! j
(£t1 open) 2CE0{0F 3102, FTL J|LALE £61 open 4 SHH| &7 ol
T3 sfjof 2t

4.3. FTL Protocol API

FTL protocol APL = FTL € ZX7|3}6l10 SAEZEE M= & 1% b Elol'E =
EtCHSIDY, SATA 2EE S&C| =
28l HFEA| T+ |0 Of & s Al API S0|LC}.

2 HO| M= Tutorial FTL (. /£t1 tutorial/ftl.h) 2| FTL public function =0 CH3H
2 KlBhCt.

4.3.1. ftl_open

void ftl_open (void)

Function:
FTL 7|3} 438, C|HLO| A0 MA0| S0{2 & Jha HiX| SE &l FTL 3t HYY
Of M|l &t==(./target spw/initialize.c Q| init jasmine)0f QI3 =&
5.0 BUHE g AAES S

o Build scan list
o FTL format
o FTL metadata initialization

4.3.2. ftl read
void ftl_read (UINT32 const lba, UINT32 const num sectors)

Function:
FTLQI7| @™ S = AKX IO = VPAGE Gt 2 =3,

Parameter:
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lba-SAE 2 RE FO|T 2] ME Fa
num_sectors — M E| 7}== (512B Ml EH 7|F)
4.3.3. ftl_write
void ftl _write (UINT32 const lba, UINT32 const num sectors)
Function:
FTILMY| @FE £+, AKX 10 = VPAGE CHRI2 =3
Parameter:
lba-SAEZRH FOT =2 MEH F2
num_sectors — M E| 7|4 (512B AMlE{ 7|%F)
4.3.4. ftl flush
void £tl_flush(void)
Function:
FTL HEf HIO|E & SaiAIHI22[0f 7| Z. SATA HEE 2|7 idle SEH I 7| H2
2 SEE(./sata/sata_cmd.c | ata flush cache , ata idle,

ata_standby &)

4.3.5. ftlisr

void ftl_isr(void)

Function:
BSP QIE{HE 3 =2 7|52 SN, EciAl H 22|00 28 =50 BSP 2IH
HE 2MSIH 0] g7t =2 EE. 0| &= 1RQ QHFHE S8

(./target_spw/misc.c 9| irg handler)Of 9|5 T EE.

BSP_INTR 2| X|AH

4.4. LLD API
O 20 M= FTLO| L& Aits O 5, K| 10 & AM2|5t7| fisf E2Al HEZ 0
ZPA HHES ST Q8 AFR 5= QB O] A QI LLD(Low-Level device Driver) API
off CHal M et

[¢]

NOTE: X|&S%Z|= LLD API (./target spw/flash wrapper.c)e FTL J{2XtZ S}
O 7o HoldE MSst7| fI5te Hdefen, HEYS =0/7| flet 2[H3tE
QM= HEO| LLD API EE= FCP HX|AEH MAHES ESF ZiA| HHE FTL LYEO|
A FoIStE E oot

4.4.1. nand_page_read

void nand_page read (UINT32 const bank, UINT32 const vblock,
UINT32 const page num, UINT32 const buf addr)

Function:
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FCP 7{M E(FC_NORMAL_READ_OUT)E AM83t0| E2HA| M2 2|0 £7 | O|X] ¢
7| 48, FCP 7{T == RETURN_WHEN_DONE 2 WR 0f M Zhgl

Parameter:

bank - bank ¥ (max: NUM_BANKS)

vblock - VBLK 1% (max: VBLKS_PER_BANK)
page_num — VPAGE 1S (max: PAGES_PER_BLK)
buf addr — 212 T{|0|X| G|O|E{7} 2242t FTL LY & B =

4.4.2. nand_page_ptread

void nand_page ptread (UINT32 const bank, UINT32 const vblock,
UINT32 const page num, UINT32 const sect offset, UINT32 const
num_sectors, UINT32 const buf addr, UINT32 const issue flagq)

Functions:

