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=& ¥F-H AH-00#
SCK SCK
SDI P——SDO
SDO P—T—SDI
GPIO1 r—T—T—CS
Slave 1
GPIO2 SCKR
GPIO3 —
Master — SDO
T —T—CS
Slave 2
——SCK
SDO
SD1
CS
Slave 3

B 5. H - Master ¥ % % Slave ift ¥

SPI % &% 7 w #6151 SCK(Serial Clock) ~ SDI(Serial Data

In) ~ SDO(Serial Data Out)2 CS (Slave Select) o #.if 25 45
pF o d Master 34 & SCK 5.7 54 p 4% Slave = - £ o
Master =44 2145 4 B 40 B3 /24 o &8 - Master %
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] » 2 Read Data 35 4 P B 4B 60 o8 8 8 HEIE B Y
SPI s 4 pF> 8 & 5 foaJZ ® 5 Master NOR Flash 3 Slave»
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| SSPBUF Reg
SDIFSDA 4:3 JL
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sDo bit O Shift
Clock

Edge
Select

Clock Select

SSPM<3:0>

‘ ThWVIRZ2 OutEul'
=2
Prescaler | TOsSC
4. 1s, &4

—— Data to T>XVRX Iin SSPSR
— T RIS bit

W 7. SPIfm%i  FH &M :[2]

SCOCKY/YSCCL

AR ;g XERH b P I ® L SPlI Master 05t 2 SPI WG BeF BT - TR PR FE > Slave =3 ¢ 5
LR 4 ’é ® OSPITiE o TR X pE A M-T R i Clock @ i@ % 1 fr; A hF AL SSPSR W H E 0 ¥
SSPBUF PWEEY R ”2*5(/2‘@‘1’ ® ¢ p 74 SSPBUF  SSPSR ¥ Biaqc 1 8 B =Pk § #-F 4% & SSPBUF %
FF AL A A % B SSPSR P v 4ot — k AE B % B > e % SSPSTAT #5 7% E e BF =< 8 & SSPBUF #f
Clock }.ﬁF SSPSR #75 % ¢ ¥ 1 [N Slave% &8 TEM L EERTPTR %r» JE B {7# SSPBUF #73%
II% Clock PP {8 - SSPSR #-H p e TR BiEpEs g TP OF RS DR > FALE 8 B Clock (s
f5 %7 ® SSPSTAT ¢h BF(Buffer FuII) AR AT @ SSPSR W RE AT R T B -
% :i = i‘ FREKT - B EaF e 0 SSPBUF . Microchip 7 PIC18F45K20 f’ SPI e gt 6738 AT 7w
R/W-0 R/AW-0 RANV-0 R/W-0 R/W-0 R/W-0 R/AW-0 R/W-0
wcoL | ssPov [ SSPEN | CKP | sspm3 | sspmz | ssPM1 | SSPMO
bit 7 bit O
Legend:
R = Readable bit VW = Writable bit U = Unimplemented bit. read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0" = Bit is cleared x = Bit is unknown
bit 7 WCOL: Write Collision Detect bit (Transmit mode only)

1 = The SSPBUF register is written while it is still transmitting the previous word
(must be cleared by software)

0 = No collision

bit & SSPOV: Receive Overflow Indicator bit(1)

SPI Slave mode:

1= A new byte is received while the SSPBUF register is still holding the previous data. In case of over-
flow, the data in SSPSR is lost. Overflow can only occur in Slave mode. The user must read the
SSPBUF, even if only transmitting data. to avoid setting overflow (must be cleared by software).

0 = No overflow

bit 5 SSPEN: Synchronous Serial Port Enable bit(?)
1 = Enables serial port and configures SCK, SDO, SDI and SS as serial port pins. When enabled, the
SDA and SCL pins must be configured as inputs.
0 = Disables serial port and configures these pins as /O port pins

bit 4 CKP: Clock Polarity Select bit
1 = |dle state for clock is a high level
0 = |dle state for clock is a low level
bit 3-0 SSPM<3:0>: Synchronous Serial Port Mode Select bitst®
0101 = SPI Slave mode, clock = SCK pin, SS pin control disabled, SS can be used as I/O pin
0100 = SPI Slave mode, clock = SCK pin, SS pin control enabled
0011 = SPI Master mode, clock = TMRZ2 output/2
0010 = SPI Master mode, clock = Fosc/64
00al = SPI Master mode, clock = Fosc/16
0000 = SPI Master mode, clock = Fosc/4