FCP {TH E(FC_NORMAL READ OUT)E AtES}I0] oAl K2 2|2 £ H|O|X| £
2ol +¥ 2 34E FR Ol 22 BH o= ABY £ At
o SiA| 4220 7|E = O EF HO|HE 20| ] (RETURN_WHEN_DONE)
o  Partial page program & X2|5}7| 2|8 £X column AFE X} H|O|E &17|7}
=3k (RETURN_ON_ISSUE)
Parameter:
bank - bank 1% (max: NUM_BANKS)
vblock -VBLK 1% (max: VBLKS PER BANK)
page_num - VPAGE 1 & (max: PAGES PER BLK)
sect_offset — VPAGE 2| A|%f ME| @ T Al (max: SECTORS _PER VPAGE)
num_sectors — M E| 7|4~ (Bt ME 37|= 512B 7| &)
buf_addr - {2 T O|X| H|O|E{7} S2t& FTL LY HI T4
issue_flag—FCP O|7 Eg|A MH. (B &AM 341 HO| Table 9 #10% A)

4.4.3. nand_page_read_to_host

void nand_page read_to_host (UINT32 const bank, UINT32 const
vblock, UINT32 const page num)

Function:
FCP 7{@# =(FC_NORMAL READ OUT)E AtE3I0] E2{A| HZ2|0|A £ 10| X|
£ 910 = AE QIE{H|O|AQI SATA Off M
O] K| 97| YAt =, SATA read H{IHZEQIE| A =3

Parameter:

bank - bank 1% (max: NUM_BANKS)
vblock - VBLK 1 (max: VBLKS PER BANK)
page_num - VPAGE H1 & (max: PAGES PER_BLK)

4.4.4. nand_page_ptread_to_host
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void nand_page ptread to_host (UINT32 const bank, UINT32 const
vblock, UINT32 const page num, UINT32 const sect offset, UINT32
const num sectors)

Function:
FCP /@i E(FC_NORMAL READ OUT)E AME3I0] S2iA| HIZ2|0A EX 10| X

o] 2= ME TS 210{(i.e., partial page read), host QI E{I{| 0| A ©I SATA Of M &t

=

Ij|o|X| 7| A4t =, SATA read HIHZ QIE| =7 =3
Parameter:

bank - bank 1% (max: NUM_BANKS)
vblock - VBLK 1% (max: VBLKS_PER_BANK)
page_num - VPAGE & (max: PAGES PER_BLK)
sect_offset — partial read & |5t VPAGE 2| A|2f ME| @ T Al (max:
SECTORS PER_VPAGE)
num_sectors — Ml E| 7|4 (Bt ME 37|= 512B 7| &)

4.4.5. nand_page_program

void nand_page program(UINT3Z2 const bank, UINT32 const vblock,
UINT32 const page num, UINT32 const buf addr)

Function:
FCP 7{MH = (FC NORMAL IN PROG)E AM23}0] S2iA| 2 2|0A £ 10| X| 0
FTL LH2 HIHO| HIO|H & 7| & (F2 HEIHIOIH 7|5 A0 AFEE 5= UD).
Parameter:
bank - bank 1% (max: NUM_BANKS)
vblock - VBLK 1= (max: VBLKS_PER BANK)
page_num - VPAGE H1 & (max: PAGES PER_BLK)
buf addr — A 7| Tf| 0| X| §|O|E{ 7} Z=X{8}= FTL Lj & H T Z=4. VPAGE-align &|Of
RA0{OF &t
4.4.6. nand_page_program_from_host

void nand_page program_ from host (UINT32 const bank, UINT32 const
vblock, UINT32 const page num)

Function:

FCP 7 E(FC_NORMAL IN PROG)E At23}0] Z2{A| H 220 AM EX M| 0| X|of
SATA write H{T{ H|O|E{ 2 7|2

|O| K| AA7| HAF =, SATA write I L QI =X
Parameter:

bank - bank 1% (max: NUM_BANKS)
vblock - VBLK 1 (max: VBLKS PER BANK)
page_num - VPAGE H1 & (max: PAGES PER_BLK)

4.4.7. nand_page_ptprogram_from_host
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4.4.8.