B 8. PICLI8F45K20 ¢ SPI i ¢k %t [2]




ML F R

3 H"ﬂ tﬁ'—; ,J &b/n'-

AT 0 AR 9 T AR H S S R B
% Microchip snPIC18F45K20- 3% ¥ & ¥ Mc&d® £ 3 — 1 SPI
HE 3BV P EL 528 A IOV ®APR Y [2e
Jrh A% e F RS IC . 2 &Rl IC Flash 1 3
Flash_8 o 4% - IC 2t " -5 Golden Sample > % 7 3 i ¥ 7]
FWERICHID 2 LR B RREAR AT A LB
TS & FHARSICH « F 523 i4Eir, & ki A
#4rr 1 27116 F A LCM RET AR EE 3 B
it - BE B

=¥ F-H - 00#

Flash 1 % Flash_8 #CS #r =g

51

A4 % # & PORT_D 1 0~7

Brt o b it APEE R 8B FRIC F1H SCK -

DI ~ DO 5 8 &

,s/ﬂ Ic ::CS HER
F R IC > u’l‘p

R a A

T_h M

P

— 42 AR & #-PORT_D > 4

B T IR RET g 4

nfv‘w#vi%%

A8
%+ 8

T =W E o A Chip
Erase ~ Block Erase ~ Page Program * Write Enable 5 % ’ i?
IC W@ »# |Fm5fp A U

|¥tH ¢ - IC # .rpa‘;p]},u PORT ROTATE

S#c? hiE Xk 5 OXFE(1111 1110) » { #- PORT_ROTATE

R E A 3 PORTD i ¥ i 4% Flashl- &

% & Flashl e#s (72

# & IC» 22 &ip| IC Flash_1 3 Flash_8 # % * J&/nt e & » 3 4 PORT_ROTATE hF 42 = # 7 OxFD(1111
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PortB5
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Reset Reserve | | Read ID Start
Button Button Button Button .
PortB2 PortD7
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—DO
DI
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F£ 0+ € Pl Flash 50 ID ~ i B # v 2 Erase/Program £k
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Read Manufacturer/Device ID v @ v @i ID 2 %% ID »
JEDEC ID #E} £ plE @ w JEDEC ID » fiplz&pFa i 5 7 2
i Flash # ic chit g > b3k 3 dp £ 30 § & 7RI »

% 1. W25X16BV 1D
Manufacturer ID OXEF
Device ID 0x14
JEDEC ID 0x3015

Plekn Az Ac ] 10 577 0 LA P ¢ LF PR IC il B
ID+ %% ID % JEDEC ID ¢ $ 5 IChID v 11 &

% @7 £ % Block #c P
4 GND “®f » £ 4 1
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Bin1 2EETH
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20 BB P

r 8~ Fo e PageProgramAll &15¢ 5 b4e@] 13 0 2 ek
5 IC 3 B~ 1 Page 13 13| Data Memory £ 0x200
| OX2FF ¥ > 4@ 12 5 £ # 9 PageProgramAll &3¢ - &
PageProgramAll # & #-PORTD i?l 11 0x00:E#% 8 B #Fipl IC
# ¥ $ %R IC ™ Page Program 45 4 - #-Data Memory # ¢
0x200 F| OX2FF ehFF 418 » 2RenFp| 1C» B is £ K €
PORTD % OXFF P~ iE 4% Fp| IC3 = = | PG » Tl e
%o @& [1]#T3e L nfT o - Page Program <@ & 5 5 3ms >
FEI - KR FehR ¥ R A g R F Aot fehE P
FodPag radpd BB EgEFLY £ LHERFR
IC B &>t Busy j& i » f{ 2] 3% IC % Page Program s it
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SUB PageCompareAll
SET PORT_ROTATE to O0XFF

FOR Flash=1to 8

SUB SourcePageRead
SET PORTB2 to 0
SPI OUTPUT 0x03 // Read Data
SPI OUTPUT Address
FOR. Data Buffer = 0x200 to 0x2FF