4.4.9.

void nand_page ptprogram from host (UINT32 const bank, UINT32
const vblock, UINT32 const page num, UINT32 const sect offset,
UINT32 const num sectors)

Function:
FCP 7{BHE(FC_NORMAL IN PROG)E AI2¢}0] E2iA| 02 2|2 E7F HO|X|LH &

2 MEOLS 7| £ (e, partial program)
H| O] X| M7| ALt 7, SATA write H{I{ =7
Parameter:

bank - bank 1% (max: NUM_BANKS)

vblock - VBLK 1% (max: VBLKS_PER_BANK)

page_num - VPAGE & (max: PAGES PER_BLK)

sect_offset — partial program S 2|3t VPAGE 2| A|2f ME| @ T All (max:
SECTORS_PER_VPAGE)

num_sectors — Ml E| 7|4 (Bt ME 37|= 512B 7| &)

NOTE: 52 I 0|X|0|| 13| O|AQ| partial programming 2 £=33}7| 2|8l A=, NAND
Z 2 A|2] NOP(Number of Program)& 2+Qlgt A.

nand_page_copyback

void nand_page copyback (UINT32 const bank, UINT32 const
src_vblock, UINT32 const src page, UINT32 const dst vblock,
UINT32 const dst page)

Function:

FCP M E(FC_COPYBACK)E AI250| &< bank L{f 0| A I{|O|X| & S AtSH= ALt
£ £=3. DRAM HIH{ & HX|X| &7| {20 = mj|O|X| EAZ} 78

Hnz, of2fer 75*% B0l L copy-back O] 27t 2.2 FIL Lz UAHof
HO|X| 97|15 +3et 2, HO|X| M7| AMS 33
o NAND “EHA| D-IIEE|7|- internal copy-back operation & X|2I5}X| = 42
o 2Zto| HO|X|7} A2 Tt plane ¢l B
Parameter:
bank - bank 1% (max: NUM_BANKS)
src_vblock — /&2 VBLK 1% (max: VBLKS_PER BANK)
src_page — 2 & VPAGE 1 (max: PAGES_PER_BLK)
dst_vblock - S AtE VBLK & (max: VBLKS_PER_BANK)
dst_page - S AtE VPAGE HZ (max: PAGES_PER_BLK)

nand_page_modified_copyback

void nand_page modified_copyback (UINT32 const bank, UINT32 const
src_vblock, UINT32 const src page, UINT32 const dst vblock,
UINT32 const dst page, UINT32 const sect offset, UINT32 dma addr,
UINT32 const dma count)
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Function:

FCP {TH E(FC_MODIFY COPYBACK)E AtE3}I0] ¢ bank L O A £ 10| X| 9
HIOIE & 7451, SAlSt: AHME =

note: Of2{ 2t Z2 AL, internal modified copy-back 0| E7ts St22

o HO|X| 27|E &%t =, A HIO|E{f B H|O|X| 47| AHitS =2t
o NAND E2jA| M| 2 2|7} internal copy-back operation & X|5IX
o 2tzko| HO|X|7} M2 C}HE plane Ol B

FC_MODIFY COPYBACK O| £7}& ot AL, of2ljet &2 &AM Z modified copy-
back HAHS L= SICE,

o

1. £ H0|X|Z 90f, DRAM copy HHH0| S
2.  7|& 0|0|E YE(left hole)S S 10| X|0f| FC_NORMAL_IN H&H S AIE3}
of S2Al H=Z2|of ME
M CIO|HE =% 0| X|0f| FCIN BHo = SejA| o =22(of Mg
4.  L}HX| 7|& G|O|E E(right hole)& FC_IN_PROG HZH O & MESI(], 2, 3 EHA
o M HEtst OOl Ef{ef &4 S A| O 2 2|0f| programming 4=
Parameter:
bank - bank 1% (max: NUM_BANKS)
src_vblock — /2 VBLK ¥ (max: VBLKS_PER BANK)
src_page — 2 & VPAGE H1 5 (max: PAGES_PER BLK)
dst_vblock - S AtE VBLK #H % (max: VBLKS_PER_BANK)
dst_page - S AtE VPAGE HZ (max: PAGES_PER_BLK)
sect_offset - |22 H|O|EH{ 2 WA E ME 2ITAM (max: SECTORS PER PAGE)
dma_addr - Aj G|O|E{ 2 &1 Q= HIH T4
dma_count - A C|O|E{ 27| (THL: Byte)

4.4.10. nand_block_erase
void nand block_erase (UINT32 const bank, UINT32 const vblock)

Function:
FCP M E(FC_ERASE)E AF23810] 8§ E bank o E7 VBLK 2 AHA|

note: 1-plane mode & A2, 2 7||o| E2| 2= & AtA|. 2-plane mode & A2, 4 7|
of 22| £52 AH