SPI INPUT to Data Buffer

END FOR
SETPORTB2to1

END SUB

W 12. SourcePageRead & %45

SUB PageProgramAll
SET PORTD to 0x00
FOR Data Buffer = 0x200 to 0x2FF
SPI OUTPUT 0x02 // Page Program
SPI OUTPUT Address
SPI OUTPUT Data Buffer
END FOR
SET PORTD to 0XFF
CALL CheckTimeout
END SUB

W 13. PageProgramAll 2 ##

e §_# T Read Data - Read Status Register ~ Release Power
Down/Device ID ~ Read Manufacturer/Device ID 2 JEDEC ID
TH PR S F R AR D - B2 ER IC
RIE P15 TRt - A g 3 FORALE ShR 4 9100 &
FEIC P Q FiE- BE[TiL

rt $H3 5 e PageCompareAll 5 & » 4o 14 0 4= 4o pF 2
ife - OxFE(1111 1110)*z &+ PORT_ROTATE % #* - £ #&-
PORT_ROTATE & % # 3] PORTD i ¥ i% 4% Flashl » &+
%24 gk 7 2 444 Flashl = Read Data 45 4+ 3 2~ 1 1 Page
en% L 5] Data Memory £70x100 3| OX1FF p > F= p¥ 4 Data
Memory #70x200 ¥] Ox2FF p enf ot 445 i 7 7 o B »
R F R AE o o et $ = Flashl 2 & > A
PORT_ROTATE h§ # 2 # 5 OXFD(1111 1101) » 4t 37
TLPER R B R IC T AL o PR G T R FIasL ¢
FREAFTIALFLEE KT pRER 1B
Block 5 » 24 i7 § #4f & AL A LA BB B 15 B £ ATRIE-
Koot — K FAERFlash & = ~ehw it 31 % -

SET PORTD TO PORT_ROTATE
FOR. IC Data Buffer = 0x100 to 0x1FF. Data Buffer = 0x200 to 0x2FF
SPI OUTPUT 0x03 // Read Data

SPI OUTPUT Address

SPI INPUT to IC_Data_Buffer

// Compare IC Data Buffer with Data Buffer

IF IC Data Buffer != Data Buffer THEN
DISPLAY SORTING RESULT

END IF
END FOR
SET PORTD to O0XFF

PORT ROTATE ROTATE LEFT

END FOR
END SUB

¥ 14. PageCompareAll g /5



54

PAR | FEER B

¥ RIEE AT G OX0OFF (£ B M T =fd BF T )
OXFFOO( £ BB § =& B M T =) ¥R 3 47 12 8.0 OX55AA
£ OXAAB55 ~ & % 8 »~ 0x15(0001 0101)% 0x01(0000 0001)
Shf PO G BLE R PR o AP R et g et
Data Memory =1 0x200 ¥| OX2FF 3 » & 7% pl3a4k & T -
FoREH 2L

W 15.

F S pEe * 7 NOR Flash 3 WINBOND 7 W25X16BV -

FIC A A BT 0 B e

% 357 ¢

BRERN
PR

S AL FBN B Rl % OK 5hF 90 @ - Fail g

¥-H AH- 00#

4, PEeEE

F e plEB4oB 15 #77 - CPU & * Microchip
PIC18F45K20 > 4 i i 4:4E% - B 2 7 x16 F 7 LCM &
TARES oA L - B Ry & % 18 Microchip
MPLAB IDE[3] % & & 35 % [4]® % % 2 » % {5 & * Microchip
ICD3[5]# %318 eh= i /5% 8 T PIC18F45K20 p -

16Mbit o izt IC #8123 G b F L sl iRl o s
20 BB EF 92 B o BT KL AH ATE (T RS

3 8- RRSPRFEREFVR

Rl o PlEEE
— AR A (SOK Fc’zill
ke chplE s BI8I211 Blz 2 BT 4 BT 6 Blg 2

- ARUEsCs L Rl S Fail ch IC Rl A
Bin 2 st irie- 4 & * MPLAB IDE 7% & -5 (Debug
Mode) ™ 12§ S # R IC 3 v &k ehF 4L 2 4 4 g5 epis
B FEEF2BICEF E A gk iR e o R b
RS PR S OK e IC »h 2t i ehip|3i gl Fiplid g 4
B BiN2~-1%Bind % 1#BiN6% 6% 271C> A A
K,fﬁg’ﬁ:;“ YRR E R B IC it # %™ 7 Block Erase iy

Lo A% FIC ch Busy AL v AR PEARE T A P IR 2en
Lgyorig & cng pr o

d > Block Erase ep# fF i [1]#7#7 5 1 ) > #7002 ik
Block Erase ¢h& PRl £ 3 2 48 - ZfF sk 1T
Block Erase & # 1 fjem & 5 V1> £ F 2 /R 5 V25 7 %
Ehdod 497

% 4. #-Block Erase ¥ #p¥ & 22 £ {3 cip|380t &

BT o RIS %
i< Fupl s VI B:grl,l Bl;l 2 BT 4 BT 6 BI;I 2
Ao PRI V2 B B

fat £ Block Erase sn% FpF A {8 0 - ARMELRIS RIS
OK e1IC s 2gfs 3R E_Bin 10 @ f— AC¥EE-8 ¢ pl3E 5 Fall

I IC R F 2 H 2 ks 2 & Block Erase #1i & » #5rs A
MEERFABIN2.d P APT - £ G S



FREE | FEH ¥

Rt TR SRR FARREE R i

\*4‘- F_L

Ay B g B U up)iEtk & (4o OX55AA ~ OXAASS5)
FEREFFRATRRIZDIC P B RiDipk BB APt R
BIEATE ROPER > B % doT

% 5. #%-Block Erase % # pr ¥ af & 13 ehip]3F v 4R
BT S BIEPE
Ty 2 & 56 7
e pEs V2 14 46 %)

T AR PRREA SRR B - SR 1 A
IV ,l_tv? - IC v # gﬂétug\,ﬂp s R 3 — AR

B8 5 GBS OK & Fail chz &2 < ~ 3 PlE ey 2
IC e17 * & o

5, 2%z AkFE I »

Bh i e AR AR L H & PRI B DT
X E :’;'ﬁg ~i'&:\2ﬂk&fvi§%’1’vﬂ§§§r%3}%“'ﬁa
s m’%ﬁxg ; e SPL A 6 - s Bl en A iR rE 2 gy
P E/ET -3 lg Fh1 2 oo
FAd3NSPIAGapP-PeRUeA ST FEIg vy s
S B SPI Aigavier & BEFEAgE* py NOR
Flash 3= % %8 4% B 4% -

4.

\nL

6. $T 2t

1. Winbond, 16M-BIT SERIAL FLASH MEMORY
WITH 4KB SECTORS AND DUAL OUTPUT SPI,
2009

2. Microchip,

PIC18F23K20/24K20/25K20/26K20/43K20/44K2

0/45K20/46K20 Data Sheet, 2009

MPLAB IDE User’s Guide, Microchip, 2009

4. ﬂ%# PICHE » * ¥ #X > 2xBF o
/T/J A /‘? 2007 -

5. MPLAB ICD3 User’s Guide, Microchip, 2008

w

¥ ¥-H AF- 0O0#

55



56
AR | FEEE FLo & F-p LA 004

' -~ X3
BEEE FL-% S8 54756 F AE- 00# Emrg‘:#fi

Journal of Kao Yuan University Vol. 17, No. 1 (2011) 47-56 Journal of Kao Yuan

ISSN: 2075-745X University

Implementation of Micro-Controller-Based NOR Flash Sorting Tester
Y. C. Chen

Department of Electrical Engineering, Kao Yuan University, Kaohsiung, Taiwan, R. O. C.

Received 15 June 2010; Revised 15 October 2010; Accepted 31 December 2010

Abstract

This paper describes the implementation of a micro-controller-based tester for NOR-Flash memory. Using the embedded SPI
interface, we may program then read back to compare the testing patterns. Therefore, Flash IC’s are sorted according to their
effective memory size. The implemented tester can also be used as a pre-loader to read the data in source Flash IC then program into
target IC’s. The byte-to-byte comparison algorithm, instead of check-sum used in market available pre-loader, is used to guarantee
the preload quality. Since the adopted microcontroller has one SPI interface only, the methodology of together programming then
compares one by one, makes it possible to test or program 8 pieces of Flash IC at the same time. When comparing with testing single
Flash IC, only 2.5 times testing period is required. The tester is implemented using single chip microcontroller, it will be cost
effective. We believe that it will be a useful tool in NOR-Flash Memory applications.
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