Parameter:

bank — bank 1 (max: NUM_BANKS)
vblock - VBLK 1= (max: VBLKS PER BANK)

4.5. Memory Utility API

Memory utility APl = SRAM I} DRAM 7to| o2 2| 22 9|3t &t=~0|0, 0| &t

—_ (==}
H22| g §71/227|/84 SO0l 2eY 3% AHE &Lt

ot

= o
=1

A
e

Memory utility 2= ./target spw/mem util.c 0Of Z2||0f QIC}
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4.5.1. mem_set sram

void _mem_set_sram(void* const addr, UINT32 const val, UINT32
const num bytes)

Macro — #define mem set sram(ADDR, VAL, BYTES)
Function:

SRAM o| H| 22| gf 27
Parameter:

ADDR - SRAM @< Ljj 22| =A0|H, 4 Byte-align k|0 Q0{0F & (max:
0x1000_0000)
VAL- 47 3t
BYTES - &745t 01X} Sti= Byte F 0|, 4Byte TH2|Of OF Bt
4.5.2. _mem_set dram

void _mem set_dram(void* const addr, UINT32 const val, UINT32
const num bytes)

Macro - #define mem set dram(ADDR, VAL, BYTES)
Function:
DRAM o| O 22| Zt 87
Parameter:
ADDR - DRAM @9 Ll 22| =4 (min: 0x4000_0000)
VAL- 47 ¢t
BYTES - A M35} X} 6= Byte Y2 2|0|5HH, DRAM _ECC UNIT 9| H{£=0f OF &
4.5.3. _mem_copy

void _mem_copy (void* const dst, const void* const src, UINT32
const num bytes)

Macro - #define mem_ copy (DST, SRC, BYTES)
Function:

DMA 2 M| 22| SAt . DRAM Of| A Xtz FZE[= HELH O|E{ = SRAM Of ZA}

SHA ABBHR A58 £ % 3

dlo

Parameter:
DST - SXX| 22| FA. 4 Byte-align &[0 QL0{OF &
SRC - 2|2 0| 2 2| 4. 4 Byte-align &£|0{ Q0{OF &
BYTES — A5l 10X} Sl= byte P 0|, 4Byte TH| O OF & (max: 32768) (L,

DRAM-to-DRAM Q| Z2+= DRAM ECC_UNIT 9| Hijs=7} £|0{OF T

4.54. _mem_bmp_find_sram

UINT32 _mem bmp find sram(const void* const bitmap, UINT32 const
num_bytes, UINT32 const val)

Macro — #define mem bmp find sram(BMP, BYTES, VAL)
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4.5.5.

4.5.6.

Function:

SRAM HIE® 22| SHO|A 57 gt0] =Xt

rir

K| EFA
Parameter:

BMP - H|E O 22| 2. 4 Byte-align [0 Q10{0f &t (max: 0x1000_0000)
BYTES — Al 0 X} Sl= byte @ 0|, 4 Byte £H{ 0 OF &} (max: UNIT * SIZE =
32768)

VAL - &%t 5t gt (BEEA| 0 E= 1)

Returns:
ME Al fE &= 2L0] EXHStH= bitmap O| QIEIA H
AT A|, BYTES * 8

_mem_bmp_find_dram

UINT32 _mem bmp find dram(const void* const bitmap, UINT32 const
num_bytes, UINT32 const val)

Macro — #define mem bmp find dram(BMP, BYTES, VAL)
Function:

DRAM HIE® T 22| FHOA 578 2t0[ =Xt

rir

x| 2

Parameter:
BMP - H|EB I 22| 4. 4 Byte-align |0 ! 0{OF & (min: 0x4000_0000)
BYTES — A5l 01X} Sl= Byte 0|, 4 Byte £t O{ OF & (max: UNIT * SIZE =
32768)
VAL- XX 8= 4L (0 EE 1)

Returns:
M3 Al HE|= 2k0| EXYSt= bitmap of QIEA M
AT A|, BYTES * 8

_mem_search_min_max

UINT32 _mem search min max (const void* const addr, UINT32 const
bytes per item, UINT32 const size, UINT32 const cmd)

Macro — #define mem_search min max (ADDR, UNIT, SIZE, CMD)

Function:

M2 YoM =& e

[
==
N
-
m
H
>
==

Parameter:

ADDR - EfA4 A|ZF O 22| =4, 4 Byte-align &0 JO{Of &t

UNIT - EHM CHQ| (e.g., 1, 2, 4 Byte)

SIZE — EfA OlGl A B19| (max: UNIT * SIZE = 32768)
CMD-MU7HMHE I E

(e.g, MU _CMD_ SEARCH MAX SRAM, MU CMD SEARCH MIN SRAM,
MU _CMD SEARCH MAX DRAM, MU CMD SEARCH MIN_ DRAM)
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Returns:

M3 A, A4 EE 20 30| EXfots AL HE

— i

Example code:

UINT32 zxcv[100] = {0};
UINT32 idx;
zxcv[4] = OxXFFFFFFFF

// search max value in array ‘zxcv’
idx = mem search min max(zxcv, sizeof (UINT32), 100,
MU CMD SEARCH MAX SRAM); // ret 4

4.5.7. _mem_search_equ

UINT32 _mem search equ(const void* const addr, UINT32 const

bytes per item, UINT32 const size, UINT32 const cmd, UINT32
const val)

Macro — #define mem_search _equ (ADDR, UNIT, SIZE, CMD, VAL)
Function:
Hze| Ao E7E 20| EXSH=X| B
Parameter:
ADDR - EfA A|&F O EH 2| =24, 4 Byte-align &0 QA O{0f &t
UNIT - EtM EH2 (e.g., 1,2, 4 Byte)
SIZE — EtA Ol A HH Q| (max: UNIT * SIZE = 32768)
CMD-MU7HHHE FE

(6.9, MU _CMD SEARCH EQU SRAM, MU CMD SEARCH EQU DRAM)
VAL - 2t 0 X} 8= gf

Returns:

g5 Al W8 El= 40| EXYst= QYA Bz

o
AlOj A, SIZE

Example code:

UINT32 zxcv[100] = {0};
UINT32 idx;
zxcv[4] = OxFFFFFFFF; // Write data to buffer

// search OxFFFFFFFF in array ‘zxcv’
idx = mem search equ(zxcv, sizeof (UINT32), 100,
MU_CMD_SEARCH EQU SRAM, OxFFFFFFFF); // ret 4
idx = mem search equ(zxcv, sizeof (UINT32), 100,
MU CMD SEARCH EQU SRAM, 0x80808080); // ret 100

Notes:

Memory utility(DMA)E 2-235}0{, DRAM 32KByte B 0f| A 4Byte E74 4F EHAH A],
e,
(o]

Z|CH 2F 180us A8 (i.e, 177MB/s. Et, SATA EE= NAND 7} DRAM G| O|E{ £ access
222 0 =T+ UL
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4.5.8.

4.5.9.

4.5.10.

_mem_cmp_sram

UINT32
addrz,

_mem cmp_sram(const void* const addrl,
const UINT32 num bytes)

const void* const

Macro — #define mem_cmp_sram (ADDR1, ADDR2, BYTES)

Function:
SRAM 2| = 22| 9 Bl A
Parameter:
ADDR1 - & H®j O & 2| A, 4 Byte-align £|0{ Q0{0} & (max: 0x1000_0000)

ADDR2 - = HF{ O 2 2| 2. 4 Byte-align k|0 L0{0f & (max: 0x1000_0000)
BYTES- H| 1 B2

Returns:
¢242 022
CE 2R -1Es122H

_mem_cmp_dram

UINT32
addr2,

_mem cmp_dram(const void* const addrl,
const UINT32 num bytes)

const void* const

Macro — #define mem_cmp_dram (ADDR1, ADDR2, BYTES)

Function:
DRAM O & MR 2| @Sl H|m 234, 0| &t4== DMA 7} OFl CPU 7} =& DRAM [
O[E{E 8102t H|

Parameter:

ADDR1 - A 22| F

ADDR2 - A|EtD| 2 2| =
BYTES — H| 0 9

Byte-align E|0f Q10jof &t
Byte-align E|0f Q10jof &t

(min: 0x4000_0000)
(min: 0x4000_0000)

=44
=44

Returns:
242022 H
CE 2% -1Es122H

_read dram_8
UINT8 _read dram 8 (UINT32 const addr)

Macro - #define read dram 8 (ADDR)

Function:

DRAM 0f|A{ SRAM 2 & 8 bit(1 Byte)S CPU 7} ZIH ST M| 22| FAO0A 20{2.
Parameter:

ADDR - 2/0{2 DRAM 22| A
Returns:
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4.5.11.

4.5.12.

4.5.13.

4.5.14.

DRAM Of| A 1012 8bit 0| 22| Cf|O|Ef gk
_read _dram_16
UINT8 _read dram 16 (UINT32 const addr)
Macro - #define read dram 16 (ADDR)
Function:
DRAM 0| Al SRAM 2 2 16 bit(2 Bytes)E CPU 7t 2170 Sl|2 22| FAH A 4
=
Parameter:
ADDR - 2|0{& DRAM O 22| A
Returns:
DRAM Of| A &10{2 16 bit B 22| G| O|E £t
_read _dram_32
UINT8 _read dram 32 (UINT32 const addr)
Macro - #define read dram 32 (ADDR)
Function:
DRAM 0Of|A] SRAM 2 Z 32 bit(4 Byte)E CPU 7} 2|7 SI|E M| 22| A0 A A0S,
Parameter:
ADDR - 2|0{ 2 DRAM O 2 2| =2 4 Byte-align &[0 QU O{Of &t
Returns:
DRAM Of| A ©10{2 32bit | 22| H|O|& g}
_write_dram_8
void _write dram 8 (UINT32 const addr, UINT32 const val)
Macro — #define write_dram 8 (ADDR, VAL)
Function:
mem_copy &5 AF&5I0] DRAM 2| T 22| =20] 8 bit(1 Byte) H|O|H E 7| =.
(HEH22 £ align & Y0 TS AFESIER H22| CHZ Al fo/E A)
Parameter:
ADDR - |0|E{ £ & DRAM H| 22| =24 (min: 0x4000_0000)
VAR - 8 bit | 0| E{
_write_dram_16
void _write dram 16 (UINT32 const addr, UINT32 const val)
Macro — #define write_dram 16 (ADDR, VAL)

Function:
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mem_copy &tE AFES10] DRAM A 9| O 2 2| =40 16 bit(2 Bytes) H|O|EH & 7|

J(UHEXMoZ = align Bl AT FAE AFRSIEEZ HEE| CIH A Al R2/5 A)
Parameter:
ADDR - [|O|E{ £ & DRAM | 22| F2 (min: 0x4000_0000)

VAR - 16 bit | O B
4.5.15. _write_dram_32
void _write dram 32 (UINT32 const addr, UINT32 const val)
Macro — #define write_dram 32 (ADDR, VAL)
Function:
mem_copy &5 ArE3}10| DRAM ¢ 2| I 22| Z=4-0f 32 bit(4 Bytes) G| O|E{Z 7|

=

=

Parameter:

ADDR - [ O|E{ 2 £ DRAM I 22| 2. 4 Byte-align &|0f /0{0f & (min:
0x4000_0000)
VAR - 32 bit G| 0| Ef

4.5.16. set_bit dram

void _set_bit dram(UINT32 const base_addr, UINT32 const
bit offset)

Macro — #define set_bit_dram(BASE ADDR, BIT OFFSET)
Function:

DRAM HE22| A9 EX QITAME one bit SET
Parameter:

BASE_ADDR - DRAM base 2

BIT_OFFSET - BASE_ADDR 7|& 9| bit offset

4.5.17. clr bit dram

void _elr bit dram(UINT32 const base addr, UINT32 const
bit _offset)

Macro — #define clr bit dram(BASE_ADDR, BIT_OFFSET)
Function:

DRAM M|E2| &9 EX QIAMZ one bit UNSET (CLEAR)
Parameter:

BASE_ADDR - DRAM base F2

BIT_OFFSET — BASE_ADDR 7|& 9] bit offset

4.5.18. tst bit dram

BOOL32 _tst bit dram(UINT32 const base_addr, UINT32 const
bit offset)
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Macro - #define tst_bit dram(BASE ADDR, BIT OFFSET)
Function:

DRAM 22| Ao EX QIAl (onebit) 0f CHSH EIAE $=3H
Parameter:

BASE_ADDR - DRAM base 0| 2 2| =4
BIT_OFFSET — BASE_ADDR 7|& 9] bit offset

Returns:

_

HAESIIX} 6= bit_offset §E2710 Y 242,02 2[H

Otfd 8%, 00| ot gt= 2|
